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Abstract 

The aim of this paper is to illustrate the functional and economic difficulties which cheap China import packages 

have caused to postal services of receiving countries. This aim is reached by a case study from Finish postal 

logistics environment. 

Keywords: E-business, postal logistics, case study, Finland 

1. INTRODUCTION 

Globalized e-business is changing the retail markets fundamentally all over the world. The growth of Amazon, 

Alibaba, ebay and other platforms has affected both competition and logistics. Local retail companies may 

experience severe competition difficulties against this kind of logistically highly efficient competition. In the 

Finnish postal service logistics, the number of traditional letters have declined dramatically, but a significant 

increase has also happened simultaneously on parcel deliveries. Of course the parcels have generated much 

welcome revenues to postal services, but especially numerous small pouches shipped from China have 

clogged the postal logistics systems and caused lots of additional costs, work and problems. 

As the small plastic pouches having Chinese postal barcodes on them are not machine handleable, must the 

Finnish postal service handle them manually and also re-input the address data etc. to their systems manually. 

All this cost time, work and money and the question is, who should pay for it. Another problem is the fact that 

in many cases remain all the customs fees and VAT unpaid because of the mainly low declaration (either 

realistic or manipulated) value and the vast volume of these small shipments. How could a VAT-paying local 

retailer with fixed business costs compete against this? Also are the postage cost paid by Chinese e-business 

companies to China Post realistic or just a form of unacceptable support for export business?  

2. FINNISH PEOPLE ARE E-SHOPPING MORE AND MORE FROM CHINA 

The total value of Chinese e-shopping increased from 2010 rapidly (see Figure 1) and was in 2017 about 

1,000 billion USD. According to an international e-shopping survey interviewing 29,000 consumers in 31 

countries international e-shopping is growing. According to the 1,034 interviewed Finnish consumers the share 

of items delivered from China increased from 21 % at 2016 to 37 % at 2017. [17] 

 

Figure 1 Postal deliveries from China to Finland 2010 - 2017 [21] 
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At 2017 78 % of answered Finns bought items from 

European e-shops and 52 % from Asian e-shops (see 

Figure 2). The share of European e-shops was declining 

10 % from previous year and the share of Asians was 

equally increased. 

According to the survey the five most popular e-shops were 

Wish (18 %), eBay (17 %), Zalando (8 %), Amazon (7 %) 

and AliExpress (7 %) [17]. 67 % of the answerers were very 

or extremely satisfied with the e-shopping experiences. The 

Finns bought from foreign e-shops mostly clothes and 

shoes (32 %), electronics (14 %) and health and beauty 

products (11 %) [17]. 

Currently the quantity of traditional letter mail in decreasing 

drastically and therefore a traditional business of postal 

services is declining. Simultaneously the volume and 

business of parcel deliveries - mainly caused by rapidly growing e-shopping - is providing much welcome 

business to postal services. How much this income from parcel business is eliminated by additional handling 

costs of China-pouches is of course an important question. No business can tolerate continuous additional 

costs without additional fees. 

3. THIS WAY THE CHINA POUCHES ARE GOING THROUGH THE HELSINKI POST HUB - 
“OBSCURE FORMED, DUBIOUS MARKINGS” 

In order to cut the costs to the minimal the Chinese e-shops prefer to send their shipments instead of traditional 

cardboard boxes as goods letters, because it is the most cost effective way. The “free” or very cheap delivery 

costs usually equals to long delivery times and non-traceability. The delivery time from China to Europe can 

be 15 to 30 days, in high season even more. [21] 

Before the goods ordered from a Chinese e-shop arrive to their destination in Finland they have travelled 

through several hands at the Helsinki Post Hub. The goods bought from a Chinese e-shop would not come 

directly from China to Finland. Usually the Chinese goods are coming to Finland via Singapore or Netherlands. 

In Finland the goods are sorted at the airport into two categories: shipments to customs declaration or 

shipments pass the customs [35]. 

 

Figure 3 China pouches [21] 

Figure 2 Where Finnish e-shoppers placed 

their purchases? [21] 
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The typical China shipment is an obscure pouch, which is not possible to put into the sorting machine (see 

Figure 3). Also the address markings can be dubious. The China pouches have usually one or more bar codes, 

which could not be utilised in Finland or any other European country. The Chinese shippers have no uniform 

way of how and where to mark the recover information with postal codes. The China pouches are usually light, 

less than 2 kg, plastic or paper wrapped lumpy letters, which may also contain some rigid styrofoam fillings 

[35]. As the goods in them are of low value, the packing and postage costs are also minimized. 

From the airport the shipments are channelled to the sorting process of the Finnish Post. Depending on the 

destination postal code the shipment is manually sorted up to five times. An additional work phase may come 

to the mail carrier, if the shipment does not fit through the mail slot or into the mailbox. Shipments from China 

cannot be sorted automatically in the Post, because they do not have digital tracking ability as in parcels. 

Therefore, several human handler's work is required before the shipment can go forward from the Helsinki 

Post Hub (see Figure 4) [35]. 

 

Figure 4 China pouches in postal handling boxes at the Helsinki Post Hub [35] 

The first handling phase is the sorting between customs declared and non-customs declared shipments. After 

this is size sorting according to the thickness of the shipment: under or over 30 mm. The shipments outside 

Helsinki region are sorted at the regional Post Centers at bigger cities and after this they are dispatched to 

local Post offices and recipient homes [35].  

When the normally packed cardboard box shipment with standardized address information requires machine 

time of one second to read the information the reading of the post code of a China pouch may require in the 

first sorting phase one minute or more, if the information is printed or written with easily wearable ink or other 

ways unclear way (see Figure 5). After this the shipments are sorted into their respective boxes depending on 

to which Post Centre area they are going. The China-shipments destined to Helsinki region are sorted to their 

own post code boxes [35]. 

  

Figure 5 Manual sorting of China pouches [49] 
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In the fourth phase the China shipment boxes of Helsinki region are sorted to rollers according to their 

destination post code. In the fifth phase the boxes are taken off the roller and registered into the Post 

information system and the stacks of boxes enter the automatic process to wait truck transportation to regional 

sorting centers or Helsinki region service points. The international e-shopping parcels and pouches are 

delivered to the receiver if the fit through post slot of into the post box. Shipments with a thickness more than 

3 cm are delivered to post offices for pick up, which creates additional work for the service personnel, whose 

must check the documentation of the shipment and identification of the receiver and fill all kinds of 

documentation [35]. All this adds more and more costs. Post is also testing a system, that with the customer 

agreement the unfit pouches are left hanging on the door handle or at the porch floor [56]. 

4. “CHINA-JUNK” IS CAUSING MILLION-COSTS TO POST; SHOULD RECIPIENT PAY FOR IT? 

Because of the fact that e-shopping volumes from outside EU grew radically and only a fraction of VAT was 

paid by the e-shoppers (it was estimated that because of this Sweden loses about 50 million € per year as 

avoided VAT) the Swedish minister of finance took action and the Swedish government decided that from 1st 

of March 2018 a VAT of 25 % must be paid from all outside EU purchases without any lower limits [64]. 

Additionally, Swedish Postnord introduced 1st of March 2018 an additional declaration fee (as Postnord is 

declaring and collecting the VAT from the customers) collected from the consignee of a parcel ordered from 

Chinese e-shop. The fee is 75 SEK (about 7 €) for shipments valued less than 1,500 SEK (about 150 €) and 

125 SEK (about 12 €) for shipments valued more than 1,500 SEK [64]. 

To Arlanda airport at Stockholm, Sweden came before the new rules 150,000 pouches from China every day, 

which equals to about 55 million per year. After the introduction of the new fees 400,000 China pouches were 

left uncollected and later sent back to China. Since that the flow of China pouches has been declined 

substantially, so all in all “mission accomplished” [73]. 

In Finland the Swedish development has been followed keenly, because also to Finland arrived at 2017 from 

China about 15 million shipments. The total volume of small parcels at 2017 was about 35 million. According 

to the letter service manager of Finnish Post those are obscure shaped pouches, which contain goods bought 

from Chinese e-shops like Wish and AliExpress [73]. 

The volumes of China pouches in Finland are of course much smaller in Finland than in Sweden, but the China 

e-shoppers have created for example social media groups, which have attracted tens of thousands of 

members. People are amusing themselves by ordering some trinkets worth a couple of euros (see Figure 6) 

and are considering it as a funny hobby. 

 

Figure 6 A China trinket 

The Finnish Post has not yet introduced any extra fees for China pouches, but the development has definitely 

not amused the people in charge. According to the letter service manager of Finnish Post the China pouches 
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are bad business. We are talking about losses of millions of euros. The Finnish post is waiting what kind of 

changes will the changes of EU regulation bring to the consumer behaviour [64]. 

The new regulation will cancel the exception that allows the outside EU shipment worth less than 22 € be VAT 

free. According to the EU council annually about 150 million small shipments arrive to EU without VAT and 

there is also open possibility for abuses. This makes the e-shopping cheap for the customer, because VAT is 

avoided. The new regulation lowers the limit to 0 €, so an e-purchase is then VAT-worth more expensive for 

the e-shopper. This small value VAT legislation directive must be a part of national legislation by the end of 

year 2020. 

The cancellation of the 22 € value limit in near future might curb the enthusiasm of the Finnish consumers for 

e-shopping from China, but this does not mean that the Finnish Post would not introduce some fees before 

that. As the customs the declaration and VAT collecting is currently done by the Finnish Customs in a 

cooperation with the buyer, the China pouches will only cause handling costs to the Finnish Post. If the 

customer wants to Finnish Post take care of the customs and VAT declaration, a service fee of about 25 € is 

charged in addition to all customs and VAT fees. When the 22 € value limit will be cancelled this will add 

significantly the customer activities required and of course the total costs will increase. 

5. INTERNATIONAL POSTAL PRICING 

The pricing of international letters is based mainly on the Universal Postal Union (UPU) agreements. UPU has 

192 member countries. The UPU rules apply all the member countries and the member countries decide 

together on the changes. UPU agreements are state agreements and the Finnish Post is according to the 

general agreement named operator and obligated according to this status to take care of international postal 

traffic in Finland. 

The distribution compensation for Finnish (or any European) Post is based on UPU agreements and it is 

relatively small and does not cover the actual transportation and sorting costs. The UPU agreements define 

prices (so called terminal fees), product portfolio, standards and general procedures to international postal 

traffic. The structure of UPU payment system and terminal fees were created 1969 [21]. This was before 

internet, e-shopping and especially before Chinese e-shopping.  

The highest decisive body of UPU is the congress, where all the member countries assemble in every four 

years to vote on hundreds of rule change proposals. The decision making is very bureaucratic, multileveled, 

slow and political. Each member country has one vote independent on the size and postal volume of the 

country. In the 2016 conference in Istanbul so called price and product change package was accepted [21]. 

This package will increase the prices of for example goods letters are slowly increasing. The first change take 

place this year, when for example the tariffs of China Post are increasing.  

The next actual congress of UPU will be at 2020 in Ivory Coast and it will define the future price levels. 

Receiving countries are strongly promoting for price increasing and the sending countries are forming alliances 

in order to keep the price level low. The developing countries have different advantages and subventions like 

lower cost level and lighter rules compared to developed countries. The operators can agree bilateral 

agreements diverging UPU rules. The price negotiating position of Finnish Post against the big sending 

countries is not always the best possible. 

6. THE FINNISH CUSTOMS WARNS E-SHOPPERS: A 200 € BICYCLE CAN EVENTUALLY COST 
460 € 

Bicycles and bicycle parts sent from China, Sri Lanka or Tunisia could be expansive for e-shoppers. E-

shoppers buying bicycles or bicycle parts outside EU may have to pay in addition to general customs duty and 

VAT a dumping customs fee. According to the Finnish Customs the production country is more significant than 
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the retail country. If the goods are sent to EU territory undeclared the dumping customs duty must be paid. 

Usually the buyer is responsible for the customs declaration and import duties. The dumping customs duties 

of a bicycle can be up to 48.5 % of the declaration value of the goods [8]. Declaration value is the price and 

transportation costs of the goods.  

An example illustrates the situation [8]: Chinese bike manufactured by Ideal (Dongguan) Bike Co., Ltd may 

have a price of 200 € and postage costs of 30 €. The general customs duty is 14 % which must be paid, 

because the value of the order is more than 150 €. Customs duties are therefore 32,20 €. If the buyer does 

not have an undersigned trade invoice declaration by the seller, a dumping customs duty of 48.5 % (in this 

case 111.55 €) must be paid. On top of these a VAT of 24 % (in this case 89.70 €) must be paid. So the total 

cost of 200 € bicycle with postage and import fees is 463.45 €.  

7. CONCLUSION 

It is evident that the e-commerce flow of cheap Chinese things and trinkets is harming postal services 

throughout Europe by causing lots of additional work phases, which cost time and money waste. European 

Union has already issued a directive ordering all the member states have to lower the outside EU imports VAT 

declaration value to 0.00 € before the of year 2020, but only some countries like Sweden has actually done it. 

As the Swedish example shows, will the VAT declaration value lowering significantly discourage people to buy 

cheap e-business trinkets and also level the competition field in retail business and provide much welcome 

VAT revenues. It is therefore quite surprising, that despite the similar postal service difficulties, competition 

disadvantages and revenue losses most of the EU countries so far have done nothing about it. 
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Abstract  

The supply chain management application requires that members of the supply chain or network work together. 

Typically, this collaboration starts at the level of two neighbouring links, and other businesses are gradually 

involved. The maximum effect is achieved when all links are involved and the material flow can be optimized 

at the supply chain level. Such collaboration in the field of material flows can be built with various tools, but it 

is important that business partners agree to apply the tools. Aim of the article is to identify appropriate tools 

for the development of cooperation within the supply chain. To achieve this goal, primary research was carried 

out. Its first part took place in the selected company, the second part in the group of its key suppliers. The first 

part of the research has identified the tools that the company itself considers to be the most beneficial for the 

development of collaboration in the field of material flows. The second part of the research revealed the opinion 

of the key suppliers of the company. The analysis of the results of both parts of the research has shown that 

it is the conclusion of framework contracts, a joint demand forecasting and also the provision of information 

that influences the planning of the business partner, what contributes most to the development of collaboration 

in the field of material flows.   

Keywords: Supply chain management, collaboration, demand forecasting, supply chain planning, contracts  

1. INTRODUCTION 

At present, most companies have already realized that cooperation with their own suppliers and customers 

brings a number of benefits. They are therefore striving to develop this cooperation gradually [1]. They are 

developing it in a range of areas. However, the basis for cooperation is usually in the field of material flows. 

The term collaboration has taken on many interpretations when used in the context of supply chain 

management [2]. If you asked 100 supply chain executives for a definition, you’d likely get 100 different 

answers. However, few executives would be able to offer a clear, unambiguous definition [3]. However, we 

can accept the view that the term supply chain collaboration refers to those activities among and between 

supply chain partners concerned with the cost effective, timely, and reliable creation and movement of 

materials to satisfy customer requirement [2,4]. The main goal is to improve their firms’ agility, reduce cycle 

times, achieve higher efficiencies, and deliver value-laden products to customers in a timely fashion [3,5,6]. In 

the collaborative supply chain, actors may share some resources [2], usually there are also environmental 

benefits [7].  

The supply chain cooperation it is possible to developed with one or several partners as suppliers and one or 

more customers. In an effort to improve their competitive position in a rapidly changing market, many 

companies are replacing their traditional supply chains with extended supply chain networks based on supply 

chain cooperation [3].  

In the development of material flow cooperation, suppliers and their customers use a range of tools and 

technologies to ensure the sharing of resources-information, people, and technology-among members to 

create synergies for competitive advantage [8]. To be successful, it is necessary to identify the most suitable 

tools and technologies and to implement them together. Previous research has shown that, in general, the 

most effective tools are those where the two sides are engaged in [9]. However, the literature has not indicated 
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yet which of the tools these are supposed to be. Aim of the article is to identify appropriate tools for the 

development of cooperation within the supply chain. To achieve this goal, primary research was carried out. 

The research was conducted both on the side of the customer company and its key suppliers. In the framework 

of the evaluation of the results of the research, a confrontation of the opinions of both parties was carried out 

and the most suitable tools for the development of cooperation in the field of material flow management were 

selected. 

2. THEORETICAL BACKGROUND - TOOLS FOR COOPERATION DEVELOPMENT ON THE FIELD 
OF SUPPLY CHAIN MANAGEMENT 

In managing supply chain cooperation and development, Danloup et al. [2] recommend deciding on the 

intensity of cooperation, i.e.  

1) with which business partners cooperation will be developed and developed,  

2) in which activities the partners will cooperate,  

3) how (i.e. it includes a decision on whether cooperation will only be at the tactical-operational level or 

also on the strategic level and which specific tools will be used).  

When deciding on specific instruments for developing cooperation, it is clear that the goal is to gain the benefits 

of cooperation, but there is usually uncertainty about how to achieve this [3].  

According to research conducted by Vereecke and Muylle [10] in a multi-country study of European 

engineering and assembly industries, cooperation in the chain generally focuses on collaboration during the 

installation of the planning systems, and collaboration during the performance of collaborative activities. It can 

be inferred that the cooperation includes strategic planning (cooperation agreement and planning of the way 

activities are to be carried out) and the implementation of the planned activities, or cooperation in the 

information field and in the field of material flow activities.  

The conclusion of a long-term cooperation agreement is often seen in practice as a tool for developing 

cooperation in the supply chain [11]. As a rule, it provides for general agreement about volume of deliveries 

and time of their realization, the distribution of responsibilities and powers of the company of both customers 

and suppliers at the order fulfilment, the scope and forms of technical assistance to customers, the way of 

mutual exchange of information, etc. [11]. These agreements have undeniable positive effects, especially for 

suppliers. They contribute significantly not only to increasing their certainty but also to further product and 

technology innovation [11].  

According to Petersen et. al. [12] cooperation between suppliers and customers often involves some degree 

of collaborative planning. Collaboration in tactical-operative planning has been dealt with in several sources of 

specialist literature. Some address the issue of collaborative demand forecasting (e.g. [13]). Some authors 

consider the collaboration in planning of supply chain [2]. Zhang et al. [14] develop an integrated production 

planning model to simultaneously manage the supply, fabrication, assembly, and distribution of materials, 

components, and final products, Selim et al. [15] consider a collaborative production-distribution planning, Jung 

and Jeong [16] propose a decentralized production-distribution planning system using collaborative agents. 

Jung et al. [17] propose the same methodology between a manufacturer and a third party logistic provider. 

Nenadál [11] adds that plans jointly created or shared within the supply chain are further specified in three 

main directions: planning the technical quality of the products supplied, planning innovations in order to 

increase the value of the products supplied and reduce costs, and planning a way to measure the performance 

of ongoing processes.  

Some authors point out that appropriate tools for developing supply chain cooperation include resource 

pooling, such as consolidation hubs or warehouse sharing [2]. It is thus about cooperation in selected activities 

carried out in the interest of a successful material flow. The effort to develop a number of such jointly co-

ordinated or shared activities, or efforts to improve material flow within a chain or network, usually lead to the 
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application of one of many SCM initiatives such as Vendor Managed Inventory (VMI), Efficient Consumer 

Response (ECR), Continuous Replenishment and Accurate response [18] and The Collaborative Planning, 

Forecasting, and Replenishment (CPFR). Especially CPFR is an increasingly popular paradigm [19]. CPFR 

provides a framework that covers a broad range of issues including demand forecasting, inventory 

management, production and replenishment planning, and order fulfillment. According to Seifert (2003, p. 30) 

[20], CPFR is “an initiative among all participants in the supply chain intended to improve the relationship 

among them through jointly managed planning processes and shared information.” 

Since almost none of the collaboration tools can do without sharing information, it is necessary to more or less 

link the information systems of the partners in a chain or a network. Information interconnection can then be 

perceived as a tool supporting the use of various other cooperation tools, or as one of them.  

Finally, it is also the application of managerial approaches, such as SRM or CRM, that can be considered a 

supply chain collaboration tool, generally contributing to consolidating relationships between individual chain 

or network links.  

3. METHODOLOGY OF RESEARCH 

In order to identify the appropriate tools for the development of cooperation within the supply chain 

management, primary research was carried out in two successive stages. The first stage took place in the 

selected company (producing nonwovens) and allowed to identify the tools the company itself considers to be 

the most beneficial for the development of material flow cooperation. The second stage of the research was 

carried out in a group of its key suppliers, which made it possible to learn about the other party's opinion. 

The first stage of the research was realized through qualitative research at the purchasing department of the 

selected company. The respondent was the head of the purchasing department.  

In the second phase, all the main suppliers of the company were sent an electronic questionnaire. The results 

of qualitative research carried out by the authoring team in 2015 were used in the questionnaire, which made 

it possible to understand what tools for developing cooperation can be deployed [8]. For the tools thus 

identified, we examined their importance in the present research.  

The following tools were examined in terms of their importance: 

 collaborative demand forecasting; 

 joint planning of material flows; 

 a long-term cooperation agreement concluded through framework agreements and long-term contracts; 

 sharing information about facts that could cause changes in material flow plans; 

 collaborative search for inventory replenishment mechanism (such as automatic replenishment); 

 collaborative adaptation of information systems for the smooth transfer of data and information between 

both parties; 

 collaborative optimization of the physical transport of the product to the customer's enterprise; 

 collaboration in inventory management (joint decision-making, e.g. about the placement of inventories 

and the quantity of items stored); 

 joint development of appropriate packaging for supplied products. 

Suppliers, as individual respondents, could identify up to 3 most important tools for developing cooperation, 

and there was also an option of adding an unlisted tool. The survey also included the characteristics of 

individual respondents, namely: the size of the supplying company (the number of employees and annual 

turnover of the company), the country from which the supplier comes and the length of the respondent's 

practice. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

24 

The research involved 32 key suppliers from a total of 38 key suppliers of the company. 6 key suppliers who 

are internal suppliers had not been approached.  

Only the "number of employees" criterion was used to classify enterprises into one of the size categories (as 

the turnover could not be identified in a number of cases). 54 percent of micro and small enterprises (up to 50 

employees) and 46 percent of medium and large enterprises (with more than 50 employees) participated in 

the survey. 42 percent of the respondents came from domestic enterprises and 58 percent of the respondents 

were from abroad. The vast majority of the respondents (88 percent) had more than 5 years of experience, i.e. 

they were experienced employees of supply companies.  

The answers obtained in the second phase of the research were statistically processed using the IBM SPSS 

Statistics programs and, based thereon, main conclusions of this part of the research were made. Subsequent 

confrontation with the results of the first stage then allowed the authors to specify which supply chain tools are 

the most beneficial in terms of developing the relationship.  

4. RESEACH RESULTS 

The first stage of the research revealed that the company as a purchaser considers the following to be the 

most important activities to develop a mutual relationship in the field of logistics: collaborative demand 

forecasting, a long-term cooperation agreement concluded through framework agreements and long-term 

contracts; sharing information about facts that could cause changes in material flow plans, collaborative search 

for inventory replenishment mechanism (such as automatic replenishment), collaborative optimization of the 

physical transport of the product to the customer's enterprise. In the follow-up phase of the research, the 

supplier's opinion was surveyed.  

During the second stage of research, the suppliers' opinion was surveyed on the importance of individual 

logistics activities for the development of mutual relations. The results are shown in Table 1.  

Table 1 Importance of activities to develop a relationship in the field of logistics from the point of view of 

              suppliers 

Activity Responses 
Percent of 

Cases 

Collaborative demand forecasting 20 77 % 

A long-term cooperation agreement 17 65 % 

Sharing information about facts that could cause changes in material flow plans 13 50 % 

Collaborative search for inventory replenishment mechanism 6 23 % 

Collaborative adaptation of information systems 5 19 % 

Collaborative optimization of the physical transport of the product 5 19 % 

Collaboration in inventory management 5 19 % 

Joint planning of material flows 4 15 % 

Joint development of appropriate packaging for supplied products 3 12 % 

Total 78 x 

Table 1 shows that there are three most important tools for developing a relationship from a supplier 

perspective. Each of these tools were mentioned as an important tool by at least half of the respondents. 

These are collaborative demand forecasting, concluding long-term contracts, and informing each other about 

changes in plans. All three of these most important tools are also considered to be important by the customer's 

company. Applying these three tools will make it possible to develop the mutual relationship between the two 

partners in the chain.  
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In the next stage of processing the research results, the classification characteristics were considered, namely 

the size of the business according to the number of employees and the region from which the supplier comes 

from. The results of the analysis are shown in Figures 1 and 2.  

 
Figure 1 Supplier's views on the importance of tools to develop the relationship depending on the size  

of the business 

The size of the customer's company does not affect the perception of which tools are the most important, or 

the order of the tools by importance (for all businesses, regardless of size, the 3 most important tools are the 

same, the order of importance of the same is consistent with the analysis results in the whole set of data). The 

frequency found for the category "micro and small enterprises" and the category "medium and large 

enterprises" is also comparable. Interestingly, however, there is a difference in the perceived importance of 

"sharing information about facts that could cause changes in material flow plans." Micro and small suppliers 

consider this tool to be slightly more important (57 percent of the suppliers) compared to medium and large 

suppliers (42 percent of the suppliers). Also, with the tool "joint development of appropriate packaging for 

supplied products", there is a lack of consistency in opinion. This tool was identified as important only by 

medium and large businesses (25 percent of the respondents). It can be assumed that micro and small 

businesses do not consider this tool to be important because they do not engage in this activity at all (they only 

probably purchase the appropriate packaging).   

Also, the analysis of the differences according to the territory from which the supplier comes revealed no 

difference in the content of the most important tools (both domestic and foreign suppliers consider 3 same 

tools to be the most important). However, there is a significant difference in the perception of the importance 

of the "collaborative demand forecasting" tool. Foreign suppliers consider it to be much more important than 

other tools (13 out of 15 foreign suppliers, i.e. 87 percent, identified the tool as one of the three most important 

tools). Domestic suppliers perceive the tool to be similarly important as "long-term contracts" (64 percent of 

the respondents). It is also worth noting the different perception of the importance of collaborative search for 

inventory replenishment mechanism (such as automatic replenishment). Foreign suppliers mentioned the 

importance of this tool only marginally (in 7 percent of the cases), but it is important for more than a third of 
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domestic suppliers (36 percent). By contrast, foreign suppliers (27 percent of the cases) considered 

collaborative optimization of the physical transport of the product to the customer's enterprise to be more 

important, compared to domestic suppliers (9 percent). 

 
Figure 2 Supplier's views on the importance of tools to develop the relationship, depending on 

the region from which the supplier comes from 

5. CONCLUSION 

The primary research made it possible to identify which logistical tools most contribute to consolidating the 

relationship. The relationship between the two (or more) partners in the chain will most likely be strengthened 

if a long-term contract is concluded and a system of collaborative forecasting and planning is in place. In the 

case of micro and small enterprises, it is also important to provide detailed information allowing changes to the 

plans. It is likely because that micro and small businesses have small production and storage capacities and 

their ultimate success is more dependent on the possibility of flexible changes in their plans.  

An interesting conclusion is that foreign customers, compared to the Czech ones, prefer collaborative 

forecasting. This trend can therefore be expected sooner or later have an impact on the preferences of the 

importance of individual tools from the point of view of domestic enterprises. This could also directly affect the 

interest of domestic suppliers in collaborating in replenishment. If there is a better preparation for future 

replenishment, replenishment itself will be easier. At the same time, it is also possible to anticipate the 

development of cooperation in follow-up activities, e.g. the management of transport activities. It can be 

summed up that cooperation in the management of material flows contributes to the development of mutual 

supplier-consumer relations not only today, but it will also contribute thereto in the future. 
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Abstract 

Digitalization has made its way to all industries. Technological enablers like broadband and mobile internet, 

wearables and big data or the Internet of Things and cloud computing have made it possible to develop entirely 

new business models and provide new offerings (value propositions) to customers. None of those, however, 

would be possible without paying particular attention to how these innovations will be rolled out, and the impact 

they will have. Within the paper, Enterprise Architecture (EA) approach, that describes the relationships of an 

organization’s fundamental business elements (such as business goals, products, processes, applications, 

and technologies), and the process of its implementation was presented. The evaluation to what extent 

business processes and business requirements were supported by IT systems was made. In the course of the 

analysis, the benefits in this respect were identified. 

Keywords: Supply chain, Enterprise Architecture Management, digitalization, business transformation 

1. INTRODUCTION 

Information technology is penetrating every aspect of the business, and without a sound IT infrastructure 

companies will soon realize that they cannot keep up with the rest of their competitors making use 

of information technology in their firms [9]. Successful companies have already recognized this trend and have 

started to adapt - both to continually stay one step ahead of their competitors and to exploit the potential of 

digitalization in order to increase sales revenue and/or reduce costs. Many markets are already witnessing the 

successful introduction of digitally enhanced versions of existing products and services, as well as entirely new 

offerings. In the waves of this mega-trend, nearly every company has started to take measures aiming at 

digitalization or business transformation. For making the right choice of initiatives that should be pursued, and 

for the successful implementation assuring sustainable changes, identifying and analyzing correlations within 

the company and its supply chain is a critical success factor. For many firms, this is the biggest challenge. 

Regardless of whether their current focus rests on increasing the competitive advantage or on re-orienting the 

entire business towards the new possibilities of digitalization, ultimately, initiatives in the context of 

digitalization will involve the implementation of capabilities through information technology. What organizations 

must remember, however, is that as information technologies become cheaper to acquire, more standardized 

and more replicable, their ability to create value and gain competitive advantage has become lessened as 

more and more people have access to the same types of technologies. As these trends in information 

technologies continue, the market for IT will soon become a commodity market, as IT systems, services and 

suppliers can easily be interchanged without loss of functionality and productivity [4]. 

Over the last decade, the importance of information technologies (IT) for the business has increased 

immensely. It resulted in a paradigm shift in the application of IT that ceased to determine which IT projects 

and operations the business could conduct but became an enabler of the business that decides what 

IT support is needed - leading to IT Alignment. At the same time, businesses continue to be more dependent 

on IT and its performance which has become the primary driver of competitive advantage. This, in turn, results 

in growing expectations of internal and external customers with respect to their IT systems. The concept of 

Enterprise Architecture (EA) has long been considered as a means to improve system integration and achieve 
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better IT-business alignment by IT professionals [6]. EA describes the fundamental structures of a company 

and enables its transformation by bridging the gap between business and information technology (IT) [1]. 

According to Sobczak, EA can be understood as a discipline, practice or activity in the area of defining, 

representing and managing fundamental corporate properties. In the last approach, creating a corporate 

architecture is not an IT project, but a complex set of activities in the field of organization, management, and 

informatics [10]. Such an approach to the development of enterprise architecture provides, i.e.: 

 alignment of organizational strategy, business processes, and their support through IT systems, 

 optimization of resource allocation (including financial resources) allocated for the development 

of IT systems, 

 the ability to quickly make consistent decisions in the development of information systems, 

 more effective coordination of long-term modifications and development of individual IT systems from 

the perspective of activities, 

 reuse once implemented IT components, 

 ensuring effective information flow between individual systems [10]. 

EA describes the relationships of an organization’s fundamental business elements (such as business goals, 

products, processes, applications, and technologies) and their further development (Figure 1). The gathering, 

description, and analysis of these elements play an essential role.  

 

Figure 1 Enterprise Architecture and organisation’s fundamental business elements 

There is a close relationship between IT Service Management and Enterprise Architecture Management 

(EAM), particularly with respect to the development of future architectures and transition planning. This link 

ensures that the IT support is well aligned with the existing and planned IT architecture at all levels. It results 

in transparency in the planning of IT architecture and the ability to predict changes in the IT landscape. 

Moreover, the relation between EAM and IT Service Management implies the provision of more business-

oriented information to the management. These dependencies ensure a stronger business orientation of the IT 

side of the company. 

2. IMPLEMENTATION OF ENTERPRISE ARCHITECTURE MANAGEMENT 

In business, we face the trend of increased global competition, which forces companies to improve their 

efficiency. One of the measures for efficiency improvement is supply chain management [12]. Supply chain 

management is an integrative approach to planning, control and monitoring of product flows, from suppliers to 

end users, aiming at improved customer service at reduced overall costs [2,5]. One of the significant difficulties 

of supply chain quality management is in information management. Supply chain quality management has 

experienced difficulties in predicting and controlling quality factors due to a lack of correct information 
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[3,7,8,11]. These difficulties are predicted to be significantly compounded as the scope of supply chains are 

increasing in which the complexity is even greater. Thus, it seems evident that supply chain operations are not 

possible without appropriate information sharing and enterprise architecture. 

In most companies, IT processes are still not sufficiently structured to deliver the expected value 

to the business effectively. In order to change this state, various best practices have been created, aiming 

to provide a roadmap and serve as a reference for structuring company’s processes. A widely known best 

practice for ITSM is the IT Infrastructure Library (ITIL) that supports companies in optimizing their IT processes 

by introducing the concept of IT services (therefore also called a Framework for IT Service Management). 

Other frameworks and standards exist such as CobiT - a Framework of Control Objectives for Information and 

Related Technology - and ISO 20000 that certifies processes structured according to ITIL recommendations. 

Established IT landscapes with hundreds or thousands of applications, interfaces and functions develop into 

large networks where all applications are closely linked together. All too frequently, IT architects are confronted 

with applications which have been in place for more than 20 years. Moreover, the increasing number of 

inadaptable and technologically out-of-date legacy applications makes it extremely difficult to integrate new or 

modified systems. Under these circumstances, it is quite a challenge to shape the IT strategy for two simple 

reasons. Firstly, it is necessary to build the IT infrastructure in such a way as to meet the requirements of all 

departments of an organization in the shortest time possible. And secondly, it is crucial to keep a close eye on 

the overall structure to prevent weakening of the architecture, while at the same time technologies and 

standards need to be kept up to date through periodic technology refresh cycles. This being the case, it seems 

to be a rigorous challenge to maintain the balance between an organization’s business and IT requirements, 

and at the same time gain control of the skyrocketing IT costs. 

 

Figure 2 Target-Oriented Regulation of the Enterprise Architecture 

However, Enterprise Architecture Management (EAM) provides the tools for effective planning and further 

development of an entire organization. Focusing on strategic objectives and requirements, EAM provides ways 

to manage an organization’s architecture. EAM maximizes cost savings while striving to minimize 

all associated risks. From an IT point of view, one can gather information on applications including their 

software and data architecture as well as their technology platforms. On the other hand, one is also able 

to assess the IT architecture from a functional point of view, that means getting to know the products, business 

processes and organizational units. As a result, one has an integrated view on the IT architecture using this 

opportunity to have valuable discussions with the business side of the organization. Furthermore, EAM 
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provides a solution how to transform an existing IT landscape into the target IT architecture with changing 

strategic influencing factors such as market trend, technological change, demographic development, business 

demands, competition, etc. (Figure 2). 

 

Figure 3 Enterprise Architecture Management approach 

The company cannot start changing their IT architecture with a Big Bang Approach. Therefore, 
it is recommended to use the target-oriented design of EAM (Figure 3). The first step is the definition of goals 

and architecture principles thanks to conducting interviews with stakeholders. Another stage refers to the ways 

how these goals can be reached. Three components can be determined here: definition of processes, 

procedures and roles, the creation of the meta model and creation of analyses and reports. 

 

Figure 4 The division of the benefits achieved thanks to EAM implementation (2017) 

In order to investigate the benefits resulting from implementation of EAM, 69 small and medium enterprises 

from eight European Union countries (Slovenia, Austria, Hungary, Italy, Germany, Poland, Slovakia, Belgium) 

were analyzed. The enterprises used EAM in order to improve their processes within quality and labelling, 

mechatronics and packaging solutions. 
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Then, added values resulting from the application of individual innovations were identified. The collected 

examples had several novelties, benefits and added values which can improve the competitiveness, especially 

the SMEs' performance and success on the market. The benefits enabling enterprises to increase their 

competitiveness on the market included improvement of cost-effectiveness, improvement of product quality, 

improvement of risk management, compliance with legal regulations, product assessment, information 

provided to users and user satisfaction. Other benefits were also identified, such as product protection, waste 

reduction, reduction of harmful substances emissions, effective use of natural resources, protection of 

intellectual property. The majority of the analyzed enterprises noticed the improvement within areas such as 

quality assessment (81 %), risk assessment and risk management (81 %) and cost efficiency (70 %) 

(Figure 4). The results of the analysis undeniably confirmed the fact that the implementation of EAM provides 

benefits to the enterprises. 

3. CONCLUSION 

As companies continue to grow and expand into new markets, the need for increased integration is a must. 

Enterprise technologies can be the backbone behind an organization’s global operation. In order to stay on the 

market, enterprises have to continually develop and look for new solutions, which can be implemented both 

thanks to constant investments and the introduction of new technologies, such as implementing EAM within 

the IT landscape. This underlines the need to take action to stimulate economic activity with the potential to 

create jobs for regions encountering difficulties in supporting economic development. One way is indeed to 

improve entrepreneurial competencies and skills through the innovative potential in IT architecture creation. 

The speed and scale at which business is being done today require intense coordination of business 

processes, and enterprise technologies give companies the ability to operate at speed and scale demanded 

in today’s business world. Within the framework of the paper 69 small and medium enterprises from eight EU 

countries have been analyzed in terms of benefits resulting from the implementation of EAM in different areas 

such as quality and labeling, mechatronics and packaging solutions. It was stated that EAM could influence 

positively such aspects as quality assessment, risk assessment and risk management, and cost efficiency. 
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Abstract  

The aim of this paper is to propose an intermodal logistics Corridor Vc, relying on the European Union transport 

policy, which will be in the function of regional development. The main goal is to analyze a potential route of 

freight intermodal transport between the ports of Ploče and Brčko in order to popularize this intermodal line at 

the international level. Among the most important activities in achieving this goal is the integration in the 

Eurocorridor system defined by the EU at the Pan-European conferences. This integration is of crucial 

importance for companies to successfully execute their supply chain processes both domestically and 

internationally. The contribution of this paper is reflected in the following: based on the analysis of the current 

socio-economic situation and the condition of the intermodal transport system in Bosnia and Herzegovina 

(BiH), as well as existing strategic studies and development plans, with the proposed scenario of intermodal 

corridor optimization we intend to provoke a debate among transport experts, logistic/freightage operators and 

others in BiH and beyond, who will work to reduce obstacles to the establishment of a quality and functional 

intermodal system. This should also result in the creation of a strong integrated intermodal freight transport 

network in BiH, that will be a quality alternative to other international intermodal flows from the aspect of shorter 

transport time, lower transport costs and more favorable ecological aspects of transportation. The 

implementation of this scenario should ultimately lead to the development of the entire region. 

Keywords: Intermodal logistic, regional development, Corridor 5c 

1.  INTRODUCTION 

Bosnia and Herzegovina (BiH) is a land of extraordinary resources - both natural and human, but the synergy 

effect of their interaction is missing. There is a lack of cross-sectoral coordination in all key policy areas - 

regulatory, investment, fiscal, social, spatial, environmental and so on. Logic states that the regional 

organization at the national level and the local unit level is based on the recognition of spatial specifics, their 

development potential and functional integration. In addition to the uneven regional development, the problem 

for BiH is also the trend of mass emigration of the population to Western European countries. The response 

to these problems is to be found in the development of a quality and attractive intermodal logistics corridor, 

which will popularize the entire BiH area, stop the outbreak of population and thus contribute to better regional 

development. 

Revitalization of key elements of the intermodal logistics corridor will contribute to the establishment of a 

competitive intermodal logistics route (Port Ploče - Corridor Vc - Port Brčko) at international level, thereby 

enhancing regional development in BiH and beyond. To prove this it is necessary to evaluate the potentials of 

intermodal logistic Corridor Vc. During the valorization, a large source of secondary data was used to enhance 

the validity of the analysis that will be offered in the work: White Paper 2011 Strategy, TEN-T Network 

Development Strategy, Construction project "Highway in Corridor Vc", Intermodal Transport Study in Bosnia 

and Herzegovina, Strategy for Development of Air Traffic Management System in Bosnia and Herzegovina, 

Transport Master Plan Study in BiH (JICA 2001.), Project B.E.P.O. Neretva, Intermodal Transport System 

"Intercontainer", BiH Transport Strategy 2016-2030, projects with EU funds, papers from international scientific 

conferences etc.  
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First, the analysis of socio-economic data along the route of the Corridor Vc was carried out. The geopolitical 

importance of the Corridor Vc was highlighted, where an influential corridor zone was presented and a 

Framework plan for optimization of the intermodal logistics corridor was offered throughout BiH. In the last 

chapter, the valorization of the intermodal logistics corridor Vc was done by comparing the potential revitalized 

route through BiH with already existing international intermodal routes. The key criteria to be taken into 

consideration are transport time, transport costs and ecological aspects of the transport process. If these 

criteria prove to be more efficient, it would be justified to invest in key elements of the intermodal logistics 

corridor. The revival of this framework would contribute to regional development in BiH and beyond. 

2. ANALYSIS OF SOCIO-ECONOMIC DATA ALONG THE ROUTE OF CORRIDOR Vc AND COHESION 
POTENTIAL 

During the analysis socio-economic socio-economic data it is especially important that the geotraffic position 

of the specific area is valorized in the context of its territorial and functional affiliation to a wider region at the 

transregional and national level, and following the elaboration of development projections ensure integration 

into the competitive European macro-region.  

Table 1 Share of urban and rural populations by European regions / countries 

Region/State Urban population Share (%) Rural population Share (%) 

Europe 533,295,008 72.8 199,463,538 27.2 

East Europe 200,938,427 68.9 90,546,160 31.1 

North Europe 1,827,955 79.1 20,691,418 20.9 

West Europe 149,930,742 79.5 38,656,465 20.5 

South Europe 104,208,508 67.8 49,569,495 32.2 

Bosnia and Herzegovina 1,827,955 48.6 1,931,678 51.4 

Region of Corridor Vc1 846,407 40.51 1,243,160 59.49 

Source: Geohive.“Urban/rural division of countries for the years 2015 and 2025.“ Geohive. Accessed, January 

7, 2017. http://www.geohive.com/earth/pop_urban.aspx 
1Authors calculations on the basis of NASBIH (http://nasbih.com/), June, 2016 

By analyzing the statistical data of the urban-rural population structure in Europe, there are significant 

differences between BiH and the corresponding territorial unit of Southern Europe, and even more so in relation 

to the urban-rural structure of the populations of the regions of Northern and Western Europe. 

BiH has two urban centers with more than 100.000 inhabitants - Sarajevo and Banja Luka. However, when we 

look at the aspect of the municipality, then we can mention at least four more centers here: Tuzla, Zenica, 

Bijeljina i Grad Mostar, which together with the surrounding area and the formerly mentioned urban centers 

form agglomerates with about 1 million inhabitants or 24 % of the total population (Figure 1). 

For our research it is especially important to carry out an analysis of the area through which passes the route 

of Corridor Vc: Herzegovina-Neretva Canton (HNK 207), Sarajevo Canton (KS 209), Zenica-Doboj Canton 

(ZDK 204), Doboj Region (RD 212) and Brčko District (BD „A“), and areas of significant value: Central Bosnia 

Canton (SBK 206) and Banja Luka Region (RBL 211). This analysis will be done by applying the criterion of 

population share in the new typology of spatial units NUTS3 (Table 2). 

For comparison, in Europe, 40.3 % of the population lives in urban areas, 35.6 % in transition regions and 

24.1 % of the population in rural areas (EU27, 2011.). By analyzing the statistical data, a significant deviation 

of the urban-rural distribution of the population of this part of BiH can be determined in relation to the average 

of the European Union - over twice as small a population belongs to the urban category, and more than twice 
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the category of rural population. Sarajevo Canton only belongs to the category of mostly urban areas (82.9 %), 

while the HNK and the Banja Luka Region can be sorted into the category of transition areas.  

        

Figure 1 - Urban agglomerations and cities in BiH (left); Distribution of Regions / Cantons in BiH (right) 

Source: Made by the author based on data provided by the Agency for Statistics of Bosnia and Herzegovina, 

Population, Household and Housing Census in Bosnia and Herzegovina, 2013., Sarajevo, June, 2016. 

Table 2 The share of urban and rural areas in BiH in the area of Corridor Vc according to the new NUTS3  

  typology (2013.) 

Canton/Region Total 
population 

Predominantly 
urban 

Share 
(%) 

Intermediate Share 
(%) 

Predominantly 
urban 

Share 
(%) 

HNK 236,278 0 0 118,129 49.99 118,149 50.01 

SBK 273,149 0 0 49,298 18 223,851 82 

KS 438,443 363,314 82.9 0 0 75,129 17.1 

ZDK 385,067 0 0 115,134 29.9 269,933 70.1 

RD 226,523 0 0 0 0 226,523 100 

RBL 437,079 0 0 200,532 45.9 236,547 54.1 

BD 93,028 0 0 0 0 93,028 100 

TOTAL 2,089,567 363,314 17.38 483,093 23.12 1,243,160 59.49 

Source: Authors calculations on the basis of NASBIH (http://nasbih.com/), June, 2016. 

In the southern area of BiH, namely in the HNK, population density is 53.69 inhabitants per square kilometer, 

and in the central part - Canton Sarajevo, ZDK and SBK, population density is 140.43 inhabitants per square 

kilometer area and in the north - Doboj Region, Banja Luka and Brčko District, population density is 59.98 

inhabitants per square kilometer area. It can be concluded that the population density is twice as high in the 

central part of BiH, which is also the focal point of development. These indicators show that it is necessary to 

work on the popularization of other parts of the region in order to evenly distribute the development and thereby 

stimulate migration of the population and reduce the emigration, which could be greatly contributed by the 

implementation of the Corridor Vc. These data are indicative in the planning and programming of national 

development strategies, especially in the bases for redefining the regional organization of BiH and regional 

territorial cooperation. 

Analyzing socio-economic indicators, there are significant differences in the status of the regional units of BiH 

that will be covered by the Corridor Vc in the rates of unemployment and the level of income. For example, the 
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areas within the Vc corridor (HNK, ZDK, SBK and RD) reach a share of 40 - 50 % of unemployment. (The 

unemployment rate was determined on the basis of data on the number of unemployed by municipalities in relation to the 

labor force (employed + unemployed)) Unemployment rate indicators by BiH regional units to a large extent 

coincides with the indicator of the level of income of the employed population, which has the smallest size in 

the observed area (ZDK, SBK, RD and RBL). 

According to the recent census of 2013, BiH has 14,07 % of the population without any and with incomplete 

primary education; 21.4 % of the population has completed elementary school; 51.1 % secondary school; 

3.2 % vocational school; and 9.6 % higher education schools/universities.  

The region of Central and Northern BiH as a predominantly rural area (SBK, ZDK, RD, BD) has an extremely 

unfavorable status, expressed in the size of the low educated population, reaching 75 % in the total population 

over the age of 15. This data is also associated with an indicator of the age structure of the population, from 

which it is evident that the area of Central and Northern BiH has a median age of 35-44 years. This tells us 

that this is the area with the predominant population that is in full work force. 

3. ANALYSIS OF INTERMODAL LOGISTIC CORRIDOR Vc  

The main function of the transport system is to insure area integration and social cohesion, as well as economic 

(market) integration. Competitive transport systems have a fundamental importance for Europe's 

competitiveness in the world, for economic growth, for job creation and for the quality of everyday life of people. 

While transport improvements have the potential to yield significant economic benefits, the regional distribution 

of these benefits is dependent on the level of transport costs. In order to keep low transport costs, we need to 

have an operational and well-connected intermodal corridor. That kind of corridor will be suggested in this 

paper as an alternative to already existing international routes. The main idea is that goods from Asia flowa 

through Suez and continues from the Port of Ploce across the Corridor Vc by rail to Port Brcko and further to 

Port Vukovar, where the Danube and other goods routes go to Central and Western Europe, eg Rotterdam, 

Frankfurt, Praha, Wien, Bratislava, Budapest etc. 

In Bosnia and Herzegovina (BiH), the main route of intermodal transport corridor should be acccros the 

Corridor Vc within the Trans-European-Network which runs in the middle part of the country passing through 

the most favorable conditions - the valleys of the Bosna and Neretva rivers, main railway network and the 

capital city Sarajevo. Corridor Vc has a strategic position in the European transport system and an ideal 

geotraffic location, making the connections between the countries of Central Europe, starting from Budapest 

to the south, through Sarajevo, and to the Adriatic Sea. Because of the proximity of the river Sava and the 

Danube it allows further connection with the Black Sea, but also with Turkey, providing a good basis for the 

development of intermodality in the South East European region. By completing all the components of the Vc 

corridor, it will represent the link between North, Central and Eastern Europe with Southern Europe, which is 

why the corridor has a great value in the economic and traffic integration processes of the Central European 

Space. However, the key importance for the development of economy and intermodality in this region has the 

entry point of the intermodal corridor that accepts goods from overseas countries (Asia and Africa), which is 

Port Ploče.   

3.1. Influential (gravitational) corridor zone 

Given the spatial and temporal availability, where an average of 30 minutes is needed to overcome the distance 

of 30 km, an influential (gravitational) zone of Corridor Vc (Figure 3 - in the middle) has been determined. [1] 

This zone occupies less than 20 % of BiH territory, where 56 % of the population is inhabited, and 59 % of the 

total number of employees, accounting for almost 63 % of the state's GDP. It covers parts of the HNK, SBK, 

Sarajevo Canton and ZDK, Doboj Region i Brčko District. In addition, 61 municipalities are in this zone. It runs 
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through four of the six largest centers in BiH, including one of the two urban centers (Sarajevo, the capital). 

There are many important business facilities where is also located the largest road and rail node. 

  

Figure 3 The route of Corridor Vc (left), influential (gravitational) zone of Corridor Vc (in the middle) and 

railroad network (right) 

Source: Author 

3.2. Framework plan for optimization of the intermodal logistics corridor Vc 

In order for this intermodal corridor to experience the maximum potential in the regional development of BiH, 

it is necessary to optimize the specific points of the logistic intermodal corridor. The main goal is to take over 

part of goods flows from Asia and India to the central and western part of Europe, which is passing through 

the Suez Canal. The framework plan for optimizing the intermodal logistics corridor is given in Table 3. Listed 

activities are already part of existing development strategies mentioned in the introduction. Activities are mostly 

based on modernization of intermodal lines (especially the railway network and inland waterways) and nodes 

(Port Ploče, Sarajevo and Port Brčko to Vukovar). In order to attract the interest of freight forwarders who 

manage international goods flows to streamline the goods flow through the intermodal corridor through BiH, it 

is most important to adequately equip the entry point of Corridor Vc, which in this case is Port Ploče. 

Table 3 Framework plan for optimization of the intermodal logistics corridor 2016 - 2030 

Activities in the period 2016 - 2030 2016 - 2020 2020 - 2025 2025 - 2030 

Modernization of Port Ploče     

Modernization of railroads in BiH    

Modernization of Port Brčko    

Adaptation of main intermodal nodes in BiH    

Establishment of the operators and application of ICT    

Taking over part of the goods flows from Asia and India    

Source: Author (based on National development strategies, Transport strategies in BiH, etc.) 

Linking Port Ploče with the quality transport infrastructure of Corridor Vc with Corridor VII is a prerequisite for 

the extension of the Port Ploče gravitational area. In order to have that quality transport infrastructure we need 

to invest in the railway system from Ploče to Vukovar and to the Sava-Danube canal to connect the European 

Union with the most acceptable modes of transport from the point of view of costs, energy efficiency, ecology 

and safety: railroads and inland waterways. 

By constructing a multipurpose channel Danube - Sava and Pan - European Corridor Vc (Budapest - Osijek - 

Sarajevo - Ploče), Port Ploče will gain importance in combined and intermodal transport with all the Danubian 
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countries as well as the western part of Europe through the Rhine - Main - Danube channel. The central Adriatic 

sea link and natural extension of the Vc corridor will trough Port Ploče connect the southern region of Italy with 

the countries of Central and Eastern Europe to the most economically acceptable way, with better conditions 

for achieving intermodality in freight transport. [2]. 

Project Implementation of the Park B.E.P.O. Neretva that was designed by the Port Ploče Administration and 

the Shipping Institute of Zagreb could also contribute to the strengthening of Port Ploče. It is a business zone 

located in the Neretva valley with an ideal geostrategic location through which passes the Corridor Vc. One of 

the first strategic goals of this project is to initiate a sustainable economic development of the region within the 

radius of about 50 km on a geographical area that belongs to the Republic of Croatia and BiH [3]. 

However, the entry point in the intermodal corridor is not sufficient to redirect the flow of goods through the 

Corridor Vc. It is necessary to have a connected complete chain, which in this case can be achieved by 

modernizing the routes through BiH. The first thing to do is adjust the railway network according to the South-

east Europe Transport Observatory SEETO standards, and thus join the paths of „Intercontainer“, one of the 

most important systems of intermodal transport in South East Europe.  

It is also necessary to adapt certain intermodal nodes through BiH, thinking primarily on the largest urban 

center of BiH, which is the capital city Sarajevo. Sarajevo is the optimum choice for building a modern logistics 

center from more influential factors, for example due to the highest volume of goods flow in the country in this 

part, the largest population in this geographical area, the existence of an international airport nearby, the 

vicinity of the Ploče - Doboj railway line and the influential corridor zone Vc passing through the industrial zone 

of the city [4]. Contribution to the development of the region and the popularization of this corridor would be 

improved by enabling the Tuzla airport with greater capacity for freight transport. Tuzla is also interesting 

because of the fact that the in Tuzla’s railway junction faces the lines from Serbia over Zvornik and from Doboj 

with the connection to Corridor Vc. This position on the railway network offers great opportunities in the area 

of rail transport. This also applies to Banja Luka. 

 

Figure 4 a) Influential zone of Park B.E.P.O. Neretva;  

b) Potential intermodal nodes through BiH and region [5] 

The exit point from BiH and the entry into EU countries is Port Brčko, which in addition to the fact that it is 

located on Corridor Vc, can become a consolidation site for container flows that are coming from the East to 

BiH and further to the whole region. Thus, Port Brčko has the potential to become the main container center 

in South East Europe [7]. 

The establishment of operators with strong ICT support would provide a rational division of labor market, 

concentration of commodity work and warehouse subsystems, coordination and cooperation of work by 

selecting the best carrier of transport in the macro distribution and concentration of activities with the unique 

service of urban areas and industrial zones in micro distribution, with the compatibility of ICT technology in all 

parts of the transport chain. 
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The last precondition is the establishment of a favorable system of the Shengen Border regime and the 

functional transboundary movement of people and goods, which would remove all barriers and open the door 

to trade flows through this corridor. 

4. VALORIZATION OF INTERMODAL LOGISTIC CORRIDOR Vc  

Valorization of the proposed intermodal logistics corridor Vc will be presented through comparison of the 

potential route through BiH with already existing international routes (Suez-Rotterdam-Frankfurt, Suez-Trieste-

Frankfurt-Rotterdam, Suez-Constanta-Wien-Frankfurt-Rotterdam). 

Since economic criteria (the power of receptive markets, transport costs, time savings, etc.) and environmental 

protection criteria (the release of poisonous gases into the atmosphere) are now almost decisive in making 

entrepreneurial and consumer decisions, data on distances, transport costs and emission of harmful 

substances are taken into considiration. Data are collected and processed for a number of possible travel 

routes for several cities in Central, North and Western Europe, which are inevitable in making decisions for 

every reasonable seller and buyer. 

 

Figure 5 Display of the distances of certain cities of Europe from Suez [6] 

Calculations of route distance, done according to the Figure 5 are shown on Figure 6 (left). In order to 

calculate transport costs we have used the recommendations about energy consumption costs by different 

modes (the value of the transport cost of 1000 tons of goods), given in Handbuch der Donauschifffahrt, Via 

Donau (2009) [8]. The results are also shown on Figure 6 (right). It can be seen that directing goods flows 

through the intermodal logistics corridor Vc will shorten transport time and also reduce transport costs. We can 

conclude that the revitalization of the intermodal logistics Corridor Vc, made according to the proposed 

Framework Plan (Table 3), is much more acceptable than lot of other existing routes, and therefore justified.  

Using the ship (across the sea and river) and the railway transport in relation to road transport, more than 

noticeable efficiency in environmental protection is achieved, which is in accordance with one of ten goals of 

White Paper transport policy: „Thirty per cent of road freight over 300 km should shift to other modes such as 

rail or waterborne transport by 2030, and more than 50 % by 2050, facilitated by efficient and green freight 

corridor“ [9]. 
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Figure 6 Route distance (left); Transportation costs of 10 million tonnes of cargo per route (right) 

Source: Author's calculations 

5. CONCLUSION 

The planning of an intermodal logistic corridor with supporting operational logistical and distribution terminals, 

investment prioritization of the use of existing corridor capacities of the regional transport network and 

affirmation of the transport function of natural resources and ecologically acceptable transport options are 

necessary frameworks of transport policy in relation to the requirements of sustainable development - 

economic growth, ecological equilibrium and social progress. In the context of regional development, it is 

necessary to re-evaluate the pan-European transport corridor Vc and, through the combined instruments of 

cohesion policy, to devise a unique development strategy for the participating regions, taking into account the 

set thematic objectives and investment priorities of the common strategic framework, the national development 

strategy, the partnership agreement and operational programs and territorial cooperation program. In this spirit, 

the Framework Plan for the Optimization of the Intermodal Logistic Corridor Vc has been proposed, whose 

chronologically stated activities are already part of existing development strategies. By valuing and comparing 

with other alternative goods flows, it has been established that this intermodal logistic corridor would have 

great advantages over existing routes, reflected in shorter transport times, lower transport costs and 

environmentally acceptable results. We can conclude that revival of the suggested framework of intermodal 

logistic Corridor Vc has the potential to contribute regional development in BiH and beyond. 
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Abstract 

Information sharing within a supply chain has a number of positive impacts on its performance. However, to 

achieve highly effective communication, it is necessary that there are trust-based business partnerships and 

willingness to share correct and for the partner important information in the supply chain. Based on a 

quantitative research conducted at 69 small and medium-sized companies, the paper discusses attitudes of 

Czech chemical companies towards importance of information and willingness to share it with a key business 

partner for the purpose of effective management of business operations. While purchase managers marked 

information concerning extraordinary fluctuations in deliveries and order status information as most important, 

sales managers saw the highest significance in information about future customer demand and market 

development. The highest rate of willingness to share information was identified just in the information that 

was considered by the business partners as most important. For this reason, it is not possible to consider a 

lack of willingness as a barrier to effective communication among small and medium-sized companies in 

chemical industry supply chains.  

Keywords: Information sharing, small and medium-sized enterprises, chemical industry, supply chain 

1. INTRODUCTION 

The key factor for effective supply chain management is common activity management in all the chain entities 

based on the systems approach. If an organization manages its activities in isolation, it is not able to evaluate 

adequately how its decisions will affect activities of the other supply chain entities. A copybook consequence 

of such an unsystematic management is the bullwhip effect, where small fluctuations in the demand of the end 

customer result in increasing demand fluctuations in the subsequent supply chain entities [1]. Information 

sharing thus represents an essential condition for application of a systems approach within supply chain 

management. 

Information sharing in a supply chain has a number of positive impacts on its efficiency [2-5]. This is also a 

reason why there is a massive spread of advanced information and communication technologies (ICT) in 

corporate management [6], and also among small and medium-sized enterprises (SMEs) [7,8]. However, it is 

not only availability of suitable ICT what is the main condition of effective information flow management as it is 

the people who decide what will be shared and how. That is why the main barrier to effective information 

sharing within a supply chain is most often seen in insufficient confidence between a company and its business 

partners [9]. 

Obviously, the basis of successful supply chain management is willingness to share relevant data, information 

and knowledge with all the supply chain entities. However, there is still a question what information it is 

important to share and how companies are willing to provide their business partners with such information. 

Therefore, the paper aims to identify the importance of selected information for effective purchase and sales 

management and the willingness of companies to provide their key business partners in the supply chain with 

this information in Czech chemical industry SMEs. To achieve these targets, the structure of the paper was 

arranged as follows. Chapter 2 summarizes the theoretical background of the research focussing on the 
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contents of information shared within a supply chain. Chapter 3 specifies the applied research methods. 

Chapter 4 presents and discusses the achieved research outcomes, and the last chapter, Chapter 5, 

summarizes the main conclusions of the research, including specification of the limitations and 

recommendations for future research. 

2. CONTENTS OF INFORMATION SHARED WITHIN A SUPPLY CHAIN 

A lot of professional literature authors have tried to identify the contents of information that is shared or that 

should be shared within a supply chain. Ovalle and Marquez [10] categorize this information into three basic 

groups, namely product information, information about the demand, information about payments and the stock 

level. Fiala [11] divides this information by the supply chain entity it is shared with, i.e. into supplier information, 

manufacturer information, distributor and seller information, and information about the demand. Lotfi et al. [13] 

identify seven categories of shared information, specifically stock information, sales data, sales forecasting, 

order information, product ability information, new products information, and other information. In addition to 

that, Ramanathan [12] defines information that is relevant to share within the supply chain to improve forecast 

accuracy. It includes daily/weekly sales, order, local forecast, competitor information, inventory, sales 

promotion, seasonal sales, historical sales, government policy on export and production, and discount sales. 

The opinions of the above authors basically do not differ in the type of shared information, but rather in the 

rate of detail according to which the given information is classified. Information that is shared most often is that 

directly related to preparation and implementation of the material flow in the supply chain, but also information 

connected with financial management of the supply chain (information concerning payments, profit margins, 

etc.). 

Some information is not of the same weight, or it is not necessarily of the same benefit for all the supply chain 

entities. The research shows that the type of shared information differs in relation to the position of the company 

in the supply chain [12], but also in relation to the industry [14]. Ramanathan [12] identifies five factors affecting 

managers when choosing information to be shared with the supply chain partners - cost, usability, reliability, 

action-ability, and capability. Combination of the rate of effects of the mentioned factors, which might depend 

not only on the company type, but also on the personality type of the manager, creates uncertainty in the fact 

which information is considered as important for sharing and which is actually shared. 

The fact that people make decisions about which information is shared with the business partners may 

represent an obstacle to effective communication. Fliedner [15] identifies the main behavioural problems of 

effective communication, which are fear of information misuse and lack of confidence. That is decisive in the 

area of communication when building long-term partnerships is accuracy, timeliness, and reliability of shared 

information. A partnership can only be successful if all the three aspects are fulfilled [16]. In addition to that, 

Ofek and Sarvary [6] hold the opinion that the relationship between the rate of information sharing and firmness 

of business relationships is reciprocal. If supply chain partners are willing and able to share confidential, but 

decisive information, this could result in a very firm relationship between them. 

The decision about what information is to be shared within the supply chain itself still does not necessarily lead 

to its effective management. What is of the same importance is the way of sharing information and the business 

partner’s ability to use the shared information properly. However, it is identification of information that is 

important for individual supply chain entities and which the business partners are willing to share at the same 

time what is the first step when setting successful communication between supply chain partners. 

3. RESEARCH BACKGROUND 

A primary research was conducted to verify the rate of willingness to share relevant information between 

chemical industry SMEs. The research tried to identify the importance of information (in purchase and sales 

departments of the companies) and willingness to share such information with their key business partners (a 
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supplier or a customer). As the addressed managers were both from purchase and sales departments of the 

companies, comparative analysis of the respondents’ attitudes on top of that made it possible to assess 

whether the companies are willing to share just the information the business partners consider as important. 

The targets were to be achieved using the method of a quantitative research conducted in the form of online 

questioning through a structured questionnaire. The survey involved 433 companies (the database of Czech 

tax entities ARES) with less than 250 employees, whose registered main sphere of economic activity is 

manufacturing of chemical substances and chemical preparations (CZ-NACE 20+). The data were collected 

in April and May 2018 in two stages because both the purchase and the sales departments of all the companies 

were addressed. To increase the return rate of the questionnaires, the selected respondents (purchase/sales 

managers) were addressed twice in each stage. Nevertheless, 40 completely filled-in questionnaires were 

obtained from the purchase departments, and 29 completely filled-in questionnaires were obtained from the 

sales departments of the 433 addressed companies. 

The research tried to identify the importance of and willingness to share information about future customer 

demand (hereinafter referred to as Forecasts), information about extraordinary fluctuations in 

supplies/purchases (Extraordinary Supplies), information about the demand, competitors and market 

development (Market), information about the business partner’s stock level (Stock), information about the 

business partner’s free manufacturing, transport or warehousing capacities (Capacities), information about the 

business partner’s product and technology innovations (Innovations), information about the business partner’s 

manufacturing costs or profit margin (Costs), and information about the order settlement status (Order Status). 

Only the sellers were inquired about the importance of information about the future customer demand, while 

only the purchasers were asked about the importance of information about the order settlement status (and 

the other way around when asking about the willingness to share this information). 

The importance of information was assessed using a 7 point scale (where 1 = totally unimportant, 7 = 

extraordinarily important). The willingness to share information was assessed through a dichotomous scale 

(yes/no). Providing a respondent was not able to evaluate their company’s willingness, they could mark the 

questionnaire option “I cannot assess” (the data analysis assessed these cases as missing values, and they 

were not included in calculation of the frequency of willing respondents). Within the assessment of the 

willingness to share information, the respondents were asked to specify their key business partner through 

several classifying variables. The subject matter of the identification was the fact whether the business partner 

is an industrial processor or a reseller (e.g. a wholesaler, a retailer, a distributor), which territory the business 

partner comes from, how long they have been in the relationship with the business partner, whether there is 

any property interconnection between the company and the business partner, and what is the company’s 

bargaining power within the relationship with the business partner. 

The data were analyzed using the descriptive and inferential statistical methods in the environment of the IBM 

software of SPSS Statistics. The importance of information was assessed through the arithmetic mean. The 

statistical significance of differences in the average importance of information between the purchasers and the 

sellers was verified by the ANOVA test at the level of significance of 5 %. The willingness to provide information 

was assessed through the relative frequency of respondents who declared to be providing the given 

information or to be willing to provide their key business partner with it providing they are interested in it. The 

statistical significance of the differences in frequencies between suppliers and customers was verified through 

the Fisher’s exact test at the level of significance of 5 %. The attitudes of suppliers and customers were cross 

compared using attitude maps (scatter diagrams), where the coordinates of each point corresponds to the 

average importance of the given information (the horizontal axis) and the frequency of respondents willing to 

provide the information (the vertical axis). The values on both axes were standardized to normal distribution 

(so-called z-scores). 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

46 

4. OUTCOMES AND DISCUSSION 

The first part of the analysis identifies the importance of information from the point of view of SME purchasers 

and sellers. Information of the highest importance from the point of view of purchasers was that concerning 

extraordinary fluctuations in supplies and the course of settling orders. On the other hand, what was most 

important for sellers was information about future customer needs and about the demand and market 

development. The importance of information about markets and innovations was significantly higher for sellers, 

which is probably caused by the fact that analysis of the market, competitors, customers, and also the need to 

be able to adapt to changes in their requirements, is a common part of work of employees of corporate sales 

departments. Table 1 summarizes the outcomes of the importance analysis, including the outcomes of the 

tests verifying the differences between the sellers’ and the purchasers’ attitudes. 

Table 1 Importance of information for effective purchase/sales management [own study] 

Information 
Average Importance ANOVA test 

Total Purchase Sales F Sig. 

Forecasts 6.3 x 6.3 x x 

Extraordinary Supplies 6.0 6.3 5.7 2.859 0.096 

Order Status 5.9 5.9 x x x 

Market 5.3 5.0 5.9 7.484 0.008 

Stock 5.0 4.9 5.1 0.330 0.567 

Capacities 4.7 4.9 4.5 1.097 0.299 

Innovations 4.6 4.1 5.3 8.303 0.005 

Costs 3.8 3.7 3.9 0.137 0.712 

Generally, the most important information for SMEs is that about the volume of future sales to customers and 

supplies from suppliers as this information enters directly almost all the decision-making steps relating to 

preparation and implementation of the material flow. By contrast, information about manufacturing costs and 

profit margins belongs to information with the lowest perceived importance, which points to a low tendency of 

SMEs to integration with their business partners in the area of financial management. What is a surprising 

outcome of the research is relatively low importance of information about the stock level, even though 

according to Lotfi et al. [13] it is information that is most frequently shared in the supply chain. 

A follow-up analysis aimed to identify the willingness of SMEs to provide their key business partner in the 

supply chain with information. Purchasers were most willing to provide the suppliers with information about 

their future needs and extraordinary fluctuations in purchases. On the other hand, sellers were most willing to 

provide their customers with information about extraordinary fluctuations in supplies, the order settlement 

status, and innovations. Almost none of the addressed SMEs were willing to provide their business partners 

with information about their manufacturing costs and profit margins. With the exception of information about 

innovations, which SMEs are significantly more willing to provide to their customers than to their suppliers, the 

purchasers’ and sellers’ attitudes to willingness are comparable (i.e. the willingness to provide the suppliers 

and the customers with the given information is comparable). Table 2 shows the overall outcomes of the 

willingness analysis, including the outcomes of the tests verifying the differences between the sellers’ and the 

purchasers’ attitudes. 

The analysis outcomes will probably not be significantly distorted by the type of key business partner (who 

was chosen by the respondent within the questioning). The thing is that the researched sample comprised 

even representation of manufacturers (58 %) and sellers (42 %), partners from the Czech Republic (54 %) and 

from abroad (46 %), companies with differently powerful negotiation positions (61 % of the companies declared 

a comparable negotiation position) and with different duration of the partnership (45 % of the companies 
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indicated duration up to 10 years, 55 % of the companies longer than 10 years). In almost all of the cases, 

there were no capital ties between the companies (97 %). It was not possible to consider any differences in 

the attitudes to willingness to share information depending on the type of business partner as significant in 

view of the small range of the analysed set. 

Table 2 Willingness to provide information to the key business partner [own study] 

Information 
Willingness (% of Cases) Fisher's Exact 

Sig. Total Purchase Sales 

Forecasts 100 100 x x 

Order Status 97 x 97 x 

Extraordinary Supplies 96 92 100 0.255 

Stock 71 75 66 0.430 

Innovations 69 50 93 <0.0005 

Market 65 68 59 0.599 

Capacities 60 59 61 1.000 

Costs 6 5 7 1.000 

The last part of the analysis compares the purchasers’ attitudes to the importance of information with the 

sellers’ attitudes to willingness to share it, and vice versa. The outcomes of both comparative analyses are 

part of the attitude maps in Figure 1. 

  

Figure 1 Attitude maps of the importance of information and willingness to provide it to the key business 

partners in the supply chain [own study] 

The z-scores are situated close to the diagram diagonal on both attitude maps, i.e. the area of the diagram 

where the identified importance and willingness are in harmony (positive correlation). This implies that SMEs 

are willing to provide their key business partners just with the information their partners consider important. 

For this reason, it is not possible to consider lack of willingness as a barrier to effective communication between 

SMEs in chemical industry supply chains. 
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5. CONCLUSION 

The primary research implies that the most important information for effective purchase and sales management 

in SMEs is that about the future customer demand, information about extraordinary fluctuations in 

supplies/purchases, and information about the order status. It is information SMEs already share with their key 

business partners or they would be willing to share. The identified high rate of willingness to share relevant 

information is in direct contradiction to the opinion of professional literature, which considers lack of confidence 

as the main barrier to effective information sharing within a supply chain. This might be caused by specifically 

selected respondents (SMEs in the chemical industry), but also by the territorial specifics of the Czech 

Republic. At the same time, these are the basic limitations of the research outcomes making further 

generalization of the outcomes impossible. Nevertheless, the identified attitudes of SMEs (particularly the 

perceived importance of information) can be, in our opinion, generalized to some other related industries. 

The relatively high rate of willingness of SMEs to share information may also be caused by the inquired type 

of information, and particularly the chosen rate of its detail. While providing information of the type of 

“approximate volumes of future purchases” can be fully acceptable for most companies, provision of 

manufacturing plans, demand forecasts, and other sales data can be considered as sharing sensitive data. 

For this reason, we propose focussing follow-up research on identification of the importance of and willingness 

to share particular data and information from the category of “information about the future customer demand”, 

which was identified by the research as the most important type of shared information. At the same time, it 

would be interesting to verify whether the perceived importance of information and willingness to share it 

depend on the business partner type (the position of the business partner in the supply chain, the partner’s 

size and negotiation power, duration of the business partnership, property or another interconnection between 

the partner and the company, etc.). 
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Abstract 

In today's globalized world the cooperation and close connection between enterprises reduce the mutual 

boundaries between them. Competitiveness of enterprises is nowadays a value-added challenge rather than 

a question of “how much to produce” or “how much to buy”. Lean production methods and supply partnerships 

allow enterprises “to produce more with less” resources, costs and time. Supply chain networks integrate, 

coordinate, and manage the movement of goods, materials and information from the supplier to the end 

customer. At the heart of these business-to-business relationships is a key managing enterprise (key link) that 

guides individual flows and maintains linkages between connected enterprises with a perspective of long-term 

partnership based on cooperation and mutual exchange of information. The paper deals with the definition of 

a key enterprise of the supply chain and its role and importance for the lean production methods. The authors 

present the results of the questionnaire survey, which was focused on the use of methods of lean production 

in enterprises from the perspective of enterprises position in the supply chain. The results show that there is 

not a positive correlation in the use of lean manufacturing methods between the enterprises identified as key 

enterprise and dependent enterprise. This conclusion applies to both new and traditional lean production 

methods. The most used are the CIP and EDI. The lean supply chain can be created regardless of the 

existence of a key enterprise through workgroups, virtual organisations or consulting companies which support 

the coordination role.  

Keywords: Supply chain, key enterprise, lean production 

1. INTRODUCTION 

In the last century, enterprises could be characterized as unique and independent internal units. Nowadays, 

however, enterprises are considered as a part of an external supply chain system. Supply chains are now 

operating in a world where the pace of change continues to rise. Enterprises are positioned in different places 

in the supply chain. Within the context of their position, they all require planning, sourcing, making, delivering, 

and returning processes. The central idea of supply chain management is to apply a total system approach to 

managing the flow of information, materials, and services from raw material suppliers though factories and 

warehouses to the end customer [1].  

The article deals with the question of whether lean manufacturing methods are used more by enterprises in 

a key position in the supply chain network than companies in a dependent position. If there is no key company 

in the network, then the possibilities to coordinate and manage supply chains are virtual organization, working 

groups or other concepts for example based on fourth-party (4PL) logistics. The difference between key 

enterprise concept and other concepts lies in the participation of companies in supply chain on coordination 

and managing role. The implication of today’s turbulent and unpredictable business environment is the new 

solution “demand chain management” [2]. Demand chains will use new manufacturing techniques (such as 

additive manufacturing) and enhanced information flows, exhibiting both lean and agile characteristics. The 

need for greater interconnection of enterprises in supply chain networks is supported with the use of lean 

manufacturing methods such as Just-in-Time, Kanban, Pull system, VSM etc. Lean production is primarily 

focused on simpler and less demanding activities that do not require demanding investments. Implementation 
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of these methods affects the entire supply chain and its successful management requires the willingness of all 

enterprises involved in the supply chain network.  

2. THEORETICAL BACKGROUND 

The concept of supply chain management is relative new - first defined in Financial Times by Arnold Kransdorff 

in the article on Booz Allen’s “rather grandly titled supply chain management concept” [3]. Supply chain 

management is a very complex term that includes more functional areas of the organization, including raw 

materials, transport throughout the production process, stock and distribution. The word “chain” should be 

replaced by “network” to reflect fact that the chain should be driven by the market, not by suppliers and there 

will normally be multiple suppliers to suppliers’ relationships as well as multiple relationships with customers 

included in the system [3]. Supply chain management involves parties upstream and downstream agreeing to 

work together by joining their respective logistics systems together. These logistics networks are a subset of 

supply chain networks, the key difference being the crucial interfaces between each supplier-buyer 

combination [4]. The truly central position in network is reserved for those nodes (enterprises) that are 

simultaneously part of many large clusters [5]. In the supply chain context, the connectivity distribution of 

efficient supply chain systems follow a power law for all connection types as indicated by the presence of hub 

firms (sellers to those with many alternative vendors). Thus hub firms are essential for the efficiency of a supply 

chain [6]. 

It is necessary to design and follow strategy for the whole network, which behaves like a complex system. 

Christopher [3] proposes the establishing of a supply chain "control tower" that will formally constantly monitor, 

control and manage complex relationships within supply networks to ensure that the intended events and 

outcomes happen as planned. The supply network is usually centrally managed by one large enterprise, called 

a "focal enterprise", “head player”, “key player”, “key enterprise”, a network integrator who has a leading role 

in supply chain management [7]. Supply chains often operate in a decentralized form in which can be guided 

and overlooked by a key player [8]. Some coordination mechanisms are often applied in order to avoid the 

profit loss of supply chain members after changing decisions [9]. Particular attention as a key role in the supply 

chain has plants discussed in the context of the production network and examines the relationship between 

factory role and coordination [10]. A lack of coordination in supply chains leads to firms behaving out-of-unison 

with one another resulting in many inefficiencies, duplications and an inability to adapt to change [6]. Focal 

enterprises collaborate with suppliers on supply chain management initiatives where vendors can steer a 

sustainable leadership vision. That is viewed as a characteristic of leadership [11]. Focal companies should 

play a leading role and apply different leadership styles towards different tiers of suppliers in the 

implementation of sustainability initiatives [12].  

On the other hand supply chain management can take over a virtual enterprise that enables high dynamism, 

flexibility and adaptability. The virtual supply chain is characterised by a dynamic and flexible network of risks 

sharing, information, costs, and partnership competencies [13]. With virtual logistics, physical and information 

aspects of logistics operations are processed independently of each other and the ownership and control of 

resources is caused through Internet. Networking at the level of network management and individual partners 

can be transferred to a virtual enterprise that performs individual network tasks without physical existence [14]. 

Another way to virtual managing of supply network is called working groups, composed of specialists from 

different network organisations which meet regularly a share common tasks and functions important for supply 

chain management. Other concepts of managing supply chain are outsourcing to service providers or new 

concept called fourth-party (4PL) logistics. 4PL model include systems architecture and integration skills, 

supply chain control room, ability to capture and utilise information across the network and access to “best of 

breed” asset providers [3]. 

Enterprises forming lean supply chains apply the lean production philosophy [15]. These methods were 

developed in the automobile industry (Toyota) and centred on the philosophy of continuously improving 
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performances by systematically eliminating wastes in the manufacturing floor [16]. Many of the lean production 

methods have been improved thanks to modern technologies during the period of fourth industrial revolution 

characterized primarily by digitization, robotics and artificial intelligence. Improvements do not only concern 

the current production, but the entire value chain, from the development of new products through production 

to recycling at the end of their life. The relationships among lean supply chain methods (practices) tend to 

conflict when are concurrently implemented [17]. 

The traditional methods in our research include such methods that have been known since half of last century: 

Just-in-Time (JIT) followed by Kanban, Electronic Data Interchange (EDI), and continuous improvement 

processes (CIP). The method Just-in-Time is based on reducing inventory and storage space by delivery the 

necessary items in the correct quality and the necessary quantities only when they are needed. Then Kanban 

cards then extend this method to the possibility of a self-regulating production system that fulfils the function 

of orders. EDI is an important method of informational technology, making the communication between 

enterprises easier via digitalization. CIP is a process-focused approach to achieve continuous, measurable 

improvement in the workplace. The success of this system lies in an organized form of activities that support 

employees in implementation, monitoring and analysing the processes. 

The new methods in our paper include 5S, TPM (Total productive maintenance), VSM (Value stream 

management), and computerized management of production (CAM). These methods are referred to as the 

new methods and we are exploring their implementation both in relation to traditional methods. The essence 

of the 5S method is to organize the workplace through five steps (sort, set in order, shine, standardize, and 

sustain) to reduce waste by maintaining and organizing production and offices. Purpose of VSM method is to 

enhance transparency and support improvements within the production process [18]. The TPM method intends 

to maintain the facility and equipment when needed, neither earlier nor later. Maintaining is supervised by the 

workers who work with the machines and easily recognize possible problems. The method of CAM includes 

number of computer supported activities which integrate manufacturing system or at lower levels contain partial 

methods of computer-based management, planning or design. 

3. METHODOLOGY 

The aim of the research was to find out the differences in the use of the main lean production methods 

according to their importance (whether an enterprise is considered a key or dependent link) in the supply chain. 

The methods of lean production are partial tools, useful under particular conditions, which enterprises have to 

meet. The methods are divided into two main groups: traditional and new methods. 

The research is based on 90 questionnaires, which were filled in with the managers by the students of the 

University of South Bohemia in České Budějovice, Faculty of Economics in 2016. The sample consists of 29 % 

small enterprises (up to 49 employees), 38 % medium-sized enterprises (50-249 employees) and 33 % large 

enterprises (over 250 employees). According to the type of industry, the sample consists of enterprises: 50 % 

engineering industry, 19 % electro-technical production, 27 % production of products for domestic use, and  

4 % production of food industry.  

The questionnaires were first analysed by enterprise size, business specialization and Classification by 

ownership relations in research paper [19]. In this paper, the importance of position in the supply chain is 

analysed. The results obtained were subjected to statistical analysis by „individual tests of equal and given 

proportions without correlation to continuity“. In the case of multiple comparisons of relative frequencies, 

Holm's method of adjusting the level of significance reached was used. The results are interpreted at alpha 

significance level = 0.05, resp. with 95 % reliability. For reasons of clarity, only significant results, including 

achieved level of significance (p-value), are given in the text. Statistical evaluation of individual tests was 

performed using R 3.3.3 programming environment.  
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4. RESULTS 

The research sample consists of 90 enterprises (as mentioned in methodology), but only 72 enterprises 

responded whether they are a key or dependent member of supply chain network. This means that about 20 % 

of enterprises were unable to determine whether they had a managing role in the supply chain network. The 

results of the research are divided into the traditional and new methods. 

4.1. Traditional lean production methods 

Table 1 describes the use of traditional methods in enterprises in relation to their position in supply chain 

network. These methods are: Just-in-Time (JIT); Kanban; Electronic Data Interchange (EDI) and Continues 

improvement process (CIP). The percentage for each method shown in the Table 1 is calculated from the 

number of enterprises in column “number”. If there is more than one answer to one question, it exceeds the 

sum of 100 %.  

The overall results show that there is not a statistically significant difference (p-values) in the use of traditional 

lean production methods among the enterprises identified as "key" and "dependent enterprise". This means 

that the observed differences are minor and do not provide a reason for distinguishing between the uses of 

lean methods based on a position in the supply network.  

Table 1 Traditional methods of lean production (%) 

Categories of companies Number JIT is used 
Kanban is 

used 
EDI 

CIP 

Key enterprise 43 27.91 25.58 51.16 46.51 

Dependent enterprise 29 13.79 17.24 34.48 37.93 

p-value -   0.26   0.59   0.25   0.63 

Source: authors 

The most used traditional lean production methods by enterprises are EDI and CIP with the highest % scores. 

These methods are highly evaluated for both key and dependent enterprises. The most widely used traditional 

lean production method is EDI, which makes the communication of two subjects easier, by converting the data 

from one system to another faster. Questionnaires have revealed that the Just-in-Time method is used only 

partially in enterprises, mostly in enterprises in key supply chain position. Surprisingly, there is a low use of 

the JIT in enterprises, although the method allows closer cooperation in supply chain network.  

4.2. New lean production methods 

Table 2 summarizes the use of new lean production methods in enterprises according to their position 

in supply chain network. These methods are: Total productive maintenance (TPM), Value stream management 

(VSM), and computerized management of production (CAM). The percentage for each method shown in the 

Table 2 is calculated from the number of enterprises in column “Number”. If there is more than one answer to 

one question, it exceeds the sum of 100 %.  

Table 2 New methods of lean production (%) 

Categories of companies Number 5S TPM VSM CAM 

Key enterprise 43 37.21 32.56 32.56 20.93 

Dependent enterprise 29 20.70 34.48 34.48 17.24 

p-value -   0.22   1.00   0.70   0.93 

Source: authors 
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The overall results suggest that there is not a statistically significant difference (see p-values) in the use of new 

lean production methods among the enterprises identified as "key enterprise" and "dependent enterprises". 

The results found that the criterion of position in the network is not important even with the use of new lean 

production methods. Almost no differences in usage by network position can be found for methods TPM and 

VSM. There is a little dominance of the dependent enterprises over the key enterprises in usage of these 

methods.  

4.3. Discussion 

The research results show that there is no statistically significant difference in using lean manufacturing 

methods between the enterprises according to their position in supply chain. The explanation for this result 

may be the fact that some lean production methods are focused more into internal enterprise environment 

such as improvement of production and manufacturing (especially methods 5S, CIP, Kanban, CAM). Their 

implementation and deployment therefore do not depend on the external environment and the supply chain 

network position. Enterprises can use these lean production methods independently of their business partners.  

On the other hand there may be very close interconnection of enterprises, which is supported by smaller 

differences between results of the key and the dependent enterprise. In other words, all enterprises may be 

involved in supply networks in some ways. Such involvement creates a long-term cooperation and integration 

of information systems and the implementation of similar lean production methods (especially JIT, CAM, VSM, 

EDI). Without implementation of these lean production methods, it is not possible for these enterprises to join 

the supply chain network and use the benefits of this connection. For this reason, these methods are used in 

the supply chain by most enterprises, regardless of their positions (key or dependent). 

Finally, research also found that more than 20 % of enterprises were unable to determine whether they were 

a key link. The position does not have to be priority in the supply network, and in fact, no such key enterprise 

may exist. The enterprises can be in dependent position to key enterprise, but without more information about 

this enterprise. So they didn’t answer the question in questionnaire. Some of the enterprises may be connected 

to supply chain networks that are not managed or controlled by a specific key member, but rather by a 

competency group [20] or virtual enterprise [13]. This result brings other questions regarding the definition of 

key enterprise itself.  

5. CONCLUSION 

In the paper, the importance of using the lean production methods in the supply chain context is analysed. The 

results show that there is not a statistically significant difference in the use of lean manufacturing methods 

between the enterprises identified as "key enterprise" and "dependent enterprise". Traditional and new lean 

production methods are used by enterprises connected in the supply chain regardless of their position in the 

network. It means that lean supply chain can be created regardless of the existence of a key enterprise, but 

some degree of coordination is always necessary. This can be achieved through the use of working groups, 

virtual organizations or consulting companies. The researched enterprises use most the CIP and EDI lean 

methods. The importance of these methods with regard to their focus lies in promoting and improving 

cooperation within the supply chain network. So, we recommend start implementation of lean supply chain 

with these methods. 

A new question for future research has been occurred then was expected. First, the more clear definition of the 

position in the supply chain (the key enterprise definition) will be necessary to formulate. Another issue is the 

analysis of situations where authorities and competencies for supply chain management are shared through 

multiple enterprises in the supply chain network. It will be necessary to find out whether the supply chain 

networks use a different way of supply chain management such as working groups or outsourcing through 

consulting companies. 
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Abstract 

In today's uncertain and turbulent markets, the most modern supply chains worldwide ensure real-time 

information exchange between partners. One could observe technological evolution that enables high level of 

information sharing based on smart devices and smart systems. The challenge today is to create and manage 

smart supply chain - supply chain full of new technologies that make possible processes automation, inventory 

tracking, real-time monitoring and that enable interaction between supply chain members, clients and also 

between the technologies themselves. Furthermore, smart means supply chain which is intelligent and capable 

to make some decisions without human involvement. 

The purpose of this paper is to understand a new and relatively undefined concept of smart supply chain which 

development is natural consequence of supply chains adaptation to technological development. The paper 

presents existing perspectives relating to smart supply chain in order to make an attempt to identify smart 

supply chain characteristics, stages of its development as well as to analyse impact of Industry 4.0 on supply 

chain structure and features. 

Keywords: Smart supply chain, Intenet of Things, Industry 4.0, Logistic 4.0, adaptive supply chain, trust 

1. INTRODUCTION 

Supply chain form organisations that are involved in moving products and services typically from suppliers to 

end customers. Between entities complex flows of materials, money and information could be identified. 

Today’s supply chains are global, extensive, constantly changing and therefore more vulnerable and difficult 

to manage than ever before. The number of transnational companies, spread geographically, involving more 

and more companies and introducing new products with shortened life cycle is still increasing [1].  

One of the trends that modern supply chains must cope with is Industry Revolution 4.0. Typical for 4th Industrial 

Revolution are automation and data exchange on a large scale, cyber-physical systems (CPS), Internet of 

Things (IoT) or cloud computing. Revolution 4.0 was initially introduced into manufacturing but also created 

new challenges and intensive need of changes in functioning of traditional supply chains. Industry 4.0. is 

defined even as “a new level of organization and control over the entire value chain of the life cycle of products” 

[2].  

The purpose of this paper is to understand a new, relatively undefined concept of smart supply chain which 

development is natural consequence of supply chains adaptation to technological development. The paper is 

based on a literature review. The analysis included relevant journal articles available in the EBSCO, Elsevier 

and Emerald databases. In the study articles containing terms “supply chain” and “smart” or “IoT”, “Industry 

4.0” and ”Logistic 4.0” in titles, keywords or abstracts were selected. The literature review was then extended 

on some paper included in references of articles selected at first step.  

The research was conducted to integrate existing perspectives relating to smart supply chain in order to make 

an attempt to identify smart supply chain characteristics, stages of its development as well as to analyse impact 

of Industry 4.0 on supply chain structure and features.  
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2. SMART SUPPLY CHAIN - MAIN CHARACTERISTICS 

Smart supply chain (SSC) is relatively undefined concept. Some authors define is as modern interconnected 

business system which extends from separated, local, and single-company applications to wide and systematic 

implementations in supply chain [3, 4].  

In literature better identified are smart supply chain attributes. Butner [1] argues that smart supply chains that 

are: instrumented, interconnected and intelligent. According to Wu et al. [3] smart supply chain has six 

characteristics - it is instrumented, interconnected, intelligent, automated, integrated and innovative. Smart 

supply chain is also described using three features namely: connection, collaboration and customization [5]. 

Smart supply chain is interconnected because all entities, assets, IT systems, products are connected [3] and 

because it is characterised by “unprecedented levels of interaction with customers, suppliers, and IT systems 

in general, but also among objects that are monitoring or even flowing through the supply chain” [1]. Smart 

supply chain is characterised by usage of various and advanced Information and Communication Technologies 

(ICT) (or Information, Communication, and Production Technologies if emphasizing connection to 

manufacturing environment [5]) to improve the flow of information between different objects, IT systems and 

enterprises. ICT are of fundamental significance for information and knowledge interchange at both 

organizational and supply-chain levels. Interconnectivity enables data collection and real-time communication 

across all supply chain stages, intelligent decision making, and efficient and responsive processes to better 

serve customers - “more information, better decision, better process, even better product would be what smart 

supply chain can and should produce“ [3].  

SSC it is combination of the physical and digital world. It refers to the combination of using cyber-physical 

systems (CPS) and smart products and services. Cyber-physical system is „physical and engineered system, 

that operations can be monitored, coordinated, controlled and integrated by a computing and communication 

system“; it includes: sensors, actuators, control processing units, and communication devices [6]. Embedded 

computers and networks monitor and control physical processes where physical processes affect computation 

and vice-versa [7]. Cyber-physical systems enable increasing control, transparency and efficiency of the 

production process [7] and facilitates the connection between machines and human-beings creating 

possibilities to be flexible and react to the changes of customer demand [8]. An integral part of CPS is Internet 

of Things (IoT) - “set of physical devices (machines, products etc.) connected through network with capability 

of exchanging information about themselves and surroundings” [9]. Smart supply chain one could called 

automated because of process flows being automated [3] and intelligent - making large-scale decisions relating 

to the perspective of whole supply chain [4] and especially capable of learning and making some decisions by 

itself, without human involvement as well as to predict future scenarios [1]. K. Butner argues that today’s supply 

chains must become a lot smarter to deal effectively with risk and meet business objectives [1]. 

Smart Supply Chain Management is based on the use of data obtained from production lines, warehouses 

logistic centers. To collect, store and analyse the information in real time, IoT technologies, Radio Frequency 

Identification (RFID), sensors, indicators, Global Positioning Systems (GPS) are essential. Even data from 

social media can be analysed [10]. Dynamic processing of large amounts of data in real time is Big Data 

Analytics. In the IoT context, attention is paid to the enormous possibilities of using mobile technologies, mobile 

devices and related services. Other meaningful Logistics 4.0 technologies, applied especially in warehousing 

and transport, are e.g: wearables (smart watches, glasses), augmented reality applications, or autonomous 

vehicles (drones) [11]. Smart supply chain “full of sensors, RFID tags, meters, GPSs, and other devices and 

systems” [1] and with “information being machine-generated” [3] is instrumented. 

Smart supply chain is based on integration of smart factories and value chains. Customers and supply chain 

partners can be connected and communicate through information systems. New solutions are based on a 

cloud-based system [12] - platform for resource sharing and collaboration [4], accessible regardless of the 

location. Communication affects mutual understanding, conflict resolution, increasing trust and influence 
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development of relationships [13]. According to Li and Lin [14], information exchange facilitates the 

coordination and integration of processes within the supply chain and improvement of the results of the entire 

supply chain. Therefore, smart supply chain could be described as more integrated (based on integration of 

processes and supply chain partners collaboration), and in consequence more innovative - developing new 

innovative solutions, meeting new requirements [3].  

The main purpose of smart supply chain management is to satisfy individual customer needs and deliver 

individualized products in the most efficient way. Processing huge amounts of data, better controlling of 

production and logistic operations by the demand reported by the customer will result in creating value through 

constantly introducing new products and services to the market [8], as well as introducing products designed 

according to the wishes of the individual customer. The feature of smart supply chain, however, is not only 

customization - it is mass individualization. Mass individualization is when customers are „involved in designing 

the options of their product to fit their exact individual needs and desires“ differently to mass customization 

when manufacturer offers to customers optional product choices (customer feel as if designing the product but 

are only selecting some options) [15]. 

To sum up smart supply chain are: interconnected, automated, intelligent, instrumented, integrated, innovative 

and concentrated on individual client’s needs. 

3. STAGES OF SMART SUPPLY CHAIN DEVELOPMENT  

Understanding of the smart supply chain concept requires identification of the steps of its development.  

Generally smart supply chain is defined as modern interconnected business system which extends from 

separated, local, and single-company applications to wide and systematic implementations in supply chain [3, 

4]. Consequently as main stages of SSC development could be identified [4]: early phase (with local 

implementation of some smart applications); intermediate phase (with the implementation of some isolated 

system for example an intelligent factory or service); and advanced phase (characterized by the 

implementation of smart solutions integrating processes in whole supply chain).  

Basic elements for smart supply chain development are: Big Data implementation including IoT infrastructure, 

adequate information system, advanced analytics, data mining and business intelligence, process automation 

and improvement, supply chain collaboration, supply chain integration, process and product innovations [3], 

so smart supply chain is based on modern technologies, knowledge sharing and real collaboration between 

entities. Crucial element contributing to supply chain members cooperation is trust. It leads to better 

communication and affects the supply chains performance [16-17]. Smart supply chains should be featured 

not only by high level of trust between supply chain members but also between information systems and 

information technologies. New issue worth considering in SSC is technology trust. It is required as human-

human relationships are replaced with human-technology relationships [18]. Supply chains will be more 

integrated and even greater will be the scope of the data exchanged. IoT market value in the world in 2025 will 

reach the level of 4 to 11 trillion of USD [McKinsey Global Institute Report, 2015] Designing, implementation 
and improvement of smart supply chain is neither an easy nor a short-term process. It requires a 

comprehensive strategy oriented to identifying the resources of the chain in terms of their interoperability, and 

then implementing smart applications for their optimal use [19]. Successful supply chains must view 

information as strategic asset [20].  

SSC is characterised by unlimited possibilities of effective and efficient information management overwhelming 

human perception and possibilities. Smart supply chain:  

 automatically balances supply and demand based on historical forecasts and predictive algorithms [21];  

 fast and intelligently adapts to internal and externally generated disturbances [22];  

 and automatically optimises production of goods and services [11].  
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However, in the future smart supply chain will be more intelligent- more digital, self-managed [12] capable to 

solve problems, able to adapt to new conditions and tasks, modifying behaviour, and self-learning. Smart 

supply chains structures will be more dynamic and temporary [12]. Thanks to the use of 3D printing and 

possibility to printing product by consumer, supply chains will shrink, turn local and the number of entities 

engaged in the process of creating value of products will be reduced [23].  

Consequently, it could be identified: 

1) Initial phase - with local applications such as e-sourcing or RFID tags implementation; 

2) Early phase - with the implementation of isolated system for example an intelligent factory or service; 

3) Intermediate phase - characterized by the implementation of smart solutions integrating processes in 

whole supply chain [3] (integrated, based on high scope of the data exchange and high level of trust); 

4) Advanced phase - characterized by digitality, dynamicness and temporariness, with ability to adapt to the 

needs of the market and resources used. 

The volume and size of information gathered and analysed will be even greater as the consequence of 

possibility to connect to any network: big transnational companies, small local supplies, as well as power grids 

and even the least accessible transport systems [24]. 

4. SMART SUPPLY CHAIN ADVANTAGES 

Next step to smart supply chain understanding was identification of its advantages. 

First of all smart supply chain is characterized by better access to information and acquisition of information 

with better quality (defined as accuracy, availability, timeliness, internal connectivity, external connectivity, 

completeness, relevance, accessibility, and frequency of information updating [25]). Information management 

within the supply chain is crucial to supply-chain success, and it is one of the biggest areas that need constant 

improvement [26]. All devices and sensors enable the obtaining of large amount data (big data) that can be 

used to increase the supply chain effectiveness and efficiency. Big Data could be described by 4V formula - it 

is high volume (a lot of data is being gathered), high velocity (speed of data generation and processing is 

increasing), high variety (different sources and formats of data being collected) and high value data 

(significance of data is tremendous) [27].  

The use of different possibilities of data gathering and processing in smart supply chains enable products 

tracking, prediction of eventual anomalies during production, gathering and analysing data about demand, 

stock and sales. Real-time monitoring, improvement of data accuracy and provided unprecedented visibility 

lead to better inventory management: level reduction, prevent stock outs, and avoid excess stocks [3, 4]. Real-

time tracking of trucks and people leads to accurate and timely delivery, lower transport cost and increase 

safety and security of supply chain. It is possible to record data about the location and condition of transported 

goods, plan optimal route and schedules of deliveries or automatically analyse data about emissions and fuel 

consumption. Simulations - thanks to mapping of the real world in virtual models will be used more extensively 

[28]. Logistics 4.0 solutions are also recommended for the most complicated and often previously not analysed 

problems like avoidance of empty miles and empty container management [29]. Complete information 

increases also level of transparency - information could be available for all supply chain members. 

Among the benefits can also be mentioned great impact of smart supply chains on customer satisfaction. The 

tendency is to change business models from the push to pull, from “we sell what we have“ to "we produce 

what we sell”. However, implementations of IoT solutions are now used in this both kinds of supply chains [30]. 

Production of individualized products supports using 3D printers [12]. It is known that e.g. today’s customers 

expect omnichannel delivery - possibility to choose favourable channel and delivery method [5] but in 

identification of new trends in client’s behaviour, their needs, data collected from social media may help. 
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Transparency and higher levels of visibility are pointed as main features of smart supply chain [1, 4, 8]. The 

visibility especially relates to inventories and possibility to monitor its levels anytime and from anywhere in the 

chain. Better visibility of demand could influence enhancement of decision making and improve supply chain 

responsiveness. Smart supply chains are also called resilient - adapting to strategies and operations to 

changes in the environment to reduce the risk of activity [1]. Barreto et al. specify their dynamic reconfigurability 

and design towards achieving lean, agile, resilient and green character [6]. Other relevant benefits are 

increased flexibility [22], quality standards, efficiency and productivity [8].  

Concluding, smart supply chains are characterised mainly by visibility, velocity, versatility and responsiveness 

(3V+R formula) [26]. Supply chains outstanding in the 3V+R characteristics are adaptive supply chains (having 

the features of flexible, responsive and resilient). 

The barriers of smart supply chain implementation are fear of change, insufficient skills and knowledge or 

immature technologies [29]. Employment in Industry 4.0 will increase [17], but the role of employees is 

expected to change - they will have more responsibility [4]. It is anticipated that digitalization will not replace 

humans in their works, because always involvement of people in controlling of the processes will be needed [6]. 

5. CONCLUSIONS 

One of the biggest issues in today's uncertain and turbulent environment is ensurement of real-time information 

exchange between supply chain partners. For improvement of the flow of information between different objects, 

IT systems and enterprises, advanced Information and Communication Technologies implementation are 

fundamental. The challenge today is to create and manage smart supply chain - supply chain full of new 

technologies that make possible processes automation, inventory tracking, real-time monitoring and that 

enable interaction between supply chain members, clients and also between the technologies themselves. 

The most important technologies are CPS, IoT, Big Data and smart manufacturing.  

In the paper the concept of smart supply chain was describe. First its main attributes were analysed. According 

to the research smart supply chain is: interconnected, automated, intelligent, instrumented, integrated, 

innovative and concentrated on individual client’s needs. Then four stages of SSC development were 

introduced. Last stage was presented as characterized by digitality, dynamics and temporariness, as well as 

ability to adapt to the individual needs of the client. Generaly, smart supply chains could be defined as 

intelligent, dynamic and adaptive networks based on cyber-physical systems (CPS) and Internet of Things 

(IoT), integrating manufacturing and logistics systems, characterized by abilities: to quickly respond to the 

changing demand; make optimal use of resources; collect, process and use of information; and build temporary 

and dynamic cooperation networks.  

Smart supply chain is characterized by better access to information of better quality. The use of different 

possibilities of data gathering and processing in smart supply chains enable improvement of data accuracy 

and provided unprecedented visibility and transparency of data for all supply chain members. Smart supply 

chains characterised mainly by visibility, velocity, versatility and responsiveness (3V+R formula) could be 

described as adaptive supply chains.  
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Abstract 

The aim of this article is to identify green practices and to determine their role in the context of building 

relationships with suppliers. In this case, green practices are defined as all practices related to managing 

processes of the organization in the way that minimalize the environmental impacts. 

The research method used in this paper is the review of the existing literature. 

Firstly, different types of green practices in the supply chain are identified and characterized. Secondly, the 

context of building relationships with suppliers is described. Next, the observations and findings are presented. 

In the end, the conclusions and recommendations for future research are outlined. 

The results concern the use of different practices related to minimalizing the environmental impacts in the 

context of building relationships with suppliers and an attempt to determine if there can be established any 

trend regarding the stated problem. 

Keywords: Green practices, supplier relationship, literature review, environmental practices, supply chain 

1. INTRODUCTION 

Increasing environmental consciousness of customers is constantly gaining the attention of companies. This 

is more crucial because of the increasing significance of corporate social responsibility and sustainable 

development. It results in enterprises commitment to the implementation of environmental (green) practices. 

On the other hand, advancing globalization leads to the growing importance of supply chain integration, that 

might be achieved e. g. by building relationships with suppliers. In this paper, green practices are discussed 

in this context.  

The aim of this article is to identify green practices used by companies and to determine their role in the context 

of building relationships with suppliers. Having considered the positive linkage between building relationships 

with suppliers and supply chain efficiency (Gallear et al. 2012, p. 83) and the fact, that the common 

denominator of the green practices and building relationships with suppliers is the supply chain, the 

background of the supply chain must be taken into account. 

Green practice in the supply chain can be identified as any action performed across the supply chain inward 

to the focal company and involving relationships with partners upstream and downstream in order to eliminate 

or reduce any kind of negative environmental impact (Azevedo et al. 2011, p. 851). 

In order to achieve the aim of this paper, the review of existing literature was performed using the following 

databases: Science Direct, Emerald Insight, Wiley and Springer.  

2. GREEN PRACTICES IN SUPPLY CHAIN 

GPs in SC are also be identified as practices of green supply chain management (GSCM) (Azevedo et al. 

2011, p. 851). However, the question that remains unanswered is: is the use of GPs in CS always consistent 

with the implementation of GSCM? 
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There are also similarities between using green practices and introducing Lean concept to the supply chain 

(Govindan 2015c, p. 29). The main common features of Lean and „Green“ are the following: focus on waste 

reduction, waste reduction techniques, order lead time reduction and supply chain relationships (Dües et al. 

2013, p. 97).  

However, there are certain aspects of the Lean concept, which are in clear contradiction with reducing 

environmental impacts. It includes practices of Just-In-Time, such as frequent stock replenishment, which may 

result in higher levels of carbon dioxide emissions (Dües et al. 2013, p. 94). This calls into question the 

compatibility of using green practices and implementing the principles of the Lean concept in the supply chain. 

Due to the above, the focus of this article is related to the area of green practices in the supply chain regardless 

of a possible background concept, such as GSCM or Green Lean. 

3. RESEARCH METHODOLOGY 

In order to achieve the aim of this paper, the review of literature related to the discussed topic was performed 

in December of 2018, using the following scientific databases: Science Direct, Emerald Insight, Wiley, Springer 

and Taylor and Francis. The articles form years 2009-2018 were taken into account. The following keywords 

were used:  

 „green practices” AND „cooperation with suppliers“ AND „supply chain“. 

The results are presented in Table 1. 

Table 1 Results of the literature review [own study] 

Database Number of records for the keywords (years 2009-2018) 

Emerald Insight 16 

Science Direct 33 

Springer 11 

Taylor & Francis 5 

Wiley 5 

The analysis of the chosen sources was performed using the snowballing approach was used. The criteria 

used for the evaluation of the results were the following: 

 compliance of the use of the term „green practice" by a specific scholar with the definition adopted in 
this paper; 

 the use of green practices in cooperation with suppliers. 

It should be pointed out, that the results include the areas of the green practices performed in cooperation with 

suppliers as they were identified and described by the particular scholars. Therefore, the results do not contain 

any specific tools or activities, but areas of operation as described in the adopted definition of the green 

practice.  

4. GREEN PRACTICES IN COOPERATION WITH SUPPLIERS 

GPs in SC can be divided due to the parties involved. Azevedo et al. (2011, p. 856) pointed out the difference 

between green practices performed in cooperation with suppliers (upstream green practices), green practices 

performed in the company without cooperation with any outside party and green practices performed in 

cooperation with clients (downstream green practices). Due to their positioning in the supply chain, upstream 
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green practices can be related to building relationships with suppliers. Proposed classification of green 

practices performed in cooperation with suppliers is presented in Table 2. 

Table 2  Classification of green practices performed in cooperation with suppliers (upstream green practices)  

  [own study]. 

Green practices performed in cooperation with suppliers Authors 

Environmental collaboration with suppliers 
Azevedo et al. (2011), Green et al. (2012a), 

Govindan et al. (2015a), Grekova et al. (2017) 

Environmental friendly practices in purchasing/green purchasing 
practices/green procurement practices 

Azevedo et al. (2011), Green et al. (2012a), 
Chin et al. (2015), Govindan et al. (2015a), 

de Sousa Jabbour et al. (2015) 

Green design/Eco-design/Working with designers and suppliers 
to reduce and eliminate product environmental impact 

Azevedo et al. (2011), Govindan et al. (2015a), 
Schmidt et al. (2017) 

Green logistics practices Chin et al. (2015), Schmidt et al. (2017) 

Reversed logistics practices 
Azevedo et al. (2011), Chin et al. (2015), 

Govindan et al. (2015a) 

Schmidt et al. (2017, p. 15) support the positive relationship between performing GPs in SC and market 

performance and between GPs in SC a financial performance. Govindan et al. (2015a, p. 7217) support the 

positive relationship between GPS in SC and environmental performance. Moreover, Zhu et al. (2013, p. 113) 

support the positive relationship between green practices, operational performance, environmental 

performance and economic performance. Notwithstanding, there is no distinction between individual GP in 

CSs in those studies. Furthermore, the issue of the relationship between the use of GPs in CS and 

environmental and operational performance might be seen so far as inconclusive (de Sousa Jabbour et al. 

2015, p. 368). 

4.1. Overview of green practices performed in cooperation with suppliers 

This subchapter contains an overview of green practices performed in cooperation with suppliers (upstream 

green practices). Definitions given below were developed taking into account works of cited scholars. 

Environmental collaboration with suppliers - an interaction between organizations in the supply chain 

relating to joint environmental planning and shared environmental know-how or knowledge with direct 

involvement of suppliers (Azevedo et al. 2011, p. 856; Green et al. 2012a, p. 293; Grekova et al. 2017, p. 

1863); 

Environmental friendly practices in purchasing/green purchasing practices/green procurement 
practices - purchasing practices, such as supplier selection based on their environmental performance, 

preparation of design instructions for suppliers and introducing supplier development programs, performed in 

order to avoid buying in waste, to reduce disposal and liability costs, to develop products that are 

environmentally sustainable and to improve the resource conservation and public image of the organization 

(Azevedo et al. 2011, p. 856; Green et al. 2012a, p. 293, Chin et al. 2015, p. 697 Govindan et al. 2015a, p. 

7210; de Sousa Jabbour et al. 2015, p. 368); 

Green design/Eco-design/Working with designers and suppliers to reduce and eliminate product 
environmental impact - design collaboration with key suppliers regarding product life-cycle analysis, 

environmental risk management, pollution control, waste management, resource conservation, energy and 

material requirements for manufacturing, usage, secondary usage, reuse, recycle and recovery of components 

in order to reduce the business waste and environmental cost and to avoid or reduce the use of hazardous 

products within the manufacturing process without affecting the performance of material requirements 

(Azevedo et al. 2011, p. 857; Govindan et al. 2015a, p. 7209; de Sousa Jabbour et al. 2015, p. 368); 
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Green logistics practices - practices, such as delivering goods directly to the user site, using alternative fuel 

vehicles, grouping orders together, rather than in smaller batches and investing in vehicles that are designed 

to reduce environmental impacts (Chin et al. 2015, pp. 697-698); 

Reversed logistics practices - practices involving product recovery, collection and transportation of 

recovered products and packaging, recycling, reusing, remanufacturing and disposal in collaboration with all 

supply chain partners in order to minimize the business waste, increase total environmental gain, maximize 

the value of the returning items and minimize the reverse logistics cost (Azevedo et al. 2011, p. 857; Chin et 

al. 2015, pp. 697-698; Govindan et al. 2015a, p. 7209). 

Diabat et al. (2013, p. 957) show that green design and reverse logistics are among practices that have the 

greatest effect on GSCM performance - including all previously defined green practices in the supply chain. 

The study by Green et al. (2012a, p. 299) supports the positive relationship between green purchasing, being 

one of crucial GPs in SC and economic performance. Another study by Green et al. (2012b, p. 199) supports 

the positive relationship between internal environmental management and environmental collaboration with 

suppliers, between green information systems and environmental collaboration with suppliers, between 

environmental collaboration with suppliers and environmental monitoring of suppliers and between 

environmental monitoring of suppliers and environmental performance. Furthermore, Grekova et al. (2017, p. 

1868) support the positive relationship between environmental collaboration with suppliers and cost savings 

and between environmental collaboration with suppliers and market gains. Moreover, Albino et al. (2012, p. 

309) partially support the positive relationship between environmental collaboration with suppliers and 

environmental performance. Above considerations support the significance of the specific green practices in 

supplier relationship management.  

5. GREEN PRACTICES IN BUILDING RELATIONSHIPS WITH SUPPLIERS 

Building relationships with suppliers is related to supplier relationship management, which can be divided into 

the following operational sub-processes (Lambert et al. 2012, p. 341): supplier differentiation, preparation of 

the supplier management team, internal supplier review, identification of the opportunities with the suppliers, 

product/service development agreement and communication plan, product/service agreement implementation 

and supplier performance measurement and supplier cost/profitability reports generation. 

Considering the above, internal supplier review and supplier performance measurement clearly indicate a 

relationship with such green purchasing practices as supplier selection, assessment and evaluation taking into 

account environmental (green) performance. Supplier selection taking into account the use of green practices 

was discussed among others by Kannan et al. (2014, p. 432). Furthermore, green criteria in supplier selection 

and evaluation were studied among others by Hashemi et al. (2015, p. 178), Razaei et al. (2016, p. 577) and 

Govindan et al. (2015b, p. 66). 

Moreover, the connection between upstream green practices and building relationships with suppliers was 

highlighted among others by Albino et al. (2012, p. 306), Green et al. (2012b, p. 191), Zhu et al. (2013, p. 109) 

and Luthra et al. (2013, p. 937). Moreover, Fu et al. (2012, p. 358) pointed out the relevance of green supplier 

development programs in relationships with them. 

One of the major problems related to green practices in building relationships with suppliers might be the 

matter of coercion regarding the use of green practices by the suppliers (Caniëls et al. 2013, p. 134). It 

concerns suppliers in short-term relationships with buyers. Instead of providing the basis for further 

development of cooperation, suppliers are treating green practices resulting from the buyer's pressure as the 

necessary evil. However, it does not mean that building long-term relationships with suppliers will change this 

situation. Caniëls et al. (2013, p. 139) show, that there is no positive relationship between long-term 

relationships with suppliers and their participation in green practices. Furthermore, Mitra et al. (2014, p. 2098) 
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support the positive relationship between a collaborative relationship with suppliers and eco-design and green 

logistics and between eco-design and green logistics and economic performance. 

6. OBSERVATIONS AND FINDINGS 

There were following green practices identified, based on the literature review: environmental collaboration 

with suppliers, green purchasing, green design, green logistics and reverse logistics. Given the classification 

of upstream green practices, it might exhaust the possibilities of environmental cooperation with suppliers. 

Hence the increasing importance of GSCM, they can play a major role in greening the supply chains. 

 

Figure 1 Classification of green practices performed in cooperation with suppliers (upstream green 

practices) [own study]. 

The positive relationships between upstream green practices and economic performance, environmental 

performance, cost savings and market gains are confirmed in described studies - see Figure 1. The connection 

between upstream green practices and building relationships with suppliers was also highlighted - see 

Figure 2. 

 

Figure 2 Classification of green practices performed in cooperation with suppliers (upstream green 

practices) [own study]. 
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There are premises of possible significant role of the green practices in building relationships with suppliers 

but there is a need of complex empirical research focusing on different upstream green practices and their 

connection with building relationships with suppliers taking into account the matter of coercion. In order to do 

that, given the classification of upstream green practices might be further developed due to the general 

meaning of such green practices, as environmental collaboration with suppliers or green purchasing. 

7. CONCLUSION 

Taking into consideration the aim of this paper, the role of green practices in building relationships with 

suppliers can be crucial and may vary on the type of the green practice but the issue clearly requires the 

empirical research, as described above. 

One of the recommendations for future research is the empirical study of relationships between specific 

upstream green practices and building relationships with suppliers. It might be an essential argument both in 

using green practices and building relationships with suppliers. Another issue is the evaluation of specific green 

practices and the balance of related costs and benefits. It also remains to be determined using the empirical 

research. 
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Abstract  

The main purpose of the solution is to design a consistency check of the consignment and to specify areas 

within the processing chain suitable for application of RFID technology. Custom solutions are in AMP 

environment in conjunction with logic processed in Excel environment. The application allows simplification of 

the control process in the specified areas as a substitute for visual inspection by workers. Verification of the 

integrity of the shipment is focused on internal use within the enterprise and linking the application to a complex 

intra-company system. The contribution is the characteristic of the solution and the application possibilities in 

the existing processes of the company.  

Keywords: RFID technology, middleware, consignment check 

1. INTRODUCTION 

A processing chain is defined as the network of all individuals, organizations, raw materials, activities and 

technologies, including the creation and sale of the final product. From delivering the raw material from the 

supplier to the processor until the final delivery. For basic definition, it is appropriate to divide the definition 

according to the six basic parameters that are required from the functional chain. This definition defines 

processes, functionality, and chain outputs. The first point is to create a string either as a part of the network 

or as a separate network. The second point is the need to create a coherent information stream alongside a 

functioning physical string. The third point is the essential need to coordinate individual members of the chain. 

The fourth point is to prevent conflict arising from the nature of the material or the information structure. The 

fifth point is to create a balance between the running costs of the chain and the amount of service produced. 

The sixth point is to promote long-term relationships between the members of the chain [1]. 

In order to meet all the specified parameters, the integrity of the consignment in individual points is essential. 

There are several parameters that reduce the number of areas for deploying the solution in its specific form 

and scope. The application is to check the completeness of shipments against their accompanying order. 

Therefore, the parameters describe the need for this verification and the simplification and acceleration of 

verification itself. The first parameter is the need for the item to contain the exact quantity of items. More or 

less items. This parameter describes the output from the application specifying the exact number of items 

missing or extra. The computer can compare reads with a digitized order much faster than a regular worker. 

The second parameter is acceleration and simplification of control. The need for a control other than a visual 

control of the worker. This check is particularly lengthy in cases where items inside the item are not visible and 

scalable at first glance. In this case, the shipment must be dismantled [2]. 

In the methodology of the solution, a data collection application was developed and a subsequent experiment 

to determine the readability of the RFID system in the given conditions, which was successfully verified and 

used as a basis for the own design and other proven procedures. Given the extent of the contribution, the 

results are not part of it. 

2. SELECTED AREAS FOR APPLYING THE APPLICATION 

The basic proposal is divided into two main areas. One is on the supply side, where the item or component is 

doing right after completing the appropriate RFID chip. The item so labeled can be stored or immediately sent 
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for consolidation for the subscriber. The consignment may consist of one or more kinds of shipments according 

to the customer's order. Simulation was performed as part of the processing because simulation overcomes 

the conditions and limitations of the analytical models. It is more time-consuming to prepare input data, but 

thanks to the creation of a simulation model, it allows experiments to be performed. The simulations can draw 

conclusions from designers' decisions before they are implemented in real terms. [3] 

After the consignment itself is consolidated either by machine or by employees, the consignment is placed on 

the antenna or in the gate where the check is carried out. The result of the check and any differences will be 

displayed on the display. 

The second area is control of the customer after the transport. The check is designed to be carried out 

immediately after the unloading. Shipments are controlled by an antenna or eco-reader on individual pallets or 

other transport units. In this area, it is also contemplated to deploy a solution that consists of one additional 

RFID chip located on each unit of the parcel that results from the item database or the entire order for 

comparison. This eliminates the process of re-ordering the order to the system. The same principle can also 

be used when storing or removing pallets or other handling units in warehouse management. The basic issue 

that needs to be solved when implementing this system is the system of item designation and the location of 

the workplace for this purpose. It should be remembered that access to RFID technology gives a huge scope 

for solution creativity. [4] 

3. APPLICATIONS FOR COMPLETENESS CHECK OF CONSIGNMENT 

The solution is loosely linked to intelligent business and simulation studies [5] and to one of the possible output 

elements that support business process sustainability and factory of future [6]. 

This part of the solution characterizes the design of the application itself, its proposed processes, software 

coverage, and, last but not least, its functionality and the possibility of real use in practice. Two software 

interfaces have been used to create the application, which have been linked to design and calibration by 

processes graphically depicted in a schematic designed to help you understand the application's features more 

easily. 

 

Figure 1 Basic application schema [3] 

The basic principle of the application is the visual output of the match or disagreement of the antenna loaded 

and the data entered into the application in the form of an order. The app evaluates the items from the antenna 

and from the order, and colorfully indicates items that are either extra or missing [7]. 
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This application design is primarily a prototype that captures the processes needed to extract data from the 

chip, depict and compare it. It is a core that can be upgraded and adapted to the needs of the application. 

The use of simulation was a suitable tool because it does not have any predetermined procedure, the use of 

which would automatically find the optimal solution. Rather, it is one of the supporting tools for verification of 

intentions, thereby increasing the quality of decision making and reducing the risk of choosing wrong decisions. 

[8] 

The application consists of two basic parts that were graphically represented in the image - they are the AtOn 

ID midleware and the MS Excel Excel interface (Figure 1). 

The AtOn graphical interface schema of an application consists of several basic strings that perform processes 

with data coming from antennas and other possible software. Each branch has its own specific processors 

adapted to the needs of the process. This part mediates the data read from the chip and modifying them 

through processors (Figure 2). 

 

Figure 2 Schematic of application logic in AMP environment [3] 

Due to the scope of the post, it is not possible and convenient to tell the settings of each processor. There is 

also no description of data queries, the relationships of individual strings and the justification of their outputs, 

which also leads to the output of data from the entire part of the application. In the following figure, the overall 

schema application is in AMP middleware [9]. 
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The second part is MS Excel, it serves to compare the order data through a simple environment controlled by 

the macros inserted into the buttons. The resulting comparison is compiled into a color-state table. This part 

of the application is intended for the user environment at the application's location. The basic control is through 

the menu displayed on the Figure 3. 

 

Figure 3 Main application in Excel 

The order and insertion part serves to assemble and paste the shipment into a comparing process with the 

retrieved data. The process begins when the order is arranged according to the column, where the selected 

item is picked up via the classic copy function, and the order column in which the item is inserted through the 

insertion function. The menu column also provides a search function through a text box and a macro designed 

for it. 

The Advanced Scan Sheet displays items loaded over an antenna that converts them through the MS Excel 

conditioner to a text string that is comprehensible to the normal user. Divide items into predetermined sections. 

For our needs, we have simulated 3 sections and one additional, expressing the possibility of any number of 

sections. In addition, it also provides additional parameters for individual items, such as their weight, price, and 

volume. Last but not least, it calculates the price and weight of the items you load. The spreadsheet contains 

two macros, one for inserting data scanned through the antenna, which has been stored in the text files by 

sections marked with the Data Recovery button via the AMP OnID portion of the application. The second macro 

to clear all columns marked with the Clean button. 

AKCZ data comparison is a key part of the entire application. Compares the data from the text file created by 

AMP On ID with the portion of the app without partitioning to the individual sections with the data entered 

through the Order Sheet. Summarizes the comparison in a table that consists of simple MS Excel features. 

These are COUNTIF and IF. Using conditional formatting for the Additional and None columns, denotes the 

legend under the table. It also has four buttons in which the process control macros are mounted on the sheet. 

The Accuracy Checker button inserts the data into a spreadsheet and the comparison result is automatically 

displayed in the spreadsheet. The spreadsheet also provides a previous measurement call through the 

Previous Measure button. Column cleanup ensures the remaining two Clear and Clear previous buttons. 

In my opinion, I do not think the purpose of the post is a detailed description of the activities of individual parts 

of the application. Let's look at a possible application in practice. 

4. IMPLEMENTATION OF THE DATABASE FOR APPLICATION NEEDS 

The basic factor is the application functionality schema for integrity check. There are processes in it between 

the parts as shown in the following diagram (Figure 4). 
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Figure 4 Schematic of the consistency check application 

The process description from an item or product viewpoint from the creation of the data string to the output of 

the correctness contains: 

 accepting a standardized order, entering a database, and assigning an identification number, 

 create a standardized data string for the product, 

 storing the string in the database, 

 assign additional information to the string in the database, 

 storing the string into the chip. 

Reading of chip information by antenna and data transfer to computer: 

 edit data in middleware and then send it to the database, 

 placing an order identification number in the console, 

 order request and current console measurement, 

 sending requested data to the database, 

 comparison of data by a console, 

 standardized Output Conformity Check. 

Description of the scheme from the point of view of the security identification of the authorized person / 

employee: 

 assigning an identification chip in the form of a key or employee card, 

 placing employee identification data into the database, 

 assignment of identification data to the allocated card data string, 

 before using the application, the employee identifies himself by attaching his chip to a dedicated 
antenna, 

 the data sent through the middleware is confronted with database data in the database, 

 Allow authorized worker to work with the application. 

The last part deals with the centralization of the database for data collection from several projects. A database 

linked to a complex company system translates individual order labels and their content into measurement 

stations that, based on measurements and comparisons, generate an output document for the comparison of 

the shipment with the order under which additional shipments are carried out. The document is then sent back 

to the centralized database and archived under its specific back-up number. The endpoint is the design of a 
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RFID-based security system using the same chip as a walk-through system produced as a read-across LF in 

the vicinity of the chip and antenna. Such security prevents unauthorized manipulation of the measuring station 

and application (Figure 5). 

 

Figure 5 Collaboration between databases 

5. CONCLUSION 

The result of the solution was the application design for checking the integrity of the shipment from a 

technological point of view. Describes the individual issues the application should address. One is the time-

consuming control of workers. The second is the quality of the control and the size of the risk of errors. The 

proposal describes the processes that accompany the consistency check of the shipment, how to synchronize 

them with one another, what sequence they give them and what the final result will be. 

The custom solution describes the possible implementation of RFID technology for wider deployment needs 

across businesses. Part of the solution was, for example, the design of technical equipment for a measuring 

station where pallet transfers are carried out using forklift trucks and therefore the design of the measurement 

portal must be secured against overturning and sufficiently massive to avoid serious collisions in the event of 

a collision.  

The equipment also includes the antenna type, its attachment to the portal, and the method of moving the data 

downloaded from the antenna to the middleware. The solution also deals with data storage within a database 

system that is designed only for this purpose, and for linking the database to a complex database system that 

exists in an enterprise. An important feature is, for example, the type, type and specialty of a chip embedded 

in the form of a label that can be printed on additional information such as an EAN code with GTIN tag and 

other complementary visual information is an ideal form for a wider logistics chain and within which RFID is 

used EAN technology for identification.  
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Abstract 

One of the most important and popular tool of contemporary e-logistics in supply chains are the different types 

of electronic freight exchanges. In the paper the main types of open and closed electronic freight exchanges 

as well as their advantages and disadvantages are presented. In particular history and the scope of the 

services offered by biggest open electronic freight exchanges in Europe, such as: Teleroute, Timo,com, 

Trans.eu and Wtransnet, are described. The main aim of the paper is the analyses of business models of 

electronic freight exchangers and the identification of their tasks in building of integrated supply chains. 

Furthermore, the basic strategic assumptions are presented in order to change the role of open electronic 

freight exchanges towards logistics platforms, which plays the significant role as an initiators and central 

coordinators of flows in international supply chains.  

Keywords: Electronic freight exchange, electronic logistics platforms 

1. INTRODUCTION 

The dynamic development of electronic economy has not left untouched the logistic activity of enterprises, 

which caused a revolution in creating supply chains and in their operation. Different types of electronic freight 

exchange became one of the most significant and commonly used tools in modern e-logistics in supply chains. 

Electronic freight exchanges were initially used by relatively few users, the number of which steadily grew 

along with spreading the access to internet network in the second half of the 90s of the 20c. Although the 

number of their users is still increasing, it is estimated that the amount of transactions conducted there, in the 

European Union countries, is the equivalent of just 10 % to 20 % of the total tonnage of cargo carried [1]. 

Therefore, the electronic freight exchanges are still seen as one of the innovative and forward-looking solutions 

for e-commerce in B2B relationships. It is worth noting that modern electronic freight exchanges are based on 

business models that evolved in Europe many years prior to popularization of the internet. In the 1970s, the 

German organization SVG started to build a database of cargoes and carriers, which via telephone lines was 

made available to economic entities interested in these data [2]. However, the first freight exchange, which 

was established before the popularization of internet technology and has still a significant market share, has 

been the French freight exchange Teleroute. Its founder was the company Teleroute and Wolters Kluwer 

Business, which in 1985 commercialized the service supporting transactions between the providers of 

transport and forwarding services and the companies ordering cargo transport. The shippers’ offers sent via 

fax were grouped by an operator collecting the information and were sent once a day at noon to potential 

carriers [3]. Numerous benefits of the access to electronic freight exchanges have led to the appearance of 

many competing freight exchange operators, that choose different business models, offer a diversified package 

of services addressed to different groups of customers. The purpose of this article is to make a typology of 

business models of the most important European operators of electronic freight exchanges and logistic 

platforms with an indication of their tasks in building and functioning of supply chains.  
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2. THE ESSENCE, THE ADVANTAGES AND DISADVANTAGES OF ELECTRONIC FREIGHT 
EXCHANGES AND LOGISTICS PLATFORMS 

By the electronic freight exchange one should understood an intermediary service with the use of internet 

technology, which supports communication and transactions between carriers, forwarders and shippers 

ordering loads to be transported and other supporting services. This is a special form of electronic commerce 

in the market for transport, freight forwarding and logistics services in B2B relationships. At the same time 

among ICT solutions within electronic freight exchanges, off-line databases and mailing lists are used less 

frequently, and the majority of transactions are carried out in real time by websites and communicators [4]. 

Electronic freight exchanges systematically expand the service package, which results in their evolution 

towards electronic logistic platforms, offering a comprehensive package of services which due to the 

integration with users' IT systems support their logistic processes and encourage to build long-term 

relationships between participants in supply chains.  

Electronic freight exchanges, as a tool for obtaining information on the current supply and demand for services 

and facilitating transactions, bring many benefits, both for the transport, freight forwarding and logistics 

companies, as well as for shippers. From the perspective of transport companies, the most important 

advantage of electronic freight exchanges is the reduction of empty runs and a fuller use of capacity (e.g. the 

consolidation of the cargo), in particular on the way back. Easy communication and making transactions 

directly by drivers of vehicles allows to reduce the employment and administrative costs. Carriers using 

electronic freight exchanges also have the possibility to use additional accompanying services, such as: 

 the vehicles insurance services,  

 the optimization of routes and transport costs,  

 vehicle leasing services, 

 factoring services consisting in pre-financing of the purchase of fuel or shortening the date of payment 

for transport, which allows to solve problems with financial liquidity, 

 job placement services in the shortage of heavy goods vehicles drivers. 

On the other hand, from the point of view of the shippers using the electronic freight exchanges allows the 

access to current offers of carriers or freight forwarders at the lowest cost for a given volume and the 

dimensions of the cargo and the preferred route, the specification of rolling stock and the additional 

requirements related to the implementation of the transport service. 

With the new functional and task-oriented modules within the framework of the electronic freight exchanges, 

both parties to the transaction have the ability to use more and more transparency of information in the field 

of: 

 the improvement of transaction security by access to recommendations and documents testifying to the 

integrity of the users of the exchange, including its payment credibility, 

 the ongoing monitoring of the transport process and cargo security control [5] (Methods of monitoring 
and control of cargo on the example of liquid fuels are described, for example, in the article.), 

 the availability of free warehouse space, 

 prosperity and predictions in the logistics services market thanks to industry reports, stock indicators or 

the European index of transport companies.  

Although open electronic freight exchanges create conditions for establishing cooperation with new partners, 

the vast majority of transactions concluded through them is incidental and does not transform into long-term 

business relationships. According to the results of a survey on a sample of 3,456 regular users of Trans.eu 

with the use of the Social Networks Analysis (SNA) method only 19 % of respondents indicate that they 

establish long-term business relationships with stock market users, and as many as 44 % claim the specifics 

of freight exchange transactions contribute to one-off transactions [6] (Detailed results of research on the 
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relations between the participants of the Trans.eu exchange are presented in the article.). The dominance of 

spot transactions negatively affects the security of transactions and the quality of the services offered, which 

is manifested in: 

 high losses and natural losses in the transport process (whereas there are also the cases of a loss, theft 

or a total destruction of the cargo), 

 the late pickup or delivery of cargo, 

 the prolonged periods of payment for rendered services and the need for judicial review of claims, 

 no or difficult contact with the contractor.  

On the other hand, the access to the electronic freight exchange involves fees in the form of a monthly 

subscription or a commission for transactions, which further reduces prices of transport services and carries' 

profits, which the already calculated at borderline of profitability. Some of these profits are taken over by 

intermediaries acting as forwarders, who obtain an above-average profit margin by moving offers and 

contacting users of various freight exchanges. An additional threat to carriers and freight forwarders is also the 

loss of control over sensitive information about the performed transactions, especially on contractors and 

trading prices for specific freight-forwarding services. The acquisition of such information by the operators of 

electronic fright exchanges increases their bargaining power and puts them in a privileged position of a 

potential leader of supply chains created by the exchange. 

The list of benefits and disadvantages of electronic freight exchanges from the perspective of transport and 

forwarding companies and shippers is presented in Table 1. 

Table 1 The advantages and disadvantages of electronic freight exchanges for freight forwarding and  

  transport companies and shippers [own elaboration]  

           Specification 

 

Prospects Advantages Disadvantages 

Carriers and forwarders  Reduction of empty runs and 
utilization of transport capacities 

 Optimizing routes and transport costs 

 Additional insurance, leasing, 
factoring, job placement services, etc. 

 Low prices of services and 
price competition (even below 
costs) 

 Domination of one-off 
transactions, which creates 
problems with payments and 
communication 

Shippers  Access to a wide range of service 
providers 

 Reduction of shipping and forwarding 
costs 

 Poor quality of incidental 
services 

 Risk of losing the load 

All users  Monitoring of the transport process 
and reservation of warehouse space 

 Access to information about 
contractors, business climate and 
forecasts on the TSL market 

 A threat to the position of a 
leader in the supply chain by 
the loss of control over 
information about 
transactions and contractors  

 Fees for using the exchange 

3. TYPES AND BUSINESS MODELS OF ELECTRONIC FREIGHT EXCHANGES 

In the 1990’s along with the popularization of the internet, more and more electronic freight exchanges were 

created, which, according to e.Logisics Magazine of 2001, were as many as 236 [7]. With such a fragmented 

structure of the sector, not all entities managed to obtain the critical number of customers or transactions that 
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would ensure that the break-even point on the sale of the product offered is exceeded. Therefore, for several 

years on the market of electronic freight exchanges there is noticeable tendency to consolidate and focus on 

particular groups of customers, industries or regions.  

According to T, Skjot-Larsen and his colleagues, two basic types of electronic transport fright exchanges can 

be distinguished [8]:  

 open markets, which are available to all interested shippers, forwarders and carriers, on which one-off 

transactions for transport services and price competition prevail, 

 closed exchanges, which are dedicated to specific companies or supply chains, within which long-term 

relationships are developed and comprehensive logistics services are offered.  

At the same time, closed exchanges can be used by a specific shipper or logistics company to build a strategic 

partnership under long-term contracts.  

They can also be used as a common IT solution for enterprises and their supply chains in a given industry or 

enterprises operating in a given region. The use of closed online exchanges promotes the optimization of cargo 

flows and information not only through the cooperation of shippers with logistic companies with consolidation 

centers, but also through the possibility of their impact on the coordination of carriers. The milestone in the 

transformation of both types of electronic freight exchanges into logistics platforms is the implementation of 

loading time management service TSM (Time Slot Management), which allows to agree on preferred time 

windows at a specific loading location and consequently leads to a significant reduction of losses associated 

with many hours of waiting for loading and unloading operations. 

The largest logistics operators striving to maintain the role of initiator and central coordinator of flows in supply 

chains are very active in digitizing their business processes. According to experts of the BCG consulting 
company, the current leaders of the logistics market are undertaking such efforts as [9]:  

 automation and digitization of own processes, including the improvement of transaction processes 

through its own portal for clients, an example of which is the KN FreightNet portal founded by Kuehne 

& Nagel, 

 building online platforms in cooperation with startups from the IT industry, as in the case of the 

Drive4Schenker platform developed by DB Schenker and the uShip company 

 creating portals through own start-ups from the IT industry, such as online platform Saloodo! 
implemented on the initiative of DHL and used by about 6 thousand carriers. 

 

Figure 1 An open electronic fright exchange model 
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European logistics operators integrate their fleet management systems also with open electronic freight 

exchanges. An example is the agreement of the logistics company Dachser pursuant to which a computerized 

carrier management system Connect was integrated with the freight exchange Teleroute. 

The ideogram of the operation of open and closed electronic freight exchanges is presented in Figures 1 

and 2.  

 
Figure 2 Model of a closed electronic freight exchange 

The largest electronic freight exchanges operating on the European market are open markets, which are 

usually oriented at meeting the needs of carriers looking for loads on the way back. Before a specific transport 

order reaches the carrier, it is very often intercepted by more active and experienced forwarders who accept 

offers from loaders and act as intermediaries in transactions between users. Aiming at maximizing commission, 

shippers often practice transferring offers and intermediate in transactions between users of competitive freight 

exchanges. 

4. LEADERS OF THE MARKET OF ELECTRONIC FREIGHT EXCHANGES IN EUROPE 

In addition to the first European freight exchange Teleroute, most frequently used by road hauliers and 

forwarders are: German system TimoCom, Polish freight exchange Trans.eu and Spanish exchange 

Wtransnet. Among the transport and forwarding companies in Europe there are also the Eurasian freight 

exchange ATI and other European freight exchanges, such as: 123 Cargo, CargoCore, EuroFreight Exchange, 

Euroloads.net, Express-online, Haulage Exchange, LoadsToday, Raal or the dominant freight exchange in the 

United Kingdom Return Loads. The entity structure of electronic freight exchanges on the European market is 

very dispersed, which results in an increase in the intensity of price competition. In addition, new electronic 

platforms are still emerging that specialize in handling specific loads and transport relations. This phenomenon 

is observed even on markets dominated by domestic leaders, which may be exemplified by the creation of 

new freight exchanges in recent years, such as: LoadFox in Germany or Infracht in Poland [10]. According to 

estimates, only 4 % of the volume of freight is handled through the largest European exchange Timo.com [1]. 

Although in the last several years the number of users and the value of revenues of open electronic freight 

exchanges has been dynamically increasing, the pace of these increases recorded by the leaders of this 

market is getting lower. There are also free electronic freight exchanges on the market, such as LoadsToday, 

where the revenue source is not a subscription fee, but the sale of accompanying factoring services (e.g. fuel 

cards). Therefore, striving to maintain the position on the market of electronic transport exchanges requires 

current leaders to take intensive actions related to the increase of transaction security and to expand the offer 

of services provided while maintaining the current level of prices. Basic information about the history, terms of 

use and the scope and safety of the largest open freight exchanges for forwarders and carriers in Europe is 

presented in Table 2.  
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Table 2 Characteristics of the largest electronic freight exchanges in Europe [own elaboration pursuant: [11],  

  [12], [13], [14], [15]]  

The Exchange 

Specification 

Teleroute TimoCom Trans.eu Wtransnet 

The year and 
place of creation 

1985 

France 

1997 

Germany 

2004 

Poland 

1996 

Spain 

Number of regular 
users 

Over 70,000 About 110,000 About 40,000 28 thousand 

Conditions of 
entry 

Entry in the National 
Court Register, NIP 
(tax identification 
number), OC (civil 
liability insurance), 
carrier's license 

Entry in the business 
register or National 
Court Register, NIP 
(tax identification 
number), OC (civil 
liability insurance), 
scanned identity card 

Entry in the National 
Court Register, NIP 
(tax identification 
number), OC (civil 
liability insurance), 
carrier's license 

Entry in the National 
Court Register, NIP (tax 
identification number), 
OC (civil liability 
insurance), carrier's 
license, copies of 
vehicle registration 
documents, certificate 
of professional 
competence 

Conditions of 
departure 

Written notification 
min 3 months 
before the end of 
the contract period 

Notice two weeks in 
advance 

Notice two weeks in 
advance 

No information 
provided 

The scope of 
additional services 

 route and cost 
planning 
system 

 transport safety 
assessment 

 mediation of 
receivables 

 insurance 

 warehouse space 
exchange 

 tender platform 

 calculation and 
tracking program 

 TSL market 
barometer 

 debt collection 

 calculation and 
tracking program, 

 factoring services 

 fuel cards 

 debt collection 

 insurance 

 job placement for 
drivers 

 logistic education 

 

 calculation and 
tracking program 

 Doc & Data's 
subcontracting and 
document 
management 
system 

 advertising and 
payment guarantee 

 insurance 

 automatic searching 
for offers 

 private exchange 

 simultaneous 
interpretation 

Safety Secure login. 

STAR security 
indicator, or 
algorithmic 
evaluation of: 
profiles, acceptance 
of the "Code of 
Conduct", e-
confirmations and 
user opinions 

TC login. TimoCom 
Secure Package: 

 access control 
(at least 6 
months of 
operation) 

 Cash Care 
(support in 
pursuing claims) 

 TimoCom Profile 
(company index) 

TransRisk index - 
payer index 

 

Certification of 
carriers - TCC 

 

Transaction review 
system 

QAP System Filters:  

 logging 

 solvency 
assessment 

 fraud reports 

 removal by the 
Audit Committee 

Specialization France, Benelux 
countries 

German-speaking 
countries and other 
countries of Western 
Europe 

Central and Eastern 
Europe 

Spain and Portugal 
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Due to the dispersed entity structure and increasing price competition the further expansion of open European 

freight exchanges requires a strategic turn consisting of the creation of logistics platforms as a comprehensive 

product for shippers. The current leader of IT solutions in the European market of logistics platforms, oriented 

at the needs of large shippers is Transporeon which was established in the German city of Ulm in the 1999, 

and since 2006 it has also been present in Poland. Unlike the leaders of the open European freight exchanges 

it serves only about 1,200 European industrial and commercial enterprises, which however, generate traffic 

needs significantly exceeding the required volume by weight of cargo to ensure the achievement of profitability. 

IT solutions offered by Transporeonare are conducive to establishing long-term relationships with users as a 

result of the possibility of integration with their ERP-class computer systems (Enterprise Resource Planning). 

Particularly important for users is the possibility of integration with their TMS modules (Transport Management 

System), in particular the support module for time and place of vehicle loading management (Time Slot 

Management) offered by Transporeon. Basic differences in the business models of European Freight 

Exchanges operators oriented at the needs of carriers and forwarders and logistics platform, oriented at the 

satisfaction of the expectations of large shippers are presented in Table 3. 

Table 3 Differences in the business models of open electronic freight exchanges and logistic platforms 

             [own elaboration]  

Type of product 

Feature 

Freight exchange for carriers, 
forwarders and shippers 

Logistic platform for shippers and 
other participants of the supply 
chain 

Number of regular users A few thousand to over 100,000 From a few to over a thousand 

Duration and nature of cooperation Short / Majority of one-off 
transactions 

Long/ Strategic Partnership 

Quality of service Uncertain High 

Transaction security and payment 
deadline 

Uncertain Guaranteed in contracts 

Integration with users' information 
systems 

Occasional Common 

The main theme of cooperation Reducing costs by using the payload 
of vehicles on the way back 

Improving the quality of logistics 
services 

The role of the exchange operator in 
the construction and functioning of 
the supply chain 

Passive as a transaction broker Active as a central coordinator of 
flows   

5. CONCLUSIONS 

Large market dispersion, falling revenue growth rate, image-related problems related to risk or low profitability 

of one-off transactions, and growing price competition necessitate significant changes in the development 

strategy of leaders of the open electronic freight exchanges in Europe. The existing business model consisting 

in extending the offer of services for carriers, reducing the risk and costs of random transactions and the 

expansion of the same product to new geographic markets in the long run will not provide them with a growth 

in profits and a dynamic development. Therefore, a strategic turnaround is necessary, consisting of: 

 firstly, the implementation of a new product ensuring comprehensive service in accordance with the 

expectations and needs of large shippers who are looking for strategic partners in building integrated 

supply chains and a high quality logistic service, 

 secondly, the diversification of the product offers and prices for the use for various user groups 
(shippers, forwarders and carriers), 

 thirdly, striving to digitize processes in accordance with the idea of Industry 4.0 by providing support in 

the process of integrating the electronic freight exchange with users' computer systems,   



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

84 

 fourthly, the adaptation of IT solutions verified on the market of road transport services for the needs of 

other modes of transport, including in the first place railway carriers as the main operators of the growing 

intermodal transport market,  

 fifth, the geographical expansion of the product in the Eurasia countries in connection with the prospects 

for the development of transport along the New Silk Road, 

 sixth, building, with the help of the exchange, a community of reliable carriers and drivers, maintaining 
and disseminating the principles of the concept of corporate social responsibility. 

The implementation of the above-mentioned strategic assumptions will allow the leaders of open electronic 

freight exchanges to transform their products into electronic logistic platforms and gradually shift from one-

time mediation in making transactions to the role of active initiators and central flow coordinators in 

international supply chains. Orientation on long-term forms of cooperation with a limited group of shippers and 

companies from the TSL industry means, however, giving up the products offered so far to meet the needs of 

thousands of carriers looking for loads on the way back and for support in making spot transactions. 
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Abstract 

The paper has a scientific- pedagogical character. It deals with the justification of the need to prepare "logistics" 

experts for the field of continuous media and energies flows. The current logistics is understood as a logistics 

of discreet flows as well as preparation logistic specialists in current study programmes too. Individual subjects 

and hence the scientific and professional basis deals with the flows of discrete products, if flows are continuous, 

they have to be discretized. The article compares logistics of discrete and continuous flows and their identities 

and specifics. There are many companies in this area. Each city has gas, water, electricity, heat and sewerage 

networks and networks for international transport of raw materials play a strategic role today. There are no 

study programs that would prepare graduates for practice for the logistics in this area. The paper also includes 

the concept of the study program "Logistics of Continuous Media and Energies (LCME)” and design of subjects 

through which this programme should be implemented in the future.  

Keywords: Logistics, continuous media, energies, distribution and collection networks 

1. INTRODUCTION 

The present theory of logistics is developed in particular as the logistics of discrete systems and processes. 

The aim of the paper is to open a professional and scientific discussion for the need of the professionals 

training and content of the university study the programme - logistic of continuous flows, which new knowledge 

are needed and which differences are from the logistics of the discrete processes. This area of logistics 

requires other transport technologies, modelling processes, designing, managing of continuous flows. 

Logistics as a science of management flows in chains and networks [1-3] has a significant application also in 

the field of transport networks of continuous media by energies such as oil, gas, water, electricity, heat, 

sewerage [4,5]. LCME has two levels. In the macro-logistics level, i.e. cross-national logistics from raw material 

resources to their processing as well as, second level, from the point of processing, to consumer (micro-

logistics) through communal networks. There are countless companies in this area. Each city has gas, water, 

electricity, heat and sewerage networks and networks, for international transport of raw materials, play a 

strategic role today. There are no study programs that would prepare graduates for practice for the logistics in 

this area. 

2. THEORETICAL BACKGROUND AND METHODOLOGY 

Simple definition of logistics: the logistics is the management, realization and providing of flows in chains in 

networks [1,3,6]. The logistic flow is a controlled movement of a substance that changes its parameters in time 

and space [1,7,8]. The flow is created between points with different potential and it is the consequence of the 

interaction of active and passive elements of the chain (see Figure 1). Active elements are machines, transport 

means, people, etc.; passive elements are raw materials, products, information, finance flows. Integrated 

elementary movement of passive elements between the two active elements creates a logistic flow. 
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Figure 1 The principle of the logistics flow 

For example, the electric current flow between the positive and the negative pole, the flow of goods, between 

those who have money, and wants goods and who has goods and wants money, i.e. economic potential 

differences, and so on. Flows and logistics from this point of view give the world in balance, because each 

system tends to be in a stable state. The current logistics deals mainly with the management of discrete goods 

flows, where their quantity is expressed in pieces. It is the many of transported substances, the quantity of 

which it cannot be expressed in pieces such as gases, liquids, bulk masses - whose quantity is expressed in 

m3, litres, tons, and so on. Their flow is also based on the difference of potentials, other than in discrete 

products, such as:  

- gravity, 

- pressure difference, 

- electric potentials, 

- temperature, etc. 

For their modeling and management, for their logistics, another mathematical apparatus, methods, principles 

from other fields of science are applied. Current study programmes at universities or logistics subjects are 

being prepared by experts for "discreet logistics" and are insufficiently prepared for the area of logistics, so 

called "Logistics of Continuous Media and Energy - LCME". The logistics applies a feed forward control 

principle of flows management because of its high inertia. This principle of control (see Figure 2) requires the 

modelling of a given chain and the logistics chain model - CHM. For the modeling of chains and streams of 

continuous media and energy the following principles of should be applied: 

- hydromechanics, 

- thermodynamics, 

- state of gas equations (pressure, temperature, volume), 

- Kirchhoff’s and induction laws, 

- decrease of energy when transporting and distributing, etc. 

 
Figure 2 "Feed forward" chain management principles 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

88 

Where: 

xi - vectors of input parameters, 

y - output vectors, 

Wž - goals of processes in the chain, 

yi* - output modeled vectors, 

Oi - active elements implementing operations, processes, 

eT
i - deviation for element I in period, 

CHM - model of logistics chain, 

MSM - management system model. 

As it follows from the above, in addition to the general subjects of logistics, students should be given a different 

theoretical-technical basis for the preparation of experts in LCME. The study of LCME, with regard to the 

necessary natural science base, will be very difficult. 

3. DESIGN OF CONTENT AND STRUCTURE OF THE LCME STUDY PROGRAMME AND 
COMPARISON WITH THE CURRENT PROGRAMMES 

The specificity of transport network logistics lies in the continuity of their modelling and management flows, in 

the principles of motion security based on gravity, potential differences, hydromechanics, thermodynamics, 

etc., in particular through dispatching systems. It is very important to prepare graduates for next periods and 

in disturbed states (political situation, control of the flow at the distance more than 1,000 km in a pipe with a 

diameter of 1.2 m). Another significantly different factor is a financial issue, the choice of payments from 

consumers and the possibility of several suppliers using one transport network. This way of logistics chain, 

which is the connection of the source, the transport and the customer, will be constantly expanded for reasons 

of environmental protection against overloaded road and railway networks. A major challenge in this field will 

be also the expansion of renewable resources, where the only reasonable option is to work and use a common 

transport network and a common portfolio of customers. 

In comparison of the subjects of current study programmes in logistics at Technical University of Košice, 

Faculty of Mining, Ecology, Process Control and Geotechnologies, Institute of Logistics, i.e.: 

- Industrial Logistics, 

- Transport logistics of the company, 

- Commercial logistics, 

and the subjects from the study programme "Technologies in the napkins and gas industries” of the proposed 

study programme - the LCME needs to apply next subjects: 

A. General subjects (need to adapt the contents): 

- Theory of systems and information, 

- Technological logistics, 

- Simulation systems, 

- Measurement and regulation technology, 

- Methods of logistic systems analysis, 

- Distribution logistics, 

- Design of internal transport systems. 

B. New technological subjects: 

- Raw material extraction technology, 

- Technologies for the production of electricity and heat, 

- Technology of raw materials processing, 
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- Sources and stacks of continuous media. 

C. New subject for transport systems: 

- Transport systems and technologies I. (oil, gas, water), 

- Transport systems and networks II. (electricity, heat, sewerage), 

- Technical means of logistics I. (machinery and equipment), 

- Technical means of logistics II. (transport and storage systems), 

- Diagnostic and maintenance management systems. 

D. New theoretical subjects: 

- Hydromechanics and thermodynamics, 

- Logistics of transport networks I. (oil, gas and water), 

- Logistics of transport networks II. (heat, electricity and sewerage), 

- Professional practice I. (global gystems), 

- Professional practice II. (communal systems). 

4. CONCLUSION 

As it follows from the above, in addition to the general subjects of logistics, for the preparation of experts in the 

logistics field - LCME, students should be given a different theoretical-technical basis. Studying, with regard to 

the necessary natural science base, will be very difficult. It is necessary to prepare a special study program 

with the necessary natural science base in order to prepare logistics for LCME. The amount of new subjects 

from technologies, transport systems and specialized subjects from logistics of continuous flows in networks 

requires a new study programme within 5-year study engineering programme. 
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Abstract  

Automotive industry, more specifically manufacture of motor vehicles, trailers and semi-trailers (CZ-NACE 29), 

is one of the most important sectors of the manufacturing industry both in the European Union and the Czech 

Republic. In 2014, the total waste generated in the EU-28 by all economic activities and households amounted 

to 2,503 million tons [1]; 21 % of the annual industrial waste production can be attributed to the manufacturing 

industry. The article focuses on the proposal for methodology of product lifecycle management based on the 

principle of logistics management in the contemporary context of the circular economy concept. Analysing 

documents, the objective is to describe and evaluate logistics spiral of the product lifecycle in such a way that 

general methodology of precycling will be formulated in the stage of research and development, manufacturing 

consumption/use (application of preventive approaches and measures enabling and facilitating waste 

recycling) in the selected part of the manufacturing industry CZ-NACE 29. Application of the general 

methodology should be in the entire logistics chain, i.e., in all levels of supply chain simultaneously, in all 

strategies of companies so as to achieve both new forms of business activities and competitive advantage of 

the entire network organization and, consequently, every company. Meaning of drafted methodological 

framework is to define an optimal recycling rate from the point of sustainable development, material flow 

closing and waste recycling optimization. Thus, qualities of sustainability (sustainable supply chain 

management) and environment (green supply chain management) from the management of the logistics 

networks integrate into the global society conditions of circular economy. 

Keywords: Process management, product, precycling, recycling, Product Lifecycle Management (PLM),  

        circular economy 

1. INTRODUCTION  

Globalization of industries and markets is a recent trend observed over the past few years. A global 

organization differs from other organizations not only by its effort to create a larger market for its products, but 

also by its attempt to purchase materials and components anywhere abroad and manufacture products 

overseas at the lowest possible cost [2]. The objective, formulated by the global company, is crystal clear: to 

drive its economic growth through market expansion and, at the same time, reduce costs by savings from 

volume of production in the area of supply as well as production and rationalization of research and 

development processes, production processes, processes in the use of the product as well as in the area of 

reverse flows, which is represented by recycling and waste management [3].  

It is evident that these organizations must control far more complex network of material, product, and 

information flows. Logistics is becoming a cornerstone of global organizations allowing for integration and 

control over all flows among the supplier, producer, distributor, customer, and the last link of product lifecycle 

logistics, i.e., waste disposal [4]. 

In consequence of joint international effort of the UN (such as [5]) or the European Union (such as [6]), logistics, 

or today rather supply chain management, defines new requirements to accomplish objectives of sustainable 

development - so called “sustainable supply chain management” (e.g., [7]). 

Until recently, the end-customer was the last element in the logistics chain. However, the consumer consumes 

the product only partially. Packaging and residues of organic and inorganic matters are left, ending their life in 
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the container (optimistic scenario), and then in landfill sites or waste incineration plants. In any case, 

humankind misses out on valuable energy resources and irretrievable raw materials. I.e., the need for another 

method of waste management concept arises, which would ensure its retransformation into raw source 

commodities using released energy. Therefore, steps towards recycling have been taken, not only in 

compliance with the Regulation (EC) No. 2150/2002 of the European Parliament and of the Council of 25 

November 2002 [8], Decision No. 1386/2013/EU of the European Parliament and of the Council of 20 

November 2013 on a General Union Environment Action Programme to 2020 [9]. 

In harmony with Directive 2008/98/EC of the European Parliament and of the Council, article 4 (1), recycling 

can be recognized in the waste management hierarchy as the reverse flow channel of distribution - reverse 

logistics that provides reverse flow of worn-out, dysfunctional or devaluated products, i.e., waste management 

reverse flow, applying the above mentioned principles, focusing on the product lifecycle [10]. The creator of 

recycling channel is usually one of the subjects involved in the distribution chain, specialized company or 

consumers [11].  

Recycling achieves several levels and is still evolving. The most advanced strategy so far is manufacture of 

products with already integrated recyclable components, developed already in the stage of new product 

development and job engineering.  

The article focuses on the automotive industry sector, reaching in macroeconomic values (2017) according to 

the VDA [12] revenues EUR 334,361 MM. Export of cars to countries outside the EU peaked at EUR 132 bn, 

with dominant representation (55 %) of German producers. According to the Automotive Industry Association 

[13], annual car production in the Czech Republic increased by 5.2 % (totally 1,446,543) in 2017 with 9 % 

share in GDP of the Czech Republic. Since 1.1.2015, Directive 2000/53/EC of the European Parliament and 

of the Council of 18 September 2000 on End-of-Life-Vehicle (ELV Directive) article 7 (2b) sets out minimum 

quantified targets for reuse and recovery of vehicles and their components to 95 % by an average weight per 

vehicle and year [14]. Cars are disassembled for wear and tear or expiration of their life-service; individual 

components are used to produce new types of vehicles or completely another product [15]. 

2. METHOD OF SOLUTION, METHODOLOGY APPROACH 

2.1. Method of solution 

One of the priorities of the European Union and the European Committee for the future of Europe is the 

environment (for instance, the 7th Environment Action Programme), joint energy policy and measures 

eliminating climate changes. In 2015, the European Commission approved an action plan entitled “Closing the 

loop - an EU action plan for the Circular Economy”, defining production (including design and production steps), 

consumption and waste treatment process as the base for the so-called circular economy. According to the 

Eurostat [16] (see Figure 1), the initial level of recycling in the EU rather varies in the individual member 

countries.  

Based on the quality loop and application of cleaner production principles and life-cycle assessment (LCA, 

eco-design), precycling methodology demands analysis of basic logistics processes of research and 

development, production and consumption of the existing products (product modification) as well new products 

(product development). Hampering and acceleration factors, affecting/facilitating subsequent waste recycling 

may be identified and quantified in each logistics process; subsequently, a portfolio of general measures 

(recommendations) may be introduced to eliminate hampering factors and support acceleration factors of 

recycling.  

The result of permanent application of this methodology is the win-win-win project in the areas: 

 cost-reduction in manufacturing by cut in the consumption of material; 

 reduction in environmental impact in manufacturing and consumption; 
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 more possibilities of product recycling after the end of its service-life (waste).  

 
Figure 1 Recovery and recycling rate for end-of-life vehicles [16] 

2.2. Methodology of solution to the Product Life Cycle 

A general solution package, constituting precycling methodology, will be formulated in close cooperation with 

professional associations, representing the individual types of production, and will be verified by application of 

the solution to the product selected from the category CZ-NACE 29. 

The solution will compile utilizable terminology for reverse logistics (precycling and recycling) in the area of 

waste management as the base for environmental policy and new forms of business activities employing PLM 

strategy. 

Evaluation of recycling programs in terms of sustainable development is, in the level “waste”, made on the 

basis of the set of indicators: 

 economic (costs, externalities);  

 environmental (power and material consumption, emissions to air and water, waste generation); 

 social (increase of employment, acceptability, economic acceptability) of the indicators. 

To express analytical approach to the above-mentioned areas, a methodology has been phrased (integrating 

environmental links) entitled as “SELCA” (Social and Environmental Life Cycle Assessment). Drafted 

methodology approach “SELCA” will be verified on the products, selected from the categories listed above. 

The objective of routine application of SELCA methodology is to define an optimum recycling rate in terms of 

the sustainable development, i.e., to minimize material inputs to production, close material flows and optimize 

reverse waste utilization. 

We must set economic and business system into the environmental framework; nowadays, on one hand 

oriented to the circular economy in the area of selected elements of direct materials, but in the future certainly 

expanding with other products and services irrespective of the market segment/company size. Manufacturers 

and importers must keep closing their material flows; results will be savings of sources and re-use of raw 

materials, as in the nature. Each designer of a completely new product should think that product, its 

components and waste products must be disposed over time; thus, the circulation of substances in nature 

should be imitated as much as possible (see Figure 2). 

One of the most important areas of the material flow management, often neglected by companies or 

considered a second-class thing, is disposal of waste, redundant, recyclable, and obsolete materials. Reverse 

logistics acc. to Klapalová [17] has recently gained major importance, particularly in light of increased attention 
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paid to the environmental issues, more restrictive national legislation as well as better widespread 

understanding of possibilities which this area introduces to the circular economy. 

Development of IT and information society as well as its global character raise many queries and problems, 

the impact of which we can hardly predict. We cannot figure out whether we will be able to accept accelerating 

pace of change, whether we will be able to understand possibilities offered and whether we will be able to 

seize opportunities in a qualified and correct manner. We do not know how we will deal with offer of enormous 

information sources available on the world-wide networks or how we will be able to face misuse of information, 

safety, and new risks of information collapse in the global scope. 

Furthermore, a key question is the role, position, and function of human potential. More often than not, ultimate 

success of the company informatics does not solely depend upon how technical barriers are overcome by new 

technologies, but mainly how personal, qualification and organizational barriers are tackled. 

In spite of these existing and potential problems, electronic (network) business has become a vital factor of 

strategic development; it is an open-ended question how each of us, each company, each society will cope 

with such a fact. 

All too often happens that large projects are more expensive than first expected. Projects are completed later 

than initially planned and their benefits are smaller than anticipated. Certainly, it is not going too far to say that 

one of the causes primarily lies in the first stage of building of approaches, when the first idea of an overall 

solution is considered, implementation objectives defined, estimated costs calculated, and expected time and 

capacities scheduled. From the environmental point of view, it stands for the first stage of the product lifecycle 

logistics spiral - precycling, where financial and capacity resources can be saved or appropriately invested and 

project time shortened, if well prepared and correctly drafted. At the same time, most mistakes can be made 

in this stage, which can be hardly eliminated in the subsequent stage - recycling, if underestimated or 

completely neglected [18]. 

 

Figure 2 Logistics Spiral of the commodity lifecycle [Authors acc. to [18]] 
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3. DISCUSSION 

The company, launching strategy formulated in Directive 2000/53/EC of the European Parliament and of the 

Council of 18 September 2000, should follow two basic directions with regard to the environment [14]: 

 production of environmentally friendly products [to develop, design (eco-design), and manufacture 

products which will not exacerbate environmental pollution for the period of their use and after the end 

of their life-time], 

 application of environmentally friendly manufacturing processes [to design and operate such 

manufacturing, transport, packaging and waste technologies which will not exacerbate environmental 

pollution-cleaner technologies]. 

In addition to typical problems, which must be addressed in the stage of product development and designing 

of manufacturing, transport, storage and packaging systems (such as functionality, low costs, quality, 

manufacturability, protection of properties in storage and transport etc.), other problems are also faced: 

 how to design a product and, at the same time, to minimize waste and optimally use recycled source in 
the production engineering input for the period of manufacturing, transport, use, and after the end of the 

product life cycle; 

 how to design a product to facilitate or enable subsequent recycling, applying the above-mentioned 

approach? 

Essential principles to be applied include: 

 minimization of material consumption - dematerialization in production; 

 material unification as a standardization tool; 

 minimization of hazardous material consumption; 

 optimization of use of renewable materials; 

 optimization of use of recycled material elements; 

 maximization of lifetime of components (key parts of the product); 

 reduction in energy performance of technologies and manufacturing processes; 

 minimization of emissions generated by manufacturing and operation;  

 hazardous waste minimization;  

 collection, evaluation, and provision of objective indicators of recycled materials  

o functional indicators (composition, properties, alternative application areas); 

o environmental indicators (environmental impacts of collection); 

o economic indicators (costs/price, marketing of recycled materials). 

It should all be addressed by the analytical concept “SELCA” as the part of supply chain, manufacturing and 

distribution logistics, especially its specific part - reverse logistics (precycling and recycling). All should be 

solved throughout the entire logistics chain, i.e., at all supplying levels simultaneously, integrated into all 

strategies of companies in order to achieve both new forms of business activities and gain competitive 

advantage of the entire network organization and, thus, every single company [19]. 

Several last questions should be discussed in the follow-up research, such as: 

 vast majority of working methods, organizational structures and introduced company practices date back 
to the pre-digital era; 

 owners and managers gladly disclaim their responsibilities for these areas and assign tasks, related to 

the environment and electronic commerce introduction, to the hands of creative staff (in the stage of 

project preparation) and IT staff;   

 both engineers and IT staff have knowledge of processes but understand them less in the areas of 

business and management. Their expert opinion limits itself to description of the status quo as described 
by managers. 
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All these aspects must be considered and dealt with for successful accomplishment of proposed procedures. 

4. CONCLUSION 

On one hand, the future of product lifecycle management depends on application of new technologies and 

technological development; on the other hand, also on the requirement on sustainable product and general 

concept of logistics chain management with regard to the key environmental attributes. Nowadays, face of the 

automotive industry is changing; this issue is reflected in the common action of the Czech government and 

automotive industry representatives (such as the “Memorandum on the Future of the Automotive Industry in 

the Czech Republic” [20, 21], which is the first pledge of the analysis of aspects of electrification or change in 

the current company models. Thus, sustainability (i.e., sustainable supply chain management) and 

environmental qualities (green supply chain management) push logistics chain management into the circular 

economy. In spite of partial intersection of green supply chain management with circular economy, as says 

[22], the realistic way to significant improvement in all company processes and remarkable success is to re-

organize company processes; upon completion of introductory changes to further promote, continuously 

improve, and enhance logistics strategy for the company. 

An in-depth systematically analysis as well as radical proposal for all aspects - business processes in the area 

of environment, logistics as well as use of IT technologies (for example, sustainability and energy management 

software etc.) lead to easier reporting, change in the business activity, opinion and behaviour in a way that 

each company may dramatically increase its efficiency and satisfy its present as well as future needs. 

The key to success in a dynamically changing world is coherent and flexible company strategy, optimally 

fostered both by in-house logistics concepts and logistics networks (such as Sustainability Performance 

Management [23] or their extensions (such as SoFi [24]) in the dawning era of circular economy. Framed 

logistics concept of the whole network, hand in hand with human resources, is becoming the main tool for 

competitiveness of both the product and company. The integration itself never ends, as it is a process and not 

a condition. 

REFERENCES 

[1] EUROSTAT. Key figures on Europe. [online]. Version 3, Last updated: 11 October 2017. [viewed 2018-05-11] 
Available from: https://ec.europa.eu/eurostat/documents/3217494/8309812/KS-EI-17-001-EN-N.pdf/b7df53f5-
4faf-48a6-aca1-c650d40c9239 

[2] JUROVÁ, M. Evropská unie Odvětví a infrastruktura. 1st ed. Brno: Computer Press, 1999. P. 115. 

[3] BERGER, R. Strategy Consultants: Rightsizing Europe. [online]. Version 1, Last updated: 28 March 2013. [viewed 
2014-02-21 ]. Available from: http://www.rolandberger.com/media/pdf/Roland_Berger_ 
Automotive_Supplier_Europe_E_20130328.pdf 

[4] SANIDAS, E. Manufacturing Sectoral Growth in the USA and Japan: Relevance to SMEs. Organizational 
Innovations (OIs), and Recent Economic Growth. Working paper. In Proceedings of the Second Conference on 
“SMEs in a Global Economy. Wollongong: University of Wollongong, 2002. 

[5] UNITED NATIONS. Resolution adopted by the General Assembly on 25 September 2015: Transforming our 
world-the 2030 Agenda for Sustainable Development [online]. Version 1, Last updated: 21 October 2015. New 
York: UN. 35 p. [viewed 2018-08-21]. Available from: 
http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E 

[6] EUROPEAN COMMISSION. Communication from the Commission to the European Parliament, the Council, the 
European Economic and Social Committee and the Committee of the Regions: Closing the Loop - An EU Action 
Plan for the Circular Economy [online]. Version 1, Last updated: 2 December 2015. Brussels: EC. 21 p. [viewed 
2017-7-2]. Available from: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52015DC0614 

[7] CARTER, C. R. and ROGERS, D. S.. A framework of sustainable supply chain management: moving toward new 
theory. International Journal of Physical Distribution & Logistics Management. 2008. Vol. 38, no 5, pp. 360-387. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

96 

[8] EUROPEAN PARLIAMENT. Regulation (EC) No. 2150/2002 of the European Parliament and of the Council of 25 
November 2002 on Waste Statistics [online]. Version 1, Last updated: 25 November 2002. Brussels: EP. 54 p. 
[viewed 2018-07-01]. Available from: https://publications.europa.eu/en/publication-detail/-/publication/c694ef08-
6b29-40a6-9124-4b6d3f82883d 

[9] EUROPEAN PARLIAMENT. Decision No. 1386/2013/EU of the European Parliament and of the Council of 20 
November 2013 on a General Union Environment Action Programme to 2020 [on-line]. Version 1, Last updated: 
20 November 2013. Brussels: EP. 30 p. [viewed 2018-07-02]. Available from: 
https://publications.europa.eu/en/publication-detail/-/publication/b8e613ef-76de-11e3-b889-01aa75ed71a1 

[10] EUROPEAN PARLIAMENT. Directive 2008/98/EC of the European Parliament and of the Council of 19 
November 2008 on Waste and Repealing Certain Directives. 2008 [online]. Version 1, Last updated: 19 
November 2008. Brussels: EP. 28 p. [viewed 2018-05-15]. Available from: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:32008L0098 

[11] ŠKAPA, R.. Managerial factors of effective reverse logistics. In JC Spender, Giovanni Schiuma, Vito Albino. 
IFKAD 2015. 10th International Forum on Knowledge Asset Dynamics. Culture, Innovation and Entrepreneurship: 
Connecting the Knowledge Dots. Bari: Institute of Knowledge Asset Management, University of Basilicata, 2015, 
pp. 2001-2009. 

[12] VERBAND DER AUTOMOBILINDUSTRIE. General [online]. Version 1, Last updated: 12 April 2018.Berlin: VDA. 
1 p. [viewed 2018-05-15]. Available from: https://www.vda.de/en/services/facts-and-figures/annual-
figures/general.html 

[13] AUTOMOTIVE INDUSTRY ASSOCIATION. Výsledky autoprůmyslu za rok 2017 [online]. Version 1, Last updated: 
20 June 2018. Praha: AIA. 2p. [viewed 2018-07-25]. Available from: 
http://www.autosap.cz/sfiles/TI16_2018_FIN.pdf 

[14] EUROPEAN PARLIAMENT. Directive 2000/53/EC of the European Parliament and of the Council of 18 
September 2000 on End-of Life Vehicles - Commission Statements [online]. Version 1, Last updated: 21. 
December 2000. Brussels: EP. 9 p. [viewed 2017-08-20] Available from: https://eur-
lex.europa.eu/resource.html?uri=cellar:02fa83cf-bf28-4afc-8f9f-eb201bd61813.0005.02/DOC_1&format=PDF 

[15] SEMCON. Future - Trendy, které mění automobilový průmysl [online]. Version 1, Last updated 2013 [quoted 
2014-02-18]. Available from: http://www.semcon.com/Global/Docs/Future/FUTen2-2013_webb.pdf 

[16] EUROSTAT. Recovery and Recycling Rate for End-of-Life Cehicles [online]. Version 1, Lastu updated: 23 April 
2018. [viewed 2018-04-02]. Available from: https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=File:Recovery_and_recycling_rate_for_end-of-life_vehicles,_2015_(%25).png 

[17] KLAPALOVÁ, A. Řízení zpětných toků jako prostředek tvorby hodnoty. 1st ed. Brno: Masarykova univerzita, 
2017. p. 164. 

[18] JUROVÁ, M. et al. Výrobní a logistické procesy v podnikání. 1st ed. Praha: Grada Publishing, 2016. P. 264. 

[19] CHRISTOPHER, M. Logistika v marketingu. 1st ed.. Praha: Management Press 2000, 166 pp. 

[20] MINISTERSTVO PRŮMYSLU A OBCHODU. Memorandum o budoucnosti automobilového průmyslu v České 
republice “Český automobilový průmysl” [on-line]. Version 1, Last updated: 11 October 2017a. Praha: MPO. 3 p. 
[viewed 2018-08-25]. Available from: https://www.mpo.cz/assets/cz/prumysl/2017/10/memorandum-o-
budoucnosti-autoprumyslu-v-CR.pdf 

[21] MINISTERSTVO PRŮMYSLU A OBCHODU. Příloha k memorandu o budoucnosti automobilového průmyslu 
v České republice “Český automobilový průmysl” [online]. Version 1, Last updated: 11 October 2017b. Praha: 
MPO. 41 p.[viewed 2018-08-25] Available from: https://www.mpo.cz/assets/cz/prumysl/2017/10/priloha---AP-k-
Memorandu-o-budoucnosti-autoprumyslu-v-CR.docx 

[22] LIU, J., et al. Green supply chain management and the circular economy: Reviewing theory for advancement of 
both fields. International Journal of Physical Distribution & Logistics Management [online]. 2018. Vol. 48, iss. 8, 
pp. 794-817 [vieved 2018-07-25]. Available from https://doi.org/10.1108/IJPDLM-01-2017-0049. 

[23] SAP. Whats New in SAP Sustainability Performance Management 4.0 [online]. Version 1, Last updated: 24 
October 2016, [viewed 2018-08-25]. Available from 
https://help.sap.com/doc/PRODUCTION/1995180176754d4d94d55e79f651e788/4.0/en-
US/SuPM4ReleaseNotes.pdf 

[24] THINKSTEP. Corporate Sustainability Software [online]. 2018. Leingelden-Echterdingen: Thinkstep. [viewed 
2018-08-25]. Available from: https://www.thinkstep.com/software/corporate-sustainability 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

97 

UTILIZATION OF LOGISTICS TOOLS IN THE CONTROL OF METALLURGICAL PROCESSES 

Petr BESTA, Šárka VILAMOVÁ, Kamila JANOVSKÁ, Eva ŠVECOVÁ, Tomáš KUTÁČ, 
Jan BEZECNÝ 

VSB - Technical University of Ostrava, Ostrava, Czech Republic, EU, petr.besta@vsb.cz  

Abstract 

Metallurgical production is based on the use of a wider range of technological processes, but also on a large 

number of input raw materials. The current highly competitive environment also brings considerable demands 

on the optimization of all partial processes and operations. Reducing total costs, increasing the efficiency of 

individual activities, reducing resource consumption are just some of aspects that must be solved by the current 

metallurgical enterprises. The quality of input raw materials in the blast-furnace process has a significant 

influence on the technological and economic parameters. The assessment of input raw materials is 

complicated due to the variety of parameters monitored. These may be the characteristics of chemical, 

physical, technological, but also operational-economic characteristics. An interesting alternative is the use of 

logistics tools based on multi-criteria decision making, which will allow to quantify the significance of all relevant 

criteria. In the framework of the research carried out, a method of weighing the raw materials in the conditions 

of a selected iron producer in the Czech Republic was applied. The aim of the article is to present the results 

of the research and possible areas of further use in the environment of metallurgical primary production. 

Keywords: Logistics, costs, ore, quality, price 

1. INTRODUCTION 

Strong competition, the ever-rising cost of raw materials and energies forces steel companies to continually 

increase the efficiency of their production processes. It is more and more necessary to exactly monitor, 

evaluate, measure and regulate all processes. The main objectives of blast furnace operators include the 

maximum production of raw iron with the required chemical composition at minimum cost. This can only be 

assured by the quality of the raw material base and the trouble-free operation of the blast furnace [1]. 

A number of metallurgical processes can be characterized by a wide range of parameters. In their evaluation, 

it is then possible to use logistics tools that are used in other areas [2]. One example of metallurgical 

production, which is based on monitoring a number of parameters, is the evaluation of ore raw materials. 

Current methods of evaluation of the quality of ore raw materials can be divided into two groups of methods 

from a general point of view. The first attempts to simulate the conditions that the ore is exposed to when 

dropping through the blast furnace shaft. On the basis of these information, we can make further technology 

control of the process. Another approach consists of single-purpose tests designed to determine the selected 

metallurgical quality indicator. Both of these approaches enable you to obtain a range of key information on 

the quality of ore and the blast furnace process. However, using these methods, it is not possible to obtain 

comprehensive information that offers a global view of the total value of the ore raw material [3]. To evaluate 

raw materials, it is appropriate to find a system that will transform a wider range of parameters into one selected 

indicator. This can also be beneficial in the operational comparison of ore raw materials that ironmongers have 

to implement within the purchasing process [4,10]. If we only evaluate the isolated parameters of the ore, the 

long-term decision to purchase them may be ineffective [5,6]. 

The aim of the article is to present the results of the research carried out in the area of application of selected 

multi-criteria decision making tools in the middle metallurgical production. The evaluation is based on the 

results of contractual research in the implementation of logistics tools in metallurgical processes. 
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2. PROBLEM FORMULATION 

The quality of ore raw materials significantly influences the technological aspects of the blast furnace process. 

When evaluating ore raw materials, we can observe a large number of completely different criteria. 

Categorically, important parameters can be classified into three groups based on properties: chemical, 

physical, technological [7]. We rank among elementary chemical parameters of ore raw materials the content 

of iron, the amount of harmful substances (sulfur, phosphorus, zinc, alkali), but also alkalinity. Of the important 

physical properties, we can mention mainly quantity, humidity, porosity or magnetic properties. Technological 

properties include strength, reducibility, and thermoplastic properties [8]. We can therefore derive dozens of 

parameters from the evaluation of ore raw materials, which makes it very difficult to compare them in terms of 

overall quality. 

In the framework of the research carried out, a weight-grading method for quality evaluation of ore raw 

materials was experimentally used. The weighted-grading method is one of the tools of multi-criteria decision 

making and is very often used in logistics processes. 

The method is characterized by an effort to find the total value of individual variants (in our case, ore minerals). 

It is based on the weighted average of the partial evaluations of variants according to the criteria. The optimal 

variant is the variant with the largest total weight. The principle of the method is that, for all criteria, their ranking 

is determined in terms of the degree of fulfillment of the individual criteria. If we evaluate the price of the ores 

traced, we will compile their ranking according to a specific price [8]. We will also sort the other monitored 

criteria in the same way [8]. This order then enters an overall rating that takes into account the weighting of 

the individual criteria [9]. The procedure for determining a preferential arrangement of variants by the weight-

grading method can be summarized as follows: 

 determining the weights for each criterion (vi), 

 determining the order of each variant in terms of each of the criteria (pij), 

 calculation of the partial evaluation of each variant according to each criterion (hij) according to the 

relation (1): 

1ij ijh m p                                                                                                                                                                                                                             (1) 

where: m - is the total number of variants 

 calculation of the total value of individual variants (Hj) according to the relation (2):        

1

n

j j ij

i

H v h



                                                                                                                                      (2) 

where: n - is the total number of criteria      

 determining the order of variants - the best option is the one that has the highest total value (Hj). 

The overall evaluation of the order of the monitored variants (ores) is basically aggregated into one pointer 

whose value is used for descending ordering of variants. For comparison, three ores were selected. The values 

of the monitored criteria were processed on the basis of the input data provided by the suppliers. For all the 

monitored criteria their significance (weight) was established. 

3. EXPERIMENTAL WORK 

Within the research, a comparison of ore raw materials from Australia, Brazil and Ukraine was carried out. The 

evaluation was carried out as part of realized project for a selected iron producer in the Czech Republic. The 

criteria were defined for all ore raw materials for their evaluation. The primary point of view was the possibility 
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of using the aforementioned assessment procedure for the operative comparison of the demanded ores. Five 

key criteria were selected for evaluation. Table 1 shows these criteria along with information about their specific 

values. 

Table 1 Monitored species of ore 

Criteria Raw materials (state - locality) 

No. Name Australia 

Marillana 

Brazil 

Carajás 

Ukraine 

Krivoy Rog 

K1 Fe content (%) 62 67 58 

K2 P content (%) 0.075 0.033 0.030 

K3 S content (%) 0.022 0.006 0.015 

K4 Reducibility (%) 63 64 64 

K5 Price ($/t) 76 72 64 

For further evaluation using a weighted order method, it is necessary to sort the values of the observed criteria 

for individual ore raw materials. On the basis of the input data presented in Table 1, the order of individual ore 

raw materials was compiled for all criteria. In the case of iron content, individual ores were ranked in 

descending order according to the values given in Table 1 and the order was entered in Table 2. On first place 

was the ore from Brazil (67 %), the second was the Australian ore (62 %) and the third was the Ukraine ore 

(58 %). All other criteria were evaluated in the same way. The exact order of all the criteria for the observed 

species of ores is given in Table 2. 

Table 2 Sequence of criteria for each species of ore 

Criteria Ore raw materials 

No. Name Australia 

Marillana 

Brazil 

Carajás 

Ukraine 

Krivoy Rog 

K1 Fe content 2. 1. 3. 

K2 P content 3. 2. 1. 

K3 S content  3. 1. 2. 

K4 Reducibility 2. 1. 1. 

K5 Price 3. 2. 1. 

The implementation of the procedure and the results of the weighted order method for the observed species 

of ore is included in Table 3. For each criterion in the column V1 is given the weighting of the criterion 

(importance). This was determined using the pairwise comparison method, where a binomial comparison of 

the meaning of each criterion was made. The columns pi1-pi3 show the order of the individual criteria for a 

particular type of iron ore. The hi1 - hi3 column shows the recalculated order for each ore according to formula 

(1). The Vixhi column (1-3) shows the multiplication of the weight and the recalculated order. The sum of these 

weights for each monitored ore raw material is then an evaluation parameter. Depending on the result the 

order of the monitored ore raw materials (line - order of the species of ore) is compiled. 
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Table 3 Evaluation of the quality of the monitored ores 

Criteria Scale 

(0-1) 

Ore raw materials 

No. Name Australia 

Marillana 

Brazil 

Carajás 

Ukraine 

Krivoy Rog 

  vi Pi1 hi1 Vixhi1 Pi2 hi2 Vixhi2 Pi3 hi3 Vixhi3 

K1 Fe content 0.30 2. 2 0.60 1. 3 0.90 3. 1 0.30 

K2 P content  0.10 3. 1 0.10 2. 2 0.20 1. 3 0.30 

K3 S content  0.15 3. 1 0.15 1. 3 0.45 2. 2 0.30 

K4 Reducibility  0.25 2. 2 0.50 1. 3 0.75 1. 3 0.75 

K5 Price 0.20 3. 1 0.20 2. 2 0.40 1. 3 0.60 

 ∑  1.55  2.70  2.25 

 Order of species of 
ores 

3. 1. 2. 

The methodology for the evaluation of the results is based on the principle of descending order of the total 

value of the monitored ore raw materials. Under this procedure, the monitored ores were ranked in the following 

order: 1. Brazil, 2. Ukraine, 3. Australia. 

4. RESULTS AND DISCUSSION 

For evaluation were selected ores from Australia, Ukraine and Brazil. The ranking found according to these 

criteria is included in Table 3. Brazil's ore was placed first. This ore contained the highest amount of iron, and 

at the same time was first in the case of the reduction criterion. In terms of price, however, it was cheaper than 

Australia's ore. The second place was the ore from Ukraine. The lowest price was significantly contributed to 

this. This is also supported by the weight of this criterion. Third place was the ore from Australia. Its main 

disadvantage is higher content of pollutants, but also the highest price. Its final evaluation did not affect the 

high iron content, which was significantly higher than the ore from Ukraine. From a general point of view, it is 

interesting that as the best was not designated ore with only the lowest price. If we evaluated everything only 

by cost criteria or through one of isolated parameters, the solution would not need to be effective in the long 

run. The determined order of ore materials is determined by the values of the mentioned criteria but also by 

their weight. Changing the meaning of the criteria may also make a possible change in the final order. 

5. CONCLUSIONS 

The weighted order method enables to quantify the wide spectrum of properties of the surveyed ores. A big 

advantage lies also in its algorithmic modesty. At the same time, it allows to synthesize the values of criteria 

that are fundamentally different. The evaluation is based on a wider range of criteria, not just on the comparison 

of isolated parameters. Using the applied method in assessing the quality of ore raw materials allows us to 

obtain the relevant background for long-term strategic decision making. In the case of its use in electronic 

form, this principle can be applied for the operational comparison of purchased raw materials. Changing the 

number of criteria, changing the weighing system, or further adjusting the input parameters, are then user-

friendly. Applying a used rating system can help increase the efficiency of the purchasing process and reduce 

costs in metallurgical organizations. 
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Abstract  

Containerisation of goods is a trend, which is constantly increasing in a meaning of volume of transported 

goods. The most of bulk goods are transhipped through container terminals in seaports. Concerning this fact, 

it is necessary to define logistics operations for loading, transhipping and unloading in every port. A base is an 

analysis of a current state of a container transhipment in seaports and a definition of bottlenecks in logistics 

chains. Thanks to this a functional logistic terminal model can be established.  

Keywords: Container, container transport, container terminal, logistics, logistics operations 

1. INTRODUCTION 

Seaports are one of the most important points in a freight transport system. They participate in total freight 

transport performance from 60 % to 70 %. They play very important role from a global point of view, as goods 

are loaded, unloaded and transhipped there between different modes of transport. Maritime transport has been 

a basic element of international transport and it has never been operated only at a national level. Because 

shipping routes are characterized by a long route between the first and a final port, it is necessary to organize 

loading and unloading so, that costs and time of transport in a logistics chain is minimized. Sea ships 

transporting containers along seaports and their terminals are described in this contribution. 

It is important to deal with a modal split of each terminal, because mode of transport, that continues after 

maritime transport, is an important factor. 

The most of goods and materials are transported in containers. Ports have different sizes, equipment and 

varying quality of inland connection through different modes of transport. A fact, that there are more terminals 

in the most of ports available, where each terminal is equipped with different technologies with regard to a type 

of goods transported, should be mentioned. 

2. ANALYSIS OF PRESENT STATUS 

Container transport is the most widespread type of intermodal transport. Container transport is defined as a 

transport using just one transport unit and several different modes of transport. Only the transport unit is 

handled during transportation, but not a content of the transport unit. Several types of transport can be 

considered. [1, 2] 

 LCL/LCL - Shipments are taken over from shippers, consolidated into containers, transported and then 

deconsolidated and delivered to recipients; 

 LCL/FCL - Shipments are taken over from shippers, consolidated, transported and delivered to one 
recipient; 

 FCL/LCL - Shipments are handed over by one shipper in a whole container, transported, deconsolidated 

and delivered to recipients; 

 FCL/FCL - Shipments or a container is taken over from one shipper and delivered to one receiver. 

Content of the container isn’t manipulated during the transport. 
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Figure 1 LCL/LCL diagram [Source: Authors]  

Consequence of use of containers in transports is a simplification of transhipment and thus a cost reduction. 

An advantage is a possibility of transhipping difficult-to-handle goods. A container transport has a growing 

presence in transport process of goods. A containerisation process can be defined as process of gradual 

introduce of containers and use of related equipment and technology. The main reason for use of containers 

is a need of efficiency and speed increase of a ship loading and unloading, thus shortening of waiting time of 

a ship in a port. Containerisation allows use of similar or compatible technologies for loading, unloading and 

transhipping in different ports, and thus speeding up of these processes is reached. [1, 2, 4, 5] 

A volume of transported goods has an increasing tendency. Therefore new container ships are bigger and 

bigger. As the container ships are getting larger, goods can be transported for lower prices. [7, 8] 

Seaports have been always major business centres and they are world trade centres still today. There are 

duty-free zones. An important factor is creating conditions for business and production activities. Freight ports 

allow anchoring, handling with ships, unloading or loading of goods and material, or passengers getting off or 

passengers boarding. A following Figure 2 shows development of transhipped TEU units (TEUs million) in 

years 2010, 2013 and 2014. [5, 6, 9] 

 

Figure 2 TOP 20 Exporters and Importers of Containerized Cargo - 2010, 2013 & 2014. 
Note: TEUs are fully loaded. 

[Source: Authors with use of data from IHS Global Insight, World Trade Service]. 

3. LOGISTICS OPERATIONS IN TERMINALS IN SEAPORTS 

A logistics terminal is a nodal point, where different modes of transport, including related transport 

infrastructure, tie together. Different combinations of transport chains can be used, for example: maritime - rail 

- road; maritime - road - rail; maritime - air - road; marine - inland waterway - road and other combinations. [3] 

Use of a logistics terminal system brings an ensuring of effective management of all logistics operations. This 

leads to reduction of transport infrastructure burden and it leads to efficient use of its capacity. Thanks to this 

transport externalities are reduced. This means, that negative environmental impacts are reduced. Overall 

benefits and benefits of logistics terminals need to be evaluated in a complex way and it can’t be evaluated 

year) 
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separately only in a particular region. These benefits have to be understood from a wider perspective. This is 

done on a basis of cooperation and transport connection along logistics terminals. [2, 7, 11] 

The following points should be ensured for designing a logistics terminal: 

 Lands and local plan compliance. A study of a future intent can be used for verification. 

 Goods flows in a selected region. Existing and predicted goods flows in relation to an economic status 

of population of the region and a demographic development. 

 Network goods flows. Based on partnership relationships with business entities in seaports and 
connected inland LCs. 

 Prognosis of new goods flows. Large increase in shipments of containerized goods can be expected. 

 Follow-up of a transport network. Connection to an external transport network. 

 Financial and operational financing. Both of them have to be considered. [10]  

4. LOGISTICS OPERATIONS MODEL  

A model of logistics operations in a maritime container terminal is applied to a fictional terminal. Basic input 

parameters and a location are defined in the model. Input parameters, used technologies and terminal 

orientation might be different. This means, that different variants of a layout of internal elements exist, as well 

as different technologies used there, as well as transport and handling devices. In this model, a container 

terminal with precisely given parameters and distribution of elements is taken into an account. The terminal is 

located in a port area in Hamburg. 

A fictional terminal scheme is shown in Figure 3. 

Only the main areas, where processes and operations run, are there and described. The whole process is 

described then in a following text. All component operations are included in a follow-up scheme (Figure 4). 

Different procedures and means of transport can be used during operations. Distinction is based, in particular, 

on size of a ship and a number of containers in TEU units placed on a ship. An important factor is a mode of 

transport used on a way further inland. These possibilities and differences will be demonstrated in a following 

diagram. The main operations are numbered. 

 

1) administration of container terminal 

2) arriving ships 

3) coastal edge and cranes 

4) unloading, transhipment, loading 

5) storage area - connection to road or 

water transport 

6) storage area - connection to rail 

transport 

7) watercourse inland 

Figure 3 Scheme of a fictional terminal [Source: Authors]  

Description of operations in a terminal from arrival of a marine ship to a transport of a container inland: 

 Order of terminal services, sending cargo size information and number of containers, etc. Terminal 

administration sends timetables and assigns a time window. 

 Arrival of a ship at scheduled time and to a designated pier. Anchorage of a ship at a coastal edge. 
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 Ship unloading using coastal cranes. 

 Containers are taken into a storage area in a terminal. 

 Storage of containers in a warehouse by means of handling. 

 At selected time, containers are prepared and then loaded onto selected means of transport by means 

of handling. 

 Transport of containers to an inland destination by road/rail or using inland waterways. 

4.1. Scheme of follow-up operations 

Following Figure 4 shows a scheme of follow-up operations in a terminal based on the previous text. It can be 

stated, that the first phase of the scheme applies to most terminals. In the next stage, when unloading 

containers from ship, there is possible choice among different technologies for moving containers from a 

coastal edge into a storage area. The scheme shows the most common variants like different automatic units, 

tractors, etc. 

 

Figure 4 Scheme of follow-up operations in a terminal [Source: Authors] 
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The scheme is based on container journey inland through a terminal after being unloaded from a maritime 

ship. The opposite direction would be similar in reverse order. [11] 

4.2. Model for determining an optimal number of cranes for unloading a ship 

Coastal cranes are an entry point for a ship arriving at a terminal. Only few ships have with their own cranes 

compared to a number of container ships without their own crane, which are referred to terminal equipment. 

This is an important and critical place in all terminals, because it’s a bottleneck for unloading, transhipping and 

loading, and use of cranes at terminals have to be therefore well organized and well utilized. Therefore, it’s 

necessary to solve a question, what is the smallest number of offshore cranes in a terminal for unloading or 

loading a ship at the shortest period of time. 

4.2.1. Mathematical model 

Mathematical model of operation is represented by QCAP model, in which constant crane speed can be 

assumed, as well as impossibility of working all of the cranes at the same time, if their shoulders cross. There 

is a maritime ship served by five side-by-side cranes as an input. [11, 12] 

Model parameters:  

m …………….number of cranes      

n ……………..number of tasks     

ti  ……………..task processing time i (1 ≤ i ≤ n)  

Definition of model variables 

qi  ……………time to complete a task i (1 ≤ i ≤ n)  

Qmax …………time to finish all tasks  

xik = { 
1, if task i is assigned to crane k  

Otherwise 0 (1≤ i ≤ n, 1≤ k ≤ m) 

yij  = { 
1, qi ≤ qj - tj, (1 ≤ i, j ≤ n), task j begins after the end of task i 
Otherwise 0 

zijkl = { 
1, if task i is assigned to crane k and task j is assigned to crane l 
Otherwise, 0 

A model   

To minimize Qmax under a given condition, which is minimization of time, during which tasks will be completed 

according to minimax principle:        

Qmax ≥ qi, ∀ i, i = 1,…n                              (1) 

qi - ti ≥ 0, ∀ i, i = 1,…n                              (2) ∑ ������	  = 1, ∀ i, i = 1,…n                (3) 

zijkl ≤ xik, ∀ i, j; i, j = 1,…n, ∀ k, l; k, l = 1,…m                          (4) 

zijkl ≤ xjl, ∀ i, j; i, j = 1,…n, ∀ k, l; k, l = 1,…m                            (5) 

xik + xjl - 1 ≤ zijkl, ∀ i, j; i, j = 1,…n, ∀ k, l; k, l = 1,…m       (6) 

qi - (qj - tj) + yijS > 0, ∀ i, j; i, j = 1,…n                        (7) 

qi - (qj - tj) - (1 - yij)S ≤ 0, ∀ i, j; i, j = 1,…n       (8) 
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yij + yji ≥ zijkk, ∀ i, j; i, j = 1,…n, i ≠ j, ∀ k, k, = 1,…m                      (9) 

yij + yji ≥ zijkl, ∀ i, j, 1 ≤ i < j ≤ n, ∀ k, l, 1 ≤ l < k ≤ m                    (10) 

[12, 13] 

Model explanation: 

(1, 2) Definition Qmax and qi properties. According to a condition qi ≥ ti is stated, that a task completion time 

follows only when the task is completed. 

(3) Tasks are always assigned to one crane. 

(4, 5) Properties definition of zijkl. If xik = 0 (task i isn’t performed by crane k), then zijkl = 0 (task j is done by 

crane l). Otherwise, when zijkl = 1 (task i is done by crane k and task j is done by crane l), then xik = 1 and xjl 

= 1 at the same time. 

(6) If zijkl = 0, then only one from variables xik and xjl is 1. It isn’t applicable at the same time, that task i is done 

by crane k and task j is done by crane l. If variables xik and xjl have value equal 1, then zijkl = 1 (both of the 

tasks are done at the same time) 

(7, 8) Properties definition of yij. If qi ≤ (qj - tj), then yij = 1 (task i is finished before task j starts). In a case of 

yij = 0, then qi > (cj - tj), which means that i is finished after start of task j. 

(9) Tasks assigned to one crane mustn’t overlap. If yij = 1 (yji = 1), then we can assign them to crane k. 

(10) Cranes can’t work at the same time, if their shoulders cross. If zijkl = 1 (task i is done by crane k and task 

j is done by crane l), is yij = 1 or yji = 1 to avoid cross of crane’s shoulders. If yij = 0 or yji = 0, then zijkl = 0 to 

avoid crossing of crane’s shoulders. [11, 12] 

A calculation of ship’s unloading time depending on a number and a type of cranes 

One-sided transhipment is the most frequently used. Another assumption is derived from terminal parameters, 

when handling capacity is 4 million TEUs yearly.  

This means, that 11,000 TEUs on average is transhipped daily. These assumptions serve as an example of 

average transhipment and they don’t include transhipment fluctuation.  

There are 6 types of coastal cranes in the calculation compared.  

A type of ship Post Panamax, which arrives at a port with 4,000 TEU containers, is used for the calculation. 

Another assumption is, that one operation is equal to one unloaded container.  

Transhipment times, when different types of cranes are used for unloading of 4,000 TEUs, are compared. 

Table 1 Crane Types [Source:11]  

Crane Type Number of Operations/Hour 

1 Crane type A with single lifting 30 

2 Crane type A with double lifting 40 

3 Crane type A with double lifting and movable platform 54 

4 Crane with height adjustable boom 55 

5 Crane with height-adjustable boom (lowered) 66 

6 PACECO Supertrainer (future concept) 67 
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Figure 5 Performance comparison of different types of cranes [Source: Authors] 

Figure 5 shows time required to unload a ship with a capacity of 4,000 TEUs. Unloading time of cranes of type 

1 and type 2 is unbearably high, the ship would have to spend many hours in a harbour, even there is a 

continuous operation of the cranes without interruption in the figure supposed and no time losses caused by 

extraordinary events are supposed. Therefore, there have to be cranes of type 3 or even more powerful used 

in a fictional terminal. Time savings can be achieved by using more cranes, but it isn’t very advantageous from 

economic and organizational point of view. It is important to point out, that other ships have to be unloaded in 

the terminal as well. Table 2 shows how to calculate data needed for creating a figure. 

Table 2 Time required for containers unloading [Source: Authors]  

Crane Type  Number of Operations/Hour Number of Operations of 5 Cranes/Hour Unloading Time/Hour 

1 30 150  30 

2 40 200 40 

3 54 270 54 

4 55 275 55 

5 66 330 66 

6 67 335 67 

5. CONCLUSION 

The aim was to create a model of logistic operations during unloading, respectively loading a ship. These 

operations are demonstrated on a fictional terminal example using chosen input parameters. A scheme of 

follow-up operations, which should and could take place there, was created. The scheme is general and it 

describes a possible tour of a container through the terminal. The scheme includes critical points, where 

various successive variants of procedure can be used. However, it always depends on technologies used. 

Subsequently, a solution of a model of determining an optimal number of cranes for unloading a ship using a 

mathematical model is presented.  

The result is a calculation of unloading time of a ship depending on a number and a type of offshore cranes in 

a seaport. 
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The solved theme is very extensive and it offers a number of another variants when solving an optimization of 

operations in terminals. 
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Abstract  

Suppliers are an inevitable part of a logistics chain. It is crucial for each company to select the best possible 

suppliers. Suppliers’ selection is a typical problem of multi-attribute decision making (MADM). All traditional 

methods for multi-criteria decision making have already been used to evaluate suppliers. However, very often 

the ranking of (potential) suppliers is not the final desirable result, because not only the best one, but a set of 

suppliers must be chosen. An intuitive way would be to select the first n suppliers in the ranking. But, this study 

shows, that this approach can lead to distorted results. In this paper, the PROMETHEE outranking method of 

MADM combined with mixed integer programming is used to find the optimal portfolio of suppliers under 

various constraints (number of suppliers, demand for different types of products, available stocks of suppliers, 

limited budget of the company, etc.). The proposed application is demonstrated using the numerical example.  

Keywords: Suppliers, portfolio, PROMETHEE, outranking methods 

1. INTRODUCTION 

Quality of suppliers plays a crucial role in competitiveness and success of each production company. The 

suppliers’ selection is a strategic decision problem, which deserves a great attention. And since every strategic 

decision should be supported by quantitative analysis, the same applies for the suppliers’ selection too. But, 

the use of quantitative methods of decision making to find the best supplier from the set of potential suppliers 

is not novel at all. All the currently most popular MADM (multi-attribute decision making) methods have already 

been used to handle this problem - analytic hierarchy process (AHP) [1,2], analytic network process (ANP) 

[3,4], TOPSIS [5], ELECTRE [6,7], or PROMETHEE [8,9], or their combinations [10,11]. If the aim is to find the 

best one supplier, or to get the ranking of the suppliers, the mentioned approaches are highly suitable.  

However, sometimes, a company must deal with the situation where more than one supplier must be selected 

for some reason like the risk diversification, spatial or time disproportion, stock quantity, etc. In this case, the 

company must choose the best portfolio of suppliers under some criteria and constraints. This kind of problem 

is by far not as popular as the one above. The authors of [12] have presented the model using the combination 

of the ANP and Data Envelpment Analysis (DEA), and [13] have come with the solution using genetic 

algorithms and optimisation methods.  

The aim of this paper is to provide the model for suppliers’ portfolio selection based on the PROMETHEE 

method and mixed integer programming (MIP). The PROMETHEE method is a MADM method, which is user-

friendly with very transparent computational procedure. Namely, I use its PROMETHEE V extension presented 

by [14].  

Some intuitive heuristics can suggest to use any of the methods for suppliers’ ranking and then to put the first 

into the portfolio. If some required constraint is not met, then the second supplier according to the ranking is 

added, and so on, until all the constraints are satisfied. However, such approach can result in a non-optimal 

decision. The constraints can cause that a combination of the alternatives with lower rankings can be better, 

than some higher-ranked alternative from the perspective of feasibility.  
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I demonstrate the PROMETHEE-based approach using a numerical example where the optimal portfolio is 

found under the following constraints: the suppliers have the limited available quantities of the products, the 

suppliers provide their goods at different prices and the budget of the decision maker is limited, all the demand 

of the deciding company must be satisfied and the company decides also on how many suppliers should be 

in the optimal portfolio. 

The results show that the decision problem is not trivial and that the used approach is suitable to solve the 

suppliers’ portfolio selection problem. 

The rest of the paper is organised as follows. Section 2 recalls the methodology of the PROMETHEE method 

and its extension called PROMETHEE V for the portfolio selection. In Section 3, the numerical example is 

described, solved and discussed. Conclusions of this research are provided in Section 4. 

2. THE PROMETHEE V METHODOLOGY 

The PROMETHEE method has been developed [15] in efforts to present the easily understandable and user-

friendly method for ranking alternatives. And the fact that they were successful is proved by [16] and their 

review of published applications of the PROMETHEE method. The algorithm of the PROMETHEE method for 

the complete ranking of alternatives can be summarised into the following steps:  

 Preference degrees 
��� , �� ∈ �0,1� are calculated for all pairs of alternatives  with respect to each 

criterion � � 1, … , � using preference functions 
� (this function assigns a preference degree to each 

possible difference in performance values). The preference degree says, how much the decision maker 

prefers an alternative with better performance in the given criterion to the one with worse performance. 

 The preference degrees are aggregated to preference indices expressing how much the decision 
maker prefers one alternative to another. This is done using the sum product of preference degrees 

and weights.  

 The preference indices are aggregated to positive and negative flows (�� ∈ �0,1�, �� ∈ �0,1�) of each 

alternative, see Eq. (1) and (2). The positive flow of an alternative is a mean value of the preference 

indices comparing this alternative with the others (how much better is the alternative than the others). 

The other way around, the negative flow of an alternative is a mean value of the preference indices the 

remaining alternatives with the one under evaluation (how much worse is the alternative than the others).  

 Due to the fact that the ranking using only the positive and negative flows provides only a partial ranking, 

these partial flows must be aggregated to the net flows � ∈ ��1,1�, see Eq. (3).  

The calculations of the described algorithm can be shortly written as follows: 

��� ! � ∑ "� ∙ 
��$�, � $%, !&%�	,%' ( � 1 ,  (1) 

��� ! � ∑ "� ∙ 
��$%, � $�, !&%�	,%' ( � 1 ,  (2) 

�� ! � ��� ! � ��� !,  (3) 

where "� is the weight of the �-th criterion (∑ "� � 1)��	 ), 
��$%, � $�, ! stands for the preference degree at which % is preferred to � considering the �-th criterion, ( is a number of alternatives, � represents the number of 

criteria, $�,  stands for the performance value of the �-th alternative with respect to the *-th criterion. The authors 

of [15] have defined the properties of the preference function. A decision-maker can choose any non-

decreasing function 
 (the greater difference in performances, the greater (or equal) preference strength in 

favour of the better alternative) with 
�+! � 0 for + , 0, the domain of all real numbers (+ ∈ ℝ) and the range 
�+! ∈ �0,1�. In order to make the choice of preference functions simpler for decision-makers, [15] have 
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proposed some predefined functions' shapes. But, by far the most common shape is the linear one, which 

allows to consider too small differences in performance values as negligible using the indifference threshold . 

and too big differences are omitted using the preference threshold 0, see Figure 1. 

 

Figure 1 Linear and usual shapes of the preference functions [own processing] 

The selection of the optimal portfolio is done using the mixed integer programming (MIP) model with the flows 

from the PROMETHEE in its objective function [14]: max�∈45,	6789 :;�      s. t.      ?� , @, (4) 

where the vector of binary variables � determines, if the alternative is included in the portfolio (+ � 1), or it is 

not included (+ � 0), : ∈ ��1,1�&8	, :; � ���	!, ��A!, … , ��&!! is the vector of the net flows from the 

PROMETHEE ranking algorithm, ? ∈ ℝB8& and @ ∈ ℝB8	. 

The model (4) can be easily solved by any software for mathematical programming like GAMS or AMPL. Apart 

from the optimal portfolio, which is the optimal solution of (4), a c-optimal portfolio can also be searched. The 

c-optimal portfolio is the optimal solution of (4) with one additional constraint: C;� � D, (5) 

where C ∈ ℝ&8	 is the vector of ones and D is a scalar determining the size of the portfolio. The c-optimal 

portfolios are beneficial for the analysis how the optimal portfolio of alternatives differs with its size.  

3. NUMERICAL EXAMPLE 

The methodology described in Section 2 is applied on the numerical example of the suppliers’ ranking provided 

by [17]. The problem includes 18 suppliers (S1-S18) and 5 criteria for evaluation (C1: supply variety (pieces), 

C2: quality (% of non-defect products), C3: distance (km), C4: delivery (% of products delivered in time), C5: 

price index (%). Due to the limited page capacity of this paper, the performances of the suppliers in the involved 

criteria cannot be shown directly in this paper, but it can be found in [17]. To perform the PROMETHEE ranking 

analysis, additional input data must be considered. Namely, the weights of the criterion "� are taken the same 

for all 5 criteria, i.e. all equal 0.2. All the criteria are carried out by the linear preference function type (see 

Figure 1) and the used thresholds are shown in Table 1. The PROMETHEE ranking has been calculated 

using Eqs. (1-3) and the results can be found in Table 2 (the alternatives are ordered with respect to their net 

flows here). 

Table 1 Indifference E and preference F thresholds of the used preference functions [own study]  

  C1 C2 C3 C4 C5 

p 5 0 30 0 0 

q 20 5 1000 20 11 
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Table 2 Results of the PROMETHEE ranking [own study]  

Rank Supplier Phi Phi+ Phi- Rank Supplier Phi Phi+ Phi- 

1 S15 0.4008 0.4373 0.0365 10 S1 -0.0167 0.129 0.1457 

2 S17 0.3953 0.4363 0.041 11 S9 -0.0438 0.0869 0.1307 

3 S10 0.2204 0.03429 0.1225 12 S16 -0.0671 0.0964 0.1635 

4 S5 0.1546 0.2274 0.0728 13 S3 -0.0994 0.0686 0.168 

5 S8 0.0915 0.2045 0.1131 14 S2 -0.1399 0.0822 0.2221 

6 S11 0.0794 0.1725 0.0931 15 S18 -0.1866 0.0494 0.236 

7 S6 0.0513 0.2333 0.1819 16 S4 -0.2879 0.0405 0.3285 

8 S13 0.0498 0.1444 0.0946 17 S7 -0.3005 0.0363 0.3368 

9 S12 0.0246 0.1392 0.1146 18 S14 -0.3258 0.0454 0.3712 

Table 3 Available quantity of the products by the suppliers and the unit prices (in upper indices) [own study]  

  S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 

P1 106 0 0 208 0 0 0 0 0 0 0 0 307 0 0 0 0 0 

P2 0 0 305 406 0 0 0 307 0 0 804 0 0 606 0 0 0 0 

P3 0 0 0 507 0 0 206 0 0 0 0 0 509 0 0 0 0 0 

P4 0 202 0 0 1003 0 0 0 0 0 501 0 0 802 0 0 1003 0 

P5 0 0 0 0 405 305 0 0 404 0 0 0 0 0 505 0 304 0 

P6 0 256 0 0 505 0 0 605 0 604 0 0 0 0 0 603 0 0 

P7 0 0 0 0 0 0 0 509 0 6010 0 508 0 0 509 0 0 0 

P8 0 0 0 0 0 0 904 0 0 805 0 0 0 0 0 0 905 0 

P9 0 0 0 0 0 0 0 0 0 1204 0 0 0 0 805 0 0 703 

P10 0 0 0 0 0 0 0 0 0 0 804 0 0 0 0 0 0 1003 

Now, let us assume that the company uses 10 different inputs for production. But none of the suppliers under 

evaluation is able to supply all the inputs on its own. Thus, the company wants to find such portfolio of suppliers, 

which will supply the required inputs all together and with a maximum sum of the net flows. In Table 3, the 

amounts of 10 considered inputs (P1 to P10) and the available amounts by all the suppliers are displayed. Unit 

prices for the suppliers and their products can also be found in Table 3 (they are written as the upper indices).  

The company needs the following quantities of the inputs: (15; 60; 70; 120; 80; 70; 40; 100; 100; 100) units. 

To find the optimal suppliers’ portfolio, the following model based on (4), is solved: 

 max�∈45,	6789 ∑ �%+% ,	G%�	   � � 1, … ,10,   (6a) 

      s. t.     ∑ H�% � I�	G%�	 ,  � � 1, … ,10,  (6b) 

                  H�% , (�% ,  � � 1, … ,10, J � 1, … ,18,  (6c) 

                  ∑ ∑ .�%H�% , L	G%�		5��	 ,    (6d) 

               ∑ H�% , M�1 � N%�,	5��	   J � 1, … ,18,  (6e) 

                  N% O +% � 1,  J � 1, … ,18,  (6f) 

                  ∑ +% � D,	G%�	    (6g) 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

114 

                  +% , N% ∈ 40,16  J � 1, … ,18,  (6h) 

                  H�% P 0  � � 1, … ,10, J � 1, … ,18,  (6i) 

where I� is the demand for the �-th product, (�% stands for the stock level of the �-th product by the J-th supplier, .�% denotes the unit price for the �-th product provided by the J-th supplier, L is the budget of the supplied 

company and H�% is the variable representing the amount of the �-th product delivered by the J-supplier. The 

constraints (6b) guarantee that the demand of the company is fully satisfied, (6c) do not allow to exceed the 

stock capacity of the suppliers, (6d) is a budget constraint and (6g) determines the exact number D of the 

suppliers in the portfolio. The constraints (6e) and (6f) are the result of linearisation of the following implication: 

“If the company buy any unit of any product from the J-th supplier, the binary variable +% equals 1. Otherwise, +% equals 0“. These constraints use M as a sufficiently great prohibitive constant and N% is a dummy binary 

variable. The model has 216 variables (180 real variables and 36 binary variables) and 228 constraints 

(excluding non-negativity constraints and binary constraints) in total. 

The model (6) is solved using the GAMS software and its MIP solver. The model is solved without the (6g) 

constraint to find the upper bound DQ for D, and then for D � 4DR , DR O 1, … , DQ6, where DR is the least D, for which 

(6) is still feasible.  

The model (6) has been solved by the computer with I7 Intel processor 2.59GHz, 8GB RAM and Windows 10 

x64 OS. Each run of the model has lasted from 38 to 40 seconds. 

The optimal solution for (6) without the constraint (6g) involves 11 suppliers in the optimal portfolio, see 

Table 4. As expected, all the suppliers with a positive value of the net flow are included in this portfolio (they 

improve the value of the objective function). Therefore, the upper bound for the number of suppliers in the 

portfolio �DQ! is equal to 11. The results of (6) for D � 7,8,9,10,11 are shown in Table 4 (for D U 7, the model 

has no feasible solution). One can expect that when D is decreased by 1, one (the least suitable) supplier will 

be excluded from the portfolio and the remaining suppliers will still be selected. But, the results in Table 4 

shows that this is not true in general, see the supplier S11 that is in the c-optimal portfolios for D � 47,9,10,116, 
but not for D � 8.   

Due to the fact that no better value of (6a) than the one for D � DQ can be reached, it is clear that the optimal 

values (6a) must decrease with D. It is worth noting that the total costs related with the c-optimal portfolios can 

either decrease with decreasing D (D � 9 → 8), or increase (D � 11 → 10, or 8 → 7), or even maintain at the 

same level (D � 10 → 9). The reason is that the costs are not involved in the objective function of the model. 

Table 4 c-optimal portfolios for W from 7 to 11, their objective function’s value (OF) and the total costs  

c S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 OF Costs 

7 0 0 0 0 1 0 1 0 0 1 1 0 1 0 1 0 0 1 0.42 3265 

8 0 0 0 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 0.84 3525 

9 0 0 0 1 1 0 0 1 0 1 1 0 1 0 1 0 1 1 0.92 3285 

10 0 0 0 1 1 1 0 1 0 1 1 0 1 0 1 0 1 1 0.97 3285 

11 0 0 0 1 1 1 0 1 0 1 1 1 1 0 1 0 1 1 0.99 3245 

4. CONCLUSION 

This paper demonstrates the way, how the PROMETHEE ranking method combined with mixed integer 

programming can be used to find the optimal portfolio of suppliers. The suitability of adding a supplier to the 

portfolio is assessed using the PROMETHEE ranking, which is calculated for any selected criteria of 

evaluation. Using the numerical example, I have shown that this transparent and easy-to-calculate method 
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provides non-trivial results and that it is suitable for solving the given economic problem. The further research 

should be focused on application of the presented method to some real-life example.  
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Abstract 

Production and logistics systems are currently undergoing revolutionary changes. They are gaining new 

features and functionalities. We are finally starting to perceive production as a holonic system. Machines, 

robots and products are becoming intelligent and advanced information and communication technologies are 

becoming the central nervous systems of the future production. In the near future, artificial intelligence will take 

on many management and decision-making functions in production. Production systems will be able to learn 

from their past operations. Virtualization will bring massive deployment of sensors in production, allowing us 

to collect large amounts of data, generate information, process these and use them to create and apply new 

knowledge. The new production environment will maintain and operate its virtual image using the technologies 

of the Internet of Manufacturing and clouds. Without intelligent and adaptive production and logistics, 

companies will not be able to operate effectively in the competitive environment of global markets. The effort 

to speed up and streamline the design cycle of such intelligent production and logistics systems leads to the 

current trend of digitalization and virtual design of such systems. Attempts to improve the level of visualization, 

transparency, presentation of design outputs, as well as the effort to assess the feasibility of the proposed 

solution in a complex way and identify potential collisions in the proposed system while still at the designing 

stage, lead to the creation and utilization of 3D models of individual objects as well as complex production and 

logistic systems. In the article, the authors describe Interactive Designing System CEIT Table, which 

represents an integrated solution for the support of intuitive, team-oriented design of intelligent production and 

logistics systems of plants of the future. By a suitable combination of software and hardware, it is possible to 

accelerate and optimize the entire designing process while keeping the option of team decision-making. The 

article describes the basic concept of CEIT Factory Twin which is intensively being built at the authors’ 

workplace, one of the main parts being the interactive designing system CEIT Table.  

Keywords: Factories of the future, factory twin, smart factory  

1. INTRODUCTION 

Growing competitiveness pressure requires immediate response, often even in the form of an entire business 

model change [1]. So that is necessary to transform traditional approaches production systems to digital 

production systems [2]. Production and logistics systems of the future must be adaptable, able to adapt 

autonomously, actively and promptly to sudden and unexpected changes originating in their environment and 

reaching beyond the boundaries of the predefined functions of the system. Such system must have the 

capability of changing not just its structure but also its functions and capacities. The basic characteristics of 

adaptive production a logistics system of the future have been defined by Koren [3]. These are: 

 Customization - flexibility limited to a family of parts or products, 

 Scalability - capability to easily modify the capacity of the production and logistics system by adding or 
removing sources or by changing the reconfigurable elements of the system, 

 Convertibility - capability to easily transform the functionality of existing systems, equipment and 

controlling systems in order to meet new production requirements, 
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 Modularity - capability to integrate operating functions into units that can be manipulated among 

alternative production and logistics schemes to achieve optimal results, 

 Integrability - capability to rapidly and precisely integrate modules using a set of mechanical, information 

and controlling interfaces enabling integration and communication, 

 Diagnosability - capability to automatically diagnose current state of a system and its management for 
detection and diagnostics of the root causes of the equipment or product defects and a rapid correction 

of operational issues. 

These changes, initiated by the fourth industrial revolution and by the attempts to build intelligent production 

plants (Smart Factories), must be taken into consideration by industrial engineering, technology planning, 

planning, management and optimization of production and logistics processes. Design, management and 

optimization of the production systems of the future will no longer be possible without the use of advanced 

technologies. Future production systems must have completely new features such as self-organization, 

reconfigurability, autonomy, self-optimization, self-replicability, learning ability and autonomous operation with 

creation and exploitation of knowledge. The design of production systems is linked to the use of a wide range 

of modern technologies. These are nowadays known as Advanced Industrial Engineering. Production systems 

today are designed in virtual reality, computer simulation has become a common part of such systems, artificial 

reality methods are increasingly used. 

2. FACTORY TWIN 

Factory Twin represents real system and its behaviour. Production system consists of groups of physical 

devices, extended by a social system (workers) and a production management system. Device operation in 

the sense of a digital twin is a concept, that mitigates creation of a superior system - a complex enterprise 

solution developed by CEIT and implemented under the name Factory Twin (digital twin of an enterprise). 

Intelligent enterprise, in English known as a Smart Factory, is seen by CEIT as a symbiotic interconnection of 

three worlds: real, virtual and digital (Figure 1). Digital enterprise is a 3D digital representation of a real 

enterprise that enables prompt and effective design or optimization of manufacturing disposition and 

production and logistics processes. Data from a real enterprise acquired through omnipresent sensors are the 

basis of the virtual enterprise which is a data representation of a real operation and with the support of artificial 

intelligence it represents a prerequisite for autonomous control and self-optimization. 

 

Figure 1 Factory Twin concept 
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The symbiosis of a real, digital and virtual enterprise is represented in Factory Twin, and as such it has also 

become synonymous with the intelligent enterprise of the future. At present, CEIT is developing its version for 

reconfigurable logistics. Factory Twin provides 3D monitoring and tools for analysing the operation of the 

production and logistics system (both automatic and manual logistics), which brings enormous potential for 

optimizing the whole system based on facts. It also provides the ability to navigate in a real environment or 

locate all dynamic elements of the production environment. Factory Twin enables virtual training of employees 

in the Digital Twin enterprise environment, as well as a guidance in the implementation of business processes 

(e.g. maintenance). 

3. MAIN BENEFITS OF THE FACTORY TWIN SOLUTION 

 Underpinning processes from the design of production and logistics system to autonomous 

management and optimization. 

 Collecting and continuous assessment of data and information as a basis for streamlining and 

optimization. 

 Decision-making based on facts and real-time configuration of the system. 

 Quick access to comprehensive and relevant information. 

 Systematic capture of the most valuable asset - business knowledge. 

 Reduction of error costs. 

 Reduction of wastage costs (inefficiency, ...). 

 Comprehensive picture of the current state of production and logistics. 

4. CEIT SMART FACTORY 

CEIT Smart Factory is a Digital Factory extension that 

adds Virtual Factory to the concept to create, in a virtual 

environment, what we in CEIT call the Digital Factory 

Twin. 

CEIT today is developing a comprehensive solution for 

the intelligent plant of the future (Smart Factory) from A 

to Z (Figure 2). The process begins with digitization and 

planning in the 3D environment of the digital enterprise. 

The proposal is then rationalized and optimized with 

support of dynamic simulation. The advantages of 

dynamic simulation in comparison to static capacity 

calculation lie in more precise analyses of the production 

system [4]. Larger amount of created variants of dynamic 

system causes higher probability to find the most 

suitable solution [5]. By designing and verifying in the 

Factory Twin environment, the user can reduce the 

production lead time to the minimum and avoid 

expensive complications. Before the actual 

implementation of changes begins, the company can run virtual training for the key processes and prepare 

staff for the real operation to shorten the learning curve and thus the start-up time. Virtual training takes place 

in the 3D Factory Twin environment, which is a digital twin of the real system. After the whole solution is 

designed, optimized, and the virtual training is running, CEIT specialists implement the proposed solutions in 

the corporate environment - from deploying complex automated logistics systems to delivering tailor-made 

production lines. The operation of these solutions is autonomous, they can self-optimize in real time, 

communicate with the control system in the company and can respond to production changes in real-time. The 
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Figure 2 CEIT Smart Factory complex 
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last step is automated data collection, monitoring, and analytics that bring a factual digital image of the actual 

business environment in the Factory Twin environment, which, with the support of analytical tools, makes it 

possible to further improve the whole system. 

5. SUPPORT FOR DESIGNING PRODUCTION SYSTEMS IN VIRTUAL ENVIRONMENT 

 

Figure 3 Algorithm for 3D design of production systems developed at the authors’ workplace 
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Designing in a virtual environment should respect the requirement for teamwork in the individual designing 

steps. This requires ensuring the appropriate visualization of partial outputs from the design and the possibility 

to interact and easily modify the design and carry out the modifications, with subsequent availability of 

feedback on the consequences of the changes made to the basic parameters of the production layout. The 

principle of designing production systems is illustrated by the following algorithm (Figure 3). 

The software product CEIT Table (Figure 4) represents such integrated solution to support intuitive, team-

oriented design of production systems. By using the appropriate combination of software and hardware, it is 

possible to accelerate and optimize the whole designing process while maintaining the possibilities of team 

decision-making. 

 

Figure 4 Designing the production disposition using CEIT Table system 

CEIT Table program environment includes tools to support the basic activities associated with designing a 

production layout: 

Layout design 

 Data import in DGN, DWG, FBX, LOD_FBX format 

 Physical properties of solid bodies - collision control 

 Generating service areas based on valid regulations 

 Collision control  

 Assessment of the production disposition areas (manufacturing, warehouse, logistics)  

 Creation of visualization 

 Virtual tour  

Planning parts in workplaces 

 Import of BOM in XLS format 

 Planning (build-up area) of the workplace linked with the capacity assessment of the workplace areas 

 Calculation of the part consumption in the workplace 

 Calculation of the part turnover and the interval 

Logistics supply planning 

 Generating the logistics network and material flow 

 Visualization of material flows (Sankey diagram, Spaghetti diagram) 

 Parameterization of transport flows (type of handling device, speed, capacity…)  

 Generating and dimensioning supply cycles 

 Evaluating transport flows (length, time, capacity requirement of handling devices) 
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Operation planning 

 Import of operations in XLS format 

 Scheduling operations by individual workplaces 

 Line balancing 

 Capacity dimensioning of operators 

Operation standardization 

 Operation standardization using the MTM-UAS methodology 

 Calculation of operator’s load 

 Linking the operation to the parts  

 Operators’ movement visualization 

Ergonomics assessment 

 Workplace screening in virtual environment - positions, reach zones 

 Manipulated weight control  

 Linking the operation to the parts  

Of course, the visualization of the production system is conditioned by the existence of individual object 

models. At the same time, a link between the 2D model and the 3D representation is needed. The software 

itself contains libraries of 2D/3D objects that are divided into different categories (transport, assembly, 

production, warehouses, building elements, areas, handling units, etc.). The DMU - Digital Mock Up modelling 

of production machinery and equipment and FMU - Factory Mock Up have been developed in the authors’ 

workplace to support the interactive design of manufacturing systems. 

 

Figure 5 Methodology for creating 2D and 3D models to support 3D design of VS 

In addition to solving the spatial layout of objects in the production workshop, the software also provides basic 

features to support the optimization of the proposed layout by defining transport relationships between 
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individual workplaces. The disposition assessment implementation is based on the total value of the transport 

performance and transport distances. The software offers an I - D diagram (Intensity - Distance diagram) to 

assess the proposed disposition and allows for automatic control of defined safety distances between the 

various production system objects [6]. The material flow is represented by a Sankey diagram displayed directly 

in the 2D manufacturing disposition. With any change in spatial layout the Sankey diagram is updated as well 

as the quality assessment of the proposed layout, allowing designers to continually evaluate the consequences 

of the layout changes on the resulting production layout. 

6. CONCLUSION 

Nowadays, production systems are becoming more complex and more demanding of information processing 

requirements. To ensure the functionality of costly systems, it is necessary to develop complex models and 

analyses to ensure the required performance after their implementation. Only few instruments and 

technologies can be involved in the integration of widespread operations, so called design of a full system. 

When creating a virtual workplace, it is necessary to integrate different types of software, modelling tools and 

methodologies in order to support solutions across a range of issues in the manufacturing field. This article 

describes the interactive design system CEIT Table, which is a part of the CEIT Smart Factory concept being 

developed and it supports team approach to the 3D design of production dispositions. This system represents 

a complex solution to the problem of involvement of the project team in the design of the layout, the 

visualization of the individual steps of the solution and the possibility of interactive correction of the proposed 

disposition with the possibility of assessing the quality of the proposed disposition in each individual step of 

the solution. This complex system is currently being developed at the CEIT workplace, while solving the linking 

of the mentioned system to a reverse engineering system (3D laser scanning technology), which is used to 

digitize real objects of production systems, i.e. their transformation into digital 3D models, with a system of 

dynamic process verification using the computer simulation. 
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Abstract 

The paper presents a genetic algorithm being used for production scheduling in a real-life small batch and 

multi assortment production company in Poland. The algorithm has been implemented in an already 

functioning scheduling module of an ERP system. The use of the algorithm generated better quality production 

schedules and significantly limited staff engagement in scheduling preparation and its control. The details of 

the algorithm, production system, the range of improvement, conditions which allowed the improvement as 

well as situation before it are shown in the article. These include planning procedures used before and after 

the improvement, rationale behind the genetic algorithm development and problems in its every-day use.  

Keywords: Scheduling, genetic algorithm, job-shop, small batch, production 

1. INTRODUCTION 

The aim of the paper is to publish the genetic algorithm details and share experiences gathered during its use. 

The paper is a result of an improvement made in scheduling in a small batch and multi assortment production 

company located in Poland - ANGA Uszczelnienia Mechaniczne sp. z o. o. It is a medium company with a job-

shop workshop, that allows machining of wide high-tech product portfolio, both in terms of product type and 

their size. The average batch is 5.2 items and there are usually 2÷3 set-ups a workstation a shift. In the 

production department of interest, there is approx. 43 workstations and 3,958 operations to plan. In 2010, 

scheduling method switched from manual to computer-aided thanks to introduction of a new ERP system 

which included a scheduling module. The ERP and the above mentioned module were developed in tight 

collaboration between ANGA’s staff and a software company KLL.  

The computer scheduling method was based on simulation. The scheduling module included a deterministic 

production department model. Sole scheduling relied on heuristic algorithms, due-dates, constraints within the 

production system, data accumulated and assumed in ERP and orders’ priorities. The scheduling involved two 

consecutive phases: initial planning forwards and detailed planning backwards in which orders’ priorities were 

paramount variables. The smaller priority value the higher order’s importance in the scheduling module. The 

software allowed to obtain a feasible production plan. The scheduling solution generated with the module is 

never illegal in terms of violating the model constraints, e.g. operations sequence. More details on the 

scheduling module can be found in [1] and [2]. Afterwards, the plan was reviewed by a production planner, 

who modified it to minimise obvious mistakes and resulting delays’ risk. An official production schedule has 

been released each Monday morning. 

The computer scheduling method was initially a significant improvement in comparison to the previous one, 

but in 2017 the schedules’ quality expectations were higher than initially, the production planner modifications 

were too time-consuming, and production staff started to lose their confidence in the method. As a result, the 

author and Mr Rafał Laszczak (KLL) developed a genetic algorithm which was successfully built-in into the 

scheduling module of ERP. The algorithm use allowed to achieve a substantial improvement in scheduling 

within the company. 
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Applicability of genetic algorithms is extensive, and includes among others scheduling, jobs grouping, design 

and lay-out problems [3]. Job-shop scheduling problems belong to the NP-hard class and genetic algorithms 

may be used to address these problems. The problem is one of the best known of the difficult combinatorial 

optimisation problems [4]. The problem is an area of interest for many researchers and many new approaches 

using genetic algorithms in determining its solution can be found, e.g. [5-8]. 

The genetic algorithm is a search and optimisation technique which is based on natural selection and genetics. 

The technique allows an evolution of many individuals of a population. The evolution is governed by specified 

selection rules to a state that minimises (or maximises) the “fitness” function [9]. Genetic algorithms GA have 

- in general - five basic components [10]: 

 an evaluation function which rate solutions on the basis of their fitness, 

 a genetic representation of solutions to the problem, 

 a way to create an initial population of solutions, 

 genetic operators that change the genetic composition of children (offspring) during reproduction, 

 genetic algorithm parameters’ values. 

The GA starts by defining a genetic representation of a solution - a chromosome. The chromosome is an array 

of variables to be optimised. The variables can be represented as binary, continuous or discrete values. Each 

chromosome has its corresponding fitness function value [9]. In the job-shop scheduling problem the fitness 

function generally represents the production time and GA is used to minimise it - to evolve an appropriate 

permutation.  

The search for the solution in the search space involves exploration and exploitation and is conducted by 

genetic operators: crossover and mutation. The operators can work in many ways depending on the specific 

problem and researcher’s choice. The operators - in combination with solution selection based on its fitness 

function value evaluation - are employed to generate offspring [4]. In each generation worst chromosomes are 

eliminated. Decision how many chromosomes to keep is somewhat arbitrary. For crossover operator at least 

two chromosomes must be chosen to create at least one offspring. There are many ways one can choose the 

chromosomes, and one of them is a roulette wheel in which each chromosomes has a probability of being 

selected. The probability Pn can be set basing on the number of chromosomes to keep Nkeep and the rank n of 

a chromosome in the fitness function ranking [9]: 
B � XYZZ[�B�	∑ B\YZZ[7]9  (1) 

In mutation, a chosen chromosome is modified in a defined and stochastic way. A ratio of chromosomes to 

mutate, scope of mutation, and the ratio/scope change in generations may all be set to match the problem 

specifics. The change of the mutation rate and its scope as the algorithm run are called the parameter 

adaptation. The parameter adaptation is used to increase an algorithm efficiency [4,9]. 

Population size and a way to create an initial population impact a GA efficiency. Both are problem specific, but 

traditionally large populations have been used to explore complicated cost surfaces. The initial population 

should ensure an appropriate degree of diversity in chromosome values, therefore many approaches include 

some kind of randomisation of initial chromosome values. All GA parameters are interrelated in terms of an 

algorithm efficiency [9]. 

2. IMPELEMENTED GENETIC ALGORITHM DESCRIPTION 

The developed GA has been implemented into an already working production module of the ERP system 
described in the introduction. The code was written in PHP. The algorithm is initiated early in the Saturday and 

runs - with breaks due to some other server tasks - until Monday early morning. Then the evolved schedule is 

set as an official production schedule.  
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The use of algorithm is possible due to free computational power on one of the company servers. The server 

is IBM 7915G3G M4 with 2 processors Intel Xeon E5-2650v2 2.6 GHz 64GB RAM 8 cores/processor. The 

algorithm fully engages one of the processors for 35 hours a weekend. 

Depending on production orders and the shop constraints it is able to evolve an official production schedule in 

88÷160 generations. It takes ~10 min 30 s a generation. Figure 1 presents the general overview of the 

algorithm. 

 

Figure 1 Implemented GA overview 

2.1. Fitness function 

The fitness function KOH - which is minimised as the algorithm run - has been formulated in such a way that 

it incorporates delays Li and wages Wi of all n production orders in the job-shop. A production order usually 

consists of many consecutive operations. ^_` � ∑ a� ∙ b�B��	   (2) 

The wages values depend on an absolute difference between a production order official due-date and  
a schedule preparation date. The wages values depending on the difference are shown in Table 1. 

Table 1 Fitness function wage values depending on a difference between a production order official  

   due-date and a schedule preparation date. 

difference between a production order official due-date and a schedule 
preparation date [days] 

wage 

≤ 7 5 

from 8 to 14 3 

from 15 to 21 1.5 

from 22 to 28 1 P 29 0.5 

The rationale behind the wage values decrease for less urgent production orders lies in a fact, that orders 

uncertainty increases with time, the schedule is being issued weekly and that average lead time in the job-

shop is approx. 14 days. In addition, the most urgent production orders are usually those already delayed. 

With wages presented in Table 1, the delayed production orders - and the most urgent and not delayed yet 

orders - get the highest priority in the scheduling process with the algorithm.  
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2.2. Initial population 

Initial population of 15 chromosomes 

starts with a single source: a schedule 

described in the introduction - the old 

method schedule generated using 

heuristic algorithms, in which priorities 

are pre-set for each production order. 

The priorities values are integers 

ranging from 1 to 9999. This is the first 

chromosome. To ensure the algorithm 

has an appropriate search space - 

priorities are not too close to their 

boundaries 1, 9999 - an average 

priority is calculated. If it does not fit 

between 4000 and 6000, all priorities 

in the source of the initial population 

are being increased by 5000 minus 

the average priority. The effect of the 

increase for the source is shown in Figure 2.  

Next 5 chromosomes are results of the first one modifications in such a way, that all production orders with 

due-date in next 14 days have their priorities modified ± 70 with uniform distribution. The other production 

orders in these 5 chromosomes have their priorities modified ± 300 with uniform distribution. 

Next 9 chromosomes are also a result of the source modification. All production orders have their priorities 

randomised ± 200 with uniform distribution. 

2.3. Selection 

Starting from the initial population, every chromosome is an input to the job-shop workshop model embedded 

in the company ERP system. The model allows to determine the chromosomes corresponding production 

schedule and their fitness function value - KOH. The fitness function values are used to create  

a chromosome ranking. The solution with the smallest KOH value achieves the highest rank. In every 

generation 3÷6 best solutions are used to generate an offspring. The number of solutions to be used depends 

on the selection rules and genetic operators. Except for the initial population, there are 8 children in each 

generation. 

The developed genetic algorithm incorporates both crossover and mutation operators. The chromosome 

selection for both operators rely on the roulette wheel, where probabilities of being selected are defined by the 

equation (1). The probabilities decrease with the rank - from 40 % for the best solution in a parent generation 

to 10 % for the fourth best solution in the generation. 

2.4. Crossover 

Two crossover operators have been implemented in the GA. Both rely on parents selection presented in 

section 2.3. The selected parent or parents are excluded from the ranking determining the choice of next 

particular parent or parents for a particular child. However, those parents are not excluded from the ranking 

when it comes to another child.  

Crossover B is a rounded arithmetic mean of two selected parents. Crossover U is a rounded arithmetic mean 

of three selected parents. The mean is calculated for alleles (production order priorities) on the same position 

on a chromosome (the mean of the same production order in parent chromosomes). 

Figure 2 Histogram of the source priorities frequency before and 

after the increase 
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2.5. Mutation 

The mutation starts with a parent selection as presented in section 2.3. The percent of production orders to 

mutate m depends on a generation number ngen as shown in relation (3) - e.g. 6.5 % in the 2nd generation and 

3.05 % in the 25th generation. This parameter adaptation proved to generate better results in comparison to a 

fixed parameter in the GA.  

c � d�0,15 ∙ fghB O 20,3 �%�, fghB U 1340,2 % , fghB P 134  (3) 

Determination of the particular priorities to be mutated in a chromosome is based on a lottery. Production order 

probability Pk of being drawn depends on a difference between the production order official due-date and the 

due-date resulting from a schedule corresponding with the chromosome, and the order’s wage. The probability 

Pk increases both with lateness and earliness, as well as with production order k urgency. It is shown in 

equation (4) and Table 2. 


) � mY∙nY∑ mo∙no7o]9   (4) 

where: _  - difference between a production order official due-date and its due-date resulting from the 

chromosome corresponding schedule p  -  wages as defines in Table 2 

Table 2 Mutation wages G depending on a production order urgency 

difference between a production order official due-
date and a schedule preparation date [days] 

wage for production 
orders scheduled for 

too late  

wage for production 
orders scheduled for 

too early 

≤ 7 20 1 

from 8 to 14 10 2 

from 15 to 21 5 5 

from 22 to 28 2 10 P 29 1 20 

The determination of the production orders to mutate is followed by the priorities modifications. Priorities of 

orders scheduled for too late are decreased, and priorities of orders scheduled for too early are increased. It 

is designed this way due to the fact, that in the scheduling module the smaller priority value, the higher order’s 

importance. The modification depends on the _) ∙ p) product, as presented in Table 3. The probability of being 

drawn for an order which is scheduled on-time is null.  

A one criteria scheduling optimisation does not take into account some other criteria that are always present 

in reality. E.g. it is unacceptable within the company to delay one production order for a two months only to 

minimise the fitness function by 1. The presented mutation mechanism prevents such a situation. It works as 

a controller which does not allow a production order to be greatly delayed in return for a miniscule fitness 

function value decreased.  

Table 3 Priorities modifications in mutation depending on _) ∙ p) product 

q� ∙ r� product Priority modification range (uniform distribution) 

≤ 50 �1; 100� 
from 51 to 100 �1; 200� 

from 101 to 200 �1; 400� 
from 201 to 500 �1; 600� P 501 �1; 800� 
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2 RESULTS 

The algorithm has been in use 

since 2017. The version 

presented in the article version is 

a result of extensive testing of 

different versions of genetic 

algorithms. Among them, the 

presented GA proved to provide 

the highest efficiency in terms of 

fitness function value 

minimisation in the first 80 

generations.  

The use of the presented GA in 

practice significantly improved 

the official schedules quality and 

reduced the effort needed to 

produce an acceptable schedule 

before the GA implementation. 

As the algorithm runs, priorities are modified to minimise the fitness function. An exemplar change in the 

priorities cumulative distribution is presented in Figure 3. 

 

Figure 4 Fitness function change in generations 

The Figure 3 shows the priorities distribution change. The more generations the higher spread of the priorities. 

The spread increases until some priorities reach the boundaries - either 1 or 9999. This is a result of the 

mutation mechanism, which in general decreases delayed production orders priorities, and increases priorities 

of production orders scheduled for too early. 

A typical progress in terms of fitness function minimisation with the algorithm is shown in Figure 4. It is visible 

the most significant improvement happens in the first 10 generations and it is mainly because of the mutation 

operator which is responsible for most of the breakthroughs.  

The fitness function formula proved to be a good indicator of production schedule quality within the company. 

The scope of improvement and differences between old and current procedures of generating production 

schedules is shown in Figure 5. A measure of improvement is presented as an average ratio. The ratio is 

Figure 3 Change in priorities cumulative distribution as the GA runs 
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calculated as a fitness function value divided by a benchmark’s fitness function value. The benchmark is  

a schedule with random priorities. The average ratio has been calculated for 51 production schedules. 

 

Figure 5 Scope of improvement and differences between current and previous scheduling procedures 

Results in Figure 5 show the scope of improvement after implementing the GA. The scheduling with the 

genetic algorithm use visibly generates best results within the company. One may wonder why random 

priorities are not worse in terms of the fitness function value. This is the result of the production module in the 

company ERP, which generate only legal solutions even if priorities are random and also the result of the fact 

that not all materials needed for production are already in the shop. Some operations are in progress and even 

with random priorities they are often in the right queues for workstations.  

3 CONCLUSION AND DISCUSSION 

The use of the presented GA was a significant improvement to the previous scheduling procedures. The 

algorithm was developed within the company and successfully built-in into the scheduling module of an ERP 

system by a software company. The algorithm use allowed to shorten the schedule preparation, greatly 

reduced production planners’ engagement in the scheduling and provided better quality production schedules. 

The quality is measured by the fitness function value and partially by subjective opinions of the company 

production department staff - employees responsible for the schedule preparation and also employees 

responsible for the schedule execution.  

Although the genetic algorithm implementation has been a success, it did not eliminate all problems related to 

internal production planning. It is difficult to completely stick to even best schedule, and not because of 

scheduling mistakes but e.g. due to unplanned workers absence or material delivery delays. Additionally, 

employees do not always understand the concept of optimisation and therefore may not trust the improved 

scheduling method. There is also a matter of a responsibility dilution after shifting scheduling from an employee 

to a computer. It is worth to add that the scheduling output depends on input (data) and the job-shop model. 

In practice, sometimes data is not up-to-date or include mistakes. The model is always a simplification of a 

reality and this simplification may result in scheduling mistakes. One may also wonder whether 35 hours of 

computation on a company server is a satisfactory period of time, even though the server’ computational power 

had not been extensively used before the GA implementation. 

The algorithm presented in the paper can be used in the original or modified form in other medium size, small 

batch and multi assortment production companies. Particularly, the developed mutation operator proved to be 

very effective and might be useful in other GAs as well. It works as a controller which does not allow a 

production order to be greatly delayed in return for a miniscule fitness function value minimisation.  
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The algorithm is going to be modified due to the natural changes within the company in time - especially 

constant changes in the company production methods, means and organisation. Consequently, more 

research, the algorithm development and its adjustment to the reality will take place in the future. 
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Abstract 

The study presents the importance of cereal production in Poland. A diagram of the supply chain in 

agribusiness was presented. A graphical presentation of the flow of raw materials and cereal products from 

primary producers (producers of raw materials and means of production for agriculture) to the consumer was 

developed. Trends of changes in the cereal sector and their products, which occur after economic 

transformation, are presented. It was found that the logistics chain for the supply of cereal and its products 

includes over one million cereal producers, tens of thousands of agri-food processing units, agricultural trade, 

wholesale and retail food trade. It must be flexible, adapting to new challenges. The condition for success in 

the conditions of dispersed production of raw materials is the efficiency of chain management as well as 

solidarity and mutual trust of participants. 

Keywords: Logistics, agriculture, food industry, agricultural trade 

1. INTRODUCTION 

Cereal are one of the most important agricultural products in Poland and in the world. In 2016 its value 

constituted 16.2 % of Polish global production and 11.3 % production of goods [1]. In 2017 31.8 million tonnes 

were collected, while 37.1 million tonnes (This is the volume greater than the annual production of copper ore 

(32.8 million tons), and was equal to 56.4 % of hard coal mining (65.8 million tons)) were available at the 

disposal of resources and imports [2,3]. Poland is an important producer of cereal on a European (In 2017, 

Poland participated in 0.2 % of area and 0.6 % of the world's population, but in 17.0 % of rye production, 2.4 % 

of barley and 1.4 % of wheat. In the case of participation in the European Union, these numbers are 

respectively: 1.4 % of land, 5.2 % of people, 19.9 % of rye (in 2010 even 27.8 %), 3.9 % of barley and 4.3 % 

of wheat.) and global scale [3]. 

Cereals play a very important role as a source of income for producers, the basis of food and in creating jobs. 

They are the basic raw material in many industries such as the milling, spirit, bakery, brewing, confectionery 

and renewable fuels industries. They are the basic feed for livestock. The weight of production and the large 

number of producers and processors causes the growing interest of producers and traders in the efficiency of 

purchase and flow of cereal and its products, as well as the functioning of logistics chains. The aim of the study 
was to identify the supply chains used in agribusiness, especially in the trade of cereals and its products, as 

well as the trends of changes taking place in this sector. The research used available mass statistics data, 

data prepared by Institute of Agricultural and Food Economics - National Research Institute (IAFE-NRI) and 

literature on the subject. 

2. TRENDS IN GLOBAL AND DOMESTIC CEREAL PRODUCTION 

In the international statistics cereals are disclosed in two groups (In 2016/2017, global wheat harvest amounted 

to 750 million tons, and fodder crops 1078 million tons. Cereal market, condition and prospects): wheat and 

feed grains [2]. Wheat is grown on the largest scale in the Commonwealth of Independent States, the 

Americas, the European Union and East Asia. The largest producer is the European Union, however, in the 

years 2000 - 2015, the size of collections increased much faster in African countries (by 48.4 %), East Asia 
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(34.6 %) and South Asia (31.6 %), and the global collections increased by 23.6 % [4]. The production of feed 

grains grew the fastest in South America (by 88.1 %), East Asia (80 %) and Southeast Asia (66.6 %).  

In Poland, the area of cereal sowing since 1990 has been steadily decreasing, from over 14 to 11 million ha, 

in recent years has stabilized. In 2013 - 2018 cereal crops grew by 7.1 %, although the directions and pace of 

changes varied [2]. Maize grains increased the most (over 2.5 times) and wheat (1.7 times).  

3. TYPICAL SUPPLY CHAIN IN AGRIBUSINESS 

 

Figure 1 Generalized scheme of food supply chains [own study] 
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The logistics supply chain is the next stage of the entire process of the flow of goods and services from the 

producer to the consumer. Such chain can be of various length and depth, so it can start with producers of 

primary raw materials for the entire production (eg oil, coal, etc.), or from a specific chain link. Regardless of 

their length, all operations and processes must be organisationally and financially coordinated.  

In a typical logistics chain there are many processes related to production management, inventory, demand, 

order fulfillment and purchases [5]. Therefore, we deal with such links as: obtaining raw materials (eg 

extraction), supply of raw materials and semi-finished products, production as well as distribution of finished 

products to the customer. Logistic chain is a network that extends between the supply and sales markets, 

manufacturers, suppliers, commercial and logistic units, and final recipients [6]. It covers the flow of goods, 

information and financial resources.  

The basic principles and organizational forms existing in logistic chains are also valid in food flows. The 

organizational chart common to almost all agribusiness chains is presented in the Figure 1. 

4. FLOWS OF CEREALS AND ITS PRODUCTS 

 
Figure 2 Supply chain pattern cereals sector [own study] 
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Within the framework of agribusiness there are many logistic chains concerning individual agricultural raw 

materials. As the most important one can indicate chains: grain, milk, beef, pork, fruit and apples. Primary 

products in agriculture (raw materials) are: grains of cereals, green fodder, roots and tubers of root plants, 

seeds of oil and legume plants, fruits and vegetables [7]. Agricultural cereals are of decisive importance for 

the scale of agricultural production, as a basis for processing inside and outside farms, in agri-food processing. 

In the area of cereals, farming is both - a manufacturer and a consumer. For example, in 2017, this sector 

allocated 61.1 % to fodder, another 6.3 % for sowing - two thirds of total cereal consumption [2]. 10.4 % of this 

consumption was allocated to industrial processing, but it plays an important role in the production of food 

products. 

Food products can be extracted from cereal as raw material directly or indirectly. The first group includes 

milling products, bakery and flour products as well as animal feed. Their share in the sale of food products 

reached 21.1 % [8]. Cereals are also a raw material product for the production of meat and milk (47.5 % of 

sales), as well as other articles (15.8 %, including starch, many beverages such as vodka or beer, etc.). It can 

therefore be concluded that cereals have their direct or indirect contribution to more than 80 % of the sold 

production of groceries in Poland. The importance of this product means that its movement and processing 

must take place in the operational links of many networks of connections. More important supply chain 

processes and their links are presented in Figure 2.  

The cereal supply chain begins with producers and suppliers of means of production (In the presentation of 

logistics chains of agricultural raw materials and their preserves, the authors usually omit the link of producers 

and suppliers of raw materials and production means for agriculture. However, the authors consider this to be 

an incorrect approach, because modern agriculture depends on the quantity, quality and timeliness of their 

deliveries to the same extent as industrial or commercial enterprises.), such as agricultural machinery and 

tools, construction materials, energy carriers, fertilizers, plant protection chemicals, animal feed, medicines, 

seed and seed, etc. Therefore, you can look for the roots of the chain already in mines, machinery factories, 

chemical plants, and also in other farms. This indirectly indicates how great the recipient / buyer of industrial 

and own production is the agricultural sector.  

The agricultural production itself takes place in a large number of relatively small farms (In 2010, there were 

about 1.5 million households in Poland compared to 2.1 million in 2003, and the average area increased from 

6.6 ha to 9.6 ha. For comparison, in 2010 there were 299,000 in Germany. farms (average 55.8 ha), France - 

516 thousand. (53.9 ha), Great Britain 227 thousand. (70.8 ha), and the Czech Republic, 22.9 thou. (152.4 

ha)), hence it is very dispersed and requires a good system of connections between cereal producers and 

recipients, good organization of transport and storage [9]. The number of farms is falling, both total and cereal 

producers. The latter in 2005 in Poland was nearly 1.7 million, in 2013 - 1.1 million and in the year 2016 to 

1065 thousand, the decrease was 37 % [10]. 

The tendency to reduce the number of producers in Europe is most affected by the countries in which the 

1990s underwent a transformation. In Poland, after 2005, 34.0 % of producers lost, and in the Czech Republic 

- 32.9 %. Slightly slower are these processes in the countries of Western Europe, where concentration of 

production took place in previous decades. 

Cereal flows for processing take place through many channels. The simplest relationship is: producer - 

processor, or farm - mills, granaries, distilleries, breweries, etc. This type of supply is already present, but it 

mainly concerns producers of large lots of cereal or producer groups. Most farmers produce smaller quantities 

of cereal, hence they use intermediaries (The average area of cereal cultivation on the holding in 2016 was 

6.95 ha), such as Polskie Zakłady Zbożowe, Centrala Nasienna, Gmina Spółdzielnia, commercial companies 

and private units more often [10]. 
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5. TRENDS IN CHANGES IN THE ORGANIZATION OF CEREAL SUPPLY CHAINS AND THEIR 

PRESERVES 

The transformation of the Polish economy and integration with the European Union have had a very large 

impact on the changes in the Polish cereal sector. They included the plane of production and economic 

organization. The following are the most important tendencies:  

1) a declining number of agricultural producers and an increase in the scale of production in other, 

2) technology and standardization of production imposed on farmers, 

3) increasing precision in the performance of agro- and zootechnical works, including the use of pesticides, 

4) wholesale supplies of revolving production means for producers, 

5) the growing role of outsourcing in agriculture, especially in the field of cereal trading, 

6) consolidation processes and decrease in the number of cereal trade units, 

7) reducing the role of local market-oriented trade, 

8) growing sizes of processing plants and their consolidation, 

9) reducing the number of intermediary links in the chain, 

10) technological progress and growing technological / hygiene regime in processing, 

11) deepening processors' links with large-area retail trade, 

12) reducing the role of small industrial processing units, 

13) the appearance of small factories and half-craft sales units, 

14) return to traditional products (beer, bread), 

15) significant progress in the field of transport and storage infrastructure. 

6. CONCLUSION 

1) The cereal sector is one of the most important in Polish agribusiness, and its operation is an important 

factor determining the economic situation of many economic entities in and outside agriculture. 

2) The logistics chain of cereal deliveries and its products is very extensive, covers over one million cereal 

producers, tens of thousands of agri-food processing units, agricultural trade, wholesale and retail food 

trade. It must be flexible, adapt to new challenges related to technological and organizational progress 

and changes taking place in the agribusiness and customer environment. 

3) Agriculture for many centuries functioned in some functional isolation from the rest of the economy. 

Today, it is a full-fledged member of the food and national food economy complex. The individual links 

of the chain are joined by the community of economic interests, both short-term (season, year) and 

strategic. 

4) The condition for success in supply chains in the conditions of dispersed production of raw materials is 

the efficiency of their management and equally solidarity and mutual trust of producers, traders, 

processors, consumers, recognition that each participant in the chain gains in a similar range. 
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Abstract 

Technological processes of freight transport are characterized by stochasticity of indicators describing its 

efficiency. The mentioned randomness is usually could be explained by the stochasticity of demand for 

transport services. Consideration of the demand parameters stochasticity is especially important in planning 

deliveries of petrol products, as far as additional costs caused by delays in the deliveries, in this case, could 

be extremely high. Thus, the accurate prediction model could contribute significantly to the reduction of costs 

for the distribution of petrol products. 

The paper proposes an approach to forecasting the delivery volumes for petrol stations. The authors have 

developed the prediction model based on time series. The paper illustrates results obtained with the use of the 

developed model for different cases of the season duration as the predicting model parameter. The obtained 

results show that the optimal season duration differs for various types of petrol products. 

Keywords: Petrol demand forecast, delivery planning, Winter’s model, loss function 

1. INTRODUCTION 

Planning the supply of fuels on gas stations is a complex process. The frequency and size of the delivery floats 

a number of factors, often characterized by a high level of randomness. It is important to forecast demand, 

supply and prices. All three elements are closely related. The fuel company stores as much fuel as it estimates 

that the customer will buy at a given price. In Poland, there are only two refineries supplying fuel to distributors: 

PKN Orlen SA Refinery. with headquarters in Płock and Rafineria Gdańsk Grupa Lotos S.A. Other points are 

Nafto-distributor bases or other companies. The fact that they supply all petroleum bases in Poland results in 

the fact that the maintenance of adequate fuel storage by distributors is a very complicated process. 

This publication uses archival data on delivery volumes for one of the fuel companies, therefore quantitative 

methods have been used to predict supply volumes. Using computational methods for predicting fuel supplies 

must decide whether forecasts are taken long term or short term. Considering that a fuel company must have 

guaranteed inventory on an annual basis, long-term forecasting should be taken into account. However, in the 

process of further fuel distribution, short-term monthly and even weekly forecasting takes place at fuel stations. 

Fuel prices also have an impact on demand, according to the research carried out by Australian scientists the 

largest prices mostly peak on Thursday/Friday and then decline until they hit their cyclical trough mainly on 

Sunday/Tuesday [19]. This is forced by high variability of demand in individual regions.  

The fuel demand at the station depends on many factors, the most important of which is the location of the 

station. It is obvious that the largest demand for deliveries has stations located on expressways, highways. 

Subsequently, attractive points are stations on the suburbs of large cities. However, it is worth mentioning 

immediately that each station has different capacity of fuel tanks. Depending on the year in which the station 

was built or in what location, the fuel tank may be suitable for the current demand, but it may also be too small, 

which forces frequent fuel deliveries. In some cases, replacement of the underground fuel tank with a larger 
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one is indicated, however, it is not always feasible for various independent reasons, e.g. landform, spatial 

development or ecological factors. 

Another important point is the need for a specific type of liquid fuel product. The most common fuel, diesel 

(ON), will be used for analysis. It is worth remembering that in fuels there is seasonality. Customers are more 

likely to buy fuels with additional mixtures in the winter due to lower temperatures, in addition to the gasoline, 

the parameter of vapor pressure is important. For summer fuel, the vapor pressure is max. 60kPa, and for 

winter fuel this value may not exceed 90kPa. From the point of supply of fuels it is very valuable information. 

Especially when the petrol station has low sales of gasoline products and relatively large tank capacities. The 

planner, when estimating fuel supplies to particular stations, has to take into account the seasonality of sales. 

It is mainly about attractive locations for tourists. It is obvious that during the holidays (June-September) or 

other holiday periods there will be an increased demand for fuels, for example seaside resorts, mountain 

resorts, on the suburbs of major cities.  

The planning of the fuel supply route (IRP) has been addressed in many publications [1], [5], [7], [15], [18], 

among others in [4] authors considered problem belongs to the class of Inventory Routing Problems (IRP), of 

which it is a particularization. In particular, it draws its concepts from two different classes of distribution 

problems, the Periodic Vehicle Routing Problem (PVRP) and the Petrol Station Replenishment Problem 

(PSRP). In the publication [10] authors propose a Mixed Integer Programming (MIP) model and a heuristic 

approach with and without fleet size costs, to observe the impact of these costs on the solutions that are 

obtained. The heuristics model is based on constructive heuristics with two Variable Neighborhood Descent 

(VND) search types: a local intra-period search and a large inter-period neighborhood search. In the paper [8] 

the Petrol Station Replenishment Problem with Time Windows (PSRPTW) the aim is to optimize the delivery 

of several petroleum products to a set of petrol stations using a limited heterogeneous fleet of tank-trucks was 

considered. The methods used for petrol delivery planning are presented in Table 1. 

Table 1 Forecasting method used for petrol delivery planning or similar cases 

 Publication Published Used method 

1 [3] 2004 Artificial Neural Network 

2 [13] 2010 Linear trend model, a quadratic trend model, an exponential trend model, a single 
exponential smoothing model, Holt’s linear model, Holt-Winters’ model, a partial 

adjustment model (PAM), and an autoregressive integrated moving average 
(ARIMA) model 

3 [12] 2014 Base model of a separated grid area  

4 [17] 2014 Fuzzy forecasting model, neural networks (multilayer percep- tron, Kohonen, 
counterpropagation, RBF, GMDH), regression trees, random forests, neuro-fuzzy 
nets, cluster analysis methods, naïve methods, nearest neighbor method, kernel 

estimators and artificial immune system 

5 [11] 2015 Own authors model: single-equation market demand model 

6 [6] 2016 The econometric model 

7 [2] 2016 Autoregressive integrated moving average (ARIMA) method  

8 [20] 2016 Time series modeling with Cobb-Douglas specification, Engle-Granger’s two step 
method for cointegration 

9 [9] 2016 Integrated simulation-design of experiments (DOE) model 

10 [14] 2017 The method of moving averages with the Holt, Brown model and determining the 
trend line 

11 [16] 2017 Prigogine method, naive method, linear regression method, "three methods 
method" method - expert forecast, creeping trend method, Holt method 

12 [21] 2017 Naive method, Winters method, opinions of the management 
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In one of the articles [16] the Prigogine method was used to forecast the electricity demand for one of the 

transformer stations. It came out best in the 5-year forecast. The Holt method (parameters α and β additionally 

extended by the γ parameter) and the crawling trend method were the least favorable methods of analysis. 

Another example presented in the literature is Brown and Holt model for forecasting total productivity. 

Productivity is determined at regular intervals, therefore it is based on the analysis of time series. It is often 

used for smoothing moving average, Brown model, Holt and determining the trend line [14]. In the case 

analyzed by the authors [14] Holt's method proved to be the best method. However, despite all it differs 

significantly from the correct results.  

2. MATHEMATICAL MODEL FOR PREDICTING THE PETROL DELIVERIES 

As it was discussed, the commonly used mathematical models for forecasting delivery volumes of petrol 

products are based on models of time series. In this research, we propose to predict delivery volumes on the 

grounds of modified Winter’s model. 

The Winter’s model is based on exponential smoothing and includes three partials shaping the forecast - data 

smoothing, trend smoothing, and seasonal change smoothing. In practice, two types of the Winter’s model are 

distinguished - the multiplicative version and the version with additive seasonality. It is natural to assume that 

the elements for the time series model of petrol products deliveries are delivery volumes per day. As far as 

daily delivery volumes for petrol stations could be equal to zero, the version of the Winter’s model with additive 

seasonality should be used for forecasting, because in the multiplicative version will produce the division by 

zero for such data. 

For petrol deliveries forecasting, we propose to truncate at zero the value  obtained on the grounds of the 

Winter’s model: 

      (1) 

where , , and  are the prediction model partials [liters]: 

      (2) 

      (3) 

      (4) 

 is the t-th empirical value of the forecasted parameter [liters]; 

, , and  are smoothing coefficients: , , ; 

 is the season duration [days]. 

The smoothing coefficients are calculated with the use of the least squares method (if the time series size is 

too big to implement the least squares method, other heuristic approaches are used, e.g. the gradient descent 

method) for the following loss function: 
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,      (5) 

where  is the empirical time series size. 

The season duration is usually considered as the constant value while predicting by the Winter’s method. 

However, for the petrol products deliveries, this parameter is usually different for a set of the serviced gas 

stations. 

3. EXPERIMANTAL RESULTS DISCUSSION 

In order to obtain the optimal season duration (resulting the best forecasting precision), we investigate the 

dependence of the loss function (5) on the value of the season duration for deliveries of different fuel types in 

a distribution network in Poland. The testing time series represent delivery volumes during 2 years for a chosen 

gas station: thus, the time series size is equal to 730. Four types of fuel are considered: ULG95 (Unleaded 

95), DK (Diesel ON), ULTSU (Ultimate Unleaded), and ULTDK (Ultimate Diesel.) 

        

Figure 1 Predictions of ULG95 deliveries for the season duration equal to 10 and 20 days 

The presented Winter’s model in the trunkated form was implemented in Python programming language (the 

code and the analysed dataset are available at the git-repository and could be forked from 

https://github.com/naumovvs/WintersForecast.git). The input data for the forecasting procedure could be 
loaded from csv-files. Results of the forecasting are the time series presented in a form of a dictionary - a set 

of key-value data points, where the key represents the day and the value stands for the predicted delivery 

volume returned by the model. The forecast examples for ULG95 type of fueal are presented in Figure 1. 

        

Figure 2/1 Dependence of the loss function logarithm on the season duration for different types of fuel 
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Figure 2/2 Dependence of the loss function logarithm on the season duration for different types of fuel 

In the computational experiment, carried out with the use of the developed software on the grounds of dataset 

containing delivery volumes for a chosen gas station, the minimum loss function values (regarding the Winter’s 

model coefficients) were calculated for the season duration values in the range between 2 and 61 days. The 

simulation results in the logarithmic scale of the loss function values are presented in Figure 2. 

According to the obtained results, the optimal value of the season duration equals to 22 days for ULG95 and 

ULTDK types of fuel, equals to 50 days for the DK fuel, and to 58 days for the ULTSU fuel. Despite the 

commonly used practice to predict deliveries of petrol products on the base of 7 days cycle, the values of the 

loss function for such the season duration are too high for any type of fuel. 

4. CONCLUSIONS 

The petrol dispatch planners try to maximalist the volume of petrol dropped from tankers trains to the station 

tank. The main reason for it is to minimalize the frequency of the supply and the shorten the route. The result 

of it is that some petrol stations receive the delivery every few days, sometimes once a week. The Winters 

method is quite good for similar cases but forces more frequent deliveries. The planners generally use data 

just for 7 last days, and base of their experience know typical rules like higher petrol demand at the weekends 

and non-working days. Because lack of long-term data, and complexity of the problem sometimes planners 

make forecast mistakes. In the proposed model every non-working day was taking into account all non-working 

days, so the risk of the risk of lack of fuel at the station is lower. The disadvantage of that is more frequent 

deliveries. In the future work the authors would like to minimalize the routing distance, and maximalist the fuel 

drop to the station tank, taking into account the station tank capacity, long-term seasonality, short-term 

seasonality and the other factors like petrol station density nearby, distance from the highway, main route, 

large city, etc. The Winters method is a good base for that case. 
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Abstract 

A great deal of research claims that Industry 4.0 is the future form of industrial development. By contrast, 

managers of Czech companies claim that their processes are not ready for this conception. Usually they only try 

to optimize existing production systems. The aim of the paper is to find out whether partial optimization can cause 

a substantial increase in the productivity. This article focuses on verifying the use of lean principles in production.  

It is a simpler way of implementing one of the basic ideas of Industry 4.0. The goal of such a workplace is not 

only to increase productivity but also to optimize material flows in an enterprise and meet customer demands. 

Methods of industrial engineering (layout optimization, workplace standardization, work-studies) are used in the 

article. The desired production cycle was used in the search for a suitable layout and production line balancing. 

Also, the essential number of operators was considered. In order to find the best layout, we counted time 

consumption of all operations using two different methods and compared the results. 

Keywords: Productivity increase, industrial engineering, production lines balancing, work-study 

1. INTRODUCTION 

Current general tendencies in the industrial sector are heading toward Industry 4.0, but what is the reality in 

Czech companies like? Strategic plans of many companies include innovations and investment in new equipment 

directed at the concept of a “smart” factory. However, the actual implementation is complicated. Any new 

automated workplace needs to be immediately compatible with all other company information systems and 

activities (logistic, production and maintenance planning, etc.), which is a problem. Suppliers of fully automated 

equipment try, quite logically, to convince companies to place as extensive offers as possible. Typically, 

companies would have to switch to a completely new concept at once, which is impossible. That is the reason 

why companies keep optimizing their current production systems as much as they can. 

One of the possibilities of optimization in production is to find a suitable spatial arrangement of the production 

line in the given logistic and material flow conditions. The purpose of this article is to check whether this 

optimization will cause the productivity gains you want. The aim of this paper is to analyse ways how flexibility 

of two production lines could be increased so that costs linked with ensuring the required performance do not 

grow due to frequent changes required by customers. Partial aims of this study are determining the optimum 

number of operators and workplace standardization in order to eliminate wastage. When conducting the 

analysis, we used general concepts of a lean workplace. Following a timeline of the operations, we suggested 

sequencing of the lines and a new layout for ensuring an efficient material flow. We also focused on comparing 

two analytical tools used for determining time consumption - shot of time and micro-mobility study Basic MOST. 

2. METHODOLOGICAL BASES 

The most frequently generally specified procedures [1-3] applicable to a production cell (line) optimization 

mention several steps leading to a lean workplace. It is necessary to start by selecting a principal product (or a 

family of products), set the line´s tact, understand assembly procedures, and know how much time each task 

takes. Subsequently, it is necessary to determine the line capacity, calculate theoretic need for the number of 

operators and perform line balancing. It is also necessary to consider the shape of the production line (placement 
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of the machines and partial workplaces), placement of preparations, tools and materials on the line [4,5] 

Eventually, work procedure standardization and visualization and “shopfloor management” are performed. 

Following customer´s information about how many products a customer will buy in a certain time unit we set 

the line tact time (TT). The calculation [6] is made following this simple formula (1): 

uu � vwx7         (1) 

where: 

Fs - net time available (s) 

Qn - total customer demand (pcs.) 

Ideally, tact time equals the total cycle time (CT). CT is a total of all partial tasks. Task times can be determined 

by direct measuring or using systems of predetermined times (mircromovement studies). Additionally, in order 

to balance the line it is necessary to determine the time of operators (p) needed [6,7] which is made using the 

following formula (2): 

. � yzzz (2) 

where: 

CT - total time of all operations (s) 

If the number of operators is not a whole number, it is usually rounded up. For instance, if p = 4.2 it is either 

possible to round up the number or to define tasks that will be performed by four operators, while the fifth 

operator will only perform some tasks and in the remaining time he can be assigned other work (either on 

another product, supplying the line or with paperwork) [4,7]. 

Another frequently used indicator [8] is the balance index (BI) which shows at what rate the line takt is utilized 

on average, it is calculated following relation (3). When redesigning existing processes, the BI value should 

exceed 85 % [7]. 

{| � yz}∙zz ∙ 100 (3) 

Another indicator used is the coefficient of variation (vx) [7,8]. If the value of the coefficient of variation in 

expressed in percentage it informs us how various values differ from the arithmetic mean and it, in fact 

determines the imbalance of the line (equation 4): $� � &~�̅ ∙ 100 (4) 

where: 

sx - standard deviation  

x - arithmetic mean 

When designing a lean workplace, it is necessary to take into account the new layout of manufacturing 

equipment so that it suits operation sequence. Four basic workplace layouts are described [9]: Direct Flow, L 

Shape, U Shape and Spine Shape. In practice they are commonly combined. Each layout is distinguished with 

some feature.  

The advantage of the Direct Flow is easy access from both sides, easy manipulation and easy planning and 

management. The L Shape is favourable when we need to isolate dangerous or hard-to-place equipment to 

the corner. The U Shape is very advantageous when we want to assign a single worker with more tasks as it 

allows the worker to walk from one workplace to another and it allows for better balancing of the line [4,6]. The 

Spine Shape is distinguished with the fact that special equipment can be separated and it is suitable for lines 

with high variability of the manufacturing procedure [10]. 
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In order to define standards of the individual tasks (defining time consumption) we used shot of time. It is a method 

of direct time consumption measuring, to be precise. On the basis of the defined partial objective we compared 

measurements using Basic MOST (Maynard Operation Sequence Technique) [8]. This method is used for 

determining time consumption of the movement study and a system of predefined times.  

3. EXPERIMENTAL PART 

This study describes optimization of two lines where three products, gear shift covers, are manufactured. Line I 

manufactures E2 product, line II 9G1 and C14 products. In terms of their manufacturing process the other two 

products only differ in the last operation, which is why they are placed on the same line. The lines are used in a 

single shift operation, the shift lasts 8 hours, operators have one break required by the law of 30 minutes and two 

other 10-minute breaks. The net time available (Fs) is 430 min (25,800s). Table 1 shows default data. 

Table 1 Demands for production, TT and current number of operators [own study] 

 E2 9G1 C14 

Demand/shift [pcs/shift] 280 250 300 

Line tact TT [s/pcs] 92 103 86 

Number of operators 5 4 6 

The authors carefully analysed the material flow and the distribution of operations between the existing number 

of operators for each product. For this purpose, visual management methods were used (lay-out analysis). The 

original lay-out was unsatisfactory, a new lay-out was proposed. We did not allow the company to publish the 

layouts. An important conclusion for further analysis in the production of production was the sewing operation. 

Leather sewing machine operators are not included in the line as they work about 25 times faster than the line 

and produce one-day supply for a full line that lasts for a full week, so the leather-like leather components are 

taken from the line view as an input component. Subsequently, time consumption of all operations was measured. 

3.1. Determining time consumption 

In order to determine the time consumption, we used 

motion pictures for stopwatch as well as for motion 

study Basic MOST that uses a system of 

predetermined times. The values resulting from stop 

watch (in tables marked as CHRONO) are arithmetic 

mean of 20 measurements. In order to define time 

consumption resulting from motion analysis (in 

tables marked as MOST) we used data tables [8].  

The results of measurements are shown in Table 2. 

The results show disbalance of the lines and the fact 

that the time consumption of operations resulting 

from both measurements are almost identical.  

For illustrative purposes, measurement results are 

also presented as a chart (Figure 1) for line I, i.e. for 

E2 product. These values represent the duration of 

each operation. The terms referring to the 

operations correspond with the terms the company uses in production. Workplace Umbug is on the line three 

times. 

Figure 1 Chart showing the original layout of  ine I - 

[own study] 
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Table 2 Results of operation measurements [own study] 

 Položka  
E2 9G1 C14 

CHRONO MOST CHRONO MOST CHRONO MOST 

T
im

e
 r

e
se

rv
e 

in
 T

T
 [s

] 

Core assembly 31 40 33 53 16 36 

Umbug  -16 -16 -24 -24 1 1 

Cuff  - - - - -57 -47 

Packing 32 38 44 50 17 29 

No. of operators needed p [x] 4.8 (5) 4.7 (5) 3.7.(4) 3.5 (4) 6.2 (7) 5.8 (6) 

BI calculation BI [%] 96.5 93.3 93.0 86.5 98.2 95.9 

3.2. Operation balancing 

In order to balancing manufacturing operations correctly it needs to be considered what operations can be, in 

a sequence, divided between two operators so that such division makes sense; while it is of the same 

importance to take into account possible new workplace layout. A detailed analysis was conducted for each 

manufacturing process (for each product): their results based on time measurements are shown in Table 3.  

Table 3 Results [own study] 

 Operator  Task TT [s] CT [s] 
Reserve in TT 

[s] 
Operator 

workload [%] 

E
2

 

1 Core completion + glue application 

92 

90 2 98 

2 

Umbug 91 1 99 3 

4 

5 Packing  82 10 89 

9
G

1
 

1 Core Completion 

103 

91 12 88 

2 
Umbug  97 6 94 

3 

4 Packing + glue application 100 3 97 

C
1

4
 

1 Core Completion 

86 

85 1 99 

2 

Umbug  85 1 99 3 

4 

5 Cuff fastening 76 10 88 

6 Cuff ringing 67 19 78 

7 Packing 54 32 63 

The particulars of the analysis are shown in E2 product where the most important thing was to eliminate time 

loss at the Umbug workplace: 

 The „screwing“ operation was removed from the Core Completion workstation that takes on average 22 

seconds and it was transferred to the Packing workplace. The CT of the operator at the Packing 

workplace increased from z 60 s to 82 s; 
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 Furthermore, an operation of glue application a leather cut and a plastic ball was taken away from each 

operator from the Umbug workplace, which decreased their CT from 108 s to 91 s (decrease by 17 

s/operator/pc). The operation of glue application was transferred to the Core Completion and the new CT 

is 90 s (61 s-22 s + 3*17 s = 90 s);  

3.3. Comparing the results 

The results obtained can be used to change the layout of the workplace. The suggested layout of both 

workplaces needs to be in line with the operation sequence for all three products so that e.g. operators do not 

have to change their work positions.  

When suggesting the layout for line I it was necessary to respect the fact that the demand or E2 often 

fluctuates. That is why we used the Spine Shape so that a variable number of operators can work at the line 

while their productivity does not drop. 

The suggested layout for line II was made with respect to its variability so that 9G1 and C14 products could be 

assembled as necessary. The layout shape combines the L and Spine shape. 

The authors focused on analysing the results of the new spatial layout. We compared the results of the original 

and newly takted line using the coefficient of variation, which is an indicator of imbalance (see  

Table 4). The comparison was only based on data received from time measuring. 

Table 4 Comparing the results on the basis of time measuring [own study] 

 
E2 9G1 C14 

Original new original new original new 

Average value [s] 89.0 89.0 96.0 96.3 89.5 76.7 

Standard deviation sx [s] 23.27 3.52 31.2 3.27 24.91 11.25 

Imbalance [%] 26.1 4.0 32.5 3.4 27.8 14.7 

Change in imbalance [%] -22.2 -29.1 -13.2 

4. CONCLUSION 

The results show that ensuring higher efficiency of procedures can be achieved without an investment. It is 

true that in case of designing „lean workplace“ the procedures are still dependent on human resources, which 

are problematic to a certain degree. Once the change in takting and layout was made, the analysed procedures 

showed an increased flexibility with respect to customer demand. New workplace layout eliminated excessive 

manipulation and transport in the material flow. At the same time, after introducing the standards at the 

workplace, the work environment will also be more favourable for the operators.  

Finally, we can say that the purpose of this contribution has been validated. The use of lean principles leads to 

the reduction of time, the optimization of the number of workers in the workplace and the improvement of the 

working environment, etc. For this purpose, it is necessary to analyse layout and time consumption, specifically: 

 logistics and material flow analysis at the workplace, 

 analysis of the spatial layout of the workplace and the follow-up of individual operations, 

 a detailed analysis of the time consumption of individual operations and their interdependence. 

A partial objective of this paper was to analyse the differences when using different tools for measuring time 

consumption, in particular shot of time and micromovement study Basic MOST. The results at both analyzed 

lines where very similar, regardless of what method of measuring was used. With respect to the experience 

gained, claiming that both tools are equivalent in terms of their use would be rather bold. Nevertheless, it is 
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becoming apparent that companies can conduct many analysis concerning time consumption themselves and 

they do not need to pay for expensive services provided by consultancy companies that usually have experts 

who are capable of assessing correctly time consumption based on systems of predefined times. Having said 

that, it is true that these systems are irreplaceable when it comes to designing new workplaces. 
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Abstract 

The purpose of the article is to investigate artificial neural network ANN use in due-date assignment DDA for 

standard products in the real-life small batch and multi assortment make-to-order production company.  

The research was conducted with the historical data and resulted in the ANN aided DDA encoded into the 

company ERP system. The paper contains a comparison between different due-date assignment methods. 

The methods include company’s own procedure, multi variable linear regression and multilayer feedforward 

neural network. The details of quantitative and qualitative input variables, an output variable, the neural 

network structure and its training are presented in the paper. DDA approach incorporating material deliveries 

uncertainty was applied to both the linear regression and the neural network methods. DDA using neural 
networks proved to outperform the other analysed methods. 

Keywords: Due-date assignment, neural network, machine learning, production flow-time 

1. INTRODUCTION 

Many organisations exercise the make-to-order MTO production system to manufacture wide product-portfolio 

in a short period of time to be competitive in the global market. The MTO production systems often require 

proper due-date assignment rules to reduce inventory costs and ensure on-time deliveries. DDA takes place 

whenever customer orders are received. DDA is a process where due-date of an order is estimated. The 

estimation usually equals the order release date increased by predicted flowtime of the job or jobs related to 

the order.  

There are many DDA approaches covered in the literature, among them conventional regression methods 

(total work TWK, number of operations NOP, TWK+NOP, jobs in queue JIQ, work in queue WIQ etc.) [3,4], 

scheduling based methods and artificial neural networks ANN methods. The literature shows that ANN 

methods are generally the most precise production flowtime prediction approach [3, 7-9]. The linear regression 

approach is often used as a benchmark to assess and compare various methods. The classical or multivariable 

linear regression MLR is a linear equation which models relationships between variables. In the paper, the 

company’s own DDA procedure, MLR and ANN based DDA has been compared and evaluated. The 

evaluation has been conducted on real data, with real-life noise and exemptions, which is different to majority 

of the papers on the DDA topic, where researchers work on the data they generate through simulation models 

themselves e.g. in [3-4, 7]. Such data is usually greatly simplified in comparison to real-life data. 

Artificial neural networks are computational structures. They are designed to imitate the accumulation of 

knowledge in the biological nervous system. In contrary to conventional computational methods, ANN can 

solve nonlinear and unstructured problems. In the last 20 years, the use of ANN has significantly increased in 

business. This has led to development of many different scientific applications, and intensive exploration of 

practical issues. ANN proved to be a valuable method for classification, decision support, financial analysis, 

credit scoring etc. The ANN success and popularity is proven by a growing number of publications in respected 

journals. There are numerous types of neural networks. The most popular is a multilayer feedforward network, 

in which neurons are organised into series of layers and information signal flows through the network in one 

direction - from the input layer to the output layer. The neurons (or nodes) can, but do not need to be connected 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

150 

to each neuron in the next layer. Neural networks are taught using different learning techniques, e.g. 

supervised or unsupervised training, with use of different learning algorithms. The most popular are 

backpropagation algorithms, where wages connecting nodes are modified according to the difference between 

the output generated by a network and its correct value - an error. The error is back-propagated to modify 

wages in each iteration of learning [12, 13]. The degree of the modification is partially controlled by the learning 

rate. There are numerous types of backpropagation algorithms, and one of the most effective is the improved 

resilient backpropagation iRpop. Another important element of ANN structure is an activation function. There 

is a variety of activation functions to choose from, and one of them is the activation function proposed by David 

Elliot. It is important to standardise learning data so that its range suits the chosen activation function. The 

learning data can be used more than once in the learning. The number of learning cycles the data is used is 

called epochs. During the learning, an overfitting should be avoided. The overfitting is a decrease of ANN 

efficiency due to too much learning. A neural network structure is problem specific, so neuron numbers, 

connections, number of layers, learning rate, activation functions etc. can all be set according to a researcher’s 

wish - no simple guideline exists at the moment.  

The purpose of the article is to present a comparison between different due-date assignment methods for 

standard products of a small batch and multi assortment MTO production company in Poland - ANGA 

Uszczelnienia Mechaniczne sp. z o. o. It is a medium company with a job-shop workshop, that allows 

machining of wide high-tech product portfolio. Standard products, standard mechanical seals, may significantly 

vary in size and design between each other. They include numerous product types, assembly dimensions and 

materials they are built of designated for particular working conditions. Usually, the standard products have 

most of their critical parts in stock. The lacking rest of the parts is manufactured according to an order. Many 

of the products are tested on specialised testing stands before being shipped. The company has its own DDA 

procedure for standard products. For the simplest group of standard products (77.5 % orders) simple DDA 

rules are applied. If all of the parts listed in a bill-of-materials for a product are in stock, the due-date is usually 

set for the same day. Depending on the code of these simplest products, some have their due-date set to 2 or 

4 working days counting from an order release moment. The rest of the products (22.5 % orders) - all without 

full parts in stock, all which do not belong to the simplest standard products category - are send to a human 

production planner responsible for a manual DDA. The assigned due-dates play an important role in the 

internal scheduling method in the company. 

2. DATA AND RESULTS EVALUATION METHOD 

The data, including all of the defined input variables and the output variable, were imported from the company’s 

database. The data - in terms of the input variables - comes from historical production orders at the exact 

moment of their due-date assignment. It means, that the input variables for each production order in the data 

are the same as at the time these orders had their due-date assigned. The total number of orders in the dataset 

was 32,990. It is worth to mention, that importing the data was the most time consuming and difficult part of 

the research.  

To ensure possibly high objectivity, the data was divided into learning data (28,344 in total, 11,106 standard 

products) and certification data (4,646 in total, 1,791 standard products). The learning data was used to learn 

ANNs and compute MLRs. The certification data was used to assess the DDA methods. This concept comes 

from ANN literature [3,13], as well as the share of certification data - 14 %. 

To properly assess effects of the methods and to compare them, a few criteria of DDA methods evaluation 

have been chosen: mean absolute error MAE, mean earliness ME, mean lateness ML and a share of orders 

on time, late and early. Among them, MAE was chosen as the most important criteria. The criteria were chosen 

on the basis of literature [2-3, 8], as well as the statistical comparison of the results approach using  

paired t-test [4, 16-17]. 
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For the company’s DDA procedure, there is an unavoidable bias resulting from the fact, that after assigning  

a due-date to an order all production department staff is doing their best to make sure the order is on-time. 

The on-time delivery ratio is an important part of the financial motivational system within the company. This 

fact naturally and artificially increases the results of the company’s DDA procedure, when compared to other 

methods - to an unknown extent.  

3. OUTPUT AND INPUT VARIABLES 

The output has been defined as total production flowtime of standard products including waiting time for 

necessary materials/parts. The flowtime is calculated as a period of time starting from the moment the order 

is created to the moment production of the items related to the production order is completed and the items 

are moved to the pre-sale stock. The chosen output unit is working days. The output histogram is presented 

in Figure 1. 

 

Figure 1 Histogram of flowtime for standard products production orders 

When a human production planner decides on due-dates, they use various reports and calculations which help 

them to accurately estimate the flowtime and resulting due-date. The use of linear regression and neural 

network requires almost similar information the planner uses, but it does not need to have the same form. The 

brainstorm meetings were organised to list the inputs that might be important for DDA. Some of the chosen 

input variables are universal to other production systems, whereas others are company specific. In total, 47 

inputs have been identified. They describe the product related to the production order, state of the production 

system and historical performance of suppliers: 

 total work load present in the workshop [hours]. 10 separate inputs for general workstation types, e.g.: 

lathes, milling machines, grinders, lapping machines and manual processing; 

 total work load of testing and final assembly processing time [hours], 

 sum of resources available in a month counting from the moment the analysed production order’s due-

date was set [hours]. The resources are calculated using archival scheduling data for selected 

workstation groups: lathes, milling machines, grinders, manual processing - 4 inputs,  

 sum of the maximum delivery time among all missing materials/parts regarding the production order and 

of the average production time for the item/items related to the production order [working days], 

 total machining time related to the production order [hours] - irrespective of workstation types, 

 sum of hours planned for product testing related to the analysed production order, 

 total number of technological operations to be conducted outside the company - from all of the 
production orders active in the company, 

 number of technological operations to be conducted outside the company for the analysed production 

order, 
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 number of turning or milling operations planned for the analysed production order - 2 separate inputs, 

 delayed material orders ratio multiplied by the arithmetic mean of delays related to the material - the 

inputs are calculated solely for the analysed production order. The products of the multiplications are 

calculated for 4 main material groups e.g. steel, elastomers. Each combination - supplier specific 

material size and type - is calculated separately basing on the historical records in the ERP system; 

 production order type - 6 inputs. The types include standard products, customised, prototypes etc.  
If a production order is of the type, then the input’s value is 0.7, otherwise 0.01; 

 product type - 9 separate inputs. The product types indicate different construction, resulting materials 

and production processes. If a product is of the type, then the input’s value is 0.7, otherwise it  

is 0.01; 

 shaft diameter - a key technical parameter in the company’s industry area [mm],  

 critical path processing time of the production order - excluding material/parts delivery time [hours], 

 critical path processing time of the production order - material/parts delivery time included [hours], 

 percentage of materials/parts not available in the company’s stock for the production order, 

 expected period of time until the least available material/part needed for the production order arrives 

[working days],  

 order’s flowtime expected by a customer - the company internal parameter [working days], 

 holiday season (July, August or December) - value 1 if yes, 0 otherwise. 

The input and output values used in ANN should be standardised in such a way that they suit the activation 

function. Many standardisation techniques have been tested, but for this paper only two are relevant. 

Standardisation G, where each of an input value was divided by the maximum value in the input category and 

then deducted by 0.5, and standardisation T3-40, which was used only for output standardisation for some of 

the tested networks: ��*.�*& �B�����&h� � �Q }Q �Q }Q ��5  (1) 

T3-40 standardisation was proposed by Mr Rafał Laszczak (KLL), who was involved in the research. Except 

for the inputs with values already in between -1 and 1, all the other inputs have been standardised G. 

Depending on the tested neural network configuration, output values were modified either with standardisation 

G or T3-40. The latter seemed to improve the resolution of the output for the standard products. 

4. MULTIVARIABLE LINEAR REGRESSION MODELS 

The raw, not standardised inputs and the output were used to compute multivariable linear regression models 

with use of Statgraphics Centurion XVIII software. Two models, without a constant, were calculated: 

 MLR-1 - computed using only standard products dataset (11,106 records), 

 MLR-2 - computed using all available orders’ dataset (28,344 records). 

Inputs without statistical significance were removed from the models. Inputs regarding the suppliers’ 

performance were statistically significant and were not removed. 

5. ARTIFICIAL NEURAL NETWORKS 

Once the data were obtained from the company’s database, ANN different structures and learning 

configurations were tested. In contrary to MLR, no inputs were eliminated. Until the most effective structures, 

learning algorithm and activation functions were found, approx. 40,000 different ANNs were taught and 

assessed. All 3 of the presented in the article neural networks were taught with iRpop algorithm, using David 

Elliot’s activation function. Some of the networks were taught with all the learning data available while others 

with only standard products data. 
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The selected, best performing, ANNs are presented in Table 1. E.g. the 47-12-1 structure means, that there 

are 47 inputs, 12 neurons in the hidden layer and 1 neuron in the output layer. Essential programming was 

carried out using open source FANN library , in collaboration with Mr Rafał Laszczak from KLL company. The 

computing took place on the ANGA company server. 

Table 1 Tested neural networks structure, output standardisation and learning details  

 
Structure 

Learning dataset 
size 

Learning dataset 
range 

Output 
standardisation 

Learning 
rate 

Epochs 

ANN-1 47-12-1 11,106 Only standard orders G 0.05 1000 

ANN-2 47-368-1 28,344 All orders T3-40 0.7 1500 

ANN-3 47-192-2-1 28,344 All orders T3-40 0.3 3000 

6. RESULTS 

The results of the flowtime estimation using the certification data (1,791 records) are shown in Table 2. Before 

the results were calculated for the ANN-1, ANN-2 and ANN-3, the standardised output values were restored 

to their previous form using formula (1) and rounded. Table 3 presents the paired t-student test results for null 

hypothesis that MAEs are equal H0: μd = 0, and alternative hypothesis H1: μd ≠ 0.  

Table 2 The results of the flowtime estimation using the certification data: company’s DDA procedure,  

   multivariable linear regression and artificial neural network methods 

 company's DDA 
procedure 

MLR-1 MLR-2 ANN-1 ANN-2 ANN-3 

MAE 1.359 1.609 2.176 0.83 0.843 0.873 

SAE 3.709 2.809 3.465 1.301 1.216 1.277 

ML 4 2.966 3.88 1.773 1.755 1.805 

ME 3.008 1.9 1.876 1.408 1.406 1.385 

on time [%] 55.3 % 34.73 % 20.88 % 46.57 % 45.28 % 44.05 % 

late [%] 1.56 % 34.9 % 34.51 % 21.38 % 21.16 % 23.45 % 

early [%] 43.14 % 30.37 % 44.61 % 32.05 % 33.56 % 32.5 % 

Company’s DDA procedure results show the highest on-time rate and share of orders completed too early 

comparing to their due dates, and also the smallest share of orders completed too late regarding their due-

dates. The result is a typical picture of a DDA approach utilised in practise, where often it is better to quote 

longer lead-times to a customer, in contrary to shorter ones with associated delay risk. The company’s 

procedure includes a safety buffer, which cannot be said about other DDA methods present in Table 2.  

Table 3 Paired t-student test results for null hypothesis that MAEs are equal H0: μd = 0, and H1: μd ≠ 0 

  company's DDA procedure MLR-1 MLR-2 ANN-1 ANN-2 ANN-3 

ANN-1 
t-value -5.97 -13.37 -18.60 - -0.67 -2.17 

p-value 0.000 0.000 0.000 - 0.501 0.030 

ANN-2 
t-value -5.82 -13.90 -18.81 0.67 - -1.79 

p-value 0.000 0.000 0.000 0.501 - 0.074 

ANN-3 
t-value -5.44 -13.66 -18.53 2.17 1.79 - 

p-value 0.000 0.000 0.000 0.030 0.074 - 
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Both linear regression models performed poorly, achieving the lowest on-time rate, the highest values of MAE, 

ML and ME criteria. Comparison between MLR-1 and MLR-2 reveals that using all available orders data to 

compute the MLR-2 model impaired its prediction abilities. It contrasts to the ANN methods, where difference 

in all criteria between ANN-1, ANN-2 and ANN-3 are miniscule (Table 2) or statistically insignificant (Table 3). 

The Table 2 shows clearly that all ANNs outperformed other methods in production flowtime estimation. The 

lead with on-time rate for company’s DDA procedure is caused by great effort of production staff to keep 

production on-time. A handicap the other tested methods did not have. The ANNs results in Table 2 and their 

structure indicate that more data probably needs more complex structure to find all existing in the data patterns. 

It also shows that differently structured and taught networks can estimate the flowtime with similar and accurate 

results. 

Results in Table 3 show the significant difference in the estimation precision between ANN methods and 

company’s own DDA procedure, MLR-1 and MLR-2. The differences between presented ANNs prediction 

mean absolute errors are generally low and often not statistically significant - negligible from the practical 

perspective.  

7. CONCLUSION 

The purpose of the article is to investigate ANN use in DDA task for standard products in the real-life small 

batch and multi assortment MTO production company. The comparison between company’s own DDA 

procedure, MLR and ANN based DDA methods was presented. The data used in the research comes from  

a real-life production company. Some of the presented inputs may be universally used in other enterprises, 

researches, while other inputs would have to be rearranged. A few of the inputs included material/parts 

deliveries uncertainty in the form of the material/part supplier historical performance (delay ratio, mean delay). 

Obtaining the proper data was the most difficult and time-consuming part of the study. The inputs do not 

exhaust all potentially important data - the inputs categories, quantity and quality. More research on the inputs 

for ANN based DDA is needed. 

ANN based DDA methods outperformed the other compared in the study. Especially MLR DDA results are 

disappointing. ANN methods made significantly smaller prediction mistakes than company’s own DDA 

procedure, where the real due-dates had an important handicap - everyone in the company tried to ensure the 

assigned due-dates, because it was related to the motivational system and also because of the top-down 

pressure to manufacture on-time. Regarding the ANN methods production flowtime estimation precision, it is 

difficult to imagine better results to the achieved in the research from the practical perspective - regarding the 

particular company and its industry.  

The results prove ANN methods are effective in estimating the production flowtime, but do not include any 

safety buffer in their predictions, which the company visibly did in its own DDA procedure. Adding some 

standardised safety buffer to an ANN estimation could increase the ANNs feasibility in the area. Nevertheless, 

the ANN-1 was built-into existing ERP production module in the company to help a human production planner 

in their estimation and for future comparisons. As the company’s own DDA procedure for standard products 

only partially included a human decision making, it cannot be determined whether ANN are more effective than 

people in DDA, but this kind of research is planned for future for other product groups in the company, where 

due-dates are set solely by experienced human production planners. 

The results also showed that learning data, regarding very different product groups, have not impaired the 

ANNs performance in DDA. The ANNs structure indicate that more data may need more complex structure to 

encode all of the important patterns present in the data. This suggest ANNs for DDA problems may offer more 

general solutions - one artificial neural network for a wide variety of products. This idea should be investigated 

in the future research. 
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Abstract  

Sustainable transport system refers to desirable combinations of government policies, infrastructure and 

technologies which minimise environmental impacts and refers to economic and social issues. The aim of this 

paper was to study the possibilities and challenges for application environmental life cycle assessment (LCA) 

methods for support sustainable transport. LCA is the most holistic approach of assessing environmental 

impact and selecting eco-innovation in transport sector. The role of LCA in the development of green transport 

taking into account challenges related to transport policy, the European Commission's 2050 strategy as well 

as the circular economy was presented. In European Union countries government actions are aimed at 

increasing the use of alternative fuels and supporting the development of electromobility. Transport sector 

needs new and appropriate tools like LCA that will support decision making regarding the development of 

mobility with alternative and future fuels, technologies and materials etc. in whole vehicle’s life cycle. 

Keyword: Sustainability, life cycle assessment, transport, environmental impacts 

1. INTRODUCTION 

Sustainable transport refers to combination of environmental, economic and social issue in all aspects relating 

to the automotive industry. Life cycle assessment (LCA) is appropriate tool for development of green transport 

taking into account life cycle approach, transport policy challenges, the European Commission's 2050 strategy 

and the circular economy guidelines [1-5]. In European Union countries government actions are aimed at 

increasing the use of alternative fuels and supporting the development of electromobility [6-8]. LCA support 

decision making regarding whole vehicle’s life cycle. LCA is the most holistic approach of assessing 

environmental impact and selecting eco-innovation in transport sector. Up till now LCA was used primarily for 

the assessment of greenhouse gases and cumulative energy consumption, especially for alternative fuels [8]. 

Developing methods taking into account the life cycle approach are becoming increasingly important in the 

new circular economy. 

The aim of this paper was to study the possibilities and challenges for application environmental life cycle 

assessment (LCA) method for support sustainable transport.  

2. ENVIRONMENTAL ASSESSMENT METHODS FOR TRANSPORT SYSTEM - A REVIEW 

Life cycle approach of transport system includes holistic and very complex analytic system. Life cycle approach 

consists of many activity and stages for example: vehicle life cycle, fuel life cycle, maintenance of road, end-

of life etc. The most famous environmental assessment methods with life cycle approach in transport are Well-

to-Wheel (WTW) and Life-cycle-assessment (LCA). WTW focuses on energy consumptions in transport fuels 

cycle and greenhouse gas emissions (GHG) from transport fuels. An WTW study on automotive fuels has 

been developed by collaboration between European Council for Automotive Research and Development 

(EUCAR), Environmental Science for European Refining (CONCAWE) and Joint Research Centre of the 

European Commission (JRC). According to WTW environmental assessment takes into account the phases 

connected with extraction of raw materials, refining and distribution of fuels and fuel exploitation (Figure 1) 
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[7,8]. Fuel life cycle covers two phases: Well to Tank (WTT) and Tank to Wheel (TTW). The WTW method can 

be understood as a simplified LCA.  

 

Figure 1 Phases of Well to Wheel 

Life cycle assessment (LCA) is a tool, which is used for environmental aspects assessment of product and 

service or process by identifying relating flows and quantifying potential impact on the environment in the whole 

life cycle, i.e. from the acquisition of raw materials through the period of exploitation and finally the disposal. 

LCA is the subject of international standards ISO 14040:2006 and ISO 14044:2006 [5]. According to the 

International Organization for Standardization (ISO) standards LCA consists of four phases, which are shown 

in Figure 2.  

 
Figure 2 The phases of LCA 
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environmental impact in the whole 
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impacts like depletion of abiotic 
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health ecosystem quality etc. The 

scope of LCA analyses during the 

vehicle life cycle is shown in 

Figure 3.  
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3. APPLICATION OF LCA FOR SUPPORT SUSTAINABLE TRANSPORT  

The European Union (EU) has implemented mandatory sustainability criteria for biofuels for transport in the 

Renewable Energy Directive (RED). These focus on greenhouse gas (GHG) emissions and biodiversity related 

demands [9, 10]. In the paper [11] sustainability criteria for renewable energy used in transportation were 

shown. It was concluded that hydrogen and synthetic fuels can play an important role in the decarbonisation 

of the transport sector, but their production is highly energy intensive and involves significant energy losses. 

Therefore, the direct use of electricity is always preferable. Most importantly, a significant reduction of CO2 

emissions compared to the use of fossil fuels is only achieved if the fuel production is based exclusively on 

additional renewable sources [11]. Electromobility shall be considered to contribute to sustainable transport 

mobility. Electric vehicles (EVs) are the future of road transport and offer potential for reducing pollution. EVs 

have become an important element in the development strategies of the automotive industry. LCA is 

appropriate tool for comparative analysis of EVs considering the life cycle from cradle to grave with the current 

and future energy systems used to charge EV batteries [7].  

The methodology for sustainability performance assessing of production and use of transportation fuels with 

Life Cycle Sustainability Assessment (LCSA) was presented by [10]. LSCA constitutes of the integration of 

results from social life cycle assessment (SLCA), environmental life cycle assessment (LCA) and life cycle 

costing (LCC). To integrate the results from the three different assessments into an LCSA was applied Multi 

Criteria Decision Analysis (MCDA) methodology. Life Cycle Sustainability Assessment (LCSA) is a 

methodology which can be used to assess broad sustainability impacts, including environmental, social and 

economic aspects. According to paper [12] LCSA can be a combination of the three life cycle approaches for 

environmental, social and costing perspectives. Recent overviews of the LCSA methodology concept was 

presented in the papers [13-16]. 

It was reviewed organizations that perform LCA analyses. The examples of LCA application for support 

sustainable transport by international organizations are shown in Table 1.  

Table 1 LCA application for support sustainable transport by international organizations 

Type of analysis Organisations References 
Well-to-wheels study European Council for Automotive Research and 

Development (EUCAR) 
Environmental Science for European 

Refining (CONCAWE) 
Joint Research Centre of the European 

Commission (JRC) 
EUCAR/JRC/CONCAWE collaboration 

https://iet.jrc.ec.europa.eu  

Life cycle assessment of 
electric vehicles 

The European Association for Electromobility https://www.avere.org  

Environmental impact of 
automobiles 

WorldAutoSteel https://www.worldautosteel.org  

Greenhouse gas emission of 
automotive materials 

World Steel Association https://www.worldsteel.org  

LCA of advanced materials in 
automotive design 

The Automotive Applications Council (AAC) https://www.autosteel.org  

Tyre LCA The European Tyre and Rubber Manufacturers' 
Association ("ETRMA”) 

http://www.etrma.org   
 

LCA of batteries for vehicles Association of European Automotive and Industrial 
Battery Manufacturers (EUROBAT) 

European Automobile Manufacturers Association 
(ACEA) 

Japan Automobile Manufacturers Association 
(JAMA) 

Korea Automobile Manufacturers Association 
(KAMA) 

International Lead Association (ILA) 

https://www.acea.be  
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Possibilities and challenges for LCA application for support sustainable transport are shown in Figure 4 and 

Figure 5, respectively. Depending on the making decisions, LCA allows to evaluate the direct and indirect 

impacts of transport system. LCA is efficient tool for decision making for support sustainable transport. 

 

Figure 4 Possibilities for LCA application for support sustainable transport  

 

Figure 5 Challenges for LCA application for support sustainable transport  

The challenges for the LCA application are primarily related to European Union strategy, including European 

Strategy for low-emission mobility, relevant directives, circular economy guidelines as well as national 

regulations. Due to the fact that transport represents almost a quarter of greenhouse gas (GHG) emissions in 

Europe and is the main cause of air pollution in cities, The European Union has set main targets for reducing 

its GHG emissions progressively up to 2050. In Poland the new Act on Electromobility and Alternative Fuels 

is introduced. On the 5th of February 2018, the President of the Republic of Poland signed the Act on 

Electromobility and Alternative Fuels. The Act on Electromobility and Alternative Fuels is the first set of rules 

in Poland that pertain to the issue of electromobility and is intended to promote electromobility and alternative 

fuel vehicles. The Act transposes Directive 2014/94/EU of the European Parliament and of the Council of 22 

October 2014 on the deployment of alternative fuels infrastructure. The introduction of the Act forces the 

analysis including LCA for alternative fuels, especially for electric vehicles, taking into account national 

conditions. 
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Implementation of the Circular Economy Action Plan is associated with a reduction in the use of fossil fuel 

resources, minerals and metals. Therefore, comparative assessments of the use of alternative raw materials, 

fuels, waste or new technologies should be made to select the most ecological ones. The use of LCA allows 

such evaluation of environmental aspects with life cycle approach. 

4. CONCLUSIONS 

Life cycle assessment (LCA) and Well to Wheel (WTW) can be used to support decision-making on 

environmental aspects of transport, particularly with regard to vehicle life cycle management. LCA method 

focuses on many impact and damage categories during the stages related to the life cycle of vehicles and 

takes into account guidelines regarding circular economy. The WTW analysis is a simplified LCA analysis.  

It was concluded that the methods for sustainability assessment taking into account the life cycle approach 

(LCA, LCC, SLCA and LCSA) are suitable tools and should be developed in the transport sector. These 

methods are used to support decision-making on the three aspects of sustainable transport. 

Based on analysis performed was the statement that the proposed methods are appropriate and useful tools 

that could be used for decision support for sustainability assessment of transport with life cycle approach. 

However, further research is needed to develop these methods. 
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Abstract 

Crew scheduling is one of the major phases in crew management in large transportation networks such as 

railway, bus and airline systems. The scheduling of crews is usually considered as two problems: the crew 

pairing problem and the crew assignment (rostering) problem. These problems are solved sequentially. In this 

paper we focus on the crew pairing problem in the railway systems. An optimization model for solving train 

drivers pairing problem arising from a practical application is presented. The model allows to define a number 

of duties with minimal total duration, covering all segments that the company has to carry out during a 

predefined time period. In order to evaluate the results from the developed model, they are compared with the 

results obtained by the planner. The results show that the proposed model is capable of efficiently generating 

the optimal work schedules for the train drivers in a reasonable computation time. 

Keywords: Railway scheduling, crew pairing, passenger transportation, exact model, optimization 

1. INTRODUCTION 

Before explaining the crew pairing problem a few definitions should be given. In railway scheduling, a segment 

is a section of the trip from one station to another with specified departure and arrival times. A duty period (or 

duty) - mostly a working day of a crew - consists of a sequence of segments with short rest periods or sits 

separating them. A sit connection during a duty period mainly consists of the waiting time of the crew for 

changing planes on to the next segment. Each duty starts with a sign-in and ends with a sign-out by the crew. 

A pairing (also called tour of duty, rotation or trip) is a sequence of duties and each pairing begins and ends at 

the same crew base. Crew base is a city where crews are stationed. In a pairing there is an overnight rest 

between each duty. To reposition a crew from one base to another base, a pairing might include crews as 

passengers and this kind of task is called deadhead (or positioning). Generally deadheads are used to 

transport a crew where they are needed to cover a segment or to return to their home base. Figure 1 illustrates 

an example of a two-day crew pairing, showing duty periods, sits within duty periods, overnight rests, and sign-

in and sign-out times.  

In the crew pairing problem the objective is finding a set of pairings over the planning horizon. While selecting 

pairings all segments must be covered exactly once and cost of the all selected pairings should be kept in the 

minimum [1]. Cost structure depends on the individual railway companies. Some railway companies pay a 

fixed salary for a working hour. Others calculate the salary based on credit hours which are the maximum of 

the travel time and some guaranteed minimum hours. The cost of a pairing also includes a cost paid to the 

crew for staying away from their base (e.g., accommodations, transportation), deadheading (when crew are 

transported on a trip as passengers), and other penalty costs. Also selected pairings should be legal according 

to the specified work rules and rail traffic regulations. 

The crew pairing problem is one of the most widely studied problems in the field of Operations Research. 

Mathematically, crew pairing problem is usually modeled via the set partitioning problem or the set covering 

problem with additional constraints [3-7]. The problem is difficult because of the number of constraints and 

variables; they are large-scale mixed integer problem [8]. The three most common solution methodologies are 

Lagrangian relaxation [9-12], Benders decomposition [13-15] and branch-and-price [16-19]. Since the 1990s, 

the most popular approach has been the set covering problem with column generation embedded in branch-

and-bound [20-22]. 
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Figure 1 An example of crew pairing with DFW station as crew base [2] 

The outline for the rest of the paper is as follows. In the next section, a detailed description of the problem is 

provided. The decision model, which will allow to construct a work schedule (a set of feasible duties) for train 

drivers, is defined in Secion 3. In Section 4, the results of our computational experiments are presented. Finally, 

the last section concludes the paper and gives directions for further research. 

2. PROBLEM DESCRIPTION 

In this study, we consider the problem of constructing a cyclical work schedule of minimum duration for train 

drivers spread over several crew bases in a rail network. Cyclical means that each day has the same work 

schedule. A feasible duty is a duty that satisfies all constraints imposed by labor contracts and union 

regulations, among others. The following constraints were used to create work schedule for drivers: 

 each driver belongs to one of the crew bases. There are 5 crew bases, mainly located at the main nodes 

of the railway network in Lower Silesia. Figure 2 presents the rail network. 

 Each driver operates from his crew base. That is, each of his duties starts and ends in his crew base. 

 Each duty consists of a series of segments to be carried out by a single driver on a single day. 

 The duties should be such that each segment is covered by (at least) one driver. 

 The minimum length of a duty is 8 hours. 

 The maximum length of a duty is 12 hours. 

 The duration of duty for train driver includes besides the time of reading the duty plan, the time of driving 

a train, the time of cleaning and refueling of railbus, also the gaps between the trips, the time necessary 

to complete the duty (if the duty duration is less than 8 hours), the travel time from the crew base to the 
start station of the first segment of the duty, the travel time from the end station of the last segment of 

the duty to the crew base and travel time from the end station of his/her previous trip to the start station 

of his/her next trip. A driver has to travel as passenger in a train driven by another driver or take a taxi. 

Assuming that the travel time by car is the same as the average travel time of train. 

Efficiency is one of the main criteria for scheduling process of drivers. Efficiency means that the percentage of 

productive time in the duties is high. Productive time of work includes the times of 4 above mentioned tasks 

i.e. driving a train from one station to another, reading the duty plan, cleaning and refueling of train, where as 

the times of all other tasks must be considered as non-productive time. 

The input data comes from the daily plan of trains circulation obtained from regional operator of passenger 

trains. Company runs mostly inside Lower Silesian Province of Poland. Each circuit is served by diesel rail 

buses. The plan consists of segments that the driver has to perform. Each segment is characterized by a 

departure station, a departure time, an arrival time, and an arrival station. It should be pointed out that the work 

scheduIe for the crew is created manually by employee of the company (qualified person who is responsible 
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for scheduling of crews' work). Manual scheduling is time consuming and error prone. Currently the company 

doesn't have any decision support system to crew scheduling. 

 

Figure 2 Schematic representation of the geographical railway network used by the regional operator of 

passenger trains in Lower Silesia in Poland 

3. MATHEMATICAL MODEL 

In the formulation written with formula (1) to (10), five groups of decision variables were used. The first group 

contains the decision variables x, y and z which are responsible for ensuring consistency of the routes obtained 

in the solution. The variable xr1,r2,s is a binary variable and is equal to the value of 1 if and only if segment r2 is 

served directly after segment r1 by duty s. Variables yr,s and zr,s are equal to 1 if the segment r is served as the 

first in a duty s (variable y) or is served as the last in a duty s (variable z). The next group of variables consists 

of variables qr,s and ws, which are important for the times of the duties. The variable qr,s is equal to the duration 

of the duty in minutes from the beginning of the duty until the segment r is realized. On the other hand variable 

ws is equal to the largest value of qs,r, so it represents the duration of the duty s. 

The objective function expressed by the formula (1) causes that the solution will have the shortest length of 

duties - it means sum of durations of all duties expressed in the decision variable ws: 

 (1) 

Constraints expressed by formula (2) and formula (3) are used to ensure that each segment will be served, 

i.e. it is served after another segment or is served first -formula (2), and is followed by another segment or is 

handled last - formula (3):  

 for every   (2) 
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The constraint expressed by formula (4) initializes the value of the qr,s variable. If the duty starts from the 

segment r (that is variable yr,s is equal to 1) then the value of variable qr,s after handling the segment r must be 

equal to the length of the duration of the segment r: 

 
for every  (4) 

where: 

 - end time of segment r, 

 - end time of segment r. 

The constraint expressed by formula (5) ensures the continuity of one duty in the time. If the value of the 

variable xr1,r2,s is 1 then this constraint is active and causes that qr2,s is equal to the value of qr1,s increased by 

the duration of segment r1 and the interval between segment r1 and r2. In addition, this restriction takes into 

account the situation when the segment begins one day before it ends:  

 for every   (5) 

The constraint expressed by formula (6) is used to combine the value of variable ws with decision variables 

qr,s. The value of variable ws is equal to the largest of all values of qr,s for a given duty: 

 for every   (6) 

where: 

 - depot of duty s, 

- travel time between gs and start station of segment r, 

- travel time between gs and end station of segment r. 

Two further constraints expressed by formula (7) and formula (8) ensure that the duration of the duty will not 

be less than 8 hours and longer than 12 decreased by 20 minutes, when the employee has to read the duty 

plan: 

 for every  (7) 

 for every  (8) 

The last group of constraints is related to the consistency of the segments. Constraints expressed by formula 

(9) and formula (10) ensure that the duty used to serve segments must have a beginning (yr,s=1) and end (zr,s 

equal to 1): 

 for every  (9) 

 for every  (10) 

where: 

 - very large number. 

Then constraints expressed by formula (11) and formula (12) ensure that the duty can not start and end more 

than one segment:  
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 for every  (11) 

 for every  (12) 

Similarly, restrictions expressed by formula (13) and formula (14) ensure that the duty will not serve (xr1,r2,s=1) 

more than one segment: 

 for every   (13) 

 for every   (14) 

The last limitation expressed by formula (15) causes that the sum of segments started by duties is equal to the 

sum of completed segments: 

 for every   (15) 

4. COMPUTATIONAL RESULTS 

Computational experiments were carried out using instances based on the daily trains circulation plan of the 

regional operator of passenger trains in Lower Silesia in Poland to compare the results obtained by the 

proposed model proposed with the results received by planner (qualified person who is responsible for 

scheduling of crews' work in the company). The plan of train circulation included 7 circuits, which included 82 

segments in total. Each circiut consisted of a different number of segments (from 6 to 15).  

In total, 6 instances were checked, each of which consisted of 3 circuits. In the first instance, cycles 1, 2 and 

3, containing 27 segments, were considered, in the second one, the cycles 4, 5 and 6, containing 40 segments, 

were analyzed, in the third one there were 43 segments making up the 5, 6 and 7 cycles, in the fourth one the 

circuits 1, 2 and 5, containing 31 segments, were considered, in the fifth one there were 29 segments making 

up the 1, 2 and 6 cycles, while, in the sixth one, analysis of circuits 1, 2 and 7, containing 31 segments were 

analyzed. 

The model proposed in Section 3 was solved by using the AIMMS (Advanced Integrated Multidimensional 

Modeling Software) optimization package (version 12.7.1, CPLEX). All test runs are made on personal 

computer with an Intel® Core™ i3-8130U Processor. The obtained results are presented in Table 1.  

The results presented in Table 1 were compared with the results of computational experiments performed by 

the planner in order to determine the efficiency of drivers' working time. Table 2 shows the results of 

computational experiments performed by the planner. 

The study shows that the duration of duties, according to the optimizer, is shorter than the times in the plans 

of the planner. The average duration of duties according to the optimizer is 63.94 hr, while, according to planner 

plan, it equals average 67.78 hr. The results indicate, on average, an approx. 5.7 % improvement in the use 

of drivers' working time. 

It is worth noting, that the duration of effective work during the duty is shorter on average by 0.17 hr in 

schedules performed using optimizer, than by the planner. This time depends mainly on the number of duties.  

The analysis of the data, presented in the Table 1 and Table 2, demonstrates, that the planner developed 5 

drivers' working time schedules for 7 duties, and 1 schedule for 8 duties, while the optimizer, that was used to 
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solve the six test instances, indicated, that it is possible to develop 4 drivers' working time schedules for 7 

duties, and 2 schedules for 6 duties. 

Table 1 Computational results of 5 instances solved by AIMMS. 

Number of test instances 1 2 3 4 5 6 

Number of duties 7 7 7 7 6 6 

Duration of duties (hr) 63.91 64.82 65.03 67.45 61.41 61.01 

Deadheads (hr) 9.61 6.91 8.13 8.07 9.74 9.63 

Sits within duty periods (hr) 6.82 10.65 12.75 8.45 7.52 10.63 

Waiting time for tasks (hr) 3.65 6.23 5.08 8.50 2.07 1.80 

Time of effective work 43.83 41.03 39.07 42.43 42.08 38.95 

Solving time (min) 4.5 5.2 3.8 3.2 2.2 0,5 

Table 2 Computational results of 5 instances obtained by the planner.  

Number of test instances 1 2 3 4 5 6 

Number of duties 7 7 7 8 7 7 

Duration of duties (hr) 66.10 65.27 67.36 74.65 66.59 66.72 

Deadheads (hr) 9.63 7.48 8.99 13.89 10.29 9.86 

Sits within duty periods (hr) 6.97 11.83 14.37 7.62 8.45 12.15 

Waiting time for tasks (hr) 5.67 4.93 4.93 10.37 5.43 5.43 

Time of effective work 43.83 41.03 39.07 42.77 42.42 39.28 

Solving time (min) 20.2 22.1 21 18.5 18.0 19.1 

The results from response optimizer indicated that, the length of time of trip between the crew base and the 

start or end station of the segment, was shorter on average by 1.34 hr, than the time in the planner schedules.  

In addition, that sits within duties is shorter on average by 0.76 hr in schedules prepared using optimizer, than 

by the planner. 

Moreover, according to data obtained from the optimizer, the mean time of waiting for tasks is 4.56 hr and 

there is shorter by 1.57 hr compared to the time obtained by the planner. 

The three parameters mentioned above i.e. deadheads, sits within duty periods and waiting time for tasks are 

important from the point of view of the transport company, because it is not connected with productive work. 

The results from response optimizer indicated that, the average percentage of the non-productive work time 

in the total driver work time is 35.46 % per duty, while the planner has developed schedules, in which the 

average percentage of the non-productive work time in the total driver work time is 38.83 % per duty. 

The data also demonstrates, that the optimizer needs less time to designate the solution than the planner 

does. The optimizer presented solutions on average after 3.23 minutes, while the planner needed on average 

19.82 minutes to perform driver working time schedule. 

5. CONCLUSION 

In this paper, a railway crew scheduling problem was presented. The constraints, which were needed to 

construct a work schedule of minimum duration for train drivers spread over several crew bases in a rail 

network operated by the regional company of passenger trains in Lower Silesia in Poland, were described. 

Next, the model to find a solution of the problem was formulated. Finally, the results from the model were 
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compared with the results obtained by the planner. For each instance solved by using the model, shorter 

durations of train drivers' duties were achieved. The results indicated, on average, an approx. 5.7 % 

improvement in the use of drivers' working time, which would reduce personnel costs in the company. In 

addition, the optimizer needed less time to plan the solution than the planner - on average, 16.59 minutes. 

Unfortunately, at the current stage of the work, it should be noted that limiting the number of segments to 50, 

quite significantly reduces the possibilities of using the proposed model. It should also be noted, that this model 

has been used as a exact model, while its implementation in practice means the necessity of frequent updating 

of parameters and at least several solving during the day. Taking into account the above limitations, further 

research will aim to develop a heuristic model, that will allow to determine a work schedule (a set of feasible 

duties) for more than 50 segments. 

REFERENCES 

[1] ÖZDEMIR, U. Methodology for crew-pairing problem in airline crew scheduling [online]. Master Theses, Bogazici 

Univesity, 2009. [viewed 2017-11-10]. Available from 
https://www.cmpe.boun.edu.tr/~gungort/theses/Methodology%20for%20Crew-

Pairing%20Problem%20in%20Airline%20Crew%20Scheduling.pdf 

[2] XUGANG, Y. Airlines’ Crew Pairing Optimization: A Brief Review [online]. Technical Report, Department of 

Applied Mathematics and Statistics, Johns Hopkins University, 2007. [viewed 2017-11-12]. Available from 
http://www.cis.jhu.edu/~xye/papers_and_ppts/ppts/airline_crewpairing_copy1.pdf 

[3] FRELING, R., LENTINK, R. M. and WAGELMANS, A. P. M. A Decision Support System for Crew Planning in 
Passenger Transportation Using a Flexible Branch-and-Price Algorithm. Annals of Operations Research. 2004. 

Vol. 127, iss. 1-4, pp. 203-222. 

[4] WREN, A., FORES, S., KWAN, A., KWAN, R., PARKER, M. and PROLL, L. A flexible system for scheduling 

drivers. Journal of Scheduling. 2003. Vol. 6, iss. 5, pp. 437-455. 

[5] SUYABATMAZ, A. C. and SAHIN, G. A. Column-and-Row Generation Algorithm for a Crew Planning Problem in 

Railways. In: KLATTE, D., LUTHI, H.-J. and SCHMEDDERS, K. Operation Research Proceedings 2011. Berlin, 
Heidelberg: Springer, 2012, pp. 335-340. 

[6] DESAULNIERS, G., DESROSIERS, J., DUMAS, Y., MARC, S., RIOUX, B., SALOMON, M. M. and SOUMIS, F. 
Crew pairing at Air France. European Journal of Operational Research. 1997. Vol. 97, iss. 2, pp. 245-259. 

[7] PEZZELA, F. and FAGGIOLI, E. Solving large set covering problems for crew scheduling. Top. 1997. Vol. 5, iss. 
1, pp. 41-59. 

[8] KASIRZADEH, A., SADDOUNE, M. and SOUMIS, F. Airline crew scheduling: models, algorithms, and data sets. 
EURO Journal on Transportation and Logistics. 2017. Vol. 6, iss. 2, pp. 111-137. 

[9] GEOFFRION, A.M. Lagrangian relaxation for integer programming. Mathematical Programming Study. 1974. No. 
2, pp. 82-114. 

[10] FISHER, M. L. The Lagrangian relaxation method for solving integer programming problems. Management 
Science. 2004. Vol. 50, no. 12, pp. 1861-1871. 

[11] HEARN, D. W., AND LAWPHONGPANICH, S. Lagrangian dual ascent by generalised linear programming. 
Operations Research Letters. 1989. Vol. 8, pp. 189-196. 

[12] KIPP, M. R. Large Scale Linear and Integer Optimization: A Unified Approach. 3rd ed. Boston/Dordrecht/London: 
Kulwer Academic Publishers, 2004.  

[13] BENDERS, J. F. Partitioning procedures for solving mixed-variables programming problems. Numerische 
Mathematik. 1962. No. 4, pp. 238-252. 

[14] MINOUX, M. Mathematical programming: theory and algorithms. Chichester: John Wiley & Sons, 1986.  

[15] CORDEAU, J.-F., STOJKOVIC, G., SOUMIS, F. and DEROSIERS, J. Benders Decomposition for Simultaneous 

Aircraft Routing and Crew Scheduling. Transportation Science. 2001. Vol. 35, no. 4, pp. 375-388. 

[16] SOYKAN, B. and EROL, S. A Branch-and-Price Algorithm for the Robust Airline Crew Pairing Problem. The 

Journal of Defense Sciences. 2014. Vol. 13, iss. 1, pp. 37-74. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

170 

[17] DESAULNIERS, G., DESROSIERS, J., IOACHIM, I., SOLOMON, M. M., SOUMIS, F. and VILLENEUVE, D. A 

unified framework for deterministic time constrained vehicle routing and crew scheduling problems. In: CRAINIC, 
T.G. and LAPORTE, G., eds. Fleet Management and Logistics. New York: Springer, 1998, pp. 57-93. 

[18] BARNHART, C., JOHNSON, E. L., NEMHAUSER, G. L., SAVELSBERGH, M. W. P. and VANCE, P. H. Branch-
and-price: Column generation for solving huge integer programs. Operations Research. 1998. Vol. 46, no. 3, pp. 

316-329. 

[19] VANCE, P., ATAMTURK, A., BARNHART, C., GELMAN, E., JOHNSON, E., KRISHNA, A., MAHIDHARA, D., 

NEMHAUSER, G. and REBELLO, R. A heuristic branch-and-price approach for the airline crew pairing problem. 
Technical Report LEC-97-06. Georgia Institute of Technology, 1997. 

[20] DESROSIERS, J. and LUBBECKE, M.E. A primer in column generation. In: DESAULNIERS, G., DESROSIERS, 
J. and SOLOMON M. M., eds. Column generation. US: Springer, 2005. 

[21] DESROSIERS, J., DUMAS, Y., SOLOMON, M. M. and SOUMIS, F. Time constrained routing and scheduling. In: 
BALL, M. O., MAGNANTI, T. L., MONMA, C. L. and NEMHAUSER, G. L., eds. Network Routing, Handbooks in 

Operations Research and Management Science. North-Holland, Amsterdam: Elsevier, 1995, chapter 2, pp. 35-
139.  

[22] ANBIL, R., FORREST, J. J. and PULLEYBLANK, W. R. Column Generation and the Airline Crew Pairing 
Problem. Documenta Mathematica. 1998. Vol. 3, pp. 677-686. 

  



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

171 

SAFETY OF RAIL TRANSPORT IN THE ASPECT OF THE PROCESS OF PLACING 
IN SERVICE RAILWAY VEHICLES 

1Andrzej CHUDZIKIEWICZ, 2Anna STELMACH, 3Wojciech WAWRZYŃSKI 

Warsaw University of Technology, Warsaw, Poland, EU 
1ach1@wt.pw.edu.pl, 2ast@wt.pw.edu.pl, 3wwa@wt.pw.edu.pl 

Abstract 

Authorizing the placing in service of a rail vehicle, which is called in Polish "Regulations permitting a vehicle 

type to operation", is meant as a procedure carried out by appropriate authorities in order to hand over a rail 

vehicle to be operated in accordance with its purpose. A condition for permitting vehicle types to be operated 

is to obtain a certificate of placing in service for the first vehicle of a given type. One of the elements of these 

tests are line tests, i.e. tests realized along railway lines, which are aimed, among other things, at evaluating 

dynamic properties of a traction vehicle. The tests are realized on tracks of QN1, QN2 and QN3 class, 

according to the EN 14363 standard, where: QN1 - track of a very good maintenance condition, QN2 - track 

of a good maintenance condition, QN3 - track of a bad maintenance condition. However, it must be indicated 

that there exist in Poland also tracks of a very bad maintenance condition, which are not taken into account 

during the tests. A railway event being a result of operating a vehicle on tracks of a bad maintenance condition 

will be discussed as an example.  

Keywords: Rail vehicles, authorization for placing in service, safety of railway transport 

1. INTRODUCTION  

Rail transport in the European Community plays an important role in the process of transporting both 

passengers as well as freights. This can be proved, among other things, by numerous decisions made by the 

European Parliament [1] as well as reports being interpretation of the policy of the balanced development of 

the EC countries, including the transport policy [2], [3]. Assumptions related to development of transport 

forecast that 30 % of the freights transported by means of the road transport over a distance longer than 300 

km should be transferred to other transport facilities till 2030, e.g. rail vehicles or ships, whereas amount of the 

transported freights in this way should reach up to 50 % till 2050. Other assumptions are developing (almost 

three times) the existing system of high-speed railway and finishing construction of the European high-speed 

railway system until 2050 [11]. Development of the railway system is connected with introduction of new 

solutions, products, and services, which will improve the transportation and operation system, keeping at the 

same time its safety level [12,13]. Each subsystem of the railway system should be subjected to appropriate 

tests prior to placing it in service [2]. In the case of railway vehicles, their tests can be divided into these realized 

at the stage of designing, building and manufacturing a vehicle, and those carried out at the stage when 

authorizing the placing in service is acquired. Considerations presented in the paper will focus on the stage of 

authorizing the placing in service of railway vehicles in Poland. Procedures pertaining to tests of rail vehicles 

with regard to authorizing the placing in service are specified in documents of a formal-legal character. The 

documents include directives, decisions, laws and orders, which are published by the European Commission 

and by state legislative bodies. Documents such as, European standards, national standards, UIC cards 

(Union International of Railways) and Technical Specifications on Interoperability (TSI) define procedures of 

testing railway vehicles [4]. The body that oversees the Community rail market is the European Railway Agency 

- ERA (Agence Ferroviaire Européenne - in French). It was appointed in accordance with order No. 881/2004 

of the European Parliament and the Council dated 29 April 2004 [5]. The essential function of activities of this 

institution results from a need of existence of a European regulator of the railway market with regard to the 
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safety of the rail transport, observing the passenger rights, ensuring interoperability of the railway system, as 

well as with regard to technical specifications on interoperability. Each member country has a so-called body 

for safety affairs; in the case of Poland it is the Office of Rail Transport [6]. Despite the existence of European 

and national legal regulations regarding the implementation of the admission process for rail vehicles, 

dangerous rail accidents and incidents occur. Analysis of these events shows that the procedure of certification 

tests on the railway line contains logical gaps and inconsistencies that are one of the causes of subsequent 

accidents [13]. The aim of the article is to present these procedural shortcomings and to show an example of 

a real railway event and propose some changes in the approval testing process.  

2. FORMAL-LEGAL FACTORS PERTAINING TO THE PROCESS OF PLACING IN SERVICE OF A 

RAIL VEHICLE 

The process of placing in service is similar to the procedures for the official certification of automotive vehicles 

and it ends with the issuance of a formal document authorizing the vehicle to be operated. Depending on type 

of the document issued, a particular kind of operation of a given vehicle is entitled. It is obviously connected 

with the procedure for authorizing placing in service. The basic legal act regarding railway transport is the Act 

on railway transport dated 28 March 2003 [6] as well as related executive acts (ordinances) specifying the 

procedure for authorizing the placing in service of a type of railway vehicle, type of building and type of railway 

device. A next amendment to the Railway Transport Act dated 16 September 2011 was aimed at implementing 

the provisions of Directive No. 2008/57/ EC of the European Parliament and of the Council on the 

interoperability of the rail system in the Community dated 17 June 2008, as well as Directive No. 2008/110/EC 

dated 16 December 2008 amending Directive No. 2004/49/EC on the safety of railways within the Community 

(Railway Safety Directive). Changes introduced in the scope of implementation of the Directive provisions 

referred both to the process of placing in service itself, i.e. in the scope of permits for structural and functional 

subsystems, rules of mutual honoring of the permits already issued for structural and functional subsystems, 

as well as acceptance of assessment procedures of compatibility and certification procedures for 

interoperability components. The body issuing documents authorizing placement in service of railway vehicles 

in Poland is the President of the Office of Rail Transport (ORT). These documents may have one of the 

following forms: 

 certificates of authorization for placing in service of a type of a railway vehicle, 

 authorization for placing in service of a railway vehicle. 

Verification of the fact that a vehicle meets conditions specified in the relevant regulations [4], [6] is carried out 

by an authorized body that participates in the process of authorizing for placing in service. The authorized 

certification body, after performing the necessary tests, is obliged to issue a TSI-compliant vehicle certificate. 

Provided all activities connected with the provisions included in [6] in the scope of placing in service are met, 

and all subsystems of a railway vehicle have been authorized for placing in service, then the President of the 

ORT should issue a certificate of authorization for placing in service of the first vehicle of a given type. As 

aforementioned, before obtaining a certificate of authorization for placing in service, a vehicle of a given type 

is subjected to technical tests, which are carried out by an authorized organizational unit. One of the elements 

of these tests are line tests, i.e. tests carried out on railway lines, aimed, among other things, at: 

 evaluating dynamic properties of the rail vehicle,  

 checking strength of the main elements, especially fatigue strength of the bogie frames. 

It should be mentioned that the provisions of the order [4] apply both to vehicles running on infrastructure with 

a track width of 1,435 mm or other, as well as to vehicles running on a separated infrastructure, such as railway 

lines for commuter railways, railway sidings, vintage and historical vehicle lines or subway vehicles. 
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3. TECHNICAL TESTS IN THE PROCESS OF CERTIFYING AUTORIZATION FOR PLACING IN 

SERVICE 

The scope of technical tests to be performed within the procedure of authorizing for the placing in service is 

specified in the order [7]. It should be mentioned that the said order is another version of a similar order issued 

2005, and the changes introduced are the result of updating EU directives concerning this matter. The 

authorized testing unit performs the tests listed in the order [7] and then prepares a respective report, which is 

the basis for issuing the certificate of authorizing for placing in service of a vehicle. One of the elements of 

such test are line tests of the vehicle, i.e. tests performed on railway lines, aimed, among other things, at: 

1) Evaluation of dynamic properties of a railway vehicle, in particular in the scope of: 

 determining the Y/Q safety factor related to derailment under quasi-static and dynamic conditions, 

 determining forces acting between the wheel and the rail, 

 smoothness of running; 

2) Checking the strength of the main elements, including: 

 strength of the box and the mountings of devices,  

 fatigue strength of bogie frames, 

 characteristics of colliding-rod devices and their fatigue tests, 

 resistance to impact and pressure changes. 

These tests are performed on tracks of QN1, QN2 and QN3 class, accepting in accordance with the EN 14363 

standard [8] the following percentage share of the above classes of tracks: 

 50 %: share of track of class QN1  

 40 %: share of track of class QN2 

 10 %: share of track of class QN3 

where: 

QN1 - track of a very good condition of maintenance  

QN2 - track of a good condition of maintenance 

QN3 - track of a bad condition of maintenance 

The above provision should be understood as follows: if the tested vehicle, rode for instance 100 km, it did not 

ride more than 10 km along QN3 class tracks (tracks of poor maintenance condition), whereas it rode 90 km 

along QN1 and QN2 class tracks, thus keeping the specified proportions. 

However, it should be emphasized that there also exist in Poland tracks of very poor maintenance condition, 

which is not taken into account during the test, i.e. the vehicle is not tested on such tracks assuming that 

the tested vehicle will not be operated on such tracks or will be operated only to a limited extent. 

Meanwhile, the operational practice shows that the share of tracks of poor and very poor maintenance 

condition may exceed 50 % while operating rail vehicles. Obviously, in such cases, the limiting values of 

vertical and horizontal accelerations, and thus the forces affecting individual vehicle components, with the 

bogie frame included, are considerably exceeded, what results in reduction of the assumed unlimited durability 

of the mechanical structure. The assumed 30-year service life (vehicle lifecycle) will not be achieved then. In 

addition, in the case of faults in the technology of manufacturing the vehicle or during its assembly, initiation 

of a cracking process in the nodes of the structure, particularly vulnerable to such processes, may occur sooner 

than it is expected according to the standard. 

If the carrier and the infrastructure manager does not possess such knowledge, during operation of a vehicle 

some events may occur that threaten the safety of the railway system. Moreover, if the design engineer had 

information from the carrier regarding the track classes along which the ordered vehicle is to be operated, and 

the share of these tracks in its overall operation, and at the same time the carrier had relevant information from 
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the infrastructure manager regarding the same matter, he could assume at the design stage a higher standard 

safety factors, what would allow the assumed technical parameters of the vehicle structure to be achieved. In 

the next section we will present an exemplary railway event, whose final effect resulted from the 

aforementioned elements. 

4. EXEMPLARY RAILWAY EVENT 

On 22nd December 2015, in the afternoon, along a route Opole Zachodnie - Nysa, in the town of Komprachcice, 

a passenger train, operated by a vehicle of SA134 type (Figure 1), after passing the railway crossing at km 

6.171, where the speed limit was 20 km/h, accelerated to a speed of 25.5 km/h and derailed on the left curve 

of the track with the second axis of the middle bogie on the right side towards the direction of riding.  

 

Figure 1 Passenger train [own study] 

As it results from the description of the event, the train speed was small and its value resulted from the condition 

of the track infrastructure of this route. There were no casualties. As usually in such cases, the State 

Commission of Investigations of Railway Accidents set about working and after few months of investigations, 

having a support of additional research performed by the Railway Research Institute, the commission 

published a respective Report [9]. The following was stated in the report: 

"At the derailment spot, the following was discovered with respect to the railway vehicle SA134: 

 a crack of the bogie frame, starting at the corner of the axle guard towards the upper plate of the bogie frame 

on both sides of the wall of the box structure  a fresh crack, 

 traces of rust at the spot of joining the lateral plane of the vertical liner with the horizontal plane of the axle 

guard of the box corner  old cracks," 

whereas, regarding the causes of the occurrence of the crack, the Report reads: 

"... the commission states that the following factors caused formation of the crack: 

a) fatigue strength of the frame structure (without manufacturing defects, manufactured in accordance with 
the construction documentation employing a proper production technology), 

b) production technology (especially welding technology), 
c) condition of the railway infrastructure, along which the vehicle rode (especially vertical inequalities of rail 

tracks and twist of the track) as well as mutual interaction between particular infrastructure elements." 
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The authors of the paper focused their attention on the cause c). At this point, attention should be paid to the 

inconsistency between the conditions determining how the tests should be conducted at the stage of the official 

certification (50 % of rides along tracks of the QN1 class, 40 % of rides along tracks of the QN2 class, 10 % of 

the rides along tracks of the QN3 class) and the real conditions while operating the vehicle later, when there 

does not exist any other monitoring regarding condition of the tracks, along which the transports are realized. 

Under extreme conditions, the rides may be even realized only on tracks of poor maintenance condition and 

very poor maintenance condition. As indicated by analyses of the routes along which the passenger vehicle 

was operated, in the considered case operation of the SA134 vehicle took place along the following routes: 

Opole - Kluczbork, Opole - Kędzierzyn-Koźle, Opole - Nysa, Nysa - Brzeg and Nysa - Kędzierzyn-Koźle. The 

track of these routes has been defined in the report [9] as a track of poor and very poor maintenance condition. 

Measurements of the condition of the track, performed by the Diagnostic Laboratory of the Railway Lines 

Division for routes along which this type of vehicle was running, are listed in Table 1. 

Table 1 List of defects of the track in the case of routes, along which the vehicle type SA 134 wasoperated -  

  original version issued by the laboratory [9] 

List of defects on the basis of analysis of tabular prints of measurements performed by measuring vehicles, 
delivered with the document IZDKa-511-23/2016 dated 3 March 2016, by PKP PLA S.A. Division of Railway 

Lines in Opole (it regards routes, on which railway the vehicle SA134-011 run as a train) 

No. of Railway 
Route 

Total Length 
of the Tracks 

Measured 
(km) 

Number of 
Defects in "C" 
Class - after 

Measurements 
Realized by 
Means of a 

Trolley EM120 

Number of 
Defects 

Exceeding the 
Permissible 
Limit "C"- 

025 % - 
Denoted with 

"*" 

Number of 
Defects Denoted 
with "@" - Defect 

Cannot Be 
Assigned to any 

Category of 
Speed Intervals 

Number of Defects 
Denoted with "#" - 

Exceeding the 
Limit Values - 

Measurement by 
Means of 

Electronic TEC 
1435 Track Gauge 

136 t1  37.602 

- 

t2  37.801 

608 

642 

256 

270 

75 

125 

 

137 

Katowice - 
Legnica 

t1  50.979 

- 

t2  46.000 

880 

1552 

528 

1109 

43 

86 

 

t1  61.143 

- 

t2  68.000 

   1420 

2239 

287 48.400    1604 

288 47.555    2037 

293 25.210    834 

297 7.890    186 

301 19.810    404 

The symbols of the defects have the following meaning: 

 C - defect below the permissible limit, 

 C* - defect exceeding the permissible limit by 25 %, 

 @ - defect that cannot be assigned to any category of speed intervals, 

 # - defect exceeding the permissible limit values (measurement by means of electronic TEC track  
  gauge). 
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Besides, test rides along the routes listed in Table 1 were carried out, connected with measurements of vertical 

accelerations at selected points of the bogie frame, being a result of interactions with the track, according to 

the standard [10]. Studies have shown that recorded accelerations were exceeded by up to 30 % on these 

routes (analyzed according to PN-EN 14363 standard [8,12,13]). Routes having these tracks were operated 

mainly by vehicles of the SA134 type, whereas at the stage of tests pertaining to placing in service - official 

certification, share of these tracks in the tests was at the level not exceeding 10 %.  

5. CONCLUSIONS 

The presented considerations proved that conditions, under which the tests pertaining to placing in service are 

realized, in specific cases may considerably differ from conditions, under which given type of a vehicle is 

operated. The conditions, and especially condition of the infrastructure may significantly influence the durability 

- the life, of a rail vehicle and its subunits, in this case frame of the bogie of the rail vehicle. 

A statement that condition of any infrastructure, not only the rail infrastructure, as well as operation conditions 

have influence on life of any device, a vehicle in this case, is out of question; it is most certain. However, in the 

case of a specific rail vehicle and a specific operation situation, the problem of qualitative and quantitative 

assessment of a particular event requires some study and analyses. 

With regard to the condition of the infrastructure - condition of the tracks, on which the vehicle type SA134 was 

operated, it should be stated that the condition accelerated a phenomenon of cracking of the bogie frame, thus 

it contributed to shortening the life of the frame and decreasing its durability, what resulted in the derailment 

of the vehicle.  

Assessing regulations related to the tests pertaining to placing in service of rail vehicles, some amendments 

should be postulated for, which would take into account condition of the track infrastructure to be used in the 

future operation of the tested vehicle, or would order to exclude tracts, which are evaluated as very bad. These 

actions would improve safety of realizing rail transportations. 
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Abstract 

As a part of the sustainable urban transport policy, the alternative methods of moving towards individual car 

transport are promoted. Their aim is to reduce the emission of harmful substances and noise, as well as to 

reduce the phenomenon of congestion. One of the recently promoted methods of movement in the urban areas 

is the carsharing system. It allows to reduce the number of private cars and creates the possibility of individual 

movement of people who do not have their own means of transport. The cooperation of private carsharing 

operators with municipal transport operators allows for the mutual integration of these entities. In order to be 

able to improve to carsharing system, the activity of using services of carsharing should be examined. It seems 

to be easy because operators record data on the history of the rentals of vehicles. The paper presents an 

analysis of car sharing activity on the example of a selected system operating in Poland. The analysis was 

made on the basis of data from the Carsharing system operator, covering a period of three months. The 

histogram of the total number of reservations and rentals is presented, depending on the factors selected. The 

analysis allowed to formulate conclusions and recommendations that could improve the effectiveness of 

functioning of the carsharing system in Poland.  

Keywords: Car sharing system, activity of transport services, transport systems 

1. INTRODUCTION 

Motor vehicles are one of the commonly used means of transport. They provide convenience and privacy in 

travelling. Although having your own vehicle has many advantages, there are also disadvantages. The 

purchase of a motor engine vehicle requires high initial financial outlays and subsequent costs associated with 

its operation. Some vehicles are not used for a large part of the day, which in the face of declining urban space 

in large agglomerations becomes a major challenge. It should be noted, that the number of newly built roads 

is not able to keep up with the growing number of cars. In addition, modern trends in the development of 

transport are related to reduction of private motor vehicle traffic in urban space. This is explained, among 

others, by environmental considerations, energy intensity and increased efficiency of travel in these 

agglomerations. The consequence of the limitations described above for owning and using private cars in 

agglomerations seems to be searching for other solutions in the field of road transport. One of the solutions 

may be a car sharing system, consisting of short-term rentals for short distances. This solution brings the 

benefits of owning cars, at the same time eliminating unexpected costs and obligations related to insurance, 

maintenance and servicing of the vehicle. The benefits of using the car sharing system allow to increase the 

average daily vehicle usage, reducing downtime during the day. It leads to reduction in the number of vehicles 

necessary to meet the needs of users. What is more, car sharing providers offer a fleet of low-emission or 

zero-emission vehicles, which contributes to reducing emissions of combustion products. In addition, car 

sharing operators sometimes work together with a public transport operators and local self-governments. For 

example, Bremen City Council has undertaken cooperation with the Cambio company. The company is 

supported through the technological solutions and activities aimed at raising the level of public awareness. 

Cambio, as the operator of the car sharing system, also cooperates with the public transport operator - BSAG. 

The agreement contributed to the introduction of common tariffs for tickets valid for public transport and car 

sharing system. Bremen participated in the CIVITAS VIVALDI project implemented in the years 2002 - 2006, 

on which one effect was the development of car sharing service and the creation of transfer places for public 
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transport with access to city bike rental service. In addition, the services of car sharing are characterized by 

flexibility associated with the simple booking of vehicles and the possibility of using various types of vehicles 

[1,5,6]. 

Car sharing system is also a preferred choice for companies. According to the report of the project “More 

Options for Energy Efficient Mobility through Car-Sharing (MOMO)” for European Commission from 2010, 

16 % of service customers in the car sharing system are business customers. An incentive for this group of 

customers is primarily the reduction in the cost of maintaining the fleet and businesses car parks. Businesses 

customers sometimes have a greater demand for daytime travel, which results in an increase in the use of 

vehicles in this period to 45 %. System operators who observe this phenomenon often create a special offer 

and price lists for this type of customers. The above mentioned project report MOMO includes the areas of 

residence of system users. As it turned out, half of the customers live in densely populated central areas, one 

third of individual users live in the city centers, 12 % in other urban areas and only 5 % are inhabitants of 

peripheral areas. A similar spatial distribution occurs in the case of business customers. 

The functioning of the car sharing system allows to collect a lot of data related to the usage of the service. 

Based on the ability of tracking the location of vehicles, number of reservations and rentals, their duration at 

the selected time and monitoring selected operational parameters concerned with operation of vehicles, it is 

possible to assess the activity of the system, identifying the weaknesses. It may be the basis for proposing the 

solutions that may improve the effectiveness of the car sharing service. 

This paper contains the results of research on the activity of the car sharing system in Polish market during 

the selected period of time. This was done on the basis of data gathered from one of the largest cars sharing 

operators in Poland. The characteristics of everyday availability of vehicles are presented depending on 

selected factors. Data on the total and average length and number of rentals were also summarized, as well 

as the distribution of number of rentals in the selected hours. Additionally, attention was paid to the duration 

of booking time. 

2. CAR SHARING SYSTEM IN POLAND 

Despite the benefits of the mentioned solution, which has systematically gained popularity in many European 

countries since the 1990’s, in Poland the first commercial car sharing service was introduced in 2016. Traficar 

initiated the functioning of the system in the open model in Cracow. It offered the service of sharing initially 

100 vehicles. Currently, Traficar is the largest car sharing operator in Poland. It covers Cracow, Warsaw, 

Wroclaw, Poznan, Katowice and the Tri-City. An open model of operation means that the vehicle can be rented 

and returned anywhere within the operator’s area of functioning. In the second half of 2017, in cooperation 

with IKEA network, Traficar extended its service with cargo delivery vehicles. The vehicles can be rented in 

the base model, where the start and end of the rental is possible in the selected car parks of popular stores. 

Already the service is known as TrafiCargo and enables the use of 51 vehicles located in 9 Polish cities [2,3,8].  

4Mobility is second operator that appeared in the capital of Poland. The company was established in 

September 2016 and currently operates also in Poznan. The company is distinguished by the possibility of 

renting vehicles of various segments, also of premium class. Customers in Warsaw have at their disposal 300 

vehicles of various brands. These are Mini, BMW and Hyundai vehicles. Users living in Poznan can take 

advantage of renting one of 30 Audi vehicles. These are A3 and Q3 models. A large selection of vehicles 

makes the offer reach a wide range of customers. The company offers its service in two variants: free and 

basic. The application for mobile devices is used to select the nearest vehicle, locate it on the map and the 

reservation. After rental is completed, the customer may terminate the service leaving the vehicle on any car 

park within the given city. After renting the vehicle appears again in the application and is available for 

subsequent users [10]. 
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Panek is the second largest operator of car sharing in Poland. The company provides its services only in 

Warsaw. In June 2018, the open model system had a fleet of 300 hybrid vehicles and plans to increase this 

number to 1000, expanding its service to other cities in Poland. New vehicles are expected to include delivery 

vehicles and electric ones. The operator is also taking part in the tender for the supplier of the urban car sharing 

for Warsaw [7].  

Currently, there are six companies in Poland that provide the service of car sharing, providing their services in 

9 cities. Most car sharing operators in Poland use a similar payment system. The tariff usually consists of three 

variables: driving time, distance travelled, and parking time. In the case of electric vehicles, companies give 

up the mileage rate to a higher price for the duration of rental. A summary of service fees according to the 

described scheme is presented in Table 1 [7-12]. 

Table 1 Prices for the car sharing services of the selected Polish operators [own study]  

Operator 
Price per 

minute PLN 
Price per kilometer 

PLN 
Price per stop-over* 

PLN 
Comments 

Panek 0.50 0.65 0.10 Maximum price per 
24 hours is 90 PLN 

4Mobility  
(in 

Warsaw) 
Open model 

0.55 0.80 0.12 Hyundai i30 

0.60 0.80 0.12 Mini 

0.65 0.80 0.16 BMW 1 

EasyShare 0.50 0.80 

0.10 (between  
7 a.m to 10 p.m) Maximum price per 

24 hours is 90 PLN 
0.10 (between  

10 p.m to 7 a.m) 

ClickToGo 0.50 0.80 0.10 - 

Vozilla 0.90 - 0.10 - 

Traficar 0.50 0.80 0.10 - 

*break in the journey during the rental period 

3. ANALYSIS OF CAR SHARING ACTIVITY ON THE POLISH MARKET 

The analysis concerns the car sharing service provided by one of the biggest operators in Poland. The research 

on service activity includes the periods of three months in 2018 (from February to April), in which the selected 

activity parameters were recorded, among others: 

 vehicle side number, 

 duration of reservation, 

 duration of rental, 

 distance travelled. 

The data refer to a sample of 200 vehicles of which the amount of time the study did not change. In addition, 

the data has been processed in such way that it only takes into account those vehicles marked in the system 

as available (the were not under inspections or repairs). Collected data were organized and analyzed with the 

use of MiniTab software. Figure 1 shows the change in the availability of vehicles over the analyzed period. 

The number of available vehicles ranged from 164 to 183 and amounted to average of 179 vehicles. 
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Figure 1 Number of available vehicles  

Based on the data of the total time of rental per one vehicle, a goodness of fit test was carried out using the 

Anderson-Darling function. Of the twelve distributions considered, the 3-p Weibull model had the greatest 

accuracy of fit (p value equal to 0.491), as shown in Table 2. 

Table 2 Results of goodness of fit tests  

Distribution Anderson-Darling test p-value 

Normal 0.957 0.015 

Lognormal 0.470 0.242 

3-Parameter Lognormal 0.331 * 

Exponential 28.035 <0.003 

2-Parameter Exponential 6.245 <0.010 

Weibull 1.746 <0.010 

3-Parameter Weibull 0.347 0.491 

Gamma 0.607 0.123 

3-Parameter Gamma 0.323 * 

Logistic 0.833 0.018 

Loglogistic 0.497 0.170 

3-Parameter Loglogistic 0.362 * 

* Scale: Adjusted Maximum Likelihood estimate 

According to the obtained 3-p Weibull distribution, a histogram of the total length of rental of one vehicle 

available in the analyzed period is presented in Figure 2. The total rental time of one vehicle during the day is 

in the range of 62 - 74 minutes. 

Figure 3 shows the distribution of the number of reservations for the different durations. The largest 

percentage of the duration of reservation are those lasting 15 minutes. However, not all of them have to be 

successful, as shown in Figure 4. Successful realization of the rental must be understood as the conclusion 

of a transport contract and the start of the rental. It may be result from many factors, such as resignation from 
rent caused by improper technical condition of the vehicle, not reaching the vehicle on time. 
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Figure 2 Histogram of daily total time of rental per vehicle  

  

Figure 3 Distribution of the total number  

of reservation 

Figure 4 Distribution of the successful number  

of reservation 

It is important to analyze the activity of car sharing service by presenting a histogram of the number of rentals 

separately for working days and weekends, as shown in the Figure 5 and Figure 6, respectively. 

  

Figure 5 Distribution of hourly rental in working days Figure 6 Distribution of hourly rental in weekends 

Figure 5 shows the activity on the carsharing service on working days. It can be seen the most interest in the 

service takes place between the hours of 4 p.m. - 9 p.m. A significant increase in number of rentals takes 

occurs in the morning between the hours 5 a.m. to 7 a.m. and gradually increases during the day reaching 

maximum value just over 7.000. 
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The distribution of interest in the carsharing service on weekends is similar to those on working day, especially 

on the mornings until 4 a.m., the number of rentals is at the same level. Then the number of rentals increases 

not exceeding the number of 3.000, which does not constitute even half of the maximum number on working 

days. 

To increase the mean number of rentals, more attention should be paid on moving vehicles in less popular 

locations to those places that are preferred by customers during the day. The number of vehicles that are 

excluded from the service longer than one day should be limited. In case of reservations it should be noticed 

that those reservations lasting 15 minutes are often canceled automatically because the customers cannot 

reach the car at the appointed time. In the situation when the same customers renew their reservation, the 

vehicle is unavailable to others. Is a drawback, which can be eliminated be changes in the reservation system, 

e.g. by introducing an additional fee for the same customer to renew the reservation. 

4. CONCLUSION 

The analysis of the carsharing activity on the Polish market allowed to determine the frequency of rentals of 

vehicles at particular and the times of the days, including working days and weekends. On the basis of the 

obtained distributions of rentals and the time of reservation it can be stated that the main purpose of rentals 

on working days may be business trips in the city area. Frequency of rentals per one vehicle during the day in 

the period covered by the survey ranged from 2 to 15 times. The biggest increase in carsharing service may 

be observed at the early hours of starting work by the majority of the society as well as in the evening hours. 

A significant difference in the daily number of vehicle rentals can be seen between business days and 

weekends. Future research in the area of carsharing may be extended by including an additional survey among 

the customers on the quality of the service in order to learn about the pros and cons of visible from the point 

of view of the recipients. In combination with the results obtained as a part of the following study, it will allow 

to improve the quality of the service and better match the offer to the users’ requirements. The carsharing 

service is popular especially among young people and becomes an innovative element of the urban transport 

system. It can be used as an alternative to private motor vehicles, taxis and traditional public transport. For 

local authorities, the service became an opportunity to reduce the number of vehicles and solve the problem 

of insufficient number of parking spaces. In addition, carsharing can contribute to the promotion of zero-

emission electric vehicles. 
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Abstract 

The organization of the order picking process has the greatest impact on the efficiency of the warehouse or 

distribution center, and thus on the supply chain efficiency. From the moment of accepting the customer's 

order through its completion to the time of shipment, there are many possibilities of making mistakes and errors 

both in terms of accuracy and completeness, as well as time-wasting. The paper presents the problem of 

order-picking in a typical warehouse in which items must be collected manually by the workers available in a 

given period of time (e.g. working shift). The goal is to develop a plan that minimizes the number of pickers 

that must be involved in picking orders in a given section of a warehouse and simultaneously optimizes the 

distance covered by the pickers. Mixed integer programming model for the order-picking and route planning 

problem is formulated and the heuristic based on genetic algorithm and TSP r-opt technique is proposed to 

solve it. Proposed genetic algorithm uses a crossover dedicated to the special representation of the solution 

coding order-picking plan and four different mutations allowing for extensive exploration of solution space 

resulting in a high quality, reliable order-picking plan. The quality of the proposed solution is evaluated against 

the data coming from one of the real warehouses. It was possible to achieve a significant reduction in the 

number of pickers necessary to collect all items as well as the total distance covered by the pickers. 

Keywords: Order-picking, route planning, warehouse, optimization, heuristic 

1. INTRODUCTION 

The problem of order-picking is defined as the collection of items from their location in the warehouse in order 

to satisfy the demand from internal or external customers. Petersen and Schmenner [1] also distinguish two 

types of the order-picking problem in which human resources (pickers) are involved: 

 items-to-picker, in which the items are automatically delivered to the picker at the point of collection 

and dispatching of items, 

 picker-to-items, in which an employee (picker) travels to different locations in order to pick up the 
needed items. 

In many warehouses we should deal with the second type of the order-packing problem. Despite the increasing 

automation of the process, according to the literature, still around 80 % warehouses in Western Europe use 

picker-to-items system operated manually [2]. Various studies also proves how crucial is the problem to the 

warehouse operations management - the costs of this process account for 50-65 % of the total operating costs 

[2-5]. Despite these facts, optimization of the order-picking process is relatively poorly recognized in the 

literature, if we compare it to, for example, to job scheduling problem or even warehouse location problem. 

Wäscher [6] has reviewed various aspects and various methods that can be applied to a picker-to-commodity 

problem. Among the most important factors that influence the planning of the pickers work he enumerated: 

 allocation of items to warehouse location - fixed area for items or random placement of items (depending 

on deliveries to the warehouse), 

 transformation of customer orders into picking lists (consolidation policy) - execution of individual orders 

or consolidation of smaller orders into picking lists, 
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 routes of pickers moving through the warehouse (routing policy) - arrangement of paths in the 

warehouse on which a picker can travel and acceptable directions of movement (S-shape, return, 

largest-gap, mixed strategies). 

In this paper we focus on a warehouse which uses random placement strategy of items, implements individual 

picking lists (consolidation takes place earlier) and a routing policy that requires a picker to return to the main 

path (return strategy). This means that the analyzed problem is characterized by the highest possible 

complexity and such requires development of dedicated optimization algorithms. 

The goal of the paper is to develop an optimization model of the order-picking problem and to build a method 

able to provide a solution to this problem in an acceptable time and with an acceptable quality. The method 

has been built basing on a genetic algorithm metaheuristic. The algorithm is hybridized with a TSP optimization 

in order to optimize both number of engaged pickers and total distance the pickers have to travel. 

2. PROBLEM DEFINITION 

The main goal is to develop the picking plan that minimizes the number of pickers engaged in picking process 

in a given area and simultaneously to optimize the route they have to travel when picking orders from 

completion list. The main assumption is that items picking for all orders in each completion list must be finished 

before deadline (beginning of delivery to a customer).The mixed integer programming (MIP) model can be 

presented as follows: 

Data 

di - due date (time) for item i 

si - the earliest possible time for picking item i (availability time), 

ep - performance of picker p (expressed e.g. as the number lines per hour), 

apk - 1, if picker p is available in location k; 0 otherwise, 

gik - 1, if item i is located in location k; 0 otherwise, 

bk - maximum number of pickers that can work in location k, 

δ(i,j) - distance between locations of items i and j that follows routing strategy, 

P - number of pickers available, 

T - number of time windows, 

I - number of items to be collected, 

J - number of items preceding picking of item i, 

K - number of different locations in the store. 

Decision variables: 

xipt
 - 1, if picker p is due to pick item i in time windows t; 0 otherwise, 

ri - time window in which item i is due to be picked, 

mijpt - 1, if picker p after collecting item i collects item j in time t. 

Objective function: 
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Goal function (1) optimizes a weighted sum of the pickers engaged in the picking process in a given planning 

horizon and the total length of the routes the pickers have to travel in order to pick all items. Constraint (2) 

ensures that picker performance is not exceeded. According to constraint (3) only one picker can pick a single 

item i in a time window t. The location in which picker p can operate is limited by constraint (4). Constraint (5) 

says that all items must be picked before their due dates and simultaneously not earlier than the time of their 

availability - constraint (6). Finally, constraint (7) limits the number of pickers that can work in the same location 

in the same time window. 

3. PROPOSED SOLUTION 

Initially we tried to employ CPLEX solver, one of the most efficient MIP solvers basing on branch and cut 

method and many preprocessing and probing techniques as well as diving and neighborhood search heuristics 

enabling speed up of the optimization process. However, after series of experiments, we found that for the 

problem size with only 5 pickers an a time window granularity of 10 minutes, CPLEX solver required more than 

15 minutes to achieve the optimized order-picking plan. This time tends to increase in a nonlinear way, when 

the number of pickers grows and time windows decrease. Such method cannot be implemented in the majority 

of real industrial conditions. 

Considering the above, we had to develop a heuristic able to optimize larger instances of the presented 

problem. Basing on the analysis of literature and our own experience, we have applied a genetic algorithm 

(GA) metaheuristic to solve it.  

Genetic algorithm-based approach has been used among others by Chang et al. [7], however they used it to 

optimize the problem of orders-picking in an automated warehouse where the goal functions were minimization 

of total distance covered and total time necessary for picking all the items. In fact the problem was a version 

of a classical TSP problem, which is well recognized in literature and there are many genetic operators defined 

to solve it. Zhang and Liu [6] have analyzed similar problem with total distance minimization and also solved it 

using genetic algorithm. 

The main procedure of the genetic algorithm solving the problem presented in section 2 is shown in Figure 1. 

It follows the standard GA scheme presented e.g. in [8]. However, contrary to the TSP-like problem optimized 

by Chang et. al. [7] or Zhang and Liu [9], we have to develop specific representation of the problem, saying 

which picker will be engaged in picking which item and in which time window (variable xipt). These 

representations (GA chromosome) consist of two vectors, both of size I (number of items to pick). The first 

vector p represents picker’s number that will pick an item 1…I, while the second vector t represents the ending 

time for the window in which the picker will pick the item 1…I. Table 1 shows an example of such representation 

for the 10 first items and 3 pickers. 
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Table 1 Representation of the solution for first 10 items. 

i 1 2 3 4 5 6 7 8 9 10 

pi 1 2 1 2 1 2 2 3 1 3 

ti 06:30 07:30 09:00 08:00 06:00 08:00 07:00 08:30 08:00 07:30 

The starting population is initialized in a random way, i.e. picker numbers are drawn from the range 1,...,P, and 

the time window is drawn from the time windows range in which the chosen picker is available. Evaluation 

phases first checks if all the constraints (2)-(7) are satisfied, and if not, a penalty is given for each constraint 

violation. Next the first part fitness (goal) function (1) is evaluated, i.e. the number of pickers engaged in the 

order-picking process. After this stage for only the best solution found concerning the first part of the goal the 

TSP optimization is fired to optimize the order of locations a given picker has to visit. The optimization 

procedure, event as simple as 2-opt [10, 11] that we have applied in our experiments takes much more time, 

than evaluation of the first fitness function, so applying it only for the best solution saves a lot of time. 

PopInitialize() 

foreach x in Pop: 

xf Evaluate() 

best FindBest() 

best OptimizeTSP() 

foreach generation in 1..max_generation: 

 Pop TournamentSelection() 

foreach x in Pop step 2: 

 if rand()<pcros 

  x Crossover(x,xnext) 

foreach x in NewPop: 

 if rand()<pmut1 

  x  ChangePeriodMutation() 

 if rand()<pmut2 

  x  SwapPeriodMutation() 

 if rand()<pmut3 

  x  ChangePickerMutation() 

 if rand()<pmut4 

  x  SwapPickerMutation() 

 if rand()<pmut5 

  x  DecreasePickersMutation() 

foreach x in Pop: 

xf Evaluate() 

best FindBest() 

best OptimizeTSP() 

return best 

Figure 1 The main procedure of genetic algorithm 

Algorithm continues its execution for the number of generations set in max_generation parameter. In each 

generation first the solutions from old population are chosen to a new one on the basis of tournament selection 

(from two randomly chosen solutions the solution with better goal function values is taken). For each two 

consecutive solutions (parents) crossover operator is applied with a probability of pcros. Standard two point 

crossover has been used [8]. This operator simply exchanges the values in the chromosomes after a randomly 

chosen gene (head and tail are swapped between two parents to produce their children). Such a simple, 

standard crossover operator can be used, because after exchanging values of p vector along with the 

corresponding t vector values, the resulting solution will still be valid. 
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Next, each solution in the new population can be mutated with a relatively small probability. Five mutation 

operators have been develop in order to control the search process in a very precise way. The mutation works 

as follows: 

 ChangePeriod - changes a randomly chosen time window to another one within the acceptable range, 

i.e. between the availability time of the item i to be collected and the collection time required. 

 ChangePicker - changes a randomly chosen picker number to a different number. 

 SwapPeriod - changes time windows for the two randomly chosen items. The availibilty of the item is 
checked and if the time is smaller than it, the time in changed to a correct value, if the time is greater 

than the required collection time, this time is adjusted accordingly. 

 SwapPicker - swaps the picker numbers for the two randomly drawn items. 

 DecreasePickers - the most advanced mutation that can potentially reduce the number of pickers 
involved in collecting items in a given time window. The mutation works in such a way that the picker 

that has the smallest number of times to collect is selected. The selected picker is then change for 

a different picker number. 

4. COMPUTATIONAL EXERIMENTS 

The tests allowing for the evaluation of the proposed solution have been carried on the data taken from the 

one big warehouse with the automotive products and spare parts located in Poland. Basing on the real data 

we have prepared two sets of times to be picked for 8 hours. First one consisted of 100 items and 10 available 

pickers with the planning horizon of 8 hours, while the second one consisted of 300 items and 20 pickers with 

the planning horizon of 16 hours. Table 2 presents the results for the set with 100 items for different window 

time granularity. 

Table 2 Results for the set with 100 items and 10 pickers [own study] 

Time window size 
Number of time 

windows 
Number of 

pickers 
Distance 

improvement 
Execution time 

1 h 8 2 15 % <1s 

15 min 32 3 12 % 3s 

5 min 96 4 8 % 6s 

1 min 480 4 8 % 24s 

As we can see in Table 2, even for the tightest time window with 1 minute the algorithm is able to return 

solution after the time no more than 30 seconds, which is quite acceptable not only for planning the routes for 

pickers, but also for replanning in the case something went not as it has been planned and the plan needs to 

be adjusted to match the current situation in the warehouse. 

Number of pickers has been reduced to 2-4, depending on the time window. It can be observed that the 

smallest time window is, more pickers have to be engaged in the picking process. This is because the 

performance of the pickers is checked more precisely if the window is smaller, as we use an average normative 

performance. Improvement of the total distance the pickers have to travel tends to decrease along with the 

number of pickers. This is because the gain for optimization of longer routes is on average higher than from 

optimization of shorter routes. Additional pickers in our case have to collect only one or two items, so their 

route cannot be optimized at all. 

For the set with 300 items the results were analogous, however, the running time for the time window of 

1 minute increased to 7 minutes, which still seems to be acceptable for majority of the real planning scenarios. 
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Time for the 1 hour time window was still very short - 7 minutes. The average gain from the pickers routes 

optimization raised by 21 %. 

5. CONCLUSIONS 

A hybrid genetic algorithm with TSP optimization method proved to achieve good results and is able to plan 

ordering-picking process in a warehouse in a relatively quick time, so the proposed method can be applied 

also for replaning purposes, what makes it very competitive when compared with simple methods or semi-

manual planning, traditionally used. The performance of the proposed solution depends strongly on the size 

of the time window that is used for planning. It is up to the decision maker how small it should be. It is very 

important, as smaller time windows contribute to the increase of the number of workers involved in the picking 

process and to the decrease of the average reduction of the routes the pickers have to travel.  

Further study in this area will be focused on the application of better TSP optimization algorithms than 2-opt 

and reduction of overall running time for large numbers of items to be picked and very precise time windows.  
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Abstract 

Since the transport of goods was entrusted to third parties, there was a need to mark the goods. From the 

initially primitive methods to the present day, where the waybill plays a key role in transport logistics, the ways 

of freights significance have undergone significant evolution. One of the most important steps was, among 

others, the standardization of packaging and the appearance of EUR pallets. The introduction of IT tools, 

globalization of services including not only transport but also packaging management, storage services, 

redistribution of goods, insurance services and many more, create new development prospects. The logistic 

tools that are currently applicable to the expanding logistics area and the requirements are becoming 

insufficient. Thus, the industry is waiting not only for another evolution but more likely for a revolution. The 

change of the transport logistics model, in particular in the context of returnable packaging, resulted in the 

emergence of, among others, pallet pools on the market. New models, extended services and innovative 

economy 4.0 require new technical solutions. One of such solutions may be the introduction of a digital 

transport pallet. The assumption of this solution is a global exchange of information regarding the packaging 

along with the content, transport conditions as well as the current geographical position. The article presents 

problems resulting from marking goods, potential methods of freight monitoring, and proposes a new solution 

for permanent marking of transport pallets with radio tags. A built-in technology demonstrator was also 

presented. 

Keywords: Pallet, RFID, monitoring, Industry 4.0 

1. INTRODUCTION 

With the development of transport and forwarding trade, there is a growing need for reliable monitoring systems 

for transported goods. The system is understood as an arrangement of elements having a specific structure 

and constituting a logically ordered whole. [1] The new solution must be adapted to the current market needs, 

which in the case of dynamically developing logistics is not a simple task.  

For forwarders as well as recipients, it is important to have knowledge about the transported product at every 

stage of transport. This knowledge is not only limited to information where the transport is located but also 

about its conditions such as: temperature, humidity, lurches, and vibrations to which the product was subjected 

to. On the basis of this information, it is possible to determine whether the transport took place in accordance 

with the agreed conditions, thanks to which the recipient can be sure that he receives the product in a 

satisfactory condition. For this reason, the introduction of such systems will not always be satisfactory for a 

forwarding agent who will not be able to hide any unsatisfactory transport conditions. On the other hand, the 

entity responsible for transport will not be exposed to unjustified claims for unsatisfactory transport conditions. 

The example described in the article [2] shows that almost 40 % of fruits and vegetables are wasted due to 

improper handling, storage, packaging, and transportation. Factors affecting the destruction of products 

include vibrations occurring during road transport on uneven roads. In addition, different types of fruit and 

vegetables must be transported at the right temperature and humidity. In the case of improper treatment, fruits 
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can completely break down or lose their nutritional value. Observation of these phenomena during transport is 

possible only with the introduction of advanced transport monitoring method. In the future, the data collected 

from transports will help implement new procedures for securing the freight. The use of monitoring methods 

alone is not sufficient, special attention should be paid to minimizing the damage of transported goods.  

Scientific goal of this paper is to verify usability of sensors and coding systems for use in transportation and 

logistics. The paper is organized as follows: First, an outline of the current situation is given, and a disposition 

of the problems that occur as a result of the limitations of the current way of operating. Following, a description 

is provided of how these problems might be overcome if Digital Transport Pallets were used. Furthermore, our 

proposed solution is addressed and the demonstrator was build. 

2. SOLUTIONS OVERVIEW 

At the very beginning of trade development, primitive forms of recording basic information about transported 

goods were used, so-called “clay tokens” [3]. Currently, for this purpose, bills of consignments are used, which 

contains the necessary information about transport. The transport document according to the CRM convention 

is the proof of the contract of transport. There are different types of international bills of consignment depending 

on the type of transport:  

 CMR, TIR Carnet - road transport;  

 CIM (SMGS) - rail transport;  

 AWB, MAWB, HAWB - aerial transport;  

 Bill of Lading - marine transport. 

According to the CRM convention (related to road transport), the bill of consignment performs the following 

functions: information, instruction, identification and evidential functions. It is stated that the lack of a bill of 

consignment does not affect the existence of the contract or its validity. However, a bill of consignment filled 

in accurately and correctly constitutes the basis for any complaints or claims. It is not uncommon to lose such 

a document. In the event that the new system would perform the same functions by storing information in the 

database, the chances of losing them while maintaining the paper form would be reduced.  

With currently used implementations of pallet handling it is possible to partially automate the process by 

incorporating Optical Barcode Systems (OBS). The unique barcode is placed on every package transported 

and thus the package information can be read with network-enabled barcode scanner. The main disadvantage 

of this kind of solution is that the barcode needs to be scanned at several stages and then submitted to the 

system. This method is time-consuming and prone to errors. Another disadvantage is that the system only 

allows for discrete-time tracking. The OBS systems were deployed for many years proving its value, but the 

functionality of the system has reached its peak, mostly due to physical limitations of paper labels. Additionally 

damaging, or covering the label in reflective foil can lead to ineffectiveness of automated scanners and urging 

to manually enter the package number, which is time consuming and can lead to human-related errors. 

Due to reaching maximum functionality of physical letter of transit, the need for an electronic transit letter (ETL) 

arises. Proposed electronic transit letter should be incorporated into palette in a way that provides firm 

placement and ensures safety of electronic parts of the device. Every transport letter should be marked by a 

unique, unchangeable and tamper resistant ID number, which can be read by everyone with an appropriate 

scanner. This ID will also be a database primary key, which enables viewing additional data for people involved 

in logistics.  

Communication between ETL and a scanner should be done by a wireless manner to minimize time needed 

for scanning. There are many solutions considering wireless communications, which can be used for this 

application. 
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The challenge to develop a new transport monitoring method is to create an appropriate IT base.  

Anyone involved in a given transport should have access to the database, but only to some of its parts. Limited 

access would prevent unauthorized persons from accessing information, at the same time information that 

reaches a specific person or company will be presented in a transparent way without unnecessary data. An 

additional advantage of such a solution would be the possibility of creating a platform for information exchange, 

thanks to the introduction of limited editing capabilities by appropriate authorities, for example entering 

information about the status of goods, planned delays, damages, controls.  

A factor that increases the difficulty in developing a reliable system is globalization, causing difficulties in 

introducing appropriate standards in different countries, especially when the type of transport changes, for 

example from a road to air. In addition, systems must comply with both international and national regulations. 

Another challenge is a way of attaching ETL to the transported goods. In addition to groupage shipments 

during freight forwarding, the goods are permanently combined with the transport packaging. The use of 

standard packaging such as EUR pallets significantly facilitates transport logistics, reducing its costs. 

Therefore, it is advisable that the ETL is permanently attached to the transport packaging which is the pallet.  

3. WIRELESS COMUNICATIONS 

The increasing interest in Wireless Sensor Networks leads to extensive studies concerning its application in 

real world scenarios. This is due to flexibility in node design, wireless sensor networks combine large 

population of wirelessly connected sensor nodes. Every node combines distributed sensing and wireless 

communication, integrated in a single device. Currently it is possible to produce nodes, which can not only 

monitor the surrounding environment, but also can track and record all activities occurring during transport and 

logistics process, such as loading, unloading, storing etc. Due to existence of pallet pools where single pallet 

can be repurposed to enable transportation of different cargos, the node needs ability to be wirelessly 

reprogrammed with a set of rules according to type of goods transported. 

Wireless sensor networks combine large population of wirelessly connected sensor nodes. Every node 

incorporates sensors for distributed sensing, radio transceiver for wireless communication and a power source 

such as a battery, all integrated in a single device. Device in question must be contained in a small form factor 

rugged enclosure in order to be applicable to pallet integration. Additional requirement concerning battery-

operated wireless node is minimizing its power consumption to ensure proper operation during all of pallet 

lifecycle which is 33 handling cycles. Each handling cycle is an average of 15 pallet handlings. Each handling 

is a single lifting, movement and set down, assuming medium duty loads[4]. Also every node have to 

incorporate a power saving mode. This enables powering down certain types or all sensors when pallet is 

stored in a pool or it’s used to transport goods without specific requirements such as temperature. 

3.1. Types of short-range wireless communication technologies appropriate for use in logistics. 

The most popular short range communication technologies are: WiFi [5], Bluetooth [6], RFID [7]. WiFi standard 

provides backbone for fast wireless communications, but implementations of this solution are energy 

consuming, due to fact, that the transmitter needs to be operating all the time, thus bigger batteries needs to 

be installed, increasing overall size of the device or diminishing expected battery life. This limitation can be 

addressed by using Bluetooth Low Power technology combined with mesh networking. [8]. There are also 

RFID[9] active tags, which can incorporate internal sensors and perform more sophisticated calculations, as 

well as being able to maintain low power consumption. Disadvantages of solutions given above is fact that 

they still need to rely on battery power in order to operate. On the opposite there are passive RFID tags, which 

can be powered by the scanner itself. Disadvantages of passive RFID tags are low computational possibilites 

and fact that it only can work as an idenifier. Due to the factors given above, RFID active tag was chosen for 

application in the ELT system. Low power bluetooth systems are also considered, especially during prototyping 

part. To test various communication techniques a system demonstrator is needed. 
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4. SYSTEM CONCEPT 

The pallet marking system should contain all the necessary elements that allow the use of data in transport 

logistics. The main components will be: palette sensory elements, wireless data transmission elements, data 

processing system and information distribution. Data transfer schematic is shown on the Figure 1. 

 
Figure 1 Data transfer schematic for pallet system 

Palette electronic systems consist of measuring elements, data memory and wireless data transmission 

system. Additional elements such as antenna power supply and mechanical protection are dependant on the 

system version. In the absence of sensory elements, it is possible to use passive systems that transmit data 

stored in the memory without using an internal energy source. The elements of radio data transmission 

consists of a set of means and devices allowing to read data from the unit placed in a palette and transfer of 

informations to the data processing system. The data transfer can take place using various standards from 

RFID, through bluetooth, wifi, GPRS along with the use of Internet IOT devices. Then, in the Data Processing 

System, the information received is collected in an appropriate database. This database combines information 

about the serial number of the pallet with an electronic bill of lading. Information on transport conditions, the 

last known location of the goods and other events that have been registered in the palettes sensory systems 

are added to such a letter. The next task of the data processing system is the distribution of data in the form 

of dedicated reports. Such reports may be sent to shippers, goods owners, sender and recipient as well as to 

persons involved in the forwarding chain such as forklift operators or truck drivers. Information in the database 

can also be made available to state services such as the Customs Office, the Tax Office and 

others.Demonstrator  

The demonstrator's construction was limited to the vibration sensor and the local information distribution 

system. Main components of demonstrator are shown on Figure 2. 

 
Figure 2 Demonstrators main components 
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Accelerometer made in MEMS technology measures vibration acceleration in 3 independent directions. In 

order to limit the power consumption of the system, system interrupts were used. The microcontroller remains 

in a low-power state until vibration is detected by the accelerometer sensor. Due to the generated interrupt, 

the sensor puts the microcontroller into operation. The 

measurements are taken and the results are saved in memory. In 

the case of Bluetooth connection, the results are also sent to the 

recipient (to the receiver). The lack of vibration causes the 

microcontroller to go to low-power mode. 

The built-in demonstrator made it possible to carry out a number 

of tests, including estimation of electric power consumption, 

maximum ranges of radio transmission and values of 

accelerations occurring in the tranc- tor. The module was built in 

one of the cubes being part of the transport pallet construction. A 

hole with a diameter of 30 mm was made. In this hole the 

demagnetizer system was placed. Then the hole was closed with 

special plugs, protecting the elecronic system from atmospheric 

factors. 

The demonstrator was installed in a middle pallet support by 

drilling apropriate size hole and placing the device inside. Picture 

of the demonstrator being installed is shown on Figure 3. 

The EUR transport pallet has been put into use by the selected 

recipient. Between transport cycles, measurable parameters were read during storage. An example of the 

course of the acceleration of vibrations caused by the process of transferring the pallet is shown in Figure 4. 

From the analysis of this course it can be concluded, among other things, that the acceleration impulses reach 

1 g, which may pose a threat to some goods transported on a pallet. The additional time record also allows to 

identify activities that were the cause of excessive vibration levels. 

 
Figure 4 Example of acceleration caused by process of transferring the pallet 

5. CONCLUSION 

Such devices are needed for logistics and allow for cost reducing by managing means of transport on the basis 

of information received from system proposed. The assumptions made for the construction of a transport 

packaging system with identification systems have been tested in the demonstrator. The tests were limited to 

a limited extent, but the significance of these solutions in the field of transport logistics has already been 

10

-6

-4

-2

0

2

4

6

8

Czas [s]

54,5 4,55 4,6 4,65 4,7 4,75 4,8 4,85 4,9 4,95

X

Y

Z

Figure 3 Installation of the 

demonstrator 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

196 

demonstrated. Demonstration device allowed to estimate the value of accelerations occurring during a wheeled 

transport. On the basis of the measured values, it is possible to determine the impact of vibrations that occurred 

during transport on the different type of goods. Immediate information about the transport points reached, such 

as warehouses, intermediate stations, sender stations and the receiver will allow optimization of means of 

transport in terms of costs, time of transport as well as transport conditions. As part of further research work, 

the problems of remote reading of identification numbers and also the development of sensory systems 

allowing monitoring of other parameters desired by shippers will be addressed. 
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Abstract 

According to Schumpeter’s innovation theory of profit, the innovation is placed as a core element of an 

entrepreneur strategy to reduce costs or rise the demand for products, thus to increase the profit. A lot of 

industry research results verify that theory positively proving that financing innovations leads to the return of 

20 %, up to 50 % at the case of successfully commercialised solutions, depending on the case and the method 

of measuring the impact. However, these reasons show not only how important is the issue of innovations in 

business theory and practice, but also cause some problems referring mainly to the identification, 

implementation and assessment of innovation outputs. These problems are appropriate for all industries, 

including logistics, which 10 % share in GDP in average makes this area of business activity worthy to 

research. Up to date the logistics literature deals with the mentioned problems of innovations in analytical and 

separate way, with little attention to a conceptual approach. For instance, there is still a discussion on what 

can be named as an innovation in logistics, no systematisation works have been done to classify innovations 

and neither identification nor assessment methodology standards have been created and then applied in 

logistics practice. Based on the above reasons, the purpose of this article is to formulate a contingency 

approach as the author proposition to deal with one of the above-mentioned problems, namely identification 

of innovations for logistics. Thus, the thesis of this article states that the contingency approach is the right 

method to identify logistics innovations. Due to the nature of contingency approach, the main method to 

perform the mentioned purpose of this article is a literature review, an analysis of the actual propositions, and 

creation of conception of the contingency approach for identification logistics innovations. It is supported by 

modelling method at the form of block scheme of this approach. The proposed thesis is verified according to 

the confirmation method, by the course of logical reasoning at the form of reduction, induction, and deduction 

to positively justify the formulated conception. The obtained results of the research process are included at 

two meritorious chapters of the article. At the first one, actual ideas, conceptions and approaches are analysed. 

Based on the findings the contingency approach is conceptualised and suggested as the most appropriate 

attitude to identify logistics innovations at the next chapter. These two chapters are supported by discussion 

and conclusions, where limitations of the contingency approach are also included.  

Keywords: Logistics, innovations, contingency 

1. INTRODUCTION 

The problem of innovations in logistics is not a new but very important issue. The most disputable one is still 

the question what is the innovation in logistics exactly? Has it to be really a new solution, which dramatically 

change the actual logistics processes, or it would be enough if some small improvements would take a place 

on every day basis? Or speaking more generally, does any solutions that directly or indirectly result in 

streamlining (improving) logistics processes or systems can be treated as innovative, or not? For example, if 

a storage process in a warehouse was so far based on the circulation of paper documents, then the purchase 

of an ordinary computer with a standard warehouse management software can be treated as an innovation at 

this case or not? Similarly, at the situation of a furniture factory, that suffered a problem of production waste. 

In this case, the introduction of only one of the 5S concept’s principle, namely keeping a workstation clean, 

although very simple at first sight, after great resistance of employees it began to bring results in reduction of 

the waste finally. Has such a solution got a character of innovation for the factory and its logistics processes 

or not? Maybe yes, from the perspective of the factory, but can this solution be also perceived as an innovative 
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from the theory point of view or logistics practices of other companies? The above-mentioned examples, as 

well as a lot of other greater or smaller cases of improvements, made during daily logistics operations or over 

longer period of time, present how important is still the problem, generally included at the question what can 

be named as an innovation in logistics? This main issue can be supported by some detailed questions related 

to the problems of how to identify, implement and measure logistics innovations? Looking for answers to these 

questions at the literature, a lot of theoretical propositions can be found, starting from Schumpeter’s innovation 

theory of profit, through Oslo Manual (OECD) and other papers on innovations or best practices in logistics, 

including cases finally. However, the literature treats the problem of logistics innovations in a limited, analytical 

way, with little attention to a greater framework focused on filling a gap between the subjective company 

(practical) point of view and the objective theoretical approach to innovations in logistics. Thus, the author puts 

a thesis that a contingency approach is just the right method to combine the both side’s views into one general 

framework to identify logistics innovations. Consequently, the scientific goal of this paper is to elaborate the 

contingency approach model for the identification of innovations in logistics. To meet this goal a literature 

review, supported by logical reasoning critique and description modelling, are applied as the main research 

methods. The research results are included at two chapters. The critique of theoretical propositions is 

presented at the first of them. The second one covers the model of contingency approach. Next, they are 

followed by conclusion, according to which logistics innovation is a new or a significantly improved solution in 

comparison to best logistics practices or benchmarks, and the contingency approach offers a system of internal 

and external environment elements, where the innovations for logistics can be identified. 

2. LITERATURE REVIEW ON THE PROBLEMS OF IDENTIFICATION OF INNOVATIONS  

IN LOGISTICS 

Results of literature study indicate that the main problems in regard to the identification of innovations in 

logistics are related with: 

 logistics innovations‘ terminology, 

 approaches to identify logistics innovations.  

There is a lot of literature, which provides study results on the terminology of innovation, so there is no need 

to repeat them, but to indicate that the most comprehensive output can be found at Drucker [1], Sengupta [2], 

Garcia and Calantone [3], Suroso and Azis [4], or Oslo Manual [5]. Especially worthy proposition from the 

innovations‘ identification point of view is included at the last listed position. Namely, according to Oslo 

Manual ”An innovation is the implementation of a new or significantly improved product (good or service), or 

process, a new marketing method, or a new organisational method in business practices, workplace 

organisation or external relations” [5]. Additionally, Oslo Manual makes difference between an innovation and 

invention or a novelty and recommends time limitations for innovation surveys as follows: “It is recommended 

that the length of the observation period for innovation surveys should not exceed three years or be less than 

one year” [5]. Additionally, some other limitations can be put on understanding the innovation, if supported by 

public funds. For instance, a country legal act can detail that an innovation activity is a development of a new 

technology, which offers new or significantly improved goods, processes or services [6], or a government 

programme can formulate that an innovation is a new technology, if not used longer than 5 years on a world 

scale, or 3 years on a country scale, or 1 year on a country region scale [7]. Summarising, it can be stated that 

with no doubt an innovation is a something new or significantly improved, but does it mean that every novelty 

or invention can be treated as an innovation? Surely not, if no improvement of the actual or potential situation 

is expected, or even more - measured. It gives the innovation a very practical dimension in the sense of a need 

to compare or confront with the state of art on a base of assessment criteria to talk about the innovation. Of 

course, the discussion on what is a new or significantly improved, or what assessment criteria to take, is still 

open and can differ in relation to a real case; however, these three elements (new, significantly improved, and 

assessment criteria) should be taken as the main characters of an innovation description.  
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The above way of defining an innovation is presented on a relatively high level of abstract, so it can be applied 

to different areas of science and practice, including physics, biology, informatics, business, logistics, and so 

on. Thus, shifting the course of reasoning into logistics, the concretisation of the definition of innovation in 

logistics should be done by specifying the area of logistics interest (scope, competency or functionality). 

Despite of popular opinion on what logistics is, the delimitations of borders for logistics is still an important 

problem from scientific as well as practical point of view to decide, if a concrete innovation case can be 

classified as logistics innovation, or maybe IT, production, engineering, financial or other innovation in logistics. 

Because there is still a discussion on the scope of logistics, an assumption on this issue has to be taken for 

the purpose of this article. Probably every logistics publication defines logistics scope explicitly (for instance, 

at the form of research object) or implicitly (contextually), which falls into relatively well established and 

accepted areas of logistics as physical distribution, sourcing, warehousing, transportation, logistics 

management or supply chain management. The most widespread and recognised proposition to delimitate the 

borders of logistics seems to be included at the SCOR model [8]. Based on the assumption that logistics in 

broad sense is a supply chain management [9], according to the SCOR model, logistics covers five main 

function areas, namely plan, source, make, deliver, and return. Despite they are distinguished on a high level 

of abstract, they imply at least one important delimitation, this is between the management level, expressed 

by the “plan” function, which, if supported by the other management functions, i.e. organisation, motivation and 

control, can be renamed as “logistics management”, and the rest, executable or managed, four functional 

areas of logistics. This delimitation is important especially from the point of view of classification of innovations 

in logistics. While the boundaries of areas designated by the terms source, make, deliver, and return can be 

disputable, the "logistics management" category is the core of logistics (or supply chain), which cannot be 

outsourced. In other words, if it is possible to manage logistics operations through outsourcing four of them 

(according to the SCOR model), namely source, make, deliver, and return, then someone has to make such a 

decision, i.e. plan the scope and conditions of outsourcing logistics activities, organize outsourcing, motivate 

outsourcing staff and control the outsourced logistics services, which are provided, for instance, by a logistics 

service provider (LSP). Thus, logistics management is a special logistics function in relation to the other above 

mentioned four logistics functions. Hence, strictly speaking, logistics management innovations (new or 

significantly improved products or processes) should be defined as logistics innovations exclusively, while 

other logistics innovations of as warehousing, or transportation ones, are more disputable, as these activities 

can stand independently. However, because logistics is a highly interdisciplinary area of integrated activities, 

it can be accepted at a broad sense that all the innovations can be named logistics ones if their source comes 

from generally accepted logistics areas of activities. Consequently, if the source of innovations is out of 

logistics, for instance an innovation was born by production, HR, finance or IT idea, but is proposed, or has 

found an application at a logistics process, the author proposition is to name such an innovation as the non-

logistics innovation in logistics area, for instance a technical or IT innovation in transportation. Thus, the 

delimitation line, which is not an area of application, but the area of the innovation‘s source, allows to 

distinguish logistics innovations from innovations in logistics, which can be also of non-logistics provenience. 

This proposition does not mean that logistics should not search for innovations out of logistics, but it presents 

only an attempt to define a logistics innovation precisely.  

The above discussion on terminology problems shows there are still disputable areas. However, obtained 

results on understanding innovations, and especially the difference between logistics innovations and 

innovations in logistics, allow to extend the course of reasoning by methodological approaches to identify 

innovations in economics and management generally, and detailed in logistics.  

The economic approach to innovations is included at the one of the economics fields, which is called 

“innovation economics” [10]. The most prominent representative of this approach is Schumpeter [11]. He 

claims that the economic development is a process of interruptive changes, which disrupt the existing state of 

equilibrium, and that the changes are caused by entrepreneur, who keeps the power to make changes, by 

means of so called “new combinations” of things and forces, which can be used as a synonym to the term 
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“innovation”, if looking at the context of Schumpeter vision of innovation [11]. He also enumerates five 

examples of “new combinations”. They are [11]:  

1) introduction of a new good, or a new good’s quality for a customer, 

2) introduction of a new production method, 

3) the opening of a new market, 

4) the usage of a new supply source or raw materials,  

5) introduction of organisational changes.  

The above described Schumpeter’s “innovation economics” was, and still is developed by a lot of followers. 

One of them is a “guru” of management sciences and practice - P. Drucker [1]. Similar to Schumpeter [11], he 

formulates a theory, supported by many situational examples, on innovations and entrepreneurship, according 

to which entrepreneur is a core element of innovative activities. He says that “Entrepreneurs introduce 

innovations. Innovation is a specific tool of entrepreneurship activity (management), which enables resources 

to create new possibilities to become rich” [1]. He also identifies seven situations to find and implement an 

innovation. They are [1]: 

1) non-expected events, 

2) variances between expected situation and reality, 

3) process requirements, 

4) changes at an industry or market structure,  

5) changes in demography, 

6) changes in the hierarchy of value, perception, economic climate,  

7) changes at the knowledge. 

Despite the above description of innovation is related to economy, especially to the economic development or 

cycles and management, some conclusions can be drawn for logistics. Because logistics is in general a part 

of economic system, and managing element of supply chain specifically, the above approach can be applied 

to innovations in logistics. In particular, it can be used directly for logistics service providers (LSP), which are 

indeed business units, operating alone or as a part of a supply chain, that satisfy customers’ needs with special 

kinds of services. This possibility has been noticed and explored in logistics literature, what will be presented 

later at this section. However, completely unexplored logistics research area is the perception of logistics 

innovations from the macroeconomic point of view. From this perspective, logistics is treated as an industry, a 

branch of an economy with EU (28 countries) GDP share of 10 % [12,13], similar to production, agriculture or 

trade, which contributes to the macroeconomic growth, if effective (for instance thanks to logistics innovations), 

or just opposite, to deterioration, if not effective. Other researches present that public money spent on 

innovations, R&D creates return, which varies from 20 % to 50 %, and is usually 2 to 3 times larger than private 

returns [14-16]. This perspective opens new possibilities for logistics innovations as a special kind of tool at 

hands of governments, European or world organisations to meet their political, economic and social aims. 

Examples are LNG terminals at the ports of Klaipeda (Lithuania) [17] or Krk (Croatia) [18] as important 

elements of energy safety system and a tool to create a situation of energy independency. Another example 

is Ministry of Equipment, Transport, Logistics and Water in Morocco with a strategy to “(...) provide logistics 

services of high quality, (...) reduce logistics costs, (...) accelerate the growth of gross domestic product” [19]. 

These examples give imaginations how new macro-logistics investments, carried out at real situation, can be 

powerful. Additionally, their impact on economic systems can be measured by using some formulas, especially 

SVA, EVA [20]. 

Returning to the logistics literature study on innovations in LSP, some researches [21,22] show that LSP are 

not so much innovative as expected, mainly due to the lack of competencies [23] and a strong involvement 

into satisfying current customers, what limit them to move their resources for seeking new customers or 

developing new services [24]. Paradoxically, the situation of close relations with customers allows LSP to 

recognise their requirements, but simultaneously creates them to be myopic in the observation of global market 
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developments or technologies [25]. This situation results in implementation of small improvements, designed 

particularly for satisfying expectations of actually served logistics market, instead to look for greater 

innovations. Thus, the described above Drucker theory on innovations and entrepreneurship can be used by 

LSP to be more innovative.  

The current course of reasoning allows to conclude that the problem of innovations in logistics is multi-

dimensional and situational contingent. Thus, the work on elaborating a contingency approach for identification 

of innovations in logistics is continued at the next section. 

3. MODEL OF CONTINGENCY APPROACH FOR IDENTIFICATION OF INNOVATIONS  

IN LOGISTICS  

Contingency approach is one of organization and management theories on the ways of viewing an 

organisation. This theory includes a set of so called “images of organisation” by the use of metaphor method, 

thanks to which an organisation as machine, organism, or brain can be identified [26]. Because according to 

the theory, the organisation, similar to the above-mentioned metaphors, depends on internal subsystems and 

external environmental factors [26], especially the contingency approach is used to characterise the 

organisation as follows. 

 “Organizations are open systems that need careful management to satisfy and balance internal needs 

and to adapt to environmental circumstances. 

 There is not one best way of organizing; the appropriate form depends on the kind of task or environment 

one is dealing with. 

 Management must be concerned, above all else, with achieving alignments and good fits. 

 Different types or species of organizations are needed in different types of environments” [26] 

Due to the lack of the best way of organizing and dependency of organisations on environmental 

circumstances, the contingency approach is sometimes called as a situational approach [27]. Because this 

approach is applicable to all organisations’ forms, types or species, including logistics, the above description 

can be used for the purpose to work out a contingency approach for identification of innovations in logistics. 

First, it is done through little modification of the above description, and second, to find environmental or 

situational elements, the innovations in logistics depend on. Therefore, the contingency approach for the 

logistics is formulated as follows. 

 There is not one best way of organising logistics; the appropriate form depends on the kind of logistics 

task and environment one is dealing with. 

 Organizational forms of logistics (e.g. LSP, logistics chains, logistics networks) are open systems that 

need careful logistics management to satisfy and balance internal needs and environmental 

circumstances. 

 Different types or species of logistics organisations are needed in different types of environments. 

 Logistics management must be concerned, above all else, with achieving alignments and good fits of 

logistics organisations. 

Thereafter, the above general description of contingency approach for logistics is detailed by elements of 

situational system for the task of identification of innovations in logistics, and then, for the task of innovation 

implementation, however it seems to be suitable also for the purpose of assessment of logistics innovations. 

The course of reasoning is pictured at the Figure 1 and described as follows. The above-mentioned task,  
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Figure 1 Model of contingency approach for identification of innovations in logistics 

particularly at the context of processual approach to logistics, is carried out by an activity, expressed by the 

verb phrase “identifying innovations in logistics”, to underline that this activity lasts in time and space, thus 

needs an input, and creates an output. The expected output at this case is just the identified innovation, which 

subsequently can be adopted or implemented to improve logistics processes. However, to get output, an input 

is necessary. First, human resources are needed at the form of an owner or performer of the activity, whom 

the entrepreneur should be, speaking general, or a logistics organisation unit: team or individual, if speaking 

more detailed, which should include not only logistics managers, but should be extended to an individual 

person, who is involved at logistics activities directly or indirectly. The logistics human resources need some 

other resources to perform the activity, mainly information resources on the inventions, which can potentially 

turn into innovations in logistics. Because these innovations are contingent on environmental circumstances 

(factors), as well as, the environmental elements can be a source for an invention idea, which potentially can 

be applied into logistics, thus, secondly, logistics internal and external environment elements should be 

searched as a source or a limitation for the logistics innovations. The most relevant theoretical propositions, 
which can be used to identify them, are the concepts of logistics system environment [28] and the structure of 

market forces [29]. Through adaptation of these concepts to the contingency approach for identification of 

innovations in logistics, the following four environment elements, which determine the activity “identifying 

innovations in logistics”, can be specified. They are: 

1) near internal environment (e.g. logistics problems, tasks to identify innovations, which can be applied 

into logistics, actual and planned: logistics processes, resources, strategies, plans, budgets, etc.),  
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2) far internal environment (e.g. actual and planned non-logistics processes, resources, strategies, plans, 

budgets, actual and planned vision, mission, strategy and business position of the whole organisation, 

etc.), 

3) near external environment (e.g. customers, suppliers, competitors, law regulations and administration 

decisions, 

4) far external environment (e.g. socio-cultural environment, politics and macro-economy, technology, 

natural environment. 

From the above-mentioned environment elements, the tasks to identify logistics innovations seem to be of the 

most determinant factors for the activity “identifying logistics innovations”. Particularly, the detailed 

specification of the tasks at the form of text and numerical parameters or variables as for instance: the name 

of the task, the description of the logistics area the innovation has been looked for, expected improvements, 

person or a team in-charge with a scope of competence, innovation procedure, time schedule, budget, scope 

of potential research, planned results, etc., stand for the concrete factors, which determine the right activities 

to undertake, and limit the other environmental circumstances, i.g. only selected customers will be interviewed, 

or a selected area of technology will be researched. At the case the tasks for searching innovations are not 

specified, the next near internal environment element “logistics problems” should help to determine the task 

and then activities focused on founding the right innovation. It also means that sometimes the description of 

the logistics problem can be even more important factor then the previous one, because the problem 

determines task, which determines activity in turn, and selects the other environmental circumstances. At the 

case the task for searching innovation is limited to a specific area of logistics, the next environment element 

should be taken under account, namely the other logistics processes, strategy, development plan, etc., both 

at actual and planned form. It is crucial to consider them if a sub-optimisation of the whole logistics is to be 

avoided. Otherwise, innovation at one logistics area, i. g. transportation, might deteriorate the performance of 

the other related logistics area, i. g. warehousing, or opposite.  

Because next to logistics, non-logistics processes can be run, as for instance production, finance, sale, etc., 

so, once more, to avoid sub-optimisation, but within the whole organisation this time, a set of far internal 

environment elements should be considered. It can appear that the solution for logistics problems (e.g.. lost 

parcels) is out of logistics function, and lays for instance at IT, finance or sale scope of competence. Therefore, 

such factors as: actual and planned non-logistics processes, company strategic plans, vision, mission, 

development plans, staff skills, workload factor, production capacity, financial budget etc., can also determine 

the innovations in logistics heavily, and opposite, so they should be analysed at mutual relations. 

Due to openness of organisations’ systems, the external environment elements, including near as well as far 

factors, should be considered during performance of the activity to find innovations for logistics, mainly, 

because all the above listed elements might be a source of the innovation idea, or can limit the innovation. For 

instance, LSP customers (production, trade or service companies, or individuals) can raise a problem, but 

simultaneously might indicate a way how to resolve the problem, just creating a logistics innovative idea to 

introduce, particularly at the form of idea on new or changed logistics services. The same situation can occur 

with suppliers (production, trade, financial, maintain, repair or other service companies), which can be a good 

source for inventing new partnership relations, for instance. And finally, the external far environmental 

elements can create opportunity for inventing a new logistics product or a threat, which restrict the possibility 

of inventions. It is usually easier to be innovative if there is a social, political, technology, economy and nature 

environmental climate, which stimulates and supports inventors, rationalisers, R&D teams, national or over 

national research programs etc. However, these macro factors formulate also requirements to meet by a new 

product, not only bureaucracy, but especially from the point of view of nature sustainability, which particularly 

for logistics causes difficulties at the form of new, more restricted norms, friendly for the nature, but costly for 

logistics, for customer and the society at the end. This situation highlights how difficult is to decide about the 

ranking of the all factors, which should be considered during the activity of identifying the logistics innovation. 

Sometimes, a change in the customer order parameters may initiate an idea for a new logistics service, while 
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another time, geographically distant or unexpected nature events as floods, earthquakes, volcanic eruptions, 

wars, political or social unrest, or economic crisis are turning into critical factors for innovations in logistics. 

This situation indicates also on a fact that all the above-mentioned environment elements are related to each 

other, despite of difficulties to identify them. 

4. CONCLUSION 

Based on the above course of reasoning the following conclusion can be stated. First, the difference between 

logistics innovations and innovations in logistics should be noticed with a proposition to perceive the first ones 

as invented by the logistics idea and understand as a new or a significantly improved solution in comparison 

to best logistics practices, while the innovations in logistics can be also of non-logistics provenience. Second, 

due to situational dependency of innovations in logistics a contingency approach to identify them is proposed. 

According to this approach a set of internal and external environment, presented at this article, can stand for 

a source of identification of innovations, which can be applied into logistics area of activities. Third, because 

the application of innovations into logistics depends heavily on the real situation, a problem with a direct 

transfer of one case into another one can be encountered, thus a development of a knowledge data base, 

which would contain innovations in logistics, implemented as well as potential ideas, which should be classified 

and assessed, is a suggestion for a further research. 
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Abstract 

The article deals with a design of simulation program to serve for presentation of an automatic product 

identification cycle using GS1 standards. Its role is to clarify the issue and present the benefits of AIDC 

technologies. The program also presents GS1 standards for bar codes and radio frequency identification that 

are used in various areas and industry sectors, ranging from healthcare, retail to the automotive industry. 

Devices and software used in development and testing are presented within the article. The program combines 

basic operator input options with presentation screen with details for listeners. As a part of the simulation, the 

program is also linked to a real RFID printer and conveyor belt that complement the presentation and give it 

real-life touch. At the end of the article is presented the final version of the program 

Keywords: RFID, logistic chain, GS1 standards, simulation 

1. INTRODUCTION 

The use of automatic identification elements to speed up and facilitate business processes has become 

a modern trend. The interest of private sector in this area is rising, because with these technologies companies 

can gain competitive advantage in form of speeding up the providing of services or providing value added 

services for customers. These technologies include barcodes and RFID codes developed and standardized 

by GS1. In addition to these activities, GS1 Slovakia also provides courses in automatic identification areas 

and in relevant standards. For several years, the organisation has been using SAP program for these 

purposes. The program, however, was created for lower resolution and older operating systems and currently 

is outdated. Therefore, a need for a new simulation program has emerged that will make it possible to clearly 

and comprehensively present AIDC technologies and relevant GS1 standards. 

2. LOGISTICS 

Logistics is an interdisciplinary science that deals with the activities and actions that ensure the flow of 

materials and information in the company from its source to the destination along with after-sale services. 

Logistics also includes the infrastructure, resources and equipment needed to provide the necessary flows and 

activities. Logistics activities are according to their classification in the production and distribution processes 

divided into supply logistics, distribution logistics and internal logistics [1]. 

3. USED STANDARDS 

Standards connect the world. Thanks to them, we can encode a code on one side of the earth and decode it 

on the other side with the certainty that we will get the same result. By encoding standards it is possible to 

optimize logistics chain and improve communication between suppliers, customers and, in general, all logistics 

chain participants. Thanks to them, it is possible to track when and where the product was manufactured, the 

series in which it was produced, i.e. all the steps that have been recorded since its manufacture to date, 

regardless of geographical location. By using the electronic data exchange systems and corresponding 

decoding standard, all recorded data becomes available. This is the main subject of a simulation program that 

helps to present GS1 standards for automatic identification and their use within the logistics chain. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

207 

3.1. GTIN 

GTIN, Global Trade Item Number, can be used to uniquely identify trade items at different levels of packaging 

ranging from individual pieces of goods to small transport units. A serial number can also be added to the 

code, through which we can identify each piece manufactured within the production series. By assigning the 

serial number, a serialized GTIN is created, i.e. SGTIN. The GTIN is unique to each company. Thanks to this, 

when we read the GTIN code in different countries and get a reference to the same manufacturer and the 

same product. The GTIN code is divided into 4 types: GTIN-8 (also known as EAN-8), GTIN-13 (known as 

UPC-A), GTIN-13 (known as EAN-13) and GTIN-14 (known as ITF-14) [2]. 

3.2. EAN-13 

EAN-13, European Article Number, is one of GTIN codes and it is one of the most commonly used barcodes. 

It finds its use in labelling of consumer goods, group packs or carton packaging. It is a 13-digit code, its first 

three digits determine the country of origin, the following nine digits indicate the manufacturer and the type of 

goods, the last digit is control digit [3]. 

3.3. EPC 

EPC, Electronic Product Code, is a syntax for creating unique identifiers that are associated with transport 

units, buildings and locations, retail items, and other physical items that are used in logistics and retail chains. 

EPC exists in two forms, in printed form and in digital form written in the memory of RFID tag, which serves as 

its carrier. It can be written in several ways, e.g. hexadecimal in which it is stored in the RFID tags, in decimal 

form, or in binary form that serves for translation between decimal and hexadecimal. EPC Tag Data Standard 

allows you to write data encoded by GS1 identification keys into the memory of RFID tag. GS1 identification 

keys that can be written to RFID tag memory via EPC include, for example, GLN, GTIN, SGTIN, SSCC, etc. 

[4,5]. 

4. METODOLOGY AND SOFTWARE 

We used spiral development method in developing this software. The first step was the analysis of the devices 

for which the program will be designed. Based on the analysis, we chose middleware Aton AMP OnID as the 

appropriate software for communication with RFID devices. If offers a wide range of user options and it is also 

allows network communication. At the beginning of the laboratory presentation model, there is a ZEBRA RFID 

printer, so we used ZPL programming language to create print commands. After the initial analysis we started 

with software development, in which we have set milestones. Once we reached them, we have evaluated and 

consulted the achieved results and decided on the next steps. We could say, that we have divided the spiral 

of development into four stages: planning, development, evaluation and debugging. 

4.1. Aton AMP OnID  

Aton AMP OnID is middleware, which is used for creating control applications in RFID and AIDC systems. It is 

a modular software which consists of three main elements, namely processors, databases and labels. 

Databases are modules that are used to create a connection with database. It is enough to create this 

connection once and it can be used by all other program modules. Labels are used to write notes and floating 

comments. Processors are modules that create program functionality. They are categorized according to their 

usage, for example on filters, accumulators, printing processors, communication processors, etc. [5]. 

4.2. Zebra ZPL 

ZPL, ZEBRA Programming Language, is a programming language that was created by ZEBRA Technologies 

to communicate with their devices. It is primarily used for creating labels and print commands. 
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5. SIMULATION SOFTWARE 

We have decided to create the program in the form of a web application that will serve as user interface. The 

web application and the RFID middleware function as separate entities. Both parts are connected via a 

database, which also gets the logical function in addition to the storage function. User inserts commands for 

the lab equipment to the database through the web interface. Middleware notices the requests for executing 

commands, executes them, and marks them as executed in the database. We created this logic at the 

beginning of the programming process and the whole program is managed by it. 

Presentation of the automatic identification cycle begins with the production of the product, or by stock in, when 

the product must be marked by identification label. The requirement was that the name of the product, the 

serial number, the date of manufacture, the expiry date or the best before, the EAN-13 code and batch be 

printed on the label. All these data are inserted by user into the database via the data entry form in the HTML 

web application (Figure 1).  

 
Figure 1 Data entry form 

In addition, the user also inserts the company prefix length and the number of items for which the labels are 

to be printed. According to the number of items, the serial number will be calculated, starting with the number 

that the user entered first, and each subsequent number will be 1 larger. Based on the company prefix value, 

the script gets the GS1 Company prefix and Item reference from the EAN-13 code. These are then used 

together with the serial number to create the EPC code using the SGTIN standard. The encoded EPC is stored 

in the database in decimal and hexadecimal form. The decimal form is used to be sent to the printer, the 

hexadecimal is used to verify the writing of the EPC to the tag memory. Another created value that is sent to 

the database and to the printer is the EPC data structure. This is a structure that defines the size of individual 

EPC code partitions in bits. Based on the structure, the strings of the SGTIN code are encoded into the tag 

memory. The data structure values are obtained from the SGTIN-96 partition table, based on the company 

prefix length. We use the SGTIN-96 partition table because the RFID tags into which we write the EPC code 

have a capacity of 96 bits. This is all the data that goes from the user to the database. Some of them have 

been entered by user, some have been created using standardized procedures. 

User-entered data is stored in two tables in the database. In the main table, where all entered and created 

data are stored and are always available to the user. They remain stored in this table until user deletes them. 

The second table serves as a buffer. It only stores the data that are needed for printing. The middleware is set 

to regularly check whether there are any data in this table. When it finds that data has been inserted into the 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

209 

table, it initializes the printing process. The data in the buffer table are sorted according to the user input and 

they are sent to the printer in the same order. Once the data has been printed on the label, the corresponding 

row in the buffer table is deleted and the next row is sent to the printer. In this way, all labels are printed out 

and the buffer table is emptied. 

Sending the print command to the printer is provided by the middleware which has a pre-set ZPL label design 

template. We created two templates, one with expiry date, the other with best before. Which one will be used 

depends on the data inserted by the user. Both templates contain variables that are populated with data 

entered by user into the database. The ZPL code, populated by user entered data, is sent to the printer to print 

the label and apply it on the box. The printed label is shown in Figure 2. 

 

Figure 2 Printed label 

The boxes marked with the printed label are guided via a conveyor belt to the RFID gateway, which verifies 

whether was the data writing successful. We set the middleware so that the gateway reads the EPC from tag 

in hexadecimal form and decodes the serial number from it. Both data, hexadecimal EPC and serial number, 

are then stored in the database table for first gateway. They are used to verify the writing accuracy and for 

error detection. 

Both operations, label printing, and verification are presented graphically in the user interface environment for 

presentation purposes. The role of the graphic interface is to clearly present the benefits of AIDC technologies 

and to aid the lecturer during the presentation. The first column in graphical interface has name “Print progress” 

and it serves for graphic representation of the print queue. After user inserts data, empty boxes are added to 

the column. Their number depends on the user input. When the label is printed out and applied to the box, a 

label and a serial number appear on the box in the graphical interface. The serial number is selected from the 

database from data entered by the user. As the labels are printed out and applied to the boxes, so are they 

labelled in the graphical interface. The printing and the change in the graphical interface take place exactly in 

the same order as the user input. Boxes with applied labels are guided by a conveyor belt to the RFID gateway, 

which is represented in the graphical interface by the “Encoding check” column. When the gateway reads the 

label, a image of a box with serial number is displayed in the column. If the writing and encoding was 

successful, the same box appears as in the previous column, but it also has a tag icon on the top. If a writing, 

or encoding error has occurred, a red colour box appears to alert the user. The evaluation is done at the web 

application level, where is compared user input to the database and RFID gateway data input. Only the EPC 

codes are compared, the serial number serves as a distinctive key for the user. This functionality can also be 

used for presentation of detection of incorrect boxes that accidentally get on the wrong conveyor belt. Through 
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the serial number, user can easily identify the package that has been misdirected. In addition to the serial 

number, it is also possible to show EAN-13 on the image of the box and combine them to clearly identify the 

misdirected box. However, the EAN-13 is too long and it would be displayed in small font, which would be 

inappropriate for the presentation. Therefore, we have only displayed serial numbers on the boxes and the 

other options and information that can be obtained from the RFID tag are described in the course. Both 

columns of graphical interface are shown in Figure 3. Figure also shows a misdirected box detection; its serial 

number is 278. 

 

Figure 3 Columns of graphic interface 

Although the program captures only the beginning of the automatic identification cycle, it already offers many 

options to present AIDC technologies and GS1 standards. The first step is insertion of data into the database 

and assigning a SGTIN identifier to them. This identifier was created automatically based on the inserted data 

and is unique. No other product or manufacturer has the same code when using this standard. This is secured 

by the combination of EAN-13 and serial number. EAN-13 is unique to the company and the serial number is 

unique for the product. This makes it possible to track it in both internal and external business operations. 
Through electronic data exchange systems, any system participant can read these labels, retrieve useful data 

from the database and even add additional information about performed operations, or about the location and 

its next destination. Information in database are also a good basis for using other standards such as SSCC 

(Serial Shipping Container Code) or GLN (Global Location Number). Both codes use company prefix acquired 

from EAN-13 code, which opens new topics to the discussion about possibilities of EAN code. 

The application has already been put into real use. By using it, selected GS1 standards were presented to 

both public and private sector. In addition to verifying its functionality, real deployment has provided us with 

the necessary feedback to help us move on and improve the application. Its advantage is its modularity, i.e. 

the possibility of adding new functionality. As a next step, we plan to add the SSCC and GLN standards, that 

have already been mentioned and build on the current state of the app. By combining them, it will be possible 

to continue to present the logistics cycle up to the creation of the transport unit and the assigning of storage 

position, creating a cycle starting from production to storage. 

6. CONCLUSION 

Presentation of AIDC technologies and GS1 standards is a fundamental activity of GS1 Slovakia, therefore it 

is important for them to have the appropriate software for these purposes. This article dealt with the creation 
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and functionality of such a program. Using this new program, presentations for public and private sector have 

already been made to verify this solution, its functionality and suitability. Because the solution is modular, we 

are working on another modules of the application in order to provide a comprehensive view of the entire 

logistics chain from data entry, through reading, verification, storage and subsequent operations with stored 

goods. 
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Abstract 

The aim of the article is to analyse and evaluate the relationship between media coverage and the resilience 

of global supply chains. The basis for the assessment was qualitative research carried out on a representative 

sample of Poles in the years 2015 - 2018 (58 interviews with people connected to supply chain, like drivers, 

operators etc.) and quantitative analysis of words on social media (Facebook, Twitter). The authors also 

monitored Polish print media, both local and nationwide. In addition, the statements of politicians recognized 

as social significant, which were conveyed to the public by the media, were analysed. To analyse the source 

of risk, the “What If” method was applied. 

Keywords: Resilience, media manipulation, human factor, global supply chain 

1. INTRODUCTION 

In social studies, the human factor plays a dominant role and is the main topic of these studies. In the technical 

field the situation is somewhat different. As humans, there are some characteristics that are different from 

composites: sometimes people mix together, and sometimes they do not. Sometimes one can predict the 

human performance and behaviour, sometimes, it is impossible. Unlike most materials, applying stress to a 

human being will not always generate the same consequences, whether the stress be physical or 

psychological. People are connected to each other when they work, because in general, people do not work 

alone as people generally do not work alone. Each person brings along a specific culture which means specific 

rules, manners, and verbal and written communication styles. Both technical and non-technical factors can 

disrupt the smooth implementation of supply chains. Non-technical factors that that may be recognised 

recognise include: the incorrect assessment of strategic options, external certifications, legal regulations, 

natural events or socio-cultural factors, and the impact of media-generated societal events. 

Significant political changes have occurred in Central Europe since 2015 which have had a huge impact on 

societies. Commercial relations between participants in supply chains have been impacted by the 

consequential media fall-out.  

2. LITERATURE REVIEW 

The importance of the human factor has been highlighted by the organizers of the biggest European 

conferences and seminars as ESReDA seminar and it had own panel during ESREL conferences starting from 

2015 when ESREeDA seminar was dedicated to the topic of Human Factor in Risk Assessment and 

Maintenance. ESReDA is a European Association provides a forum for the exchange of information, data and 

current research in Safety and Reliability and a focus for specialist expertise. One may conclude that the 

publications presented are in line with the latest trends that are mandatory in Europe. Thirty-two papers were 

presented on seminar from different scientific disciplines, and from different European researchers. Few of the 

articles were strictly connected to the topic of Human Factor, which is the most important in the point of interest 

of this article area [10]. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

213 

The most complex text where one can find different types of human factor’s definition as human reliability is 

Methods, Techniques and Tools to Understand Human Error in Industrial Activities by José Sobral, Edgar 

Serrano and Luis Ferreira. Human reliability is described there in this article as a wider and more complex 

concept of „the ability of an item to perform a required function under given conditions for a given time interval 

an may also be defined as a probability“ [10]. Authors are citing Meister states that “human reliability is linked 

to the probability of a work or task to be accomplished with success in a given time” [7]. Kirwan says that 

“human reliability is a discipline of Ergonomics based on the knowledge of reliability and risk analysis” [6]. A 

more complete definition of human reliability is mentioned by Pallerosi: “it is the probability of a person not to 

fail on the accomplishment of a required task (action), when demanded, in a given period of time, under 

adequate environmental conditions and with available resources to perform it” [10]. The team also writing about 

human failure in accordance to [10] Human failures are classified into different categories as errors (slip and 

mistakes) and transgressions (deliberate and unintentional). the most common cause of human failures is 

error. These errors are dependent of operator capability, stress factors, motivation and environmental 

conditions. Mistakes usually happen due to fatigue or stress or even bad environmental conditions or person’s 

aging (natural loss of capabilities) but the main reason is due to lack of training for a specific activity. 

Sometimes physical characteristics can also influence the accomplishment of certain tasks. Authors also 

concentrate on the subject of man-machine interaction, where man is the system supervisor. To control the 

human error they presenting few technologies, methodologies and tools to minimize human error probabilities: 

Human Error Rate Prediction (THERP), Accident Sequence Evaluation Program (ASEP), Human Error 

Assessment and Reduction Technique (HEART), Standardized Plant Analysis Risk - Human (SPARH), 

Cognitive Reliability and Error Analysis Method (CREAM), A Technique for Human Event Analysis 

(ATHEANA). None of them taking into account any cultural differences between people all over the world. It 

can be observed from the previous paragraphs, the estimation of the probability of human error is a complex 

task, once it can be influenced by several factors. But none of those factors were social, political or cultural. 

Just technical and environmental ones were taken into account [10]. 

The most efficient example of human factor and human error re the case studies of plane crash. Sameer Al-

Dahidi, Francesco Di Maio, Piero Baraldi, Enrico Zio, team from Energy Department, Politecnico di Milano in 

Supporting Maintenance Decision with Empirical Models Based on Fleet-Wide Data were taking Human 

Factors (HFs) in maintenance as a element which play an important role for equipment reliability [15]. For 

example, in 1985, 520 people were killed in a Japan Airlines Boeing 747 jet accident because of wrong repair 

[3]. Moreover, in 1993, a study of 122 maintenance actions involving HFs reported that there were different 

types of maintenance errors: omissions (56 %), commissions (38 %) and others (6 %). HE is the failure of the 

human to perform a specified task that could result in disruption of scheduled operations or damage to 

equipment. The errors of maintenance personnel can be the most visible aspects of maintenance HFs. HFs is 

the discipline that aims to optimize human well-being and overall system performance. The term includes all 

psychosocial and biomedical considerations, personnel selection, training principles and applications in the 

area of human engineering, human performance evaluation, aids for task performance and life support [5]. In 

practice, the response to HEs involves two paths. First, the HEs probability can be reduced by identifying and 

counteracting error-producing conditions by involving attention to, for example human factors training and other 

actions directed at the HFs associated with these errors. Second, the implementation of an efficient PHM 

system can reduce (a) unnecessary maintenance actions, since it allows reducing unnecessary maintenance 

interventions and (b) predictable failures, since it allows anticipating the failure events [15]. Similar approach 

to the HF problem had Frederik Mohrmann (from National Aerospace Laboratory in Amsterdam) and John 

Stoop (from Kindunos Consultancy, Gorinchem) who presented their ideas of meaning of the behaviour of the 

Human Factor. Authors have analysed human error from a psychological perspective, criticizing reactive 

approaches, compliance with procedural safety management and control. Despite their methodological and 

scientific critiques and alternatives for a popular use, the notion of human error is strong and alive, in particular 

in social media and public perception [9]. 
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The importance of human factor and its unpredictable errors become one of the most important research in 

the technological sciences. But the measurement of the influences on the human behaviour and its cultural 

reactions are still not examine enough.  

3. MEDIA MANIPULATION AND ITS POSSIBLE INFLUENCE ON GLOBAL SUPPLY CHAINS 

"The media create a picture of reality that is convenient for ruling elites. Most often, it has nothing to do with 

the truth. It is used to intimidate and manipulate society" [1], as Noam Chomsky wrote in his publication 

criticizing the functioning of the American media in the 1980s and 1990s. The American linguist, philosopher 

and political activist introduced the concepts of "propaganda of the media" and "the propaganda media", 

referring them to the media of the broadly understood West, excluding from the scope of these concepts only 

the world of the Global South and information flowing from there. The researcher wanted to draw attention to 

new threats that flow from propaganda messages and are not noticed by recipients. Democratic society 

remains, according to the researcher, defenceless against the media hidden message [2]. 

The problem of the media propagandization is present in the current message that reaches society of the 21st 

century. The media message constitutes the basis for building the identity and sense of security of civil society. 

Modern nations believe in the current state of existence, with the illusory impression that in the era of 

globalization they have access to so much information, that they can themselves create awareness of what is 

happening in the world. 

Propaganda belongs among the oldest forms of "exerting pressure" on society, however, the modern media 

have changed the current rules of the game. The universality of information, while not being able to "filter" the 

imposed content out of the data, causes the recipient to be helpless in the face of the multitude of often 

contradictory information.  

The process of globalization, encompassing communication processes, "has weakened the context of" 

statehood "in international relations, and the mass media increasingly use elements of interpersonal 

communication, thus becoming a space for direct contact and cultural exchange between people of different 

nationalities or belonging to different cultural circles" [14]. 

The media having a strong ability to create social attitudes and shape social opinions on topics related to 

cultural and international security as well as crisis situations play a very important role in the process of 

providing information. The so-called "logic of media operation" ought to be emphasized [8]. This is the logic of 

selection and presentation of information, developed by editorial teams and based on the sensitivity of 

journalists to the subject presented on the one hand and, on the other hand, it is based on the recipients’ social 

expectations. This system causes a whole range of distortions of the image of the reality presented by the 

media. The means of mass communication are an instrument of the reality construction: they construct it 

themselves and help each member of society in constructing his/her subjective reality [14]. 

In the 21st century, the media has become a tool that creates information on a global scale. Information is 

transferred in a fragmentary and selective way, valuing global issues over local ones. They ceased to be a tool 

showing events in the world and began to build ideological hegemony. 

The development and accessibility of the internet and global television stations (CNN, BBC World, Sky News, 

Al-Jazeera), which have become the key sources of information about world events and broadcast news 

programs 24 hours a day, have revolutionized mass communication. The internet has also enabled an 

immediate exchange of views and information. This revolution has given the opportunity of worldwide real time 

transmission of information. 

When analysing the media message, three aspects of intercultural communication need to be borne in mind: 

it concerns distant culture - in the sense of both geographical and cultural distance, a recipient and his/her 
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expectations influence the message, which editors and journalists are well aware of and thereby provide the 

desired "product". 

The media image of a Muslim has been deformed and misshapen more than other people/beliefs. The actual 

image becomes adulterated in the process of shaping and reading the content of the media message. The 

reasons for this state of affairs can be found in the mediatization of everyday life, which consists in imaging 

reality in a media message, which then influences the reality perceived by the recipients [14]. The mediatization 

of everyday life concerns almost all aspects of our lives. This is significant in so far as the media perform 

informational, orientation, educational and advisory functions, and serve as an activator of social activities. 

The media are also the main field of criticism of political activities and the controller of authorities. In other 

words, they generate and articulate messages that are perceived by the public as their own [14]. As Umberto 

Eco remarked: "Fictitious worlds are in fact parasites of the real world, however they are "worlds" that capture 

the lion's share of what we know about the real world; they allow us to concentrate on a finite, closed world, 

very similar to ours, but ontologically poorer" [4]. 

For this reason, media messages concerning contemporary migration and exile in the context of "a stranger" 

should be subjected to a special analysis and interpretation, since they are often an element of manipulation 

and disinformation [11]. "In wartime, truth becomes the first victim" [12]. The quote from the book Falsehood 

in Wartime. Propaganda lies of the First World War by Ponsonbi has never been more accurate.  

4. WHAT-IF ANALYSIS OF MEDIA COVERAGE IMPACTS ON GLOBAL SUPPLY CHAINS 

What-if method may help in performing tasks and understanding more complex challenges. Questions are 

generated based on interviews among Polish members of society. The basis for the questions was the idea of 

an “alternative reality” created by media that covers many subjects. In most cases, this “alternative reality” may 

have a very slight influence on global supply chains whereas in a few cases serious damage may be caused.  

Given the impact of the media on creating societal world views, decisions relating to global supply chains need 

to be informed by questions around societal stereotypes concerning for example Muslims, Jews, Russians or 

Asians which can negatively impact the capacity of global supply chain partners to create trusting commercial 

relationships. It has to be asked: 

1) how social message will affect the selection of suppliers and companies' local purchasing strategies;  

2) how the social and online media will affect the selection of alternative means of transport;  

3) how the media generally negative image of immigrants may affect perceptions relating to their quality of 

work; 

4) how the media image may affect the issues such as staff absenteeism and staff retention;  

5) how the lack of trust can in turn impact the range, quality and quantity of products and services that are 

ordered and transported.  

A case study covered Polish drivers who transport goods to Great Britain via Calais and the increased 

expenses involved in insuring these transport routes as an alternative to ferry crossings from Rotterdam. 

Increased costs arose from drivers demanding higher pay, increased insurance costs, more parking tickets, 

more incidents of conflict etc.  

The increase of threats related to transport safety and untimely delivery on the analysed route is strongly 

reflected in the increased costs of handling cargo deliveries to Great Britain. The main threat in the form of 

increased expenses is primarily due to special insurance conditions on this route and the possibility of 

penalties. An alternative route for deliveries to Great Britain includes the possibility of taking advantage of the 

ferry crossing in Rotterdam. However, this connection leads to Hull (the central part of Great Britain). The 

duration of the crossing is more than 10 hours longer than the crossing from Calais, while crossing the route 

between Calais and Hull takes about 5 hours. At the same time, carriers emphasize that carrying out cars 

through Rotterdam would increase costs by 20-30 % electoral [8,13].  
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Negative image of an immigrant causes racist and aggressive behaviour towards immigrants. As a 

consequence, they will leave the companies from the production lines. And that will cause labour shortages. 

Other examples involved piracy and the increased costs of air freight which was chosen as a means of 

transport to address the risk that was faced by cargo ships from China as well as the impact of zloty currency 

depreciation on the cost of raw material inputs as a consequence of uncertainty around Polish investment 

grade ratings. The furniture chain, Ikea, experienced a fall-off in sales following media coverage of poor 

working conditions faced by Indian workers producing their furniture. The popular mineral water "Cisowianka" 

was hit by a 20 % fall in sales after articles appeared in the press about the health hazards associated with 

the alleged bacteria in their water. 

The answers to following question could show the impact of media image for the supply chain’s resilience: 

1) Social media image can change the process of building supply chains by local carriers. 

2) Media information about fake or misunderstand events/crisis/incidents may cause the alternative choose 

of transport even much more expensive what would increase cost of whole process. 

3) Media image on immigrants may cause different problems: starting from changing whole process of 

supply chain, the suppliers, way of transport to conflict based on cultural background. 

4) Negative media image on immigrants can cause cultural and social problems and conflict at work. Due 

to lack of polish workers and discrimination of the “others” it may cause lack of workers. 

5) Media information, even the fake one, with negative repercussion usually cause fall off in sales. 

The article discusses only a few examples of the media influence on the social perception of reality and the 

creation of an alternative reality. However, it should be mentioned that resilience global supply chains do not 

depend only on technical factors, but also on the human factor which has a huge impact on the whole process 

that is analysed. 

5. CONCLUSION 

The impact of the media on society is significant. The portrayal of conflicts and events can have a huge impact 

on the way a society reacts to contemporary challenges and the misrepresentation of information can lead to 

faulty decision-making and unnecessary, costly disruption to supply chains. Examples include the migrant 

crisis and the different ways it has been handled in European countries such as the UK, France or Poland or 

the impact of terrorist events in a country such as France. Global supply chains are based on trusting, often 

long-term commercial relationships between partners that at times are distant from both a geographic and 

cultural perspective. Such relationships can be undermined by the impact of ill-informed stereotypes generated 

by the media. The consequences can be severe at times. This study is a reminder of the importance of non-

technical, human factors in the overall performance of supply chains. An interdisciplinary approach is needed 

to assess the resilience of global supply chains. The human factor is needs to be integrated into risk 

assessment processes. Economic and technical knowledge needs to be combined with socio-cultural research 

in order to generate a better understanding of overall risks and ultimately better, more rational decision-making. 

The challenge of how to assess the quality of such decision making remains open.  
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Abstract  

Sustainability plays crucial role in today’s competitive environment. Having CSR strategy implemented in the 

area of production seems to be not enough. Currently companies realized that they could also be competitive 

by improving their logistics processes i.e. in terms of implementing more eco-friendly transport management. 

Sustainability in the area of transport activities can occur as replacing road to multimodal modes. However, 

the multimodal transport is still recognized as complex and problematic solution for many logistics managers. 

Thus, it is rarely chosen by the companies. These challenges can be met through using technology tools for 

transport planning and management. One of the available solutions is a part of ChemMultimodal project 

toolbox - Intermodal Links platform. On such a digital platform companies can easily plan different scenarios 

for multimodal transport routes within Europe. It could also further serve i.e. for synchromodality as a new 

competitive solution on logistics services market. The goal of the article is to present Intermodal Links platform 

as an example of the tool supporting strategic decisions for increasing sustainable transport solutions. 

Presented results are based on ChemMultimodal Project implementation. The Project is carried out under 

Interreg Central Europe Programme between 2016 and 2019. 

Keywords: Sustainable transport management, digital platform for transport management, cloud platform 

1. INTRODUCTION 

Sustainable development means managing a company with the respect of economic, ecological and social 

needs and aspects. Except from the strategy, sustainability is driven by regulation and growing customers’ 

awareness on their impact on natural resources by daily customers’ choices. This means that having Corporate 

Social Responsibility (CSR) strategy implemented in the area of production seems to be not enough. Currently 

companies realized that they could also be competitive by improving their logistics processes i.e. in terms of 

implementing more eco-friendly transport management. Sustainability in the area of transport activities can 

occur as replacing road to multimodal modes. However, the multimodal transport is still recognized as complex 

and problematic solution for many logistics managers. This is due to the fact of the need for involving not only 

different modes of transport but also finding right intermodal terminals or reliable partners that are able to meet 

customers’ need i.e. in terms of Just-In-Time supplies or timely deliveries. Thus, multimodal solutions are still 

rarely chosen by the companies.  

However, these challenges can be met through using technology tools for transport planning and management. 

Currently digital technology allows to build tailor-made solutions that are able to meet almost any needs of the 

customers on the acceptable costs level. 

Taking into account complexity of the multimodal transport and rapidly growing needs for supporting logistics 

with sustainable solutions the idea of ChemMultimodal project arouse. The project concentrates on promotion 

of multimodal solution within logistics of chemical goods. During the project implementation the toolbox solution 

was developed to support transport managers with multimodal decisions when fulfilling orders for customers 

located in Europe or even further - on the global scale. One of the elements of the toolbox is the digital platform 

helping managers with planning and scheduling transport scenarios with usage of multimodal resources - 

mainly rail and short-sea transport and intermodal terminals. The platform adopted for supporting systemic 

approach of the ChemMultimodal toolbox is the Intermodal Links platform. This platform is an example of the 

solution that can help managers with easily planning and developing new different scenarios for multimodal 
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transport routes within Europe. It could also further serve i.e. for synchromodality as a new competitive solution 

on logistics services market. The goal of the article is to present Intermodal Links platform as an example of 

the tool supporting strategic decisions for increasing sustainable transport solutions. Presented results are 

based on ChemMultimodal Project implementation. The Project is carried out under Interreg Central Europe 

Programme between 2016 and 2019 [1]. 

2. CHALLENGES OF SUSTAINABLE TRANSPORT MANAGEMENT  

Sustainable transport development is an important element supporting the implementation of the policy of 

taking measures to improve the quality of the environment in the European Union [2]. Sustainability in terms 

of transport management means the ability to analyse available transport modes and choosing these that are 

characterised by eco-friendly impact on natural environment. Low-emission transport includes those modes of 

transport (or a combination thereof) that, during the transport of goods, emit the lowest CO2 coefficient in 

comparison with other branches. Low-emission modes of transport include: railways, short-sea shipping, 

inland waterway transport [3]. The characteristics of these modes of transport suggest that in fact there is a 

need to take in to account multimodal solution since not in all of the cases there is a possibility to use a single 

mode during the direct transport from point of departure to the point of the final destination. Multimodal 

transport means carriage of goods by two or more modes of transport [4]. 

Choosing multimodal transport is challenging for many companies. The main reasons are the insufficient skills 

for planning the complexity of activities within multimodal transport infrastructure and the need for reacting 

based on different scenarios during the process of the transport frequently on a real-time basis. The other 

reason is connected with the characteristics of railway (or short-sea) solutions, namely: longer time and 

problem with punctuality - and therefore reliability - in comparison with road mode [2].  

However, if the main objective of logistics activates is to coordinate freight transport, storage, inventory 

management, materials handling in the integrated manner, therefore logistics or transport managers should 

be familiar with multimodal challenges and able to gain in value in terms of low-emission transport scenarios 

implementation in their companies. In any case, to meet this objective the proper information sharing and 

management should be in places. The information can be collected and processed by and within the company, 

by the logistics service providers and the company or can be obtained by the open source systems available 

on-line on digital platforms.  

3. TOOLBOX SUPPORTING SUSTAINABLE TRASNPORT MANAGEMENT DEVELOPED DURING 

THE CHEMMULTIMODAL PROJECT 

ChemMultimodal project is implemented for promotion of multimodal transport of chemical goods. The Project 

aims to achieve this by coordinating and facilitating cooperation between chemical companies, specialized 

LSP, terminal operators and public authorities in chemical regions in Central Europe. The Project is carried 

out under the Interreg Central Europe Program between June 2016 and May 2019.  

The first part of the Project concentrated on diagnose on how physical flows of chemical goods are managed 

and what kind of tools are used in supply chain to support smooth and continues flows. This information is a 

base for a tool development that aims to promote increasing in multimodal transport usage. Project is 

conducted in seven countries or regions in Central Europe by fourteen Partners. All the Project’s activities are 

performed simultaneously in all Partners’ countries. The ChemMultimodal Project presents a systemic 

approach to manage sustainable transport activities on a global scale. This is because it consists of four 

elements which complement each other to provide comprehensive solution - the toolbox - based on 

cooperation in the outsourcing model. The toolbox consists of four elements (consulting services, planning 

guidelines, Intermodal Links platform and CO2 calculator) and has been tested by each of the project’s 
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partners with chemical companies in the partner countries to facilitate real modal shift. The toolbox elements 

are presented on Figure 1. 

 

Figure 1 ChemMultimodal Toolbox 

The main elements of the toolbox are: 

 Consulting Service for chemical companies to improve multimodal transport serves as a moderating 

framework for hosting workshops, bilateral meetings while discussing the potential to shift unimodal 

transport to multimodal. The aim is to establish bilateral cooperation and to develop a database of 

contacts generated throughout the project. The main role of the project partners is providing information, 

engaging in discussion, facilitation of cooperation and networking between companies and logistics 

service providers. 

 Planning Guidelines for increasing multimodal transport are established to capture necessary transport 
facts. The planning guidelines serve as an output sheet whereby most important indicators related to 

multimodal transport are gathered. Such indicators are: 

o product type to receive information about the products characteristics,  

o volume to estimate if intermodal transport poses a suitable alternative way of transport,  

o countries crossed along the route with respective driving and loading regulations,  

o bundling options to achieve a more efficient use of capacities and  

o the number of transport units. This number is based on the volumes (tons or litres) foreseen 

for the transport 

 The CO2 calculator was developed based on activity-based method. It is useful for both, chemical 

companies and logistics operators, and provides the one-click calculation of CO2 emissions of 

intermodal connections from the place of origin to the cargo destination with possibility to define freight 

characteristics. The value of CO2 emissions is based on average emission factors [5]. 

 The Intermodal Links Planner allows the visualisation of existing intermodal transport routes and 
provides information about frequency of departure, availability of Logistics Service Providers and 

terminal operators, arranged feed, delivery of transports to/from different terminals. It fulfils the core 

requirements like European wide availability, high topicality of the routes and connections and 

integration of different transport modes [6].  
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4. IMPACT OF TECHNOLOGY ON TRANSPORT MANAGEMENT - THE CASE OF INTERMODAL 

LINKS PLATFORM FOR SUSTAINABLE TRANSPORT MANAGEMENT 

Currently digital technology plays crucial role in gaining competitive advantage by the companies. 

Technologies impact on innovativeness and innovations in the area of products (goods and services), 

processes and business models [7]. They are also one of the main resources supporting companies that are 

not classified as innovative companies. Therefore, any company can gain value by using technology in the 

area of multimodal transport management. The solution for the complex transport activities’ planning is using 

a digital platform that enables access to the information shared by logistics and transport service providers. 

The example of such a platform is presented on Figure 2. 

 
Figure 2 The transport planning platform on cloud computing model 

In case of digital platforms, the information is centralized - mainly in the cloud computing model - and available 

to the users in form of the data base where all the connected transport suppliers share their resources of 

services. That kind of platforms are the base of the sharing economy offering the possibilities to meet the 

demand and the supply on-line [7]. 

The example of independent on-line search platform that enables to fine the best and fastest multimodal 

transport for containers thought-out Europe is the Intermodal Links solution. The platform on intermodal within 

Europe routes is available since 2013. It combines schedules of 159 barge, rail, short-sea and ferry operators. 

And it is continuously updated by them - 71 % of the information is updated on 3-montlhy basis, 18 % - 3-6 

months, 10 % - 6-12 months and 1 % - more than one year. To support users with such o complex data, the 

standardization is needed to collect and present schedules. The schedules are based on Transport Service 

Description (TSD) that consist of: 

 city of departure and arrival, 

 terminal of departure and arrival, 

 days of departure, 

 frequency (departures per week), 

 transport time (in number of days), 

 name of transport operator, 

 name (and date) of transport service. 

The screenshot of the platform for sustainable transport planning is shown on Figure 3. 

The Intermodal Links platform offers point-to-point intermodal solutions across Europe and adjacent regions. 

There are around 18 000 direct connections offered, 90 % of them are the services supported by 50 largest 

operators (30 largest operators represent 75 % of the direct connections and 10 largest operators - 44 %). The 

connections by transport modes are shared between short-sea or ferry (48 % of connections), railway (32 %) 

and barge (20 %). It covers the connections with 1100 intermodal terminals and includes information on 

logistics infrastructure from 56 countries. This tool is insightful and is based on tailor-made analytics strongly 
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supporting modal shift 

strategies. It must be also 

underlined that this solution is 

free of charge and can be used 

both - for checking available 

solutions within European 

transport infrastructure and for 

building alternative scenarios of 

road transport and planning 

sustainable solutions. 

According to the platform users 

the reason for using Intermodal 

Links was “to find better 

intermodal transport 

connections” (58 % of 

responses) and “to compare 

intermodal transport with road 

transport” (26 %). When 

analyzing impact of the platform 

to the daily-basis users work, 

they admitted that “I have found 

alternative intermodal routes in Intermodal Links which I can offer to my clients” (25 % of responses), “I save 

time by using Intermodal Links” (22 %), “I make my work more efficient” (17 %) and “I have contacted 

intermodal operators which I have found in Intermodal Links” (17 %) [9]. These replies prove that the solution 

is also helpful for logistics service providers which can offer their services on the platform, but also serve their 

customers by the other offers available on the Intermodal Links. Further they can use it for supporting more 

innovative solutions e.g. for synchromodality purposes [10].  

The Intermodal Links platform usage has been recognized already by three international European ports - Port 

of Amsterdam [11], Port of Zeeland [12] and Port of Zeebrugge [13] and also by East-West Corridor [14] and 

KTL Ludwigshafen [15]. The platform is constantly developed and includes new partners. 

5. CONCLUSION 

The main objective of logistics activates is to coordinate freight transport, storage, inventory management, 

materials handling in the integrated manner. Having in mind the fulfillment of customers’ satisfaction and at 

the same time meeting the goals of CSR strategy makes logistics’ objectives even more challenging and 

problematic. To simplify at least part of the complexity and to solve the problems of low level of multimodal 

transport usage the ChemMultimodal project was introduced. One of the toolbox elements that was developed 

within the project was an IT Visualization solution. The Intermodal Links platform was chosen to be further 

developed and serve as a base for transport and logistics managers during transportation activities planning 

and managing. The platform integrates information from different transport services providers - mainly within 

European Union - to visualize possible routes scenarios when revising multimodal transport solutions on long 

distances. Except for broader information on available models, managers can gain the solutions that meet 

companies’ CSR strategy in practical, not only partial or theoretical, manner. Of course, this platform will not 

solve all multimodal problems and complexity as these strongly depend on the scale and diversity of the 

products’ portfolio and geographical dispersity of the customers within particular supply chain. However, such 

a solution might be a first step to diagnose multimodal potential that - according to the study - is still uncovered 

or perceived as too complicated by many managers from chemical companies. The next step for developing 

Figure 3 Intermodal Links platform visualisation 
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competitiveness by sustainable transport management - also for Logistics Service Providers - might be a 

synchromodality implementation into the practice based on digital platform like Intermodal Links. 
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Abstract  

Supplying troops with foodstuffs is one of the underlying factors determining success in armed operations and 

is part of the professional activity of commanders at all levels of the military logistic structures. At the same 

time, the European Union's soldiers and citizens are protected consumers and potential victims in the event of 

targeted food modification. The consumer is aware and knowledgeable about the relationship that exists 

between the quality of food and his health, including the safety of the products consumed. In the era of limited 

trust in food products offered and supplied to consumers, producers, as well as suppliers, must prove, among 

other things, by having the required certificates, that they can manage food safety on an ongoing basis. In 

addition to the dangers related to non-compliance with the HACCP principles and good hygiene and production 

practices, targeted activities take on particular importance. The literature on the subject deals with the issue 

of deliberate contamination or food poisoning. The article thoroughly queries Polish literature sources as well 

as foreign ones, since the native literature on food defense in the field of management science and commodity 

science is very poor. The author indicates the possibilities of integration of the proposed system of food 

defense management with the applicable procedures in the Food Service of the Armed Forces of Poland. 

This article is based on the analysis of scientific publications and is the effect of observing phenomena 

occurring mainly in the field of HACCP and the military environment 

Keywords: Food management, supply chain management, defense, HACCP 

INTRODUCTION 

Supplying [1] troops with foodstuffs is one of the fundamental factors determining success in armed operations 

as well as it is part of the professional activity of commanders at all levels of the military logistic structures. The 

process of providing food in the modern battlefield plays the essential and one of the prominent roles in 

logistics. One should bear in mind that a vast assortment and quantity diversity will characterize this supply. 

Citizens of the European Union and soldiers are protected consumers and potential victims in the event of 

deliberate modification of procedures related to food poisoning. Already in the mid-1975, individual Member 

States standardized the provisions concerning systems and the quality in food production with the regulations 

of the FDA, (the American agency - the Food and Drug Administration). The Council Directive No. 93/43 / EEC 

of June 10, 1993, constitutes the primary document in this thematic scope. It specifies the mandatory 

implementation of the HACCP principles [2] and hygiene requirements in the process of purchasing, 

distributing and selling food. Another vital element of the directive is the introduction of the responsibility of 

persons involved in food trade for providing food safety by following appropriate procedures. 

When it comes to the characterization of various groups of foodstuffs, separate regulations concerning meat, 

fish, eggs, milk and other food and non-food products were issued within the EU. In 2000, a new European 

Union strategy regarding the proper health quality of food and its safety was presented in the form of the "White 

Book". The legal basis in question would be incomplete without the Regulation of the European Parliament of 

January 28, 2002, laying down the general principles and requirements of food law, establishing the European 

Food Safety Authority and specifying procedures on food security. 
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In the system of Polish legislation, the "Act on Health Conditions of Food and Nutrition" is an important 

document adapted to European Union legislation. It has imposed an obligation on all food producers and 

distributors, including mass caterers, to implement the HACCP system since the date Poland joined the EU, 

i.e., May 1st, 2004. 

The accession of Poland to the European Union means that Polish entrepreneurs wishing to place their food 

products on demanding and competitive European markets must offer a high level of quality of their products, 

as well as pay attention to customer relations. 

It is the individual and institutional client (the Military Economic Department) that is the final verifier of the 

entrepreneur's actions by making the choices of food products. 

As far as food marketing is concerned, the modern global economy is an extremely dynamic phenomenon and 

ought to be subject to restrictions. This factor is a key indicator influencing the integration conditions that not 

only affect the sphere of business entities, but also the concepts and strategies for their further development. 

The military canteen is a collective catering facility in which all activities related to the preparation and serving 

meals to entitled persons are carried out based on the applicable HACCP system rules. The aim of the article 

is to indicate the logical and organizational grounds for the superstructure of the existing HACCP system with 

new areas, supplementing the existing procedures, as well as providing additional safeguards to defend and 

protect food against intent contamination. 

This article is based on the analysis of scientific publications and is the effect of observing phenomena 

occurring mainly in the field of HACCP.  

1. FOOD SAFETY 

Safety is a critical and crucial component of the quality of a food product. It is a term used in many sciences 

and a broad conceptual context. It is assumed that the science of safety is interdisciplinary and uses the 

achievements of various scientific fields. The interdisciplinarity means that the concept of security can be 

defined for multiple domains, and therefore adapted to numerous areas of interest [3]. J. Stranks states that 

safety is a state in which the risk of a threat is at an acceptable level, within tolerated, agreed limits [4]. The 

importance of a product, including food, safety also falls within the context outlined. The essence of the above 

is emphasized by the fact that the right to food and its protection is part of the general human rights to life, 

food or human dignity. The guarantee is the Universal Declaration of Human Rights (United Nations) of 

December 10, 1948 (Article 3) "Everyone has the right to life, liberty, and security of person" [5]. Since food is 

and will always be the subject of activities and turnover in the food chain, the definition of safety included in 

the ISO 28000 standard seems to be important. Safety has been defined therein as "resistance to intentional, 

unlawful action, the purpose of which is to cause damage or destruction in or through the supply chain" [6]. 

The possibility of using food as a weapon is not an invention of humanity of the twentieth century. Already in 

ancient times, the dependency was noticed that it was not only the training or equipment of soldiers, but mainly 

the immunity, or lack thereof, to epidemics spreading during conflicts that prejudged the outcome of wars. 

The first mentions of the use of food as a weapon appeared in the 6th century BCE. Then, during fights in 

Assyria, numerous poisonings of drinking water wells with ergot grains and the fruit of laxative plants took 

place in the areas occupied by the enemy. As a hallucinogenic agent, ergot caused disorders of consciousness 

whereas laxatives caused significant weakness of people, which led to the elimination of a considerable 

number of soldiers from the fight, thus leading to the weakening of the forces of the opposing party. 

Scientific sources did not give an exact date when the idea of using the lethal power of infectious diseases 

was born for the first time. Undoubtedly, the Japanese are the precursors of the practical use of biological 

weapons. The first mentions in scientific sources come from the time of the Japanese-Chinese war in 

Manchuria. There was a perfectly masked research center. Officially, this facility dealt with the treatment of 
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drinking water, in practice, works on innovative solutions in the field of biological weapons was conducted. The 

findings were confirmed by experiments using prisoners [7].  

 
Figure 1 The process model of defining food safety in terms of the Act of August 25, 2006 on Safety of Food 

and Nutrition 

Source: M. Wiśniewska, Systemowe zarządzanie obroną żywności przed terroryzmem p.24. 

Europe is also a theater of military activities where biological weapons were used. None of the dictators of that 

time resisted the temptation to use biological weapons. Despite the initial reluctance and even strong 

opposition to this type of firearms, both sides used biological weapons during the battle of Stalingrad. The 

soldiers of the German armored divisions fell as the first victims. Due to a large number of disease incidents, 

the offensive was halted for some time. However, just one week later, the epidemic also involved Soviet 

soldiers. The proximity of trenches of each side of the conflict proved to be a destructive factor [8].  

2. DEFENSE MECHANISMS FOR DEFENSE AND SAFETY OF FOOD 

Food defense, in the literal translation ”obrona żywności” in Polish, is a term that appeared in the United States 

of America (USA) after the attacks on the World Trade Center. It concerned the protection of food against 

intentional pollution in the context of terrorist activities. The USA encourages entrepreneurs to implement 

protective programs in the enterprises they manage, which increases safety in the public zone while protecting 

the credibility of the food producer at the same time. 

Food defense is not the same as food safety. Defense focuses on the protection of food resources against 

deliberate contamination with various chemical or biological substances and can be carried out by persons 

whose aim is to harm the food producer or the destruction of the population. It is implemented with the use of 

compounds that are not found naturally in food or are not tested in the laboratory with the perspective of contact 

with food. Intentional actions are usually irrational and difficult to predict. 

When addressing this matter, it is worth considering some issues. They relate to the so-called principle of self-

imposed constraints theory. In 1975, Braian M. Jenkins published an article entitled Will terrorist go nuclear? 

The author assumed that individual persons or organizations in the form of extreme groups interested in using 

food as a weapon do not have the ability to produce or buy it. Larger, better-organized organizations could 

have such a weapon, but there is no will to use them for fear of compromising their case and provoking 

retaliation [9]. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

227 

The book Superterrorism - biological, chemical and nuclear by Yonah Alexander and Milton Hoening indicates 

the reasons and justification for such the procedure mentioned above: 

1) the desire to annihilate the largest possible number of people; 

2) fear; 

3) negotiating from a position of strength; 

4) financial and logistical benefits. 

Is increasing income the primary goal of business? Is the purpose of our work to earn money? The answer 

"yes" to these questions is often referred to as apparent. In 2012, spirits originating in the Czech Republic were 

secured and then withdrawn from the market virtually all over Europe [10]. They contained methanol dangerous 

to human health and life. It is clear that the motives for food contamination can be purely material and profit-

driven. The actions taken in the field of food defense are primarily aimed at reducing the likelihood of malicious 

attack and the consequences of such attacks, protecting the reputation of the organization - protecting the 

brand, as well as assuring the public that the company is taking adequate activities in the field of food defense. 

The existing solutions serving broadly understood food safety and issues related to this phenomenon become 

an essential and necessary element of systems containing requirements for food quality management. Market 

requirements set by trade networks enforce the implementation of well-known IFS (International Featured 

Standard) and BRC (Britsh Retail Consortium) standards. Currently, it is not possible to cooperate with 

commercial networks if one of those systems has not been implemented in the organization [11]. 

Food safety refers to the accidental contamination of food products during storage or processing with 

biological, chemical and physical agents. These unintentional contaminants can be predicted. They are typical 

for raw materials, types of technological processes, or used packaging. This principle is the basis both for the 

analysis of threats in the HACCP system and of a system that is preventive, i.e., since pollution can be 

predicted, it is possible to take measures to minimize or reduce the occurrence of the hazard. After having 

analyzed the afore-mentioned security standards, the author claims that they leave organizations enough 

flexibility to create the right conditions for food safety. This situation has its pros and cons. It can be considered 

proper that no immediate solutions are imposed due to the variety of processes taking place in the enterprise. 

Besides, the general approach protects against taking a too one-sided look at this problem in the context of 

existing threats, which in turn may limit the creativity of managerial staff and employees in proposing solutions 

specific to a given company. The generality of the wording contained in these standards, presented by the 

market requirements, and rush due to short deadlines can lead to a situation in which some crucial aspects 

are omitted, which will result in making mistakes that are undoubtedly protected against by requirements or 

guidelines. The leading and opinion-forming role in the field of harmonizing the requirements of all standards 

in this field is fulfilled by GFSI (Global Food Safety Initiative). In spite of numerous systems, it seems that the 

highest value is presented in this regard by the provisions of the IFS and BRC standards, which belong among 

the most popular and most frequently used by manufacturers and processors in our country and Europe. 

However, they do not contain unambiguous indications as to the nature and type of actions required, nor they 

specify requirements regarding critical issues, such as responsibility or entitlements. According to the author, 

they do not provide enough managerial guidelines. 

3. PROTECTION OF THE FOOD SUPPLY CHAIN BY ENTITIES SUBJECTED TO THE MINISTER OF 
NATIONAL DEFENSE 

The globalization process and the transfer of production to countries where labor costs are lower as well as 

multiple relations between many entities operating in the food supply chain make the protection of the chain 

very difficult and complicated. E. R. Choffnes, D.A. Relman, L.A. Olsen, R.Hutton and A. Mack have set up a 

very simplified food supply chain demonstrating the example of the United States, which illustrates only the 

selected relationships that can function. However, they already allow us to state that these relations are 

extremely complex and extensive [12]. As M. Christopher points out, a modern supply chain is a network of 
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many different organizations associated with suppliers and customers in a variety of processes and activities 

that create value in the form of products and services delivered to final consumers [13]. The ISO 22000 

standard defines a chain as the sequence of stages and activities including the production, processing, 

distribution, storage and handling of food and its components from primary production to consumption [14]. 

The quoted definitions show that the quality of food, including its safety, can only be ensured through a 

combined and conscious effort of the entities participating in this chain [15 [15]. 

The primary military logistic entity that is part of the supply chain is the Military Economic Department. It is a 

logistic unit within the framework of which the Food Service operates based on the industry regulations DU-

4.21.1 (A). In terms of supplying food to the Polish Armed Forces, its task is to carry out the food economy in 

the process of achieving operational and training goals. The commander of the Military Economic Department 

within the competences held through his / her subordinate personnel and soldiers is responsible for protecting 

the supply chain, as well as for: 

1) execution of tasks related to the implementation of the Hazard Analysis and Critical Control Points 
(HACCP) system; 

2) determining the rules for the collection and storage of food samples [16]. 

The HACCP system protects both the consumer's interests by increasing the health safety of the products 

being purchased, as well as the manufacturer's interests, who by keeping adequate records, is able to prove 

that he/she has done everything to obtain a safe product. It should be emphasized that in the light of the 

binding law, the producer or the marketer is responsible for the health quality of the product, in the case of 

mass catering it is the head of the given gastronomic facility. All kinds of food supplies for the needs of the 

Armed Forces are realized based on the prepared documentation and are subject to evaluation upon the 

reception, regarding compliance with the purchase specification. It should be remembered that raw materials 

of animal origin should be purchased from suppliers who were qualified by the Military Veterinary Inspection 

to provide the Armed Forces with food. If any of the parameters are not met, this should be recorded. The rules 

for accepting deliveries should be formulated precisely and make it possible to specify: 

1) what is checked and by whom; 

2) where it is documented; 

3) what the procedure is when determining non-compliance of any of the parameters; 

4) the indication of who has the power to withdraw the delivery. 

It is significant to check "certificates", that is documents confirming that the requirements for products declared 

by the supplier have been met. The certificate may be: Health Certificate, Commercial identification Document 

(DHI) or an invoice containing information specified in the DHI (it applies raw materials of animal origin) as well 

as Declaration of Conformity issued by the product supplier. 

If deliveries are stored, a method for identification of a lot should be developed, so that the FIFO (first in - first 

out) principle can be applied. The raw materials delivered should be appropriately marked following legal 

regulations. It should be borne in mind that the type of raw material and its condition depends on the quality of 

meals produced. Therefore, suppliers should be chosen carefully. Purchases should only be made with those 

suppliers who have the HACCP system introduced. In the tender procedure, potential suppliers are required 

to submit a declaration of having the HACCP system implemented and maintained. Where purchases are 

made through public tenders, it should be remembered that the price is not the most important selection 

criterion. Quality requirements are critical and should not be ignored or downgraded because nutritionists bear 

the effects of such actions. 

CONCLUSIONS 

The article emphasizes the issue of defense and protection of food which is the basis of existence, but it can 

also be a carrier of destructive actions aimed at the consumer, organization or economy of a given country. 
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The issues of intentional food contamination and food defense, which are at the heart of concern not only the 

food industry but also agencies dealing with food safety or academic environments, have been stressed. 

Systemic solutions that allow an organization to refine system requirements that combine with the need to 

protect the food chain are of particular importance. In spite of the hierarchical structure of the Armed Forces, 

the procedures related to the purchase of food by its storage and the production of meals are conducted based 

on the security standards and the HACCP system discussed above, despite their shortcomings in certain 

areas. In the era of increasing threats, food safety and its quality require the introduction of effective procedural 

solutions that include accidental and intentional threats. Since food can become a tool of destruction, ensuring 

food safety will require higher vigilance, cooperation with suppliers and recipients, collecting and analyzing 

numerous information to prevent hazards by giving it an appropriate priority level. The PAS 96 specification 

[17] and the TACCP system described there as an alternative to intentional threats in which the HACCP system 

in the opinion of specialists is insufficiently effective may be a helpful tool in creating conditions for food defense 

in an organization. It seems reasonable to develop a systemic and modifiable approach serving the defense 

of food, whose structure will allow it to adapt to individual conditions and needs of management and 

organizational nature in terms of the expectations of the organization itself as well as the clients with whom it 

cooperates. 
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Abstract  

Among all operational fluids, the most important is attributed to the appropriate quality of liquid fuels. This is 

due to the fact that fuels constitute the largest group of operating fluids introduced to trade and the fact that 

their inadequate quality parameters cause many adverse effects, including min. deterioration of the functional 

characteristics of the engine, increase in the costs of vehicle operation, deterioration of reliability and durability 

of the machine or emission of harmful components of the exhaust gases emitted to the environment. Therefore, 

many different technical, organizational and legal projects are planned so that the quality of fuels in the supply 

chain will not deteriorate. One of such undertakings is a properly designed system for maintaining the quality 

of liquid fuels in the supply chain: from the source of supply to the end user. Systems operating in relation to 

liquid fuels are not perfect and have some functional and organizational defects. Therefore, it seems advisable 

to carry out a thorough identification of existing solutions and to identify the possibility of their improvement. 

The article presents the results of research on the fuel quality monitoring and control system in Poland carried 

out by the author in 2009-2018.  

Keywords: Liquid fuels, supply chain, quality monitoring and control system of fuels 

1. INTRODUCTION 

Product quality can be defined as the degree of product compliance with the pattern or specified requirements. 

This definition applies in particular to fuels in the context of inspections carried out at petrol stations. Its aim is 

to provide the right quality, that is, a set of features important from the point of view of functionality, 

environmental protection and durability and service life of internal combustion engines [1,2]. These elements 

affect on one hand the ability to meet the needs and ensure the satisfaction of the buyer, on the other hand, 

they are an important element of the common policy of the European Union, aimed at reducing the emission 

of harmful substances into the atmosphere, including greenhouse gases. International regulations on fuel 

quality are undoubtedly a necessary element. The European Union is first and foremost  

a common economic area, a common market. Its participants are both individual clients, as well as companies 

or institutions.  

The area of interest for monitoring and quality control systems is the issue of environmental protection and 

health care as well as protection of consumers against unfair practices of fuel producers and distributors. The 

fuel quality control system is therefore needed and useful, both at the level of a given country and 

internationally [3]. Hence the need to create and implement such systems at the level of government ministries 

or central offices with broad control powers, systems that act as a motivator towards producers and distributors, 

through the mere fact that their fuel can be controlled and errors can be show public's. The aim of the article 

is to presents the results of research on the fuel quality monitoring and control system in Poland carried out by 

the author in 2009-2018. 

2. CHANGES OF THE QUALITY OF LIQUID FUELS IN THE SUPPLY CHAIN 

Before the fuel goes from the source of supply to the user, it undergoes repeated operations of storing, 

transporting the pumping, during which it is exposed to physical and chemical stimuli, causing a change 
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(deterioration) of its quality. 

Deterioration of quality is caused by [1-6]: 

 natural aging processes of fuels, the intensity of which depends on the properties of fuel and the time 

and conditions of storage, 

 penetration of external pollutants into the fuel through leaking or contaminated warehousing and 

distribution facilities, 

 penetration into the batch of fresh fuel of contaminated fuel or other fuels that have been transported, 
stored or transported beforehand and no appropriate technological procedures have been applied, 

 lack of periodic cleaning or drainage of storage tanks (e.g. at petrol stations), 

 contamination of fuel or distribution installations with microorganisms, 

 intentional or accidental addition to the fuel of another species or other type of fuel, e.g. heavy fuel oil 

for light diesel, 

 evaporation of light fuel fractions during transfer, distribution or refueling processes, when these 

processes are not conducted in airtight conditions.  

In order to prevent the deterioration of the quality of fuels in the supply chain, strictly defined procedures are 

implemented: acceptance, storage, issuance, quantitative and qualitative pick-up of the entire supply chain 

from the producer to the user. Currently, these are generally the procedures developed for the needs of fuel 

bases and petrol stations. The quality of the fuel is given to the control, consisting in checking selected or all 

normative quality parameters, covered by the applicable standards or regulations, on individual levels of the 

logistics system from the manufacturer to the user.  

3. SYSTEM OF MONITORING AND QUALITY CONTROL OF LIQUID FUELS IN POLAND AND THE 

EUROPEAN COMMUNITY - DIFFERENCES AND SIMILARITIES 

All European Community member states, according to the requirements of Directive 98/70/EC, referring to the 

quality of gasoline and diesel, have been obliged to check the quality of fuels sold at petrol stations. This 

obligation was established due to differences in the statutory or administrative provisions adopted by member 

states regarding fuel specifications for vehicles equipped with gasoline engines and diesel engines [11].  

In view of the above, in 2003 the European Parliament adopted Directive 2003/17/EC amending Directive 

98/70/EC, establishing new, stricter environmental specifications for fuels on the market. The quality control 

system is based on European standards EN 14274:2013: “Automotive fuels - Assessment of petrol and diesel 
fuels quality - Fuel quality monitoring system” and EN 14275:2013 “Automotive fuels - Assessment of gasoline 

and diesel fuels quality - Sampling from retail and factory distributors”. These standards define in detail the 

rules for the selection and minimum number of samples, the method of sampling at service stations, the 

principles of their transport, storage and testing [7,8,11,12]. 

The main assumptions of the system set out in the above standards are based on the following principles 

[11,12]: 

 the member state should be divided into regions where samples will be taken in a quantity proportional 

to the amount of fuel sold - if there is no full information on the amount of fuel sold, the division into 

regions can be based on the number of petrol stations in the region or other criteria, subjectively selected 

by the member state (e.g. number of vehicles, population). It is also possible to divide compliant with 

geographical or administrative division of the state. In the case of small countries, the division into 

regions is not applicable, 

 for the purposes of quality monitoring, the year has been divided into two periods - winter and summer. 

This is determined by the different value of the vapor pressure parameter in these periods, contained in 

the quality standard for motor gasolines, 
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 the minimum number of samples to be taken for testing in each region in particular monitoring periods 

is 100 for each type of fuel in countries classified as small (sales up to 15 million tons per year). In 

countries where the annual sales of fuels exceed 15 million tones, the minimum number of samples is 

200, 

 fuel distribution points intended for inspection are drawn and samples are taken at petrol stations (public 

and company), 

 use unused metal containers for sampling with a capacity of approximately 4 liters. These containers 
should have an external fastening enabling their sealing. The container is filled with a maximum of 3 

liters of fuel; each container must have the following marking elements: place, date and time of sampling, 

product name and type, sample identification code. 

The division of the country into regions determines the choice of one of the three possible models of the 

monitoring system in accordance with EN 14274:2013 - A, B or C [11]. 

Model A is based on the division of the country into macroregions in geographical terms in such a way that in 

each region the total amount of fuel sold and the number of distribution places are similar. This is a general 

rule of conduct recommended for all countries, because it enables the effective recognition of fuel 

differentiation and, consequently, a lower number of samples taken. If the grouping of regions in geographical, 

administrative or other terms does not allow all criteria to be met to design this recommended model, then the 

use of Model B, based on the criteria of geographical and administrative division of the country, is considered. 

Model C is chosen when the country is small and it is not possible to divide its territory into macroregions or 

regions. The minimum number of distribution places in a given member state, from which samples should be 

taken, determines: the form of division into regions, the size of the country determined on the basis of annual 

sales and the share of a given fuel in the sale. 

The monitoring and quality control system in Poland is consistent with the system in force in the European 

Community. It is based on the Act of 26 August 2006 on monitoring and quality control of liquid fuels and a 

dozen or so issued on the basis of its implementing regulations [9,10]. 

The basic structure, subject and principles of operation of the fuel quality monitoring and control system in 

Poland are as follows: 

 the system is managed by the President of the Office for Competition and Consumer Protection ("the 

manager" of the system) and the controls are carried out by the Trade Inspection [10]; 

 all types of fuels available on the Polish market are controlled; 

 control is carried out at all levels and in all elements of the supply chain - producer, fuel bases, fuel 

transporting agents (including car tankers) and petrol stations; 

 the quality requirements are set by the Minister of Economy, taking into account the values of the quality 
parameters specified in the relevant standards (this is due to the fact that the application of standards 

is voluntary); 

 it is forbidden to sold fuels that do not meet the quality requirements; 

 the lower and upper ranges of penalties for introducing fuels with parameters that do not meet the 

requirements are established; 

 the system for collecting, testing and publishing the results of fuel samples testing is standardized; 

 fuel control is carried out in two subsystems: European (compliant with EU requirements) and National 

level. 

The scope of control in both systems is convergent (Table 1). 
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Table 1 System of monitoring and quality control of liquid fuels in Poland - differences in the national and  

 European subsystem - based on [9,10] 

System element European subsystem National subsystem 

Fuel type 
Motor gasoline, unleaded gasoline, 

diesel and liquid biofuels 

Unleaded gasoline, diesel, propane - butane 
mixture (LPG), compressed natural gas (CNG), 

light fuel oil 

Checked parameters 

Only the selected parameters 
affecting the environment 

(including the toxicity of exhaust 
gases) 

All normative parameters of tested fuels 

Sampling points 
(controls) 

Only petrol stations (factory and 
public) 

All elements of the fuel supply chain, i.e. producers, 
wholesalers, cisterns, petrol stations. Control in 

randomly selected companies based on information 
on inadequate fuel quality (driver complaints, police 
reports, negative results of previous inspections). 

Annual reports on 
inspections 

For the European Commission For the Council of Ministers 

4. RESULT OF TESTS OF FUNCTIOONIG SYSTEM OF MONIORING AND QUALITY CONTROL  

IN POLAND IN 2009-2018 

In 2009 - 2018, the quality control of fuels carried out by the Trade Inspectorate in the area concerned the 

following areas: 

 petrol stations, in which the quality of gasoline, diesel oil, diesel oil with 20 % ester content (B20) and 
an ester as separate fuel (B100) were controlled (for monitoring and drawing up a Report for the 

European Commission on the quality of liquid fuels and liquid biofuels), 

 entrepreneurs running a business in the field of fuel production and storage, 

 fuel wholesalers, 

 fuel stations where quality control of liquefied gas (LPG) has been performed. 

In the case of obtaining information indicating the possibility of wrong fuel quality, the fuel stations that were 

suspected were inspected. Information about improper fuel quality should be understood as complaints from 

drivers who, when buying fuel at the station, could notice its negative impact on the vehicle's operation. Other 

sources could include police information and negative results of previous inspections. Figure 1 presents data 

on the results of quality control of liquid fuels in 2009-2018. 

When assessing the presented results, it should be remembered that control activities carried out by the Trade 

Inspection are conducted on two separate levels, i.e. within the so-called European subsystem and other 

controls (National subsystem), whose goals differ from each other. Therefore, it is not possible to make a real 

comparison of the results from both parts due to the fact that the selection of entities to be audited is carried 

out in a different way (European part - lottery, other checks - complaints, negative results of previous 

inspections, information from law enforcement agencies). It seems, that the results of inspections carried out 

at the randomly selected stations (the European subsystem), precisely because of the way of selecting for 

control, present a real picture of the quality of fuels in Poland. 

When comparing the results of fuel quality control over the years 2009 - 2018, it should be stated, that the 

share of samples that do not meet quality requirements in each year is shaped at other levels, which may be 

influenced by various factors, e.g.: 

 number of entities checked, and samples taken, 
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 the range in which the samples are tested (European subsystem part or other controls - National 

subsystem), 

 changing quality requirements (three different quality regulations during the observation period); 

 number of parameters that are subject to testing. 

 

Figure 1 Results of quality control of liquid fuels in Poland in 2009-2018 (together-European and National 

Subsystem) [own study] 

Taking into account the presented results, the following conclusions can be formulated: 

 In the entire analyzed period, among all tested samples the worst results we can observe for diesel fuel. 

 Definitely the best quality fuel is sold at the fuel stations of large producers (ORLEN, BP, STATOIL, etc.) 

and supermarket's fuel station (AUCHAN, CARREFOUR). 

 In the entire analyzed period, there was no case of exceeding the quality parameters in both diesel and 

gasoline. The "leaders" of poor-quality fuel trade are small private petrol stations. 

 A positive aspect of the operation of the liquid fuel quality control system is the fact that "quality 
supervision" covers all entities involved in trading on the liquid fuel market. 

5. CONCLUSION 

The system of monitoring and quality control of liquid fuels in the supply chain in Poland requires refinement 

and modification. An example is the fact that the following issues are unresolved: 

 if the Trade Inspection receives information on poor quality of fuel, this fuel is not automatically 

withdrawn from trade and is subject to further distribution, and after examining the sample and receiving 

a negative result of the qualitative test, it turns out that the subject does not have the questioned fuel in 

its resources, because it has been entirely sold - as a result, the questioned fuel found its way to the 

end user, 

 the system operates on the basis of computer zero-fault applications - the fuel tested either meets or 
does not meet the quality requirements, without completely differentiating the size of the exceeded 

parameter and its impact on the user's health or operational safety. 

In addition, there is a high probability that at least some of the identified irregularities are the result of conscious 

and deliberate or unconscious actions of the human factor, such as: 
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 mixing effects resulting from diversified component compositions of liquid fuels (especially motor 

gasolines) occurring during the storage of fuels from various deliveries in fuel stations or wholesalers, 

 contamination of motor gas with diesel oil and diesel oil pollution with gasoline, occurring during 

transport and storage of liquid fuels in tanks, to a negligible extent, the likely activities of an illegal 

production of liquid fuels. 

It should be emphasized that the activities of the Trade Inspection conducted since 2004 as part of the system 

of monitoring and quality control, they have contributed significantly to improving the quality of fuels in Poland. 

In spite of the presence of poor quality fuels on the market, it should be remembered that during the first 

inspection carried out in 2003 (before the system started operation), the percentage of liquid fuels failing to 

meet the quality requirements was 30 %. Currently, the percentage of fuels of inadequate quality is at a much 

lower level, which is confirmed by the presented analyzes. 

Poland is a good example of the fact, that a properly functioning system and consistent implementation of the 

fuel quality control program, are an effective tool for eliminating from the market fuel that does not meet quality 

standards, and thus an effective way to protect consumers. 
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Abstract  

Our contribution is focused on the problem of the use of electric vehicles in freight transport. The area of 

potential use of electric cars is affected by a high level of uncertainty in terms of efficiency and operating costs. 

The analysed problems are related to the limited charging station infrastructure and the planning of driving 

performance with respect to the capacity of the batteries and the total time spent on the route. Current charging 

stations for passengercture cars cannot be used in case of freight transport, so there is a need to create an 

overall infrastructure for such type of electric vehicles. The subject of the article is the application of a multi-

criteria analysis method ANP and PROMETHEE method for the purpose of locating charging stations, in terms 

of availability of energy network sources and efficiency of use during charging. Our paper presents some 

optimization mathematical methods in connection with the application for the purpose of charging station 

definition, charging station location, etc. The main effect of the application of mathematical models is the 

efficient use of resources and the mitigation of environmental impacts in the field of construction of new 

charging stations and their location within existing logistic and production parks.  

Keywords: Multiple attribute decision making, charging stations, electric vehicle, freight transport, analytic  

        network process, PROMETHEE  

1. INTRODUCTION 

Increasing numbers of inhabitants in urban agglomerations bring about increased requirements in terms of 

provision of supplies which is associated also with negative impacts caused by freight transport. We often 

include among the main negative influences increased noise, CO2 and nitrogen oxides emissions and an 

increased number of means of transport on major traffic arteries. In order to be able to comprehensively 

address the concept of procurement in urban agglomerations, we often refer to so-called "CITY LOGISTICS". 

In the area of sustainable road transport, the use of electric trucks as an alternative to conventional vehicles 

has been discussed in recent years [3,4]. The area of potential use of the vehicles is limited both by an 

insufficient or completely missing infrastructure of charging stations for electric trucks and by the time needed 

to charge the batteries. By contrast, the main reason for the introduction of electromobility is its minimal impact 

on the environment [1]. A study on the use of the energy network shows the vehicles’ benefits in the area of 

charging at night when mainly charging of electric vehicles takes place [7]. Night charging helps balance 

voltage in the energy network by consuming surplus production. Along with the development of electric 

vehicles, we should be developing the idea of a smart energy network that will provide energy for these vehicles 

in the future [6]. Improving the efficiency of charging is related to increasing the efficiency of the energy 

network, thereby, it is possible to achieve a significant reduction in energy consumption and reduce carbon 

emissions from energy production. Recently, autonomous charging stations have been emerging as an 

alternative to stations connected to the central energy network. These stations are dependent on the energy 

network only if electricity cannot be obtained from renewable sources. Autonomous stations use mainly solar 

energy [10]. Electromobility also has its limitations, the main one of which being the vehicle’s driving range. 

For vehicles with the total weight of up to 18 t, manufacturers state a range of about 120 km [5]. This range 

may change depending on the vehicle's load, weather and transport conditions on the route. Based on long-

term Mercedes-Benz tests, the range is sufficient only within urban logistics [5]. But what if a vehicle is to be 
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supplied outside this radius? In general, we may say that the network of charging stations for trucks is 

insufficient and therefore, there is scope for systemic analysis of the charging station definition and for 

optimization of locations of these charging stations. The quantity of charging station criteria highlights the 

complexity of the issue ensuing from the possible charging station sites for which multi-criteria decision-making 

methods can be used when choosing a compromise solution. The multi-criteria decision-making issue of a 

charging station definition may, for example, be based on the analysis using the Analytic Network Process 

(ANP) method [8, 9]. From a methodological point of view, the ANP based approach to the assessment of 

electrical charging stations is a significant innovation. It is very complicated to make a decision about the 

correct definition of a charging station without using such a method (because the criteria and sub-criteria are 

not mutually independent) that will be suitable in terms of the availability of energy network sources and 

charging efficiency. In the ANP method, what is determined is the importance of all relevant circumstances 

and location parameters as well as the determination of the criteria by which we will judge the ideal location. 

One of the evaluation criteria is a location near logistics parks or a location at places with a high concentration 

of freight traffic (parking areas, motorways, express roads). The essence of using the ANP model is the efficient 

use of resources and the mitigation of environmental impacts in the area of construction of new charging 

stations. In the application section, the ANP method is complemented by the PROMETHEE method. The 

PROMETHEE method is based on a pair comparison of options, gradually in terms of all criteria. The result of 

this comparison is the expression of the intensity of preference between pairs of options in the evaluation in 

terms of all criteria. The main objective of this contribution is to use these two methods to find and assess 

suitable criteria for the construction of charging stations for electric trucks. 

2. METHODS 

2.1. The ANP as a tool for evaluating the criteria of charging stations  

Multi-criteria decision-making models are used in many areas for quantification, comparison and evaluation 

today. The Analytic Network Process method is a method proposed by T. L. Saaty in 1996. The method was 

primarily derived from the Analytic Hierarchy Process, however, it is, in fact, a more universal method. The 

Analytic Network Process (ANP) is one of the most efficient tools where interactions between qualitative and 

quantitative factors create a network structure [9]. It breaks the decision-making issue down to a network of 

partial issues which are then analysed and evaluated. The network structuring of the decision-making issue 

helps express situations whereby the decision-making criteria put partial sub-criteria into groups and model 

their interaction. Groups of criteria may be also represented by individual clusters, such as partial criteria for a 

decision-making issue. The main benefit of the method is that it allows modeling and evaluation of 

interdependencies between options, criteria and sub-criteria, or rather between individual sub-criteria. The 

general ANP model thus has a four-stage hierarchical structure:  

 the objective of the analysis, or rather, of the decision; 

 a group of criteria; 

 a group of sub-criteria. Sub-criteria usually include barriers to achieving goals;  

 a group of alternatives.  

Essential for defining the charging station definition is feedback of clusters that are connected one by one to 

form a comprehensive network model. We assume that the individual criteria interact and mutually affect each 

other. This means that the hierarchical structure could be transformed into a network structure, and the ANP 

model appears to be a very good tool for solving this issue.  

2.2. PROMETHEE Method 

Another option for determining the weights of individual criteria is to apply the PROMETHEE method. The first 

step of this method is to determine the coefficients Pi(ar, as) from the interval that express the intensity of the 
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preference for option ar in relation to option as according to criterion j. This intensity depends on the difference 

of the criteria values dj = yrj - ysj. For the maximization criterion it holds that the greater this difference is, the 

higher is the intensity of the preference. The intensity of preferences in the evaluation of two options in terms 

of all criteria is expressed by Q(dj). 

Preference intensity values are based on the following relations: 

Pj(ar, as) = Q(dj), if dj is non-negative 

Pj(as, ar) = Q(dj), if dj is non-positive. 

The PROMETHEE method offers 6 basic types of preferential Q functions to the user [2]. The basic parameters 

of these functions include the preference threshold, the indifference threshold and the standard deviation of 

normal distribution while the application of any particular parameter depends on the structure of each particular 

preference function. For the given model, the Q6 preference function has been selected. This is a special type 

of a preference function that transforms the difference in evaluation of options according to the criteria using 

the Gaussian function. In this case, it is necessary to specify a standard deviation of the normal distribution. 

The value of this function is approaching one with the increasing difference but it never achieves it; it thus 

means that, according to this function, no difference between the options is classified by the absolute 

preference relationship.   

The decision-maker must take into account the following information when choosing a preference function: 

 If decision-makers have a good idea of the importance of the differences in the criteria values, they are 

able to choose both the preference function type and the threshold values.  

 If they do not have an idea of the importance of these differences, they use the Q6 function which 
requires a parameter that can be derived based on values in the decision-making matrix. The sigma 

parameter is calculated as the standard deviation from the criteria values.  

 If users do not dare to enter the parameter values, they still have available preference function Q1. 

However, this function is used in criteria in which options would have only a few specific values (a typical 

example is the "yes" - "no” evaluation). Therefore, this function cannot be generally recommended. 

3. A CASE STUDY 

3.1. The ANP Model for Charging Station Definition   

The Superdecision software model was used as a tool for building a dependency network between criteria 

evaluation attributes. The first level of the hierarchical network under the Goal node represents the level of 

criteria as unique clusters (between which there are no interdependencies). The unique clusters weights were 

set identically to 0.167.  

Another level is represented by individual criteria (clusters) with sub-criteria which are a key part of the process 

of evaluating the importance of each sub-criterion within the ANP process. Relationships within clusters are 

most topical in terms of economic and technical factors and locations. Achieving some sub-criteria excludes 

the achievement of others or, vice versa, achieving some sub-criteria accelerates the achievement of others. 

Similar relations have been observed within other clusters and between them. Respecting these current 

weights based on expert judgment and they are calculated using Saaty’s matrix which is an integral part of the 

Superdecision software. 

3.2. Charging Station Criteria 

Level of criteria in the ANP process is designed by SMART principle. The aim is a general declaration of the 

desired outcome with one or more sub targets that define exactly what the resulting charging station should 
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look like. Criteria and sub-criteria that are taken into account to select the location of the charging stations 

have been derived from Wu et al [11] and customized for freight transport in Czech conditions. Thus some 

criteria were refined and expanded (Geographical location) and some of them were modified and enhanced 

(original Wu text was designed for Chinese conditions). Among most modified ones Energy saving (stability) 

can be named. Here the possibility of creating an autonomous station independent of the energy network was 

taken into account. All the criteria are complex and are composed as a mix of demand based (e.g. Convenience 

of transportation, Location) supply based (e.g. Rechargeable Capability, Capacity expansion) and general 

ones (Environmental impacts, Support from local government) 

Table 1 Criteria and sub-criteria 

 

Evaluation Atributes Criteria Destription Measurable

Construction costs
costs associated with the purchase of 

land, project documentation, construction 
of the charging station

 EUR 

Operating costs
costs including all operating charges 

related to daily operation. Operating costs 
are important in terms of financial gain

 EUR 

Return on investment (ROI)

relevant in terms of cost and operating 
income assessment. The most   important 

economic criterion in the commercial 
sphere

 EUR 

Distance from the distribution station
location near the distribution station affects 

loss of power transmission
Km

Impact on the energy network
relevant for the safe operation of the energy 

network
MWh

Rechargeable Capability

Maximum number of charging stations in a 
single moment. This sub-criterion is 

related to the number of vehicles that can 
be charged

number of charging stations

Availability (Convenience of 
transportation)

criterion important from the point of view of 
the available road network by a lorry

number of accessible roads

Capacity expansion
a necessary requirement in terms of further 

increases of freight electric vehicles
volume of newly build charging stations

Local position
relevant requirement of impact on the 

potential health problems of the population 
(electromagnetic fields, traffic growth)

number of issues released for construction

Support from local government
this attribute may include possible grant 

titles for construction       (National Action 
Plan for Clean Mobility)

number of issues released for construction

Increasing employment
relevant for new labor market opportunities 

and job creation
number of newly created jobs

Environmental impact 
the necessary environmental impact 

assessment (EIA process)
carbon footprint CO2

Energy saving (stability)

the possibility of creating an autonomous 
station independent of the energy network 

or creating a hybrid model that could 
respond to excess of energy in the 
network and thus compensate for 

fluctuations

MWh

Impact on the energy network
an immediate demand for performance 
(charging) can destabilize the energy 

network
MWh

Logistic Parks 

relevant from the point of view of logistics 
chains engagement accepting places with 
a high concentration of vehicles used for 

products (goods) transportation

number of available logistic parks

Logistic objects
places with concentration of production 

plants
number of production plants and parking 

areas with logistic services

Parking Places
transport terminals (ports, railway stations) 
places with a high concentration of freight 

traffic
number of parking places

Economic factors

Technical factors 

Service availability

Social factors

Environmental impacts

Location (geographic location)
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Figure 1 Network model of Charging Station Definition (software Superdecision) 

3.3. The PROMETHEE Method Application 

Two independent logistics experts have been approached to provide a more precise definition of the criteria. 

Based on the specified score scale, they determined the relevant number of points associated with the 

specified criteria. Each expert expressed the importance of the criteria using a scale of 0 - 100 points. 

Subsequently, the PROMETHEE method with Q6 preference curve was applied. The calculation itself was 

carried out by the software with the help of the programmed Excel add-in tool. 

4. RESULTS 

The aim of the paper was to analyze the quality and quantity of the various criteria which are essential to define 

the charging station for electric vehicles. The problems of freight electro-vehicles charging stations unlike the 

charging stations for passenger cars have not yet been analyzed in detail and thus ANP analysis with a SMART 

approach to evaluating the criteria, here can be beneficial.   

The first results of the ANP method indicate a significant influence of the "number of charging stations" criterion 

with weight of 0.166. This is thus the main criterion that will affect all the other criteria, in particular, the 

economic criteria associated with the investment, operating costs and return on investment. The second 

criterion is the "Distance from the substation" with a weight of 0.113. 

On the contrary, the PROMETHEE method, based on the judgment of experts, defines as the main criterion 

"construction costs" with a weight of 0.2839. The second criterion is the "number of charging stations" with a 

weight of 0.2809. Due to the minimal distance between these criteria, this criterion can be marked as highly 

important in terms of further evaluation of the selected sites. 

The resulting ranking of the two methods shows the economic focus of the experts who set, as the third 

criterion, the "return on investment". This criterion is important in terms of commercial construction. It cannot 
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be assumed that the construction of charging stations will be covered from public budgets and will, therefore, 

be one of the main indicators for investors 

5. FUTURE RESEARCH 

Another procedure within the addressing of the issue is the application of localization issue algorithms in order 

to optimize the distribution of charging stations to ensure that they will adequately cover the needs associated 

with the charging of trucks and that the solution is rational in economic terms. The solution will make it possible 

to assess the effectiveness of the location of an existing infrastructure element (logistics parks, resting stations 

and analogous elements) or rather locations of the charging station into its premises if its calculated optimal 

location is in its integral proximity. In the case of its calculated location being completely outside this structure, 

the solution analyses the costs and the viability of its potential establishment in view of the planned completion 

of the motorway network and the network of 1st class roads in the Czech Republic.  

After defining the issue (constructing the graph) and solving the optimal location of the absolute depot/absolute 

depots, we get the theoretical location of the charging stations. Ideally, this means building the charging station 

exactly at the specified point. It can be estimated that, if the requirement for an optimal location of absolute 

depots is met, it would be necessary to spend a lot of funds to build completely new charging stations. This 

solution is not financially acceptable as it would mean a complete construction of mostly new infrastructure.  

The proposed solution, as mentioned above, is in the predetermined radius near the identified point of an 

absolute depot to search for some already existing infrastructure suitable for completing a charging station. 

The result is a proposal of suitable points within the existing infrastructure combined with completely new 

identified sites, with the assessment of the viability of their being constructed 

6. CONCLUSION 

Choosing the location for a charging station is an important item in terms of sustainable freight transport 

development. In order to define a suitable place, we need to analyse a number of different criteria that are 

necessary to define a charging station. The issues surrounding charging stations of electric trucks, as opposed 

to charging stations for passenger cars, have not yet been analysed in detail. The methods used seem to be 

appropriate from the point of view of different criteria. The comparative analysis of both methods showed the 

stability of the decision-making process. 
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Abstract 

Logistics management has become more and more in the forefront of management interest in industrial 

companies, which are aware of its key importance, especially in the conditions of a dynamic environment and 

rapid growth, which in addition to opportunities and revenue growth brings with it risks and new challenges. 

The aim of this article is to identify and present barriers to logistics management of a fast-growing enterprise 

and concepts of approaches leading to the removal of priority barriers based on the framework of process 

maturity models and case study from the automotive industry company. The outputs of this study will help 

management of fast-growing businesses recognize or anticipate barriers causing the decrease of logistics 

services performance and provide support for effective decision-making to overcome these barriers during the 

dynamic growth of the business. 

Keywords: Logistics management barriers, logistics maturity model, process analysis, fast growing  

       company 

1. INTRODUCTION 

General goal of entrepreneurial efforts not only of industrial enterprises should not be seen only in the context 

of turnover and profitability growth but also in the improvement of quality, reliability of production, efficiency of 

all processes implemented and, in particular, the improvement of logistics processes performance. Maintaining 

the required pace of growth is a challenging task, particularly for fast growing businesses, during which the 

company faces a number of challenges and is accompanied by increased logistical costs and a reduction in 

the level of logistics services. Some of the problems are well visible, and their solution is to a large extent 

natural, others may not be so obvious, and the management's attention may miss them due to their nature and 

the current state of the processes.  

It can be assumed that there are problems that, despite the strong commitment of the company's management 

to process improvements, make it impossible for a fast-growing business to operate efficiently and reduce 

logistics performance. These problems, which often arise from the inadequacy of existing processes or, for 

example, IT infrastructure, are becoming procedural barriers to logistics management. The aim of the article 

is to identify and present barriers to logistics management of a fast-growing enterprise based on the framework 

of process maturity models and case study from the automotive industry company and concepts of solutions 

leading to the removal of priority barriers. 

2. LITERATURE REVIEW 

Literature review briefly introduces the general principles of logistic management and concept of process 

maturity models used to determine the level of maturity of the processes which was used in the case study as 

methodological bases and inspiration, especially in terms of the decomposition of the main surveyed process. 

2.1. Logistics management and subprocesses 

Logistics management typically includes internal and external transport, storage and handling of materials, 

semi-products and products, inventory management, supply / demand planning and management, order 
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execution, or, for example, 3PL providers, fleet management or logistics network design. Logistics 

management is an important part of company management that permeates across organizational units and 

business processes, which is reflected in the complexity of coordinating, planning and executing logistics 

activities in the context of other company activities, in particular production, sales, finance, information and 

other technologies [1]. Although concepts of logistics management and defined subprocesses differ among 

various authors, according to Lambert [2] logistics management can be understood in the context of the 8 core 

logistics processes included in the Global Supply Chain Forum framework: 

 Customer Relationship Management 

 Customer Service Management 

 Demand Management 

 Order Fulfillment 

 Manufacturing Flow Management 

 Supplier Relationship Management 

 Product Development and Commercialization 

 Returns Management 

2.2. Process maturity assessment 

For effective management of realized processes is desirable to assess current level of processes being carried 

out. For this purpose, process maturity models (MM) have been invented. Till this day, considerable amount 

of scientific literature has been presented, such as a strong review by Tarhan et al. [3] who presents that the 

notion of maturity in terms of processes was first proposed by Crosby [4] and is understood as "the state of 

being complete, perfect or ready" [5]. 

Among other major MM reviews, maturity of maturity models research by Wendler [6] analyzing more than 230 

scientific articles with focus on their categorization can be mentioned. The origin of the maturity models can 

be found in the software engineering industry in the 1990s and the original Capability Maturity Model [7] which 

has inspired the development of such models in other fields. In addition, several logistical and mathematical 

models in supply chain management have been presented and provided researchers with a framework for the 

assessment of logistics processes. [8] 

Concept of process maturity models of processes, and the decomposition of processes to partial subprocesses 

and the activities that are their essence respectively, is further used in a case study where the supply chain 

management processes, production processes and purchasing processes are evaluated through the 

subprocesses on which they are decomposed. 

3. METHODOLOGY 

In order to identify the barriers to logistics management of a fast-growing industrial enterprise, a case study in 

the automotive industry has been carried out. Selected company has seen a turnover increase of almost 100 % 

over the last 5 years and is therefore a suitable representative of a dynamically developing and fast-growing 

enterprise. The inspiration for identifying growth barriers with a particular target of increasing the level of 

logistics management as a whole was found in a literature review of current literature on logistics management 

and process maturity models with a focus on logistics. 

The data for the study was obtained in the form of structured interviews with company employees across 

organizational units and all management levels. The realized interviews focused on a comprehensive 

description of the logistics processes functioning in the company according to the individual areas and realized 

subprocesses. In the context of the company's organizational structure, employees of Purchasing, Production 

and SCM departments as well as top management representatives of the company were involved in interviews.  
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Based on the data obtained during the structured interviews with the company representatives, a model of 

logistic processes was compiled according to business process modeling notation (BPMN 2) methodology and 

the realized processes were described, assessed and evaluated. Weaknesses of the realized processes and 

the root causes of identified and described problems considered barriers in the study have been identified. 

The findings of the study were further generalized into a set of barriers to logistics management of a fast-

growing industrial enterprise that lead to a decrease in logistics performance and reducing the level of logistics 

services and increasing logistics costs respectively. 

4. AUTOMOTIVE INDUSTRY CASE STUDY 

The case study was carried out at the company KES - kabelové a elektrické systémy, spol. s r.o. founded in 

1992 and based in the town of Vratimov (Czech Republic). The company produces more than 1,400 types of 

electric systems for the automotive and electrotechnical industry on a production area of more than 10,000 m2 

and the products of the company are part of products of many successful automotive brands such as Audi, 

Bentley, Ford, Man, Rolls-Royce, Skoda and many others. 

The tasks of the case study conducted in the company were:  

 Analyze the current state of the key logistics process of fulfilling a customer order from receiving the 

actual order by SCM Department, planning and scheduling the production, securing material for 

purchasing, and actual order execution. 

 Evaluation of the analyzed processes and identification of problem areas, barriers to logistics 

management respectively. 

 Prioritization of identified barriers, and their elimination respectively. 

In the case study processes have been dealt with in terms of series production and operational management, 

not tactical and strategic levels of processes. The main researched Customer Order Fulfilling Process was 

divided and further investigated for the needs of the study in three sub-units corresponding to the structure of 

the organizational units: SCM department, Production and Planning department and Purchasing department. 

For individual departments, the basic characteristics of the subprocesses (main activities, employees' 

competences, basic inputs and outputs) were first defined and the respective activities were analyzed. The 

study did not deal with subprocesses related pre-projects phases and project start-ups, product development, 

prototyping and product standardization, or a KPI measurement and setup of the system. Identified barriers, 

respectively their removal, were prioritized during the workshop with representatives of the company. For the 

barriers assessed with a high priority of removal, concepts of solutions have been designed to address them, 

considering the current level of process maturity. Proposed concepts of solutions may not always be an ideal 

target from a theoretical point of view but a viable solution considering current state of the processes. 

5. RESULTS 

The following chapter presents the results of the case study, which are generalized in the discussion and 

conclusion. Firstly, the decomposition of the process of realization of the customer order to individually 

evaluated sub-processes is presented, and the 6 main identified barriers of logistic management are 

presented. For key barriers according to prioritization of their removal, the impact on the whole process under 

consideration is proposed the concept of the solution, or the elimination of the barrier respectively. 

For the purposes of the analysis and the assessment, the process of realizing customer orders was divided 

into following subprocesses: 

 Processing of customer orders and forecasts. 

 Planning and management of expedition and transport. 

 Managing production orders. 
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 Planning, scheduling and realization of production. 

 Negotiating conditions with suppliers and managing supply contracts. 

 Material ordering. 

 Securing and controlling the supply of material. 

For above mentioned main process and sub-processes a process analysis, a description of the implementation 

of the individual subprocesses and the activities carried out was performed. In the analysis the activities were 

described and evaluated. Based on the process analysis, main process barriers were identified, for which the 

concepts of solutions were designed to eliminate them, leading to an increase in the efficiency of the 

implemented processes and the provided level of logistics services. Identified barriers are listed below, 

including a description of the weaknesses of the current state and the impacts on the processes being 

implemented: 

1) Poor quality of customer forecasts - The process of acquiring and using customer forecasts for sales 

predictions is not standardized, with impacts on purchasing processes and production planning. 

Obtained forecasts often prove to be unreliable, and there is often a growing customer demand 

compared to the original forecast. Due to missing or unreliable forecests, an information resource is 

missing for the efficient purchasing of material items with long delivery times. 

2) Failure of the order fixed period - There is in fact no period during which the quantity ordered would have 

been fixed and there was no change in customer demand. This leads to an increase in the entitlement 

to production planning and prioritizing.  

3) Non-standardized internal order creation - The process of creating internal orders from customer orders 

does not have firm rules, making it impossible to efficiently plan and prioritize production. 

4) Non-Systemic planning and production management - Current planning and control tools fail due to 

increased complexity and production volume. Information systems for the continuous collection and 

maintenance of current production data and advanced planning and scheduling systems are not 

implemented. This state of process adversely affects the efficiency of production planning and 

management. 

5) Ordering of purchased items not functioning - The main problems of ordering purchased items are poor 

or missing forecasts, non-standardized and undifferentiated approach to all items and manual 

administration, resulting in inefficient inventory management and degradation of the production and 

shipping plan. 

6) Undifferentiated approach to suppliers - The main problem is the lack of a system of work with various 

groups of suppliers according to the reliability and importance of the delivered parts. Negative 

consequences are manifested primarily in ensuring and controlling the supply of materials and 

negotiating conditions with suppliers. 

Identified barriers were discussed with business representatives during the workshop and analyzed. For 

barriers, prioritization was determined based on the number and significance of affected subprocesses, see 

the list below: 

 High priority: 
o Poor quality of customer forecasts. 

o Failure of the order fixed period. 

o Undifferentiated approach to suppliers. 

 Medium priority: 

o Non-Systemic planning and production management. 

o Ordering of purchased items not functioning. 

 Low priority: 
o Non-standardized internal order creation. 
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For high-priority barriers, a concept of solution to their removal was subsequently proposed. The top priority 

has been assigned to the barrier of Poor quality of customer forecasts that have a major impact on all 

subsequent processes. It was recommended to start building up own internal forecasts based on available 

data and negotiation and systematic work with customers to improve the quality of forwarded forecasts and 

long-term orders. The second highest priority was assigned to the barrier of Failure of the order fixed period, 

for which it was proposed to create a differentiated approach to fixation periods of orders according to various 

groups of customers and contract anchoring of rules with selected customers. The third highest priority was 

assigned to the barrier of Undifferentiated approach to suppliers, which should be eliminated through 

systematic work with suppliers and setting of a system based on differentiation of suppliers' according to their 

reliability and criticality of the delivered parts. 

6. DISCUSSION AND CONCLUSION 

Based on the case study, some general knowledge and principles of identification, prioritization and removal 

of barriers to logistics management of a fast-growing industrial enterprise could be presented: 

 Non-existent or insufficient systems of suppliers and customers relations management (SRM and CRM). 

 Insufficient or missing IT infrastructure, respectively the functionality of existing information systems that 

are not fully utilized or suitably adapted and made available to all users is no longer sufficient. 

 Missing advanced management tools and systems. 

 Non-existent differentiated approach systems for customers, suppliers, and product portfolio. 

 Non-standardized processes and missing uniform rules for performing work activities. 

When assessing the priorities of the identified barriers, several criteria have to be considered. The most 

important criteria include the demandingness of the required solution, the cost of the barrier removed, the need 

for cooperation with external partners (suppliers or customers) and, above all, the impact of removing the 

barrier on the process as a whole. The highest priority of removal requires barriers whose removal will have a 

positive impact on the most implemented processes. With the second highest priority, barriers should be 

removed from the sales and customer processes, followed by internal barriers related to suppliers and 

purchasing processes, and then barriers to production. 
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Abstract  

The main purpose of this paper is to analyze and evaluate logistics capabilities of Poland as a Host Nation 

Country (HNS) with special regard to the military transport. Security challenges of a contemporary world 

require new NATO strategy especially in the area of strategic and tactical deployment. Fast movement of 

troops and equipment within Central and Eastern Europe during peacetime depends on many factors. Effective 

transport infrastructure belongs to the one of the most important element. Rising number of military trainings 

and exercises like Dragoon Ride, Sabre Strike or Atlantic Resolve in countries such as Poland, Hungary, 

Romania, Bulgaria, Lithuania, Latvia and Estonia shows the real level of NATO armed forces capabilities in 

such particular areas like military mobility and logistics. Based on the official reports and data collected there 

is a visible difference between the rail, road, sea and air infrastructure standards and condition in the western 

and eastern part of Europe. What is more, units coming from U.S. or Canada are not familiar with transport 

standards and procedures in Eastern Flank countries. Identification of all existing barriers to deployment of 

troops and heavy equipment require better cooperation between military and civilian agencies.  

Experiences of Polish Armed Forces collected, shows many disadvantages of existing logistics system - 

especially in the area of land transport organization and procedures. The article presents the results of the 

research on the NATO Freedom of Movement policy implementation in Poland carried out by the author in 

2015-2018. It is based on the analysis of post mission reports and statistics and is the effect of observing 

phenomena occurring mainly in the field of transport and transshipment services.  

Keywords: Military mobility, transport, military transport, Freedom of Movement, logistics  

1. INTRODUCTION 

Military mobility is often defined as the movement of troops and equipment within and across national borders. 

Ability of forces to quickly move personnel and heavy military equipment over a long distance often determines 

the success of all mission. Modern military operations, due to their scale, range and tempo, require access to 

appropriate transport fleet and developed rail, road, air and sea infrastructure. Freedom of movement in the 

context of contemporary threats resulting Russia's aggressive policy is a major challenge for NATO's armed 

forces in Europe. It depends not only on the level of training and skills of military personnel and implemented 

procedures but also on transport infrastructure quality and condition. The availability of an adequate number 

of proper means of transport, in particular railway platforms and lowloader semi-trailers for carrying heavy 

military equipment is as important as the technical parameters of roads and the capacity of cargo points.The 

disparities that occur in this area between NATO member states, especially in relation to Eastern Flank 

countries, are a significant problem. Lessons learned from past and ongoing deployments carried out on the 

territory of Poland and the Baltic States help to identify and resolve many problems related to the military 

logistics system organisation. The rapid and swift movement of military personnel and equipment across the 

EU is currently hampered by a number of physical, legal and regulatory barriers, such as infrastructure that 

cannot support the weight of military vehicle or the cumbersome customs and other procedures. As 

experienced during recent major military exercises, such barriers can lead to delays, disruption, higher costs 

and increased vulnerability [1]. 
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During the Cold War, ensuring the mobility of troops and equipment was a priority and was constantly reviewed 

during frequent exercises. Cold War infrastructure included readiness for support, command and control, as 

well as for destruction, denial, and diversion. It also incorporated multi-layered communication lines, hardened 

storage for ammunition and fuel, and a central and northern European pipeline to bring fuel to forward operating 

bases [2]. As NATO moved it borders further east attention to infrastructure and connectivity with e new 

members did not follow [3].  

Cooperation between UE and NATO structures in such impotrant areas like common security and defence 

lead to the establishment of Permanent Structured Cooperation - PESCO in late 2017. On March 3, 2018, the 

EU Council of Ministers formally adopted a first set of 17 projects, each of them led by one Member State and 

carried forward by varying groups of participating and observing countries. Military Mobility lead by Netherlands 

is one of them. This project will support Member’s States commitment to simplify and standarise cross-border 

military transport procedures [4].  

2. NATO MILITARY PRESENCE IN CENTRAL AND EASTERN EUROPE 

The current political situation has caused the necessity of rebuilding former military power in Europe, as 

evidenced by the decisions taken during the last NATO summits (Wales, Warsaw, Brussels). One of the most 

important security initiatives was creation of the NATO Very High Readiness Joint Task Forces (VHRJTF) 

which are a part of NATO Responce Forces (NRF) and setting up two new military commands responsible for 

logistics support and movement. First of them, called Joint Support and Enabling Command (JSEC) located 

in German city of Ulm, and the second, an Atlantic Command in Norfolk responsible for sea transport security.  

Another important decision taken in this field was rotational presence of U.S. Armored Brigade Combat Team 

(ABCT) and Combat Aviation Brigade (CAB) in Central and Eastern Europe. On June 3, 2014, in Warsaw, 

President of the United States Barack Obama proposed the European Reassurance Initiative (ERI) as a means 

to assure NATO Allies and partners of the U.S’s commitment to the security and territorial integrity of NATO. 

ERI funds enable Operation Atlantic Resolve (OAR), which ensures U.S. European Command has ready a 

persistent rotational presence of American air, land and sea forces in the region as a show of support to Allies 

and in response to Russia’s actions in the Ukraine [5]. Since 2014, american forces have been involved 

in OAR, participating in many exercises and trainings with allies and partners during nine-month rotation. 

Typical ABCT rotation consists of approximately 3 500 soldiers, organized in seven battalions: three combined 

arms, one cavalry (reconnaissance), one artillery, one engineer and one brigade support battalion. Taking into 

concideration last three rotations of ABCT to Poland it includes 87 M1A2 tanks, 144 M2A3 Bradley Fighting 

Vehicles, 18 M109A6 Paladin self-propelled artillery, 450 tracked vehicles, 900 wheeled vehicles and 650 

trailers. ERI budget at the level of around $ 4 billion per year funds the deployment of forces with equipment 

to and from Europe, training, fuel, and sustainment costs while deployed.  

Poland due tu its geographical location plays an important role in NATO both as a transit country and host 

nation for NATO commands and military infrastructure, such as: ABCT elements, Combat Aviation Brigade in 

Powidz, Mission Command Element in Poznań, Missile Defence Facility in Redzikowo, Battlegroup led by 

United States in Orzysz or NATO Force Integration Unit in Bydgoszcz.  

Analyzing the last 3 years there is a visible increase in the number of foreign forces military transports by road. 

Based on the data collected from Polish National Movement Co-ordination Centre in Warsaw (PLNMCC) the 

number of Movement Credits issued for foreign columns crossing the Polish borders was: 407 in 2013, 477 in 

2014, 854 in 2015, 930 in 2016 and 1225 in 2017. Observing present year the number of road clearences for 

movement will be bigger.  

3. THE ROLE AND IMPACT OF POLISH ROAD INFRASTRUCTURE IN LIGHT ON MILITARY NEEDS 

The present condition of Poland’s transport infrastructure and organisation results from the earlier participation 

in the Eastern Block. The dominant role of the USSR and the military strategy of the Warsaw Pact led to the 
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development of mass rail transport both in the civilian and military sector. The role of road transport was limited 

to auxiliary functions. The results of such policy are also visible today.  

Exsisting road network is improperly distributed and its density is 3-4 times lower than in Western Europe [6]. 

A significant part of the road surface (nearly 50 %) is not adapted to the UE load requirements 11.5 tons per 

axle. Polish regulations are consistent with European law in this regard, especially with Directive 96/53 [7]. 

According to the available data, the total length of public roads at the end of 2017 amounted to 422.3 thousand 

kilometres, of which hard surface roads accounted for 71 % and unsurfaced roads - 29 %. The total density of 

hard surface roads amounted to 95.8 km per 100 km² at the end of 2017. The length of motorways remained 

stable and amounted to 1634 km in 2017. It means that the length of motorways amounted to 5 km per 1000 

km² of area of Poland and 4 km per 100 thousand inhabitants. In spite of the significant increase in previous 

years, this is one of the lowest indicators in European Union countries (in 2015, the average for 28 EU- 

countries amounted to 17 km and 15 km respectively). The length of expressways (single and dual 

carriageway) increased by 234 km in comparison with 2016 and amounted to 1768 km at the end of 2017 [8]. 

Deployment of military units equipped with heavy tanks and artillery especially by road due to their size and 

weight requires appropriate intrastructure. The main obstacles in ,,nonnormative‘‘ transport by roads are: 

bridges, overpass, technical condition of the road surface, roundabout without possibility to travel straight 

ahead, the small values of radius of curves and bends of the roads, the breadth of the roads, objects situated 

directly by the road or in the communication row, inadequate road standard against the axle load requirements 

(max. 11.5 t/axle), traction, power or telephone lanes crossing the road above, carried out repairs of roads etc. 

[9].  

The current number of bridge structures in Poland is over 35 000 (detailed classification of bridges is shown 

in Table 1). Based on the official data from the General Directorate for National Roads and Motorways 

(GDDKiA pol.) arround 300 bridges are built annualy. 

Table 1 Number of bridges in Poland by road category - based on [10] 

Type of road  Number of bridges 

National roads 7 609 

Regional roads 3 862 

District roads 11 739 

Local roads 11 833 

Total 35 043 

In accordance with NATO road standards (STANAG 2021 - Military load classification of bridges, ferries, rafts 

and vehicles and STANAG 2010 - Military load classification markings) every member country  

is responsible for classification and marking of own bridges and roads using standard Military Load 

Classification (MLC) system for military puproses. According to the definition included in the AAP6 MLC has 

been defined therein as "a standard system in which a route, bridge or raft is assigned class number 

representing the load it can carry. Vehicles are also assigned number indicating the minimum class of route, 

bridge or raft they are authorized to use" [11].  

In Poland this task was delegated to the GDDKiA in 1996. According to the present military requirements every 

new bridge must meet the requirements for MLC 150. For comparison the MLC number for Leopard 2A5 tank 

is 70. 

Big challange for mechanized units is crossing the rivers due to the bearing capacity of bridges especially 

within lower categories of roads. Diversity of heavy equipment in NATO armies is another obstacle for military 

planners and logisticians responsible for movement. Taking into consideration tanks only there are several 
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types and versions in use with different parameters and weight (Table 2).Thanks to the cooperation between 

the Polish Ministry of Defence (MoD) and GDDKiA a special map of pre-designed routes for oversized military 

vehicles movement planning has been developed. This very useful tool was sent to the all Military 

Transportation Commands responsible for movement control and planning.  

Table 2 Main NATO tanks comparison [own study] 

Type of tank 
Weight 

(t) 
Length 

(m) 
Width 

(m) 
Height 

(m) 

M1A2 SEP 63 9.77 3.70 2.44 

CHALLENGER 2 62.5-74.95 11.55 3.52 2.50 

LECLERC AMX-56 54.5-62.0 9.87 3.71 2.46 

C-1 ARIETE 54.0 9.52 3.42 2.45 

L2A4 55.4 9.67 3.77 2.64 

L2A5 55.4 9.67 3.77-4.00 2.64 

L2A6 62.4 10.97 3.77 2.64 

 L2A7+ 67.5 10.97 3.77 2.64 

M-84D 48.5 9.53 3.72 2.19 

PT-91 45.9 10.3 3.72 2.19 

T-72 41.0 9.53 3.72 2.19 

The Polish Armed Forces with its arround 700 tanks forming eleven battalions (excluding reserve) does not 

have an aproppriate number of lowloader semi-trailers to support own needs. In 2002-2016 Poland has 

acquired 142 x L2A4 and 105 x L2A5 tanks as well as many logistics support vehicles including 6 x FAUN SLT 

50-2 with KASSBOHRER trailers from the stocks of Bundeswehr [12]. Exploitation of different types of tanks 

such as: Leopard 2A4, Leopard 2A5, PT-91 Twardy and T-72 causes a lot of problems in the area of logistics. 

What is more own assets fleet of heavy equipment transporters in total number of 65 vehicles from two 

equipment evacuation battalions mainly (59 x Iveco EuroTrakker MP720E48WT/MP720T50WT and 6 x SLT 

50-2 FAUN ELEFANT) is intended for medium size tanks transport only. Due to the limited carrying capacity 

(max. 60 t.) and their construction, such logistics fleet can not transport many types of NATO heavy tanks such 

as: Abrams M1A2, CHALLENGER 2 or LECLERC AMX-56.  

On the other hand US Army M 1070 8x8 Oshkosh Heavy Equipment Transporter (HET) with M1000 trailer 

carrying M1A2 tanks exceeds the maximum weight capacity in EU. The use of US HET Systems is restricted 

in countries like Germany and Poland. To resolve this problem US Army in Europe in many cases is forced to 

employ civilian contractors. Another solution is outsourcing of british version UK 1070 F HET with seven axles 

trailer and steering wheel on the right side. 

The shortage of sufficient number of logistics road transport fleet require movement of heavy equipment by 

rail. Such solution is very often recommended during present military deployments. Taking into concideration 

onward rail transport from the territory of Poland to the Baltic states railway gauge difference is one of the 

biggest logistics problems. Transition from the standard rail gauge (1,435 mm) popular in Europe to the broad 

gauge (1,525 mm) dominant in Russia and their former republics require special rail cars and equipment. 

4. CONCLUSION 

General tendency to reduce military presence in Europe after the end of the Cold War led to the many of 

today’s logistics problems. Rebuilding former military strength and effectiveness in the area of military mobility 

in Central and Eastern Europe is an expensive and time consuming process.  
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According to the case study presented despite of all steps taken by both military commands and civilian 

institutions there is a still room for improvements in the area of transport system optimizing. An example is the 

fact that the following issues are unresolved: 

 Improvement of existing transport fleet including lowloader semi-trailers by purchasing new vehicles with 

capacity minimum 70 tons; 

 Replacing old vehicles in movement control teams by newer types; 

 Acquisition of new rail cars for heavy tanks transport with capacity minimum 90 tons; 

 Purchasing of new mobile rail ramps; 

 Modernization of road infrastructure; 

 Digitization of road maps and transport data;  

 Development of existing military electronic cargo tracking system ,,SI KONWÓJ’’ and better data 

interchange between transportation structures and military units; 

 Further standarization and unification of transport equipment and procedures in NATO; 

 Establishing so called ,,Military Schengen Zone’’ for improvement of military movement within EU; 

 Rationalization of transport fleet management among NATO members.  

Constant cooperation with allied forces during real trainings and exercises gives opportunity to evaluate own 

military structures and capabilities. Concerning planning, coordination and monitoring of military movement 

across the territory of country it should be emphasized that all activities of Polish National Movement 

Coordination Centre in the field of logistics support for NATO structures and commands are perceived very 

positively. Thanks to the close cooperation with allies and lessons learned from international exercises and 

trainings Poland is reliable partner and Host Nation Support services provider. In spite of the poor quality of 

transport infrastructure especially in the north-eastern part of country thanks to the proper coordination and 

cooperation with civilian partners all transport tasks are carried out without disruptions.  
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Abstract  

The objective of this article is to present an innovative concept of intelligent reconfigurable trolleys for the city 

multi-floor manufacturing and accompanying transport operations that increase the efficiency and flexibility of 

production processes and supply logistics system. The characteristics of the original concept modular loading 

units in the form of intelligent reconfigurable trolleys are presented, with their construction and equipment 

description. Particular attention is paid to essential elements enabling real-time identification and monitoring 

of IRTs. Moreover, the supply management system based on intelligent reconfigurable trolleys is presented. 

The article ends with a description of the possibilities of further implementation and development of the 

technology under study.  

Keywords: Multi-floor manufacturing, modular loading unit, intelligent reconfigurable trolley, flexible logistic  

       system 

1. INTRODUCTION 

The trends of the urbanization are associated with providing of a green manufacturing and development of the 

concept of effective work in the urban environment [1,2,3]. This in turn is closely related to efficient logistics 

and mobility, improvement of the transport communication and creation of innovative technological equipment 

and products for the logistic system users [4,5]. Under these conditions, the city multi-floor manufacturing and 

city logistics with multi-floor warehouses in the residential areas of big cities are developed. The location of 

multi-floor manufacturing buildings directly in the residential area of a big urban agglomeration enforces the 

necessity of use “clean technologies” for products manufacturing. It is obvious that the enterprises of 

metallurgical and chemical industry, as well as heavy and medium-sized machinery are located in industrial 

areas away from inhabited areas. However, part "clean" components for such industries can be produced by 

city multi-floor manufacturing [2,6]. 

The purpose of the article is to present an innovative concept of intelligent reconfigurable trolleys facilitating 

shipment of freight for city multi-floor manufacturing and logistics. The first part will present trends in the 

development of loading units and their application in modern production and logistics processes. Next the 

description of modular loading units servicing in-hose production and accompanying distribution and 

production supply systems will be given. The following parts will present the concept of Intelligent 

Reconfigurable Trolleys (IRTs) including proposed variants of construction and equipment. Particular attention 

was paid to essential elements enabling real-time and monitoring of IRTs.  

2. TRENDS IN DEVELOPMENT OF LOADING UNITS 

The selection of the loading unit is closely dependent on the load that is carried and from the means of transport 

that transports it. There are obvious dependencies between the mass and form of the cargo and its packaging 

and the way it is transported. The key features of loading units are their size, durability and resistance to 

external conditions. At the same time, there is a need for the loading unit to be so versatile that it can be 

transported by various means of transport, even during one transport relation from the point of origin to the 
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point of destination. Hence, the requirement for unification and standardization of both cargo units as well as 

means of transport and transshipment devices. Standardization concerns technical parameters but also issues 

related to supply chain management. The purpose of established and widely disseminated standards is 

optimizing costs, reduction of transport time and improve of transport safety. The next-to-be loading unit has 

to be compatible with improved means of transport and newly designed transport chains [7,8]. For an efficient 

flow through these supply chains smaller logistic units (e.g. loose goods, small cargo, article units etc.) have 

to be bundled and transported with the use of mobile load units [9]. Some important requirements for the 

European market were identified in the TelliBox research project [10,11]. The desirable features of large 

loading units include: compatibility to trimodal transport (road, rail and sea); stackability, volume and loading 

capacity, theft proof and load safety, flexibility in handling technology (side handling, top lifting). 

For small volume shipments especially for high-value goods the concept of smaller and more flexible cargo 

named micro-containers was implemented [12]. Such a standard micro-container should be able to store 

different types of goods and should fit into commercial delivery vehicles. The external dimensions of micro-

containers have to be adapted to the internal dimensions of larger intermodal loading units. Hence, in this 

solution, the standardization of load units with their modularity as a feature of increasing the flexibility of the 

supply chain was combined. 

Regardless of new trends in materials and construction technologies, loading units are systematically 

developed in the field of information technology applications. Ordinary loading units undergo the transformation 

process and become e-units or smart units. It is due to new value-added construction or equipment: electronic 

lock, Wi-Fi, RFID tag/unit, intelligent monitoring terminal, tracking device, etc. The manufacturers outdo each 

other in the proposed solutions whose common goal is to enable remote visibility and control of door-to-door 

supply chain. Based on modern IT tools the transport and logistics managers can monitor each cargo unit 

(micro-containers and large containers), perform predictive and/or prescriptive analysis and achieve the whole 

process integration, and synchronization [13]. 

3. MODULAR LOADING UNITS  

The modular loading units are understood as universal logistics units which can be easily assembled from 

modular frames and are dedicated to flexible logistic processes [6,14]. The modular loading units are designed 

for storage and transportation of various freights, including bulk, liquid and solid-state [15,16]. The unification 

of the modular loading units is based on the use of two types of modular loading units that perform the value 

of the supporting structure (Figure 1a) and functional structure (Figure 1b) and produced in standard sizes: 

[14]. The choice of the material of the modular frames and the technology of their manufacture depends on 

the weight of the transported freight, the overall dimensions of the modular loading units (Figure 2). The 

module frame of the modular loading units can be manufactured from light metal alloys, for example, aluminum 

alloys, as well as from plastics or carbon plastics [15]. 

The modular loading units can be adapted to various means and transport technologies: cranes, conveyors, 

freight elevators, trucks, trams, trolleybuses, trains, air and water transport, etc. The modular loading units can 

be moved both inside and outside the warehouses pushed by hand or with the help of a pallet truck. The semi-

electric power truck can service the modular loading units sequentially delivering them to a loading ramp or a 

storage area. The installation of an electric drive with accumulator batteries directly in the modular loading 

units is not effective because it results in additional and cost for each modular loading unit. 

 

Figure 1 The construction of load-carrying modular frame (a) and functional modular frame (b) [14] 
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Figure 2 Schemes of the modular loading units assembled from modular frames [6] 

One of the conditions of wide use of the modular loading units in the city multi-floor manufacturing and city 

logistics is the development of the concept of intelligent modular loading units, which would allow to identify 

and monitor their location, as well as their freights. Real-time information about the modular loading units and 

their freights is necessary for both transport operators and shippers. It contributes to the widespread 

implementation of the "Kanban Cards" philosophy in the multi-floor manufacturing, which reduces the storage 

time of freights and finished goods in warehouses and shortens the time of receipt of goods and services by 

customers [17]. 

4. CONCEPT OF INTELLIGENT RECONFIGURABLE TROLLEYS (IRTS) 

The IRTs concept is a system of provisions defining the creation of an innovative transport designed to serve 

multi-floor manufacturing in the urban environment. The main provisions of the IRTs concept are as follows:  

 increase the level of transport services for multi-floor manufacturing,  

 simple and rapid transformation for the transport of new freights in flexible manufacturing conditions,  

 transportation by various means of transport including: cranes, conveyors, semi-electric power trucks, 

freight elevators, pallet jack trucks, light and medium trucks, intermodal transport etc.,  

 registration, certification, real-time identification and monitoring of IRTs,  

 supply chain management in different levels of the manufacturing organization. 

The implementation of these provisions is primarily related to the design specialization of the IRTs, the 

formulation of the principles of IRTs real-time identification and monitoring and supply chain management. 

4.1. Construction types of the IRTs 

The intelligent reconfigurable trolleys considering their adaptation to the user's needs can be in different 

structural configurations. Four basic construction types can be distinguished: 

 general IRT - for storage and transportation of solid-state cargo without and with packaging, 

 bulk IRT - for storage and transportation of bulk cargo, 

 tank IRT - for storage and transportation of liquids, 

 waste IRT - for storage and transportation of manufacturing and domestic waste.  

Regardless of IRT type, they are all built from the basic components: load-carrying modular frames, functional 

modular frames and supporting frame with wheels. In addition to basic components there are operational and 

fleet ones. Operational components are closely related to the adaptation to the transported cargo and the 

desired functionalities and fleet components are necessary for connection, reloading and transport of IRTs in 

the dedicated transport system. The analysis of possible IRT design variants, considering their types and 

functional features is presented in the form of the morphological matrix (Table 1) [18]. 
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Table 1 Morphological matrix of the IRTs’ types 

 IRT’s components Basic materials 

Types of the IRT 

general 
IRT 

bulk 
IRT 

tank 
IRT 

waste 
IRT 

Basic components 

A load-carrying modular frame a - light metal alloy; b -plastic + + + + 

B functional modular frame a - light metal alloy; b -plastic + + + + 

C supporting frame with wheels a - steel + + + + 

Operational components 

D boxes for bulk cargo a - metal; b - plastic; c - fabric (tarpaulin) - + - + 

E tanks for liquids a - metal; b - plastic (flexible); c - glass - - + - 

F shelves a - metal; b - plastic + - - - 

G drawers a - metal; b - plastic + - - - 

H cooling chambers a - plastic and tarpaulin + - + - 

Fleet components 

I identification&monitoring device a - type 1; b - type 2 + + + + 

J fasteners for multi-IRTs  a steel + + + + 

Each of the possible IRT design variants is assigned the IRT code. For example, general IRT for storage and 

transportation general cargo packages has the following IRT code: 1Aa4Ba1Ca4Ga1I1J. This IRT consists of 

one metal load-carrying modular unit, four metal functional modular unit, one frame with wheels, four metal 

drawers, one device for identification and monitoring and one set of fasteners for multi-IRTs connecting. The 

IRT code is stored in the database of IRTs fleet operator and is used in all data transitions generated by 

identification and monitoring device. The stored and transmitted data can be easily extended by information 

about IRT’s owner, freight data, safety instruction, etc. This is the basis for IRT real-time identification and 

monitoring. There are several tracking systems available to use: GPS, NFC, GTIN, RFID, Barcode and all IOT 

compatible systems.  

Selecting or changing the design of IRT is carried out by its owner, considering the market demand for this 

type of transportation services. The IRTs fleet operator can provide information to clients about the market 

needs for transport services [19, 20]. 

4.2. IRT-based supply chain management 

The supply chain management “is to plan and coordinate all those activities necessary to achieve desired 

levels of delivered services and quality at lowest possibility cost" [21]. Fleet of IRTs can be the core element 

of the logistic system offering high-quality and cost-effective deliveries. The logistic operator managing the IRT 

fleet (IRTs fleet operator) should implement all actions to ensure the appropriate number and type of IRTs to 

meet the needs of all supply chain participants. It is important in the supply chain to avoid downtime of IRTs 
and timely delivery of goods with minimal costs. In this case, it is also necessary to consider the loss of time 

for the re-equipment, repair of the IRTs before their recycling. 

Figure 3 shows the scheme of logistic supply chain with the use of IRTs. The presented system is applicable 

in large agglomeration areas in which production clusters include several of the multi-floor manufacturers. 

Each cluster has its own logistic node where IRTs are collected, stored, assembled and distributed. The IRTs 

fleet operator supplies the IRTs to producers in accordance with prior orders. Their transportation is carried 

out in light delivery trucks in the form of multi-IRTs. Multi-IRTs are easily assembled and disassembled at 

transshipment points within clients’ manufacturing properties. Loading operations with the use of IRTs are 

made by the producers.  
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Figure 3 Logistic supply chain with the use of IRTs 

IRTs with freight are delivered to the main stock at the ground floor of multi-floor manufacturing buildings [15] 

and there are sorted and formed into multi-IRTs. The main group is delivered to the nearest city logistics node 

and in justified cases IRTs or multi-IRTs are transported to other destinations within the same cluster. In city 

logistics nodes, IRTs are again sorted into two groups. In urban logistics nodes, IRTs are sorted into several 

groups. One group is delivered to Intermodal Transport Terminal, servicing interregional deliveries withy the 

use of rail or inland shipping transport. Remaining groups are delivered to other city logistic nodes within the 

same agglomeration. 

5. CONCLUSION 

The innovative concept of intelligent reconfigurable trolleys (IRTs) is intended to facilitate the city multi-floor 

manufacturing system. It is aimed to increase the efficiency and flexibility of production processes and 

accompanying transport operations. This logistic system can be successfully used in large urban 

agglomerations in which there are districts or separate production areas with the character of clusters. IRTs 

units are based on modular loading units’ technology and their main advantage is adaptation for use in 

buildings and warehouses where there are narrow passages and freight elevators. Importantly, the IRTs design 

can be adapted to the transported cargo and required functionalities. It can also be easily modified during 

individual operating cycles. The process of assembling the IRTs is fast and can be carried out on any free 

areas in the warehousing or manufacturing locations. 

The key IRTs equipment is a device for identification and monitoring that enable effective real-time 

management of the whole logistics process. Several core process areas can be distinguished: multi-floor 

manufacturing properties, city productions clusters, city logistic nodes, agglomeration transport network, 

intermodal transport terminal, interregional transport network. These crucial points and connections between 

them are covered the supply chain management system adapted to the needs of big cities that want to keep 

their production functions and at the same time meet the requirements of sustainable transport. 
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Abstract  

Dynamic economic and technological development places more and more demands on every walk of life, 

including road transport. Maintaining a significant position on the market is possible due to the applications of 

solutions supporting the efficiency and quality of transport, including through telematics solutions. This is 

particularly important in the case of transport of food (especially fresh products), which are much more sensitive 

to transport conditions. Under the influence of inadequate temperature, air humidity loses its quality, fades, 

withers or rot and is unfit for consumption. Therefore, it is very important to maintain proper conditions of 

transport and to make people responsible for the transport chain of these articles aware of the responsibility 

for decisions and possible preventive solutions. The aim of the article is to analyze selected environmental 

parameters inside the refrigerated semitrailer in relation to the quality of the transported goods. The scope of 

work included the analysis of 3 parameters: temperature, humidity and light. The analysis was carried out 

using specialized sensors recording inside the means of transport. Three refrigerated trailers were accepted 

for analysis. 

The acquired data support management processes and contribute to increasing the level of customer 

satisfaction. 

As a result of the analyses carried out at work, it was found that the use of measurement sensors and dedicated 

solutions has a positive impact on the quality of the transported product and the efficiency of delivery, and thus 

increased customer satisfaction. 

Keywords: Telematics solutions, quality of the transported product, efficiency of delivery, conditions of  

        transport 

1. INTRODUCTION 

Dynamic economic and technological development puts more and more demands on every branch, including 

road transport. In Poland, transport comprises around 6.5-7 percent of GDP. However, it is estimated that 

approximately 25 % of international transport in the EU is served by Polish enterprises. Therefore, its effective 

use is extremely important from the point of view of the state economy. In 2015 the Dutch company TomTom 

Telematics conducted a survey among 300 Polish senior managers. Research has shown that a large 

proportion of the surveyed companies do not control the time and manner of driving company cars. Only 13 % 

of Polish transport companies use telematics solutions [1]. An opportunity to achieve and maintain a significant 

position on the road transport market are, inter alia, modern telematic and ICT systems. Telematics systems 

allow for [2-4]: 

 monitoring of the vehicle and transported cargo, 

 control of vehicle operation parameters and drivers, 

 collecting and analyzing data, 

 reduction of administrative costs, 
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 automatic response to collision, emergency assistance, as well as assistance in crisis situations. 

The recorded data is transferred to the center of their processing by means of telecommunications. The data 

obtained supports management processes as well as contributes to the reduction of environmental 

degradation e.g. through economic driving limiting exhaust emissions. In addition, telematic systems through 

automatic weighing of vehicles, navigation and identification are useful in cases of theft. The use of telematics 

solutions has a positive impact on road safety, as well as traffic efficiency and driver behavior.  

The area associated with telematics is still developing and improving the ability to manage any operations 

related to transport from one place. In the field of telematics systems in freight transport, we distinguish among 

other things the application of [5 - 9]: 

 GIS systems (Geographic Information System) - digital, navigational, thematic, 3D maps, 

 Global Positioning System (GPS) systems with new generation GPS III satellites, EGNOS (European 

Geostationary Navigation Overlay Service), Galileo, GLONASS (Globalnaja Navigacionnaja 

Sputnikovaja Sistiema), Beidou, GPS + GLONASS, 

 GSM radio communication (Global System for Mobile Communications), GPRS (General Packet Radio 
Service), UMTS (Universal Mobile Telecommunications System), WIMAX (Worldwide Interoperability 

for Microwave Access), 

 Vision systems, 

 Track & Trace systems, 

 IT systems of the TMS type (Transportation Management System), ERP (Enterprise Resource 
Planning), SCM (Supply Chain Management), 

 Transport exchanges, 

 Terminals: drivers, PDA (Personal Digital Assistant), mobile phones, tablets, 

 Sensors: RFID technology, Bluetooth, Zigbee, Wi-Fi. 

The most commonly used is the combination of on-board devices with a touch screen installed in the vehicle, 

a GPS transmitter, a measuring device and monitoring the entire cargo transport process. The data sent can 

be read both on the computer and in the mobile application. Simultaneous monitoring of cargo parameters 

(temperature, humidity, shock, impacts, vibrations, tipping, lighting, leaks, atmospheric composition, etc.) is 

increasingly common - one of the requirements for the transport of refrigerated goods and food [10 - 12]. 

Solutions available on the market allow monitoring the climatic conditions in the vehicle, not the ambient 

conditions of the product. Seemingly, it might seem that there is no difference between these processes. 

However, with a deeper analysis of the problem, the conclusions can be drawn that the conditions prevailing 

in a vehicle semi-trailer can be uneven due to uneven air circulation. Very often, the semi-trailer is cooled by 

the aggregate in the front part of a semi-trailer and blowing in the rear part. The result is a higher temperature 

in the middle part of the trailer. By mounting the temperature recorder in the wrong place, the readings will also 

be incorrect. Often, especially when waiting for unloading or changing the means of transport (e.g. from a car 

to an airplane), the goods are also subjected to temperature changes. 

In the article [13], the authors reviewed systems monitoring specific cargo parameters. Studies have shown 

that the most commonly available services relate to temperature monitoring using special sensors. However, 

the other parameters are dedicated to transported goods. Table 1 presents selected solutions.  

The aim of the project is to analyze selected products. The research concerned the monitoring of the following 

parameters: temperature, humidity, pressure and light.  
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Table 1 Examples of telematic solutions used in transport [13] 

Lp. The name of a system 
and producer 

Monitored 
parameters 

Technology used 

1 Cargo Tracking 
Solution & Intermodal 

Transport Monitoring - 
AVANTE 

Temperature, 
humidity, 

vibration, 
tipping 

RFID technology using ZONER ™ RFID tags and RELAYER ™ 
readers. Data transfer via GPS, GPRS, SATCOM. Additional 

sensors for measuring chemical, biological, light, humidity and other 
factors. 

2 Cargofleet - IDEM 
Telematics 

Temperature, 
pressure, 

cargo safety 

GPS, GPRS technology. The TCC server (TControl Center) 
administers the data flow and also monitors communication, while 

the cargofleet web application visualizes the data from the TCC 
server (Figure 23). Cargofleet Web Aplication provides SaaS 

solutions (Software as a Service) for conducting various types of 
analyzes. It is also possible to integrate with EPR programs owing 

to the possibility of sharing the obtained telematic data. 

3 Tetis R Temperature, 

humidity, 
lighting, cargo 

safety 

 

The cellular system (GSM / CDMA / HSDPA) and location (GPS / 

GLONASS) allow one to track and monitor containers around the 
world and present information in almost any language. The system 

uses a variety of sensors, including a temperature sensor with a 
high sensitivity with an accuracy of ± 0.2 ° C. 

2. MATERIAL AND METHODS 

This article uses data from a company dealing with storage and transport of fresh fruit and vegetables. The 

data was collected by mounted special sensors in 3 trailers - 1 in each. Sensors allowed to measure the basic 

conditions of transport of the analyzed group of goods, i.e. temperature, level of lighting and humidity. The 

study was carried out during the transport of fruit and vegetables over a period of 10 days in March 2018.  

The majority of the recording sensors used by carriers enable measurement of only humidity and temperature 

in increments of 10,15,30 minutes and data downloading via USB or direct printing from the device. However, 

owing to the measurement of the lighting level, one can determine the time of opening and closing the door of 

the trailer. In order to improve the quality of collected data, prototypes of sensors were used that allowed to 

measure every two minutes for two weeks and a remote reading from a distance of 15 meters using mobile 

devices. In contrast, data is saved in the EEPROM memory via Bluetooth Low Energy technology. The sensor 

consists of a SHT30 humidity sensor and a light sensor - BOW 34 S photodiode. 

3. TELEMATIC SOLUTIONS - A CASE STUDY OF ROAD TRANSPORT OF FRESH FRUIT AND 

VEGETABLES 

As part of the analysis, an attempt was made to identify the conditions of transporting fresh fruit and vegetables 

inside the means of transport. Observed changes in ambient parameters in analyzed refrigerated transport 

fluids such as: humidity, temperature and lighting will allow to draw conclusions. 

Figures 1 - 3 show changes in the analyzed parameters over time using monitoring sensors inside the means 

of transport.  
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Figure 1 Change in humidity over time for 3 trailers [own study] 

The above charts show that between the start time and around 194 hours of driving there is a big change in 

the humidity levels in each of the three trailers. However, then the level is levelled out and oscillates around 

30 % of the ambient humidity in the trailer. 

 

Figure 2 Temperature change over time for 3 trailers [own study] 

Similarly to the case of humidity parameters, the fluctuations from the moment of take-off to around 192 hours 

of driving are also noticeable in relation to temperature. Then the temperature increases drastically and stays 
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at 20-25 degrees Celsius, which may cause a decrease in the value of products, as well as their decay or 

spoilage.  

Changes in moisture and temperature parameters are caused by the process of fruit and vegetable breathing. 

The reduction of oxygen (O2) in the vicinity of the trailer effectively reduces the rate of all chemical and 

biochemical reactions with the participation of oxygen - hence the equalization of values after exceeding 193 

hours of driving - and the increase in temperature. It is therefore recommended to use appropriate devices to 

maintain the storage temperature and relative humidity, as well as through physical and chemical measures 

limiting the transpiration of vegetables and fruit. 

It is assumed that a rapid rise in temperature and a decrease in humidity after around 190 hours of analyzed 

trailers results from the probability of disassembling the entire commodity and switching off the operation of 

the refrigeration unit. 

 

Figure 3 Changing the lighting in time for 3 trailers [own study] 

The lighting level should not change without the process of opening and closing the door of the trailer. The 

analysis showed that there are noticeable deviations from the constant value, which may be caused by goods 

inspection or unloading operations of individual recipients. Similarly to temperature and humidity, the majority 

of fluctuations are registered up to approximately 194 hours of driving. 

4. CONCLUSIONS 

The use of telematics solutions affects the quality and efficiency of freight transport. In particular, it is important 

to monitor environmental parameters in the case of perishable products such as fruit and vegetables. The use 

of modern sensors measuring not only temperature and humidity, but also the level of lighting allows to 

determine the time of opening and closing the door of the trailer - which can affect significant changes of these 

parameters. Therefore, light intensity should not change during transport. The location of the sensors is also 

important. Interpretation of the results relating to the temperature depends on the type of product transported. 

Fruit and vegetables are characterized by the release of water vapor, which can cause an increase in 

temperature and humidity in the vicinity of the trailer. In such a case, it is recommended to use appropriately 

tailored solutions to increase or decrease the temperature and humidity during transport. 
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The limitations in the conducted tests are that only 1 sensor monitoring the ambient parameters inside each 

of the three trailers was accepted for the tests, and the studied period covered 10 days. In subsequent works, 

it is planned to expand the research by a larger number of refrigeration vehicles while using more sensors 

tracking ambient conditions inside each refrigerated vehicle, as well as at different times during the year. 

It is also planned to examine the impact of ambient conditions inside the refrigerated vehicle with the driver's 

driving style in order to optimize transport costs. 
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Abstract  

The problem of ensuring the continuity of the product’s flow across whole supply chains and networks be-

come more and more important. Quality standards recommends to use founded on the concept of risk-based 

thinking supplier selection process, which shall include an assessment of the selected supplier’s risk to product 

conformity and uninterrupted supply of the organization’s product to their customers. Therefore, each 

organization must cascade all applicable requirements down the whole supply chain, which requires the use 

of special methods. The aim of this paper is to propose a method of supply risk assessment, based on expert 

knowledge and the FTA methodology. The most important difference between this concept and existing 

solutions is that the uncertainty of the risk assessment is taken into account, with the use of possibility 

measures and fuzzy reasoning. 

Keywords: Risk, supply chains, FTA method 

1. INTRODUCTION  

Modern organizations are developing enterprise risk management (ERM) frameworks in response to an 

increasingly unpredictable global business environment. It allows companies to take corporate risk 

management to actively anticipate, track and manage customer and supplier risks. More and more companies 

are turning to predictive methods to gain a better and more complete view of long, complex supply chain and 

distribution networks. Risk at any point on the supply chain become the risk at every point, so it’s not enough 

just to focus on the internal threats facing one enterprise, but we have to handle vulnerabilities among each 

supplier and distributor - and also in the markets of our consumers. The biggest problem is related to integrating 

and consolidating risk management throughout complex global supply chains and assessing individual 

suppliers, manufacturer, distributors, vendors and consumers in a more and more complicated logistical 

environment. 

Professional literature devoted a great deal of attention to the problems of suppliers evaluation and selection 

[1-9] Some of these works use artificial intelligence methods such as fuzzy reasoning and artificial neural 

networks to support decision-making [10]. On the other hand, relatively little attention is paid to the problem of 

risk on a holistic basis, namely the risk of ensuring the continuity of the product’s flow across whole supply 

chains and networks [11]. Quality standards ISO 9000:2015 and ISO 9001:2015 recommends to use the 

concept of risk-based thinking for “… carrying out preventive action to eliminate potential non-conformities, 

analyzing any nonconformities that do occur, and taking action to prevent recurrence that is appropriate for 

the effects of the nonconformity …”. To conform to this requirements each organization needs to plan and 

implement actions to address all possible risks and opportunities, to “… establish a basis for increasing the 

effectiveness of the quality management system, achieving improved results and preventing negative effects 

…”.. chapter titles for a clear structuring and an easy understanding of the text.  

The aim of this paper is to propose a universal method of supply risk assessment, based on expert knowledge 

and the FTA (Failure Tree Analysis) methodology. The most important difference between this concept and 

existing solutions is, that the uncertainty of the risk assessment is taken into account, with the use of possibility 

measures and fuzzy reasoning. The advantage of this approach is the ability to make decisions about the 

future with the uncertainty awareness of the obtained analytical evaluation. 
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2. SUPPLIER SELECTION METHODS  

The basic criteria typically utilized for supplier selection are: costs, delivery time, product quality, and service 

level. Traditionally most buyers consider cost as the primary decision factor, but recently more and more 

various criteria for the supplier selection are taken into account: performance history, warranties & claims 

policies, production facilities and capacity, financial position, procedural compliance, reputation and position 

in industry, desire for business, repair service, attitude, packaging ability, geographical location, amount of 

past business, and reciprocal arrangement. With economic globalization, companies can choose suppliers 

from anywhere in the world, and developing countries are becoming more competitive because of their low 

labor and operating costs. Different supplier selection methods observed in the literature can be classified as 

follows: 

Categorical Methods (CM). CM are qualitative models; based on historical data and experience, current 

suppliers are evaluated on a set of criteria. The primary advantage of the categorical approach is that the 

evaluation process is easy, clear and systematic.  

Data Envelopment Analysis (DEA). DEA is a classification system that splits suppliers between two categories, 

namely ‘efficient’ or ‘inefficient’. Suppliers are judged on two sets of criteria, i.e. outputs and inputs. Weber et 

al. have discussed the application of DEA in supplier selection in several publications [12].  

Cluster Analysis (CA). CA is a method based on statistics which uses a classification algorithm to group a 

number of items described by a set of numerical attribute scores into a number of clusters. This classification 

is used to reduce a larger set of suppliers into smaller more manageable subsets [13].  

Analytical Hierarchical Process (AHP). AHP is a decision-making method developed for prioritizing alternatives 

when multiple criteria have to be considered and allows the decision maker to structure complex problems in 

the form of a hierarchy. This method incorporates qualitative and quantitative criteria. The hierarchy usually 

consists of three different levels, which include goals, criteria, and alternatives. Because AHP utilizes a ratio 

scale for human judgments, the alternatives weights reflect the relative importance of the criteria in achieving 

the goal of the hierarchy [14], [15].  

Analytic Network Process (ANP). ANP is a comprehensive decision-making technique that captures the 

outcome of the dependence and feedback within and between the clusters of elements. ANP is a more general 

then AHP, incorporating feedback and interdependent relationships among decision attributes and 

alternatives. ANP is a coupling of two parts, where the first consists of a control hierarchy or network of criteria 

and subcriteria that controls the interactions, while the second part is a network of influences among the 

elements and clusters [16]. 

Total Cost of Ownership (TCO). TCO-based models for supplier choice consists of summarization and 

quantification of several costs associated with the choice of vendors and subsequently adjusting or penalizing 

the unit price quoted by the supplier. TCO is a methodology and philosophy, which looks be-yond the price of 

a purchase to include many other purchase-related costs [17]  

Technique for the Order Performance by Similarity to Ideal Solution (TOPSIS).  

According to the concept of the TOPSIS, a closeness coefficient is defined to determine the ranking order of 

all suppliers and linguistic values are used to assess the ratings and weights of the factors. TOPSIS is based 

on the concept that the optimal alternative should have the shortest distance from the positive ideal solution 

(PIS) and the farthest distance from the negative ideal solution (NIS) [18]  

Multiple Attribute Utility Theory (MAUT). The MAUT proposed by Min, H. [15] is considered a linear weighting 

technique. The MAUT method has the advantage that it enables purchasing professionals to formulate feasible 

sourcing strategies and is capable of handling multiple conflicting at-tributes. However, this method is mostly 

used for international supplier selection, where the environment is more complicated and risky [9]  
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Outranking Methods (OM). OM are useful decision tool to solve multi-criteria problems. These methods are 

capable of dealing with situations in which imprecision is present. Lot of attention has been paid to outranking 

models, however, so far, in the literature there is no evidence of applications of outranking models in 

purchasing decisions.  

Mathematical programming models (MPM). MPM often consider only the quantitative criteria. Mathematical 

programming models allow decision makers to consider different constraints in selecting the best set of 

suppliers. MPM are particularly useful for solving the supplier selection problem because they can optimize 

results using either single objective models or multiple objective models. 

Case-Based-Reasoning (CBR). CBR systems fall in the category of the artificial intelligence (AI) approach. 

Basically, a CBR system is a software-driven database which provides a decision-maker with useful 

information and experiences from similar, previous decision situations. CBR is still very new and only few 

systems have been developed for purchasing decision making [6].  

Artificial Neural Network (ANN). The ANN models are very efficient when we have a large number of credible 

data. The weakness of this model is that it demands specialized software and requires qualified personnel who 

are expert [6] 

Fuzzy logic approach (FLA). In this method, linguistic values are used to assess the ratings and weights for 

various factors. Usually these linguistic ratings can be expressed in trapezoidal or triangular fuzzy numbers. 

Since human judgments including preferences are often vague and cannot estimate his preference with an 

exact numerical value, the ratings and weights of the criteria in the problem are assessed by means of linguistic 

variables [1]. 

Hybrid methods (HM). Some authors have combined different decision models into a supplier selection 

process. Degraeve and Roodhoft [9] developed a model combining Mathematical Programming Model with 

Total Cost of Ownership methodology. Ghodsupour and O’Brien [3] had integrated AHP and Linear 

Programming to consider both tangible and intangible factors in choosing the best suppliers. Sanayei et al. 

[18] presented an effective model using both MAUT and LP for solving the supplier selection problem. Boran 

[1] has proposed a multi-criteria group decision making approach using fuzzy TOP-SIS, to deal with 

uncertainty. 

None of the above methods meet the requirements of the IATF 16949 regarding risk based thinking [19]. Thus 

there is a need to develop a new method, which is focused on “an assessment of the selected supplier’s risk 

to product conformity and uninterrupted supply of the organization’s product to their customers”. 

3. FAULT TREE ANALYSIS (FTA AND FFTA) 

Fault Tree Analysis is a technique used to identify the chain of events leading to failure . A separate tree is 

drawn for every service, using Boolean symbols. The tree is traversed from the bottom up. FTA distinguishes 

the following events:  

 Basic Events: inputs in the diagram such as power outages and operator errors. These events are not 

investigated.  

 Resulting Events- resulting from a combination of earlier events.  

 Conditional Events: events that only occur under certain conditions, such as an air conditioning failure.  

 Trigger Events: events that cause other events, such as an automatic shutdown initiated by a UPS.  

Events can be combined with logical operations, such as:  

 AND operation: the Resulting Event will occur if all inputs occur simultaneously.  

 OR operation: the Resulting Event will occur if one or more of the inputs occur.  

 XOR operation: the Resulting Event will occur if only one of the inputs occurs.  

 Inhibit operation: the Resulting Event will occur if the input conditions are not fulfilled. 
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Figure 1 Functional structure a) sample supply system, b) fault tree 

On the basis of formula no. 1, we can determine the conditions for the fault of the system from Figure 1. � � �1 � 
1!�1 � 
7!�
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The use of the formula (1) requires estimation (for example by experts) of the likelihood of occurrence of 

particular events from P1 to P7. More information about this estimation can be find in the article [11, 20]. Many 

approaches to reliability assessment are based on the use of linguistic terms instead of numerical values. Most 

often, experts, based on their knowledge and experience, assign appropriate word definitions to the reliability 

parameters of individual system components. Then the evaluations of individual experts are subjected to 

aggregation, as a result of which the resultant values of the reliability parameters of the elements are 

determined. In the final phase, fuzzy values are converted to sharp values by one of the defuzzification 

methods. The following steps to be taken when determining the reliability of the logistics system using the 

Fuzzy Fault Tree are [21, 22]: 

1) Selection of experts. Experts should be people with considerable experience, representing various 

departments, and even various companies that are part of the logistics network. 

2) Define the framework of the system under examination and the level of detail of the analysis. Experts 

decide what elements are part of the tested system and how they will be analyzed in detail, eg whether 

individual transport means, infrastructure and drivers will be considered separately in the transport 

subsystem, eg a car with a driver will be treated as one element. Decisions are also made as to whether 

all components of the 8R principle will be taken into account in the assessment of reliability, or whether 

some will be separated. 

3) Variable selection of fuzzy to determine the unreliability of system components. An example of this is a 

set of terms - reliability: small, medium, large, very large, certain, which are represented for example by 

triangular membership function. 

4) Determination of the unreliability of individual elements of the system by experts. In this step, each 

expert evaluates the veracity of each element of the system under examination. 

5) Select potential sources of risk, based on the literature, data and their own experience (as a probability 

and fuzzy number). 
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6) Obtain threats and hazards, which actually (although sometimes with a very low probability) may occur 

within the analysed system 

7) Evaluate effectiveness of barriers (if any) in case of each of the potential threats and hazards. These 

risks, which are not effectively blocked by security barriers, become direct system exposures and are 

defined as the initiating events that can interrupt the continuity of process [11]. 

8) Determination of the average fuzzy number for the failure of individual system components. Aggregation 

of expert assessments for the resultant fuzzy number. 

9) Calculation of the fuzzy number for the failure of the entire system by the FTA method. In this step, the 

tree of inability is built and using operations on fuzzy numbers determines the unreliability of the system. 

10) Presentation of the final result.  

The fuzzy number representing the unreliability of the system is not necessarily a trapezoidal or triangular 

number and does not coincide with the fuzzy numbers defined in step 3 which determine the unreliability of 

the elements. In order to obtain a linguistic term for the failure of the system, the maximum intersection of the 

fuzzy number determining the unreliability of the system with the fuzzy numbers defined in step 3 is determined. 

Visual information can help in the interpretation of the result. If there is a need to provide uncertainty in the 

form of a single value, one of the methods of defuzzification it can be used. 

4. CONCLUSION 

Organizations needs to plan and implement actions to address all possible risks and opportunities, to establish 

a basis for improved their results and preventing negative effects. One of the biggest problems by achieving 

this goal is related to integrating and consolidating risk management throughout complex global supply chains 

and assessing individual suppliers, manufacturer, distributors, vendors and consumers in a complicated 

logistical environment. In the paper we propose method of supply risk assessment, based on expert knowledge 

and the of FFTA methodology for risk analyses. The use of FFTA methodology is very valuable for supply 

chains since it helps to understand the system’s behavior and how failures can happen, and it can be also 

used as a complementary method to simulation methods using in the design of large-scale logistic systems 

[23]. 
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Abstract  

The growing number of events that are qualified as mass events has become the basis for the creation of 

certain schemes/models enabling the proper and safe implementation of such projects. As a point of view, 

assuming that logistics is an important component of management, creating opportunities to implement 

management functions in accordance with the 7R concept. Thus, it can be the basis for considerations related 

to the organization of mass events.  

The aim of the article is to present a logistic approach to the process of organizing a mass event in Polish 

conditions. It should be borne in mind that individual countries create their own regulations regarding mass 

events, the aim of which is to ensure safety for all participants of this type of undertaking and to minimize the 

negative impact on the environment. The subject of consideration are mass events that are not football games 

or sporting events. In addition to the classic elements of logistic processes, locational factors are also very 

important for the effectiveness and efficiency of operations. The use of a logistic approach is related to the 

development of a flowchart. The presented questions path, which is a component of the decision-making 

process, allows, using a decision tree, to organize processes and activities and to make a decision regarding 

the notification of a given undertaking as a mass event. This decision has significant consequences regarding 

submission to legal, administrative and organizational regulations resulting from it, which thus affect the shape 

of logistic processes.  

The article was based on the analysis of documents and case study, as well as participant observation and 

interviews. Performing by the authors of organizational functions as part of mass events and undertakings of 

the nature of mass artistic and entertainment events was an important contribution to the writing of the article. 

Keywords: Logistic processes, mass events, decision-making process  

1. INTRODUCTION 

Events are actions or performances by people within certain contexts shaped by their environment [1]. 

Infrequent participatory celebrations with a socio-cultural focus, where two or more communities cooperate to 

link festivity with sport, cultural diversity and the wider community to achieve positive social development. Such 

positive event impacts add to the improvement of general living conditions in communities and to an increases 

in people’s quality of life [2]. The growing number of occasions classified as mass events has given an incentive 

to create certain schemata or models which will enable the proper and safe conduct of such enterprises. 

Empirical observation also enables the identification of a dangerous phenomenon of a growth in the number 

of events which despite their mass character are not governed by laws regulating mass events. This allows 

their organizers to disregard standards which create safe conditions, and which is often seen as a cost-cutting 

measure. The aim of the regulations now in force is to create conditions to ensure the organization and 

realization of events which are safe for their participants and the surrounding environment. Regardless of 

whether a given enterprise is officially recognized as a mass event, this phenomenon should be examined 

from the perspective of logistical processes which enable not only for achieving effectiveness but also 
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delivering proper quality. Assuming that, the mission of logistics management is to plan and coordinate all 

those activities necessary to achieve desired levels of delivered service and quality at lowest possible cost [3]. 

From the perspective taken from this examination, logistics is an important component of the management, 

which creates conditions for the implementation of the function of management in accordance with the 7R [4] 

concept, which denotes access to the right product (commodity or service) in the right place, at the right time, 

in the right quantity and quality dedicated to the right client at the right cost. 

The aim of this article is to present the logistical approach to the process of organization of mass events in 

Polish conditions. The basic element conditioning the organization of mass events and making appropriate 

decisions in this area, are legal and formal regulations as a determinant of the process environment. The 

authors focused on the use of two tools (decision tree and question path) that support the decision process, 

affecting the ability to determine the parameters of 7R. Although each country has its own specific regulations 

and conditions for the organization of events, the tools proposed in the article, adjusted for local conditions, 

can be an approach with a high degree of universality. In particular, the use of the decision tree and the 

"questions path" created in the empirical way, constitute a significant support for such challenges. 

The examined subject includes all mass events which are not football matches or other sports events. Because 

of their characteristics, football matches require a modified approach resulting from the need to meet higher 

security standards and conform to additional legal and administrative regulations. Dissimilarity of other sports 

events results from their goals and the character of their participants, entities accompanying them, spectators, 

and regulations created by sports associations both on national and international levels. It should be noted 

that different countries introduce their own regulations concerning mass events in order to provide security to 

all participants of these enterprises and minimizing their negative impact on their environments. 

The article is based on the critical analysis of documents and case studies, and on observation of participants 

(unstructured observation and participant observation) and interviews. Particular attention has been paid to 

legal regulations now in force. An important contribution to writing this article was the authors’ performance of 

organizational duties in mass arts and entertainment events and enterprises having the character of mass 

events. The article was created as part of research related to the project "International Logistics - Dilemmas 

and Challenges of Civil and Military Systems in the 21st Century" carried out at the general Tadeusz 

Kosciuszko Military University of Land Forces Wroclaw. 

2. FORMAL AND LEGAL REGULATIONS GOVERNING MASS EVENTS IN POLAND 

The political and legal dimension of the environment refers to the state regulation of economic activity and 

relations between the spheres of the economy and the state [5]. In particular, the legal system defines the 

framework for the operation of entities and the processes they implement. Formal and legal regulations 

concerning mass events in Poland are governed primarily by the Act on mass events security [6], which in its 

Art. 3 defines a mass event as ‘a mass arts and entertainment event or a mass sports event, including a 

football match [6].’ A mass arts and entertainment event is defined by the same Act as ‘an event of artistic or 

entertaining nature or as an organised public projection of television broadcast with the use of screens or 

devices allowing to project images with a diagonal over 3 metres.’ The legislator also introduced a quantitative 

threshold for qualification of an enterprise as a mass event in relation to the number of places made available 

by the organizer in accordance with the building code [7]. An important element is also the identification of the 

term ‘increased risk mass event,’ defined as a ‘a mass event during which according to the information about 

predicted threats or to the previous experiences involving participants‘ behaviour there is a risk that acts of 

violence or aggression might occur [6]. In the light of the binding regulations, qualification of a mass event as 

an increased risk mass event entails the need to meet tighter restrictions and more stringent regulations 

regarding security and control. Another important document, besides the Act on mass events security, is the 

European Cultural Convention adopted in Paris on 19 December 1954 [8], which specifies, inter alia, the 

framework for international cooperation in the field of organization of artistic and entertainment events.  
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Poland is a signatory to Convention on an Integrated Safety, Security and Service Approach at Football 

Matches and Other Sports Events [9]. In accordance with Article 2 of this Convention, its ‘Parties shall adopt 

an integrated, multi-agency and balanced approach towards safety, security and service, based upon an ethos 

of effective local, national and international partnerships and co-operation.’ Its particularly important element 

is multi-agency, integrated approach ensuring that all activities ‘must be co-ordinated, complementary, 

proportionate and designed and implemented as part of a comprehensive safety, security and service strategy 

[9]. 

Apart from the abovementioned acts, the following laws are also essential in the context of providing proper 

organization and security of mass events in Poland: 

 Law on Protection of Persons and Property [10]; 

 Administrative procedure code [11]; 

 Act on Maintenance of Cleanliness And Order in Municipalities [12]; 

 Building Code Act [7]; 

 Act on Fire Protection [13]; 

 Ordinance of the Minister of the Interior and Administration on the scope of fire and emergency 

instructions for mass events [14]; 

 Ordinance of the Minister of the Interior and Administration on recording mass events [15]; 

 Ordinance of the Minister of the Interior and Administration on conditions at stadiums permitting 
organization of football matches [16]; 

 Ordinance of the Minister of the Interior and Administration of August 30, 2011 on requirements to be 

met by the manager for security, security services and information services [17]. 

3. DECISION TREE 

Decision trees are sequential models, which logically combine a sequence of simple tests; each test compares 

a numeric attribute against a threshold value or a nominal attribute against a set of possible values [18]. 

Decision tree methodology is a commonly used data mining method for establishing classification systems 

based on multiple covariates or for developing prediction algorithms for a target variable. This method classifies 

a population into branch-like segments that construct an inverted tree with a root node, internal nodes, and 

leaf nodes [19]. The use of the decision tree concept is a tool which identifies the conditions for making a 

decision concerning qualification of an event as a mass event. According to regulations currently in force, 

regardless of whether a given enterprise is qualified as a mass event or not (excluding private events), it must 

be organized in accordance with binding legal and administrative regulations. However, classifying an event 

as a mass event brings about numerous consequences, resulting mainly from the need to conform to all 

regulations in the area of safety. This decision implies the need to meet restrictions in the areas of time, quality 

(standards, certificates, confirmations of quality and licenses), and documentation. This influences the number 

of entities involved (including individuals and the characteristics of cooperating and supervising entities), 

transfers (of information, material and financial resources, and people), as well as costs.  

Figure 1 presents a decision tree that helps determine if a given event should be implemented in accordance 

with regulations regarding mass events A key factor in deciding whether an event can be classified as a mass 

event is the number of its participants per given type of venue. A mass event is an event organized at a stadium 

or on another site which is not a building if the number of places offered by the organizers exceeds 1,000. In 

case of an event taking place in a sports hall or other building the number of participants qualifying it as a mass 

event is 500. Nonetheless, in accordance with Art. 3 of the Act on mass events security [6] the restrictions do 

not apply to events organized in theatres, opera and operetta houses, philharmonic halls, cinemas, museums, 

libraries, community centres and art galleries or other similar venues. Neither are these restrictions binding for 

events organised in schools and other educational institutions by their managing bodies or events organised 
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as a part of sports competition of children and young people or for disabled athletes. Also, popular sport in the 

form of physical recreation generally accessible and free of charge, organized in open spaces is free from 

these restrictions. The last group of exemptions includes closed events organised by employers for their 

employees. The condition for this exemption is compliance of the event with the intended use of the venue or 

site where the event is to be held. An increased risk event is classified as a mass event if the number of places 

made available by the organiser is 300 for stadiums or other venues not being buildings, or 200 for sports halls 

or other buildings. Sale of alcoholic beverages is strictly forbidden at increased risk mass events.  

 

Figure 1 Decision tree for mass event [own study] 

The basic consequence influencing costs and organization is the necessity of providing the sufficient numbers 

of information and security personnel and their supervisors (including the Security Manager). Members of 

security personnel must have qualifications confirmed by an entry into the register of qualified physical security 

workers [10]. The number of members of respective security services is dictated by the type of event, the 

number of participants, classification as an increased risk event, and the right to sell alcoholic beverages. All 

staff members should be marked and easily identifiable as such by the event participants, which is one of the 

organiser’s duties and also influences costs. Sales of alcoholic beverages are allowed if these contain no more 

than 3.5 % of alcohol and are not sold in hard containers. These sales entail an increase in the numbers of 

security services personnel. 

Apart from the obligation to meet security requirements specified in the Act [6], organization of an event 

classified as a mass event involves providing the proper medical assistance and sanitary conditions as defined 

in ordinances of pertaining ministers. The numbers in these areas are ruled by the same parameters which 

dictate the types of information and security services and the numbers of their personnel. In case of sales of 

alcoholic beverages the numbers of sanitary facilities must be increased. 

Another important element is the organizer’s duty to record the mass event, which will produce evidence for 

criminal proceedings in such cases as disturbances of public order. Equipment used for this purpose must 
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record images and sound in accordance with the standard established by the heads of the pertaining units of 

the Police and National Fire Service. 

4. QUESTIONS PATH 

This discussion is presented from the perspective of an organizer of a mass event. Planned events are spatial-

temporal phenomenon, and each is unique because of interactions among the setting, people, and 

management systems-including design elements and the program [20]. The following “questions path” is a set 

of consecutive questions and allows for the identification of most determinants of organization of such an 

enterprise. Providing true and accurate answers is a precondition of its effectiveness. Numerous cases of 

feedback are to be expected. Answering a new question on the list may bring about the need to verify 

information given in previous replies. 

1) What is the goal? 

The basic question concerns the goals of an event. They should be examined on two levels. Firstly: what is 

the declared goal? Secondly: what is the actual goal? In practice, discrepancies at these levels are very 

common. The higher the level of formalization of the organizer or its establishment as a business operation, 

the bigger are the differences between groups of goals. In case of an organizer who is not a business entity, 

such as a group of friends, both levels of goals tend to converge (these goals may include social integration, 

providing aid or information and disseminating an idea). In such situations the declared and actual goals are 

one. In case of business entities, however, the variance is much higher. Goals related to making financial or 

nonfinancial profit (the latter may include brand promotion, change of image or change of perception by the 

public) are present there. The existence of a divergence is not an element of moral judgment. It forms the basis 

for establishing a hierarchy of goals, which will effect certain strategic and logistical consequences. In 

particular, it will influence parameters concerning the notion of ‘right’ with respect to: a client, a product or 

service, time and place, quality and quantity, and cost. It should be accompanied by establishing indicators of 

achieving goals set. 

The first question is: for whom? The answer to this question enables the identification of a client, who will 

determine the tools (their choice) used to accomplish the goal and will primarily guarantee coverage of the 

costs. The clients will also verify and assess the product (or service). Their needs will dictate its parameters, 

its quality level and its final cost. They are also instrumental with respect to dates and special-temporal 

schedule of realization of the enterprise. The clients will also influence the timeframe and time limits of the 

organization of the event. The client’s decision will dictate who will participate in the event and on what 

conditions. To a large extent they will also decide on the final shape of the network of cooperating entities, with 

the exception of the entities imposed by the legislator. 

The second question is: Who can participate? Those who have the right to participate can be divided into the 

following groups: persons the event is dedicated to, its so-called main participants; spectators; accompanying 

persons; performers; organizers; staff (technical, information, finance and administrative personnel); security 

and information services; as well as external entities ensuring the proper course of the event and controlling 

institutions (national police, municipal police, fire service, rescue service, sanitary-epidemiological station, 

revenue service, etc.). In the light of Art. 5 of the Convention [9] the organizers are obliged to provide proper 

conditions for participants, spectators and entities in the vicinity of the event. Factors important from a logistical 

perspective include the obligations to ensure not only proper passages allowing entry to and exit from the 

venue, but also the obligation to prepare emergency and crisis response plans as well as test and improve 

these plans. Therefore it is important to cooperate with entities which have vast experience and the necessary 

authorization. With respect to security and information services as well as staff, employment of personnel with 

adequate qualifications, skills and experience is as important as quantitative considerations. 
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The third question is: Where? Art. 3, item 14 of the Act [6] defines the site allowed to hold such a mass event. 

It is a separate properly marked open space site which is compliant with hygienic and sanitary conditions 

specified by legal requirements and has infrastructure ensuring secure organisation of a mass event, and in 

the case of which in order to specify the number of people to be admitted a ratio of 0.5m² per person is used. 

It is especially important that temporary venues are properly located and meet requirements [14]. These 

include: the proper distances between venues, maintenance of proper conditions for evacuation, 

documentation of required fire resistance of materials and products, meeting requirements concerning wiring, 

heating systems etc. 

The fourth question is: According to what rules? The general formal and legal framework is determined by 

statutory regulations and administrative decisions. Conducting logistical processes is directly influenced by the 

contents of the application for organizing a mass event and documents accompanying it [6]. In order to 

organize a mass event, the organizer must ‘file to the Authority an application for granting a permit to organize 

a mass event not later than 30 days prior to the planned date of its commencement.’ The organizer must also 

apply for the issue of opinion on meeting requirements for the organization of a mass event to the following 

locally competent bodies: chief of county (regional or municipal) Police and chief of county (municipal) State 

Fire Service, emergency medical dispatcher and state sanitary inspector [21]. The organizer attaches to the 

application the programme and the mass event regulations together with information on how these documents 

on how they are going to be made available to the participants of the mass event. Security considerations also 

necessitate preparing instructions defining the tasks of the security and information services, and methods of 

communication between entities providing security to the mass event. A graphic plan of the site of the planned 

mass event is particularly important for creating its infrastructure. The following should be marked on this 

document: 

 access and exit routes for participants, evacuation routes and access routes for emergency services 
and Police vehicles; 

 the locations of: medical aid posts, points of access to water and to information; fire hydrants, valves, 
water, gas and electricity supply lines; food and beverages stands and toilets; 

 arrangement of security and information services and means of communication between entities 
providing security for the mass event; 

 parking places for the participants’ vehicles and parking places for service and emergency vehicles. 

The fifth question is: What resources? Lack of assessment of the quantity, quality and disposition of those 

resources in the vicinity which may influence logistical processes is a basic logistical hazard in organization of 

mass events. Logistics of mass events is not concerned merely with physical goods and information assets 

but also with people. They are the consumers, the participants of logistical processes, or the creators of 

logistical systems. Movements and size of the human element, therefore, constitute an important element of 

analyses connected with the organization of mass events. The numbers of people participating in a given event 

is the basis for classifying it as an operation bound by restrictions imposed on mass events. Providing food for 

a great number of people at temporary catering points is a great challenge. The epidemiological hazard on the 

site of such an event needs to be emphasized. Additionally, waste disposal and maintenance of washing 

facilities and toilets require permanent control and supervision. 

The sixth question is: Who to cooperate with? Security of the participants of mass events is above all the 

responsibility of the Police force. In particular, it is a duty of the Police to provide security and maintain order 

in the area where the event is taking place, and especially securing the access and exit routes, prevention of 

public order offences including fights, assaults and battery and other violations of the law and public outrage. 

Municipal or regional services which the organizer cooperates with are also responsible for the surrounding 

area. Correct cooperation between the security and information services and the Police translates into 

increasing safety of the participants of mass events. Proper preparation of security and information services, 

effectiveness of Police work, adequate infrastructure and modern monitoring system influence the 
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effectiveness of preventive measures and allow for the quick identification of perpetrators. The organizer and 

the dedicated services share the duty of securing a mass event with the local authorities. The organizer of an 

event is liable for the damage connected with it. Therefore in case of an event where admission is paid, the 

organizer is obliged to conclude a civil liability insurance agreement for damages to event participants. In order 

to reinforce safety conditions, it is necessary to begin cooperation with locally competent fire and rescue 

services. Also, it is important to state what additional elements (attractions, services, accompanying events) 

should and can be included in the main event. In consequence, decisions must be made about the choice of 

entities providing these elements, and about the rules of cooperating with them. 

In addition to general planning activities, it is important to observe aspects regarding information transparency, 

documentation and controlling possibilities and the exchange and storage of information in order to guarantee 

comprehensive support for all of the activities and participants in the entire event management process [22]. 

Answering the above questions allows to properly prepare the organization of a mass event. The difficulty is 

that events are never the same. 

5. CONCLUSION 

Organizing a mass event poses a massive strategic and logistical challenge. Its important element is 

recognition of organizational and legal conditions which are decisive in classifying an enterprise as a mass 

event of a particular character, and also influence the resources and their transfers in the entire system of the 

event. The decision tree presented in this article facilitates classifying an enterprise and indicating the 

consequences of this classification. The question path presented here allows identification of logistical 

processes and their elements with the inclusion of the 7R concept as the foundation for this particular logistical 

approach. The presented issues form the basis for further research into logistical processes in the analysed 

area and will be systematically developed in their course. 
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Abstract 

In 1997, a flood occurred in Poland covering a large area of the country. It was called the flood of the 

millennium. There was a lack of effective coordination, especially in the field of logistics. The above, in 2007, 

resulted in the creation of a crisis management system in Poland, which was verified during the flood in 2010. 

The aim of the article is to present changes in logistics management on the example of floods that occurred in 

Poland in 1997 and 2010. The authors, in 2010-2015, applied quality methods in the form of interviews with 

experts in the field of crisis management (47 interviews). In addition, they analyzed legal provisions and 

documentation in the field of crisis management in force in the services. 

Keywords: Security, crisis situation, crisis management 

1. INTRODUCTION 

The most frequent crisis situation that occurs in Poland is flooding. Over the years, there have been many 

floods. With each flood both the reaction to this phenomenon and the elimination of its effects involved a lot of 

people and equipment. There were often many problems. The flood in 1997 was the reason for a discussion 

to begin on the topic of crisis management. Over the years, the crisis management system was developed, 

logistics management is a part of the crisis system management. The aim of the article is to present the course 

of the floods of 1997 and 2010 in Poland and the presentation of changes that have taken place in the field of 

logistics management after the flood of 1997. The content of the article has been developed based on the 

principle of safety and quality the analysis of 1997 and 2010 floods reports was carried out, and 47 interviews 

were conducted during which the recommendations included in the reports were confirmed, and other areas 

that could improve logistics management in a crisis situation were presented. The experts were employees 

from the Town and Municipalty Office in Bogatynia, the Lower Silesian Voivodship Office in Wrocław, the Crisis 

Management Center, the Poviat Starost’s Office in Bogatynia, the Poviat Starost’s Office in Zgorzelec, the 

Voivodship Police Headquarters in Wrocław, the Headquarters of State Fire Service in Wroclaw, the Main 

School of Fire Service in Warsaw, the Border Guard Post in Zgorzelec, and the Armed Forces of the Republic 

of Poland. With regard to personal data protection (Act of 10 May 2018 on the protection of personal data), the 

authors do not provide the names and surnames of experts, only functions they held. 

Professor Beniamin Więzik (vice-president of the Polish Hydrologists Association) and Dr. Wojciech Rędowicz 

from the Wrocław University of Technology published a lot of articles about floods. 

2. THE ANALYSIS OF THE FLOOD IN 1997 

The largest flood in Poland took place in 1997. It was caused by two waves of intense rainfall. The flood lasted 

for many days. In those days, there was no crisis management system. The Main Flood Prevention Committee, 

under the leadership of the Minister of Environmental Protection, Natural Resources and Forestry, was 

responsible for the state of security and reducing the threat of a flood in Poland. The province, by way of 

orders, could set up provincial, communal and company flood prevention committees. In the event that such a 

need arose, the province had the right to appoint district flood prevention committees that covered the area of 

several municipalities. In direct protection against floods, the units of the army, police and fire brigades were 
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entitled to take part under the control of the flood control committees, whose rules of appointment, organization 

and scope of action were defined by the regulation of the Council of Ministers [1]. A flood alert was announced 

on 6 and 7 July 1997 in most provinces and they remained under the alert for an average of 27 days. Many 

organizations became involved [2]: 

1) The Armed Forces of the Republic of Poland: 

● carried out activities in the field of reconstruction, 

● they led in independent operations or assistance in rescue and security, food transport and other 

activities 

● they removed the effects of the floods; 

2) The Fire Brigade (state and volunteer): 

● conducted rescue operations with the use of specialized equipment,  

● supplied people with drinking water,  

● participated in patrolling embankments and hydrotechnical facilities, as well as in reinforcing them,  

● drained flooded buildings, areas, and properties, etc.; 

3) The Police:  

● fulfilled statutory obligations;  

● secured roads and access routes for emergency services, convoys; special transports, etc.;  

● participated in the evacuation of people, property and animals;  

● patrolled areas after the evacuation of the population. 

There was the formation of a civil defense which was involved in such activities as [3]:  

● The coordination of the activities of the army, the formation of the National Civil Defense and the 

coordination of other forces which were at the disposal of the Provincial Flood Prevention Committee; 

● They organized and performed duties during flood actions; 

● They participated in the evacuation and protection of property and removal of the results of floods; 

● They disseminated and transferred information; 

● They patrolled and reinforced flood embankments and distributed sacks, sand, etc.; 

● They compiled a summary of reports of military involvement and the actions of the National Civil  

Defense in the flood 

● They conducted air reconnaissance (including for countries in The European Union); 

● They coordinated projects related to disinfestation and disinfection of areas; 

● They coordinated the activities of the Polish Scouting Association, Water Volunteer Rescue Service, 

volunteers, the Polish Red Cross, etc.; 

● They escorted or piloted transports with gifts or rescue teams from other countries; 

● They removed the results of the floods. 

Volunteers, the Polish Red Cross, the Polish Social Welfare Committee and scouts joined the activities. They 

carried out such activities as: delivery of equipment, food, clothing, medicines, and where possible they 
conducted evacuations from the most endangered places. 

During the flood, humanitarian aid was also provided, as well as ensuring cooperation with Union experts in 

the work on damage assessment and the creation of a project for the reconstruction of flooded areas. The 

Union proposed to use all PHARE funds, previously allocated to Poland, for the reconstruction of areas after 

the flood [4]. 

Managing so many people and equipment was a huge challenge and caused a lot of problems. The 

consequence of this flood was the death of 55 people, economic losses estimated at 7 697 564 PLN (75.2 % 

- of the losses were in south-western Poland). It encompassed 38 provinces, 49, 754 houses were destroyed, 
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1 893 bridges, 5 991 km of provincial roads and 532 km of national roads, 4 494 km of embankments and river 

banks, as well as 227 356 hectares of arable land and 149 345 hectares of grassland [5]. 

3. THE ANALYSIS OF THE FLOOD IN 2010 

In 2010 in Lower Silesia, flooding occurred twice - once at the beginning of May -to June and again from 

August to September. Both floods had a completely different nature. The causes of these floods were heavy 

rainfall. The crisis management system has been functioning since 2007. The province of Lower Silesia is 

responsible for crisis management. 

In both the first flood as well as the second flood the following organizations took action: 

The State fire brigade, volunteer Fire Department, sub-units of the Armed Forces, the Police, prisoners from 

prisons. In the floods that occurred from August to September flooding took place along the borders, therefore 

the Border Guard was also involved. 

 The number of forces and resources involved in the floods was very high. 2,372 policemen took part in the 

May and June floods, 399 vehicles were used, 15 boats, 17 power generators and a water cistern, and in the 

flood from August to September 5,352 policemen took part as well as 1,390 vehicles, four boats and three 

power generators were used. The difference in the involvement of the number of police officers and equipment 

was due to the fact that these floods were of a different nature and also required taking some other actions at 

times. 

The next organization is the Armed Forces. During the first flood of the Odra River from May-to June, 1,500 

soldiers, 10 floating car transporters with service, 16 boats and a dozen other military equipment units were 

involved in flood prevention activities. During the second wave of flooding, more than 600 soldiers, four floating 

car transporters, four boats and other military equipment were used in the activities [6]. The soldiers and the 

equipment were most often engaged to strengthen the flood embankments. It is estimated that the strength 

and resources of the Armed Forces had been used in a rational manner in relation to the existing threat. The 

issue of effective use has been raised. As an example, in the Report on the flood action in May-June 2010, it 

was indicated that 400 soldiers were not assigned to duties one worker was assigned, to indicate the directions 

of action. This meant that some of the soldiers were dispatched much later than their colleagues. It should also 

be mentioned that the authorities of the city of Wrocław were not interested in the logistic security for soldiers 

[7]. 

In the August-September flood (from August 7 to September 2), 553 soldiers took part. Their tasks were [8]:  

1) evacuation of people from flooded areas; 

2) transport of food and uniforms; 

3) the launch of an air bridge, which enabled transport of people and humanitarian aid to Bogatynia at 

critical moments; 

4) freeing access roads; 

5) help in removing items carried by water during floods; 

6) protection and strengthening of embankments in the town of Radomierzyce; 

7) organization of crossing the Witka River; 

8) freeing culverts and the Miedzianka river bed; 

9) unblocking the culvert at the Bogatynia water treatment station in cooperation with the fire brigade, 

pumping out the water from the treatment plant; 

10) reconstruction and repair of roads and bridges; 

11) food and water supply to areas cut off by floods; 

12) unloading of transports with help for Bogatynia; 

13) security of washed buildings; 
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14) strengthening and repairing damaged embankments on Nysa Łużycka 

15) in the town of Porajów; 

16) securing damaged bridges; 

17) decontamination of facilities in the villages of Bogatynia and Radomierzyce. 

Cooperation between the army and local authorities was good. It is also worth mentioning that the 

communication used during the coordination of rescue operations was improved through the use of 

radiotelephones of the Lower Silesian Provincial Office and the fire service rescue network. 

The August-September flood affected the border areas, in connection with the fact of stationing Border Guard 

officers in these regions, this formation was also involved in activities, but only in this flood. The involvement 

of the Border Guard officers was limited to the implementation of such tasks as [9]: 

1) securing buildings and landslides; 

2) assistance in evacuating people and property; 

3) protection of places threatened by flooding; 

4) closing traffic on bridges on the Nysa Łużycka River in Zgorzelec, as well as securing against plundering 

of buildings from which residents were evacuated (together with the Police); 

5) removing the effects of flooding in the Bogatynia Orphanage; 

6) monitoring road traffic (information was sent to the Provincial Center for Crisis Management every hour); 

7) establishing with the German side the route of access to Bogatynia through the territory of the Federal 

Republic of Germany (it was proposed that vehicles with aid for flood victims be marked with a card 

bearing the inscription "Bogatynia" and were prioritized by the services of the Federal Republic of 

Germany when they were being approached by flooded areas); 

8) the telephone number of the People Reception Point was made public and the Regional Information 

Exchange in Görlitz - this point served as an information function regarding road traffic in the area 

covered by the flood. 

The floods which occurred in 2010 brought a number of losses. They were divided into infrastructure losses, 

losses in private households and losses in agriculture. In the May-June flood loss, the losses amounted to 

PLN 263 503 748.87, and in August-September PLN 405 629 647. 

In the August-September flood three people died. 

Many forces and resources were involved in the implementation of tasks during the flood. Logistics 

management was simpler than in 2007 but also, as the research shows, there were a number of problems. 

It appears from the studies carried out with the experts mentioned in the introduction that the problems mainly 
covered the area of logistics management. Logistic shortages included both logistics supply and logistics 

services. Problems of logistics support mainly related to supplies of water for drinking and commercial 

purposes, as well as food and consumer goods. The reason for this was cutting Bogatynia off other localities, 

and therefore it was not possible to deliver the required products there. What is more, there were problems 

with communication between both services (a lack of a common communication channel) and services and 

the public (no possibility of providing information via the mass media). Experts are convinced that, when it 

comes to the area of logistics services, there were not enough rescuers and specialized equipment (intended 

for rescue and evacuation purposes), transport services, or protective materials (e.g. bags) as a result of such 

a large-scale phenomenon. Residents were not warned about the impending flood early enough. 

4. RECOMMENDATIONS 

Although the nature of these two floods was different, joint conclusions and recommendations could be issued 

to improve the flood protection of the country and reduce flood losses. 
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It is necessary to introduce changes in the applicable law. Despite the fact that each of the floods indicates 

other elements, the analysis of individual elements allows to state in the context of problems that are perceived 

in the case of this threat, that they form a single entity. 

In the context of the above, legislative changes should be made, namely [10]:  

1) increasing supervision over spatial planning procedures in the area of delimitation of areas and 

development of flood areas (closer connection of land planning law with water law and construction law); 

2) facilitating the process of land ownership in the construction sites of flood embankments; 

3) clarification of the purpose for which self-governments can spend the money allocated for flood control 

and for the removal of the effects of floods; 

4) clarification regarding the introduction of operational readiness, firemen's working time during long-term 

actions and financing of long-term rescue operations and operational reserves at the central level - due 

to the different interpretation of general provisions; 

5) competence and responsibility,  

6) defining the scope of duties of uniformed formations taking part in flood control,  

7) identification of authorities responsible for sections of embankments, and other hydrotechnical devices; 

According to reports and information obtained from the experts, the big problem was, first of all, the insufficient 

number of equipment that the organizations taking part in the crisis situation had at their disposal. The lack of, 

among others, was equipment such as: floating and lighting equipment, off-road vehicles, high-efficiency 

pumps, sandbag filling kits, power generators. In the Police and State Fire Service units, it was indicated that 

there was a need to purchase off-road vehicles [11].  

The results from the conducted research (based on reports and interviews with the experts), show that it is 

possible to improve the situation by [12]: 

1) improving the infrastructure (In 2010, it was found that approx. 70 % of embankments are in poor 

technical condition, which clearly indicates a threat to the safety of people, property and the 

environment); 

2) access to technical information (implementation of remote monitoring on the relevant website); 

3) maps. Preparation for flooding from various angles would also be facilitated by the creation, jointly a 

uniform cartographic material with a special assessment of threats and a list of weak points of 

hydrotechnical constructions. A digital map of areas of the potential flood hazard for extreme flows would 

also be helpful; 

4) crisis management centers (assisted by maps and decision support systems operated by qualified staff 

such as meteorologists, hydrologists, specialists in the field of water engineering); 

5) information exchange (a common information platform that all actors involved in activities will use) - in 

the opinion of the experts, information platforms are different in various services, which causes a 

problem in the same interpretation of information - an expert from the Border Guard Post in Zgorzelec; 

6) expert teams (networks of local threat experts) - the experts (the Border Guard, the Police, the State 

Fire Service) also stressed the need for the creation of such teams, as their existence would facilitate 

communication between the society and the services; 

7) public information (press spokespersons, alerting and warning system). The experiences from the flood 

in Bogatynia clearly indicated that warning and alerting of the residents was definitely too late [13]; the 

same view was expressed by the experts (the Lower Silesian Voivodship Office, the Poviat Starosty) 

who emphasized the essence of early warning systems that are to alert the population;  

8) public education (in terms of procedures) - according to experts (the Lower Silesian Voivodship Office, 

the Poviat Starosty, the State Fire Service, the Polish Armed Forces, the Police, the Border Guard), the 

problem stems from the lack of knowledge of procedures related to behavioral skills in the case of a 

flood event. 
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9) international cooperation (mainly border areas) - the experts (the State Fire Service, the Polish Armed 

Forces, the Police, the Border Guard) claim there is a need for joint exercises since nowadays there is 

a major communication problem resulting from the lack of knowledge of the “language” of adjacent 

services. 

5. CONCLUSION 

Floods, regardless of their nature, are catastrophic in their consequences and are quite common in Poland. 

They require the involvement of large amounts of forces and resources of organizations implementing tasks 

for the benefit of state security, as well as for the safety of its citizens. The effectiveness of the measures taken 

depends on appropriate logistics management. Since 1997, many changes have been introduced the first was 

to establish a crisis management system and then improve it. Logistics management has also changed 

dynamically. The law has made it possible to undertake actions aimed at sorting out many issues. It should be 

pointed out, however, that there are still many areas that should be constantly improved.  

In accordance with the information obtained from interviews with the experts and reports on floods under 

discussion, despite the changes introduced in logistics management, it is still necessary to improve the 

following areas. These are first and foremost: legal regulations, public awareness in the area of flood risk 

occurrence, technological solutions, international cooperation, technological support, information exchange, 

selection of staff and experts, education of administration employees. Information technologies are also 

extremely helpful in logistics management. 
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Abstract 

International military exercises are an important element of NATO's operation. Their organization and 

implementation is related to the observance of numerous standards and regulations whose task is to 

strengthen the system of cooperation and command and to eliminate barriers and potential threats. Special 

tasks in the HNS system are entrusted to logistics that creates opportunities for effective implementation of 

tasks and overcoming space-time barriers. Attention should be paid to the wide variety of these tasks at the 

strategic level as well as the operational or tactical level. Their proper identification is a factor significantly 

affecting the implementation of cooperation between allied armies, as well as between the military and civilian 

environments. The aim of the article is to present HNS regulations and their consequences for the identification 

and implementation of tasks in the sphere of physical flows related to international military exercises. The 

article is based on the analysis of formal and legal documents and information obtained from the national HNS 

system.  

Keywords: International military exercises, logistics, Host Nation Support (HNS), NATO’s regulations  

1. INTRODUCTION 

Logistics management is that part of supply chain management that plans, implements, and controls the 

efficient, effective forward and reverses flow and storage of goods, services and related information between 

the point of origin and the point of consumption in order to meet customers' requirements [1]. As it results from 

the definition, physical flows are one of the most important dimensions of logistics, especially in the context of 

international (global) logistics [2]. International logistics can be defined as processes of coordination and 

optimization of all flows in international dimension, based on analyses of correlations between actors and 

formed in accordance with the concept of a logistics chain (storage and transport chain)[3]. In this context 

modern international logistics is characterized by, among others: 

 overcoming geographical, political, legal and administrative, cultural, technical and time barriers [4]; 

 repeated crossing of borders [5]; 

 using different types of transport and different storage and storage systems [6]; 

 greater scale and diversity of projects in relation to domestic logistics (eg: mass of goods moved, number 
of participants, distances, documents, exchange and language differences) [7]; 

 the need to adapt not only to local and regional requirements, but also global ones [8] reflected in the 

growing complexity of market mechanisms [9]; 

 the influence of transnational organizations and institutions [10]. 

The current geopolitical situation makes that international organizations play an increasingly important role in 

the modern world, becoming among others the main stakeholders and creators of logistics systems and 

processes. This is particularly evident at the interface between military and civilian systems, where North 

Atlantic Treaty Organization (NATO) is a key player. The aim of NATO is to promote democratic values and 

enable members to consult and cooperate on defence and security-related issues to solve problems, build 

trust and, in the long run, prevent conflict [11]. In this system, logistics plays a special role, determining the 
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efficiency and effectiveness of the objectives pursued, not only in the area of joint action of the army, but also 

the cooperation of national support systems. 

In accordance with the definition in NATO documents, HNS is: ‘The civil and military assistance rendered in 

peace, crisis and conflict by a Host Nation (HN) to allied forces and organisations which are located on, 

operating in or transiting through the HN’s territory. Arrangements concluded between appropriate authorities 

of HN(s) and Sending Nations SN(s) and NATO form the basis of such assistance [12]. Functioning of the 

HNS system should result in creating conditions for efficient and effective flow of material, information and 

human assets necessary for the successful conduct of military operations. The conditions for performance of 

these activities differ depending on whether they are carried out in peace, crisis or war. Working in crisis calls 

for simplified procedures allowing prompt and appropriate reaction connected with providing aid and 

neutralizing the outcome. In wartime administrative-legal changes are introduced, which place the economy 

on a war footing, allowing the military goals to take priority. In this situation of mobilizing the state resources 

for war effort, the flows are conducted in conditions of primacy of military flows over any others. The situation 

which demands particularly careful planning, organization and conduct of military flows is peace time. It entails 

the creation of a system of regulations, agreements and arrangements which would allow optimal functioning 

of the allied forces on the territories of host nations relying on the application of the rules of the economy. In 

this situation economic and strategic considerations are equally important. Also, social and cultural aspects 

play important roles because breaches of norms may spark a conflict and negatively impact the effectiveness 

of undertakings under way and the system of cooperation. Consequently, it will compromise the level of 

security. In order to create proper foundations for cooperation it is necessary to test and improve the systems 

already in place. Therefore, in order to provide an adequate level of security, it is necessary to conduct common 

military exercises. 

The aim of the article is to present the HNS regulations and their consequences for creating and accomplishing 

tasks in the area of physical flows connected with multinational military exercise. The article focuses on 

operation level regulations, which are derived from strategic level documents, and provide foundations for 

creating military tactical level solutions. It has been based on an analysis of formal and legal documents and 

information obtained from the national HNS system. Its contents are an element of initial examination aiming 

at the creation of a functional-operational model for the NHS system. 

2. STRATEGIC AND OPERATIONAL LEVEL HNS REGULATIONS - DOCUMENTS 

Even though each operation is unique, operating principles and documentation procedures which allow for the 

creation of proper conditions for effective and efficient work can be identified. The basic document defining the 

organizational system and rules for conduct of NATO joint operations is AJP -01 Allied Joint Doctrine [13]. This 

document presents general rules for planning, preparation, conduct and assessment of joint multinational 

operations also in the context of civil-military cooperation (CIMIC). The basic element of interoperability is a 

coherent and effective approach based on utilization of the capabilities offered by the Allies. ‘Interoperability 

of formations and units of a joint and multinational force has three dimensions: technical (for example, 

hardware, systems); procedural (for example, doctrines, procedures); and human (for example, language, 

terminology and training) [13]. The worked out common frameworks for actions are reflected also in other 

NATO documents such as the Standardization Agreements (STANAGs). The system of documents (doctrines) 

provides commanders and units with capabilities for a common approach to conducted actions and creates 

the basis for international cooperation. 

The document setting forth standards in the logistical sphere is the AJP -4 (A) Allied Joint Logistic Doctrine 

[14]. This document focuses mainly on such areas as: supply and services, maintenance and repair, movement 

and transportation, infrastructure, medical, contracting and funding [14]. Additionally, this publication covers 

broad logistic responsibilities such as the Host Nation Support (HNS). This document identifies, inter alia, the 

basic rules governing the sphere of logistics, which include: primacy of operations, responsibility, authority, co-
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operation, co-ordination, provision and sufficiency, flexibility, simplicity, timeliness, economy, transparency and 

visibility, and synergy. According to item 0106 AJP-4(A) ‘The aim of the NATO logistic support concept is to 

support the Joint Force Commander’s (JFC) operations and to achieve efficiencies and economies of scale 

through optimum use of multinational logistic solutions.’ Logistics is one of the key factors of success, which 

both NATO command and the member states are responsible for. The ability to efficiently and efectively 

sistribute and sore supplies and personel are key factors in success of Allied Forces [15]. An important element 

of logistical support is a properly prepared HNS system. ‘Through the use of HNS, the overall costs for an 

exercise or operation might be reduced and greater support efficiencies and effectiveness achieved [14]. 

Therefore, it is important that all participants of the system are familiar both with procedures and HNS (HNSA) 

documents, and actively participate in the process of their improvement. 

AJP - 45 (B) Allied Joint Doctrine For Host Nation Support is the basis for creating national HNS systems. 

Especially while performing the host function, it is important to be able to correctly provide support for allied 

forces, executing tasks of deployment, sustainment and movement of troops. Timeliness, flexibility and 

effectiveness of these actions depends on a properly organized and run national HNS system and its 

coherence with NATO and Sending Nations (SNs) commands. National HNS structures must not only ensure 

the proper course of an operation of exercise but also have the capability to provide for and satisfy the needs 

signalled by the allied forces. An important element of the NHS is the cooperation with non-military structures 

which participate in support of the Allied forces deployed to the host nation. 

3. MAIN PARTICIPANTS OF THE HNS SYSTEM IN MULTINATIONAL MILITARY EXERCISES 

Multinational exercises are an important element of the functioning of the NATO system. They provide 

conditions for maintenance of the desired state of combat readiness of the member states. It is especially 

important that they enable and maintain the desired interoperability level connected to pursuing ever increasing 

effectiveness and efficiency. The decision to conduct multinational military exercises has consequences for 

the system of functioning of the NATO commander, for the host nation for the exercise, and for the sending 

nations participating in the exercise. In accordance with binding NATO regulations, each of these entities is 

obliged to take specific actions, including those related to the HNS. 

It is the NATO commander who defines the general foundations and conditions of the exercise and commands 

it. Among his or her main tasks in the area of HNS is developing and authorizing the Memorandum of 

Understanding (MOU) and the Technical Arrangement (TA) as well as calling up the Joint HNS Steering 

Committee (JHNSSC) and HNS Coordination Cell (HNSCC). MOU includes the rules of providing HNS 

between the Strategic Command (SC) and SNs and HN. It is the basis for developing the Joint Implementation 

Arrangement (JIA). The following elements should be identified in this document: definitions, its purpose, 

scope, general arrangements, applicable documents, responsibilities of the participants, financial procedures, 

legal aspects, force protection, information security, commencement and termination, amendments and 

interpretations. An MOU may be developed separately for each exercise. However, member states can be 

signatories to the Standing HNS MOU (SMOU) with the NATO command. The TA defines procedures for 

providing HNS to all nations participating in an exercise. It is developed in a way to ensure the equal treatment 

of all its parties. The Technical Arrangement (TA) includes: definitions, purpose, scope, applicable documents, 

situation, HNS mission and execution, lists of all nations participating in the exercise - alongside with the 

declarations that they will be treated as members of the Allied forces, Command and Control system (C2), 

responsibilities, financial procedures, legal aspects, supplies and services, commencement and termination, 

amendment, and the appendix. The Appendix to the TA includes information on meeting the HNS 

requirements, procedures, and agreements concerning providing, receiving and financing the agreed support. 

The NATO commander develops an HNS request (HNS REQ), which begins the process of HNS planning. Its 

provisions are drawn up by the SC and presented to the HN. It includes information on types and size of the 

required support and the scope of the desired agreements. The next step is identification of existing SMOUs, 
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as their existence simplifies the process of preparing the support. If such documents do not exist, the MOU 

status is checked or new MOUs are developed for a specific exercise. In case of a lack of the SMOU, the 

NATO commander files a request to the Supreme Headquarters Allied Powers in Europe (SHAPE) and to the 

Supreme Allied Command Transformation (SACT) for authorization to negotiate the HNS MOU for a particular 

exercise. On obtaining the authorization, negotiations with the HN begin, resulting in conclusion of the MOU. 

It is NATO commander’s responsibility to provide information on the SNs’ potential. Next, the NATO 

commander invites the SNs to enter into MOU by way of a Note of Accession (NOA). If reservations appear 

on the part of an SN, they should be presented in a State of Intent (SOI). In case this SOI is not accepted by 

the HN, bilateral negotiations ensue, leading to a conclusion of a bilateral MOU, which the NATO commander 

is to be informed about. In the negotiation process, HNS costs and the methods of covering them are identified. 

In order to monitor contracts and coordination of providing HNS and to establish priorities of services and 

deconflict provisions, the JHNSSC is formed. This body is commonly chaired by the NATO commander and a 

HN representative. The HNS document system and assigning them to the appropriate level is shown in 

Figure 1. 

 

Figure 1 HNS document system 

The host nation (HN) plays a particularly important role in military exercises: not only does it make its territory 

available, but also enables the use of its other resources, both military and non-military. In the area of HNS, 

the HN is obliged to answer the NATO commander’s HNS Request (HNS REQ). The HN presents information 

concerning its SMOU and in case of any deficiency begins negotiating the MOU. Apart from developing and 

sharing HNS documents (MOU, COR, SOR, TA, JIA - Joint Implementation Arrangement), it is also obliged to 

implement HNS decisions in accordance with the HN normative system. For coordination and communication 

a Point of Contact (POC) is established and Liaison Officers (LO) are appointed thereby creating elements of 

the HNSCC. Among the HN’s responsibilities there is the keeping of the NATO commander and SNs informed 

of capabilities to implement the Concept of Requirements (COR) and the Statement of Requirements (SOR) 

and on changes in the capabilities to provide the HNS. The COR includes general functional support 
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requirements (land, air, maritime, security, transport, telecommunications etc.) alongside a list of desired types 

and range of support. It forms the basis for defining real needs in the area of HNS and clarifies the NHS REQ. 

The SOR, on the other hand, specifies each SN’s HNS needs at the lowest organizational levels. It serves as 

the foundation for developing TAs and JIAs. The JIA is a HN-SN bilateral agreement encompassing detailed 

local procedures of providing and receiving HNS together with financing method and obligations. The HN is 

obliged to provide: coordination and cooperation with military and civil authorities, conformity of the undertaken 

actions with national laws, and assistance of liaison personnel to the NATO commander. The HN is obliged to 

present the NATO commander with price lists for agreed support, control the HNS resources and provide 

CBRB (chemical, biological, radiological and biological) defence. 

SNs participating in the exercise are obliged to observe the decisions and follow the procedures and 

regulations valid in the HS. An important element is designating POCs to participate in the procedures of 

examining and developing MOUs and TAs. The SN is obliged to present the NOA or the SOI and participate 

in negotiations and site surveys. Each SN should send its representative to the JHNSSC, who will actively 

participate in developing the TA and the JUA. The SN also ought to present the COR and the SOR to the 

NATO commander and HN and provide liaison personnel. Another important element is the obligation to 

account for the received support in accordance with the terms and the schedule worked out in negotiations or 

with the generally accepted procedure. 

It is worth noticing that HNS planning is an integral part of logistic planning which in turn is an element of 

defence planning. A precondition of providing adequate HNS is sufficient coordination and communication 

between the NATO command, the HN, and SNs, as well as optimization of an appropriate number of points of 

contact and organization of a sufficient number of conferences and site surveys. 

4. PROVISION AND CONTROL OF THE HNS 

The conclusion of the appropriate agreements (MOU, COR, SOR, TA, JIA) is an indispensable element, which 

must take place before any movement of NATO forces. Information included in these documents serves as 

the basis for the relevant HN state authorities to issue a permission for stationing and redeployment of Allied 

forces components [16,17]. This document includes information about the following: the sending partner, 

number of personnel, purpose and time of stay, dates of arrival and departure, and border crossings where 

they will take place, deployment location, types and numbers of the military equipment and weapons brought 

in, ammunition and hazardous materials, routes and all other important technical and organizational details. 

This documents also specifies the rights of the SN personnel, types of ID documents, and all other facts 

relevant from the perspective of the HN’s national defence. It has to be mentioned that movement of hazardous 

materials requires additional permissions from the HN. Movement of foreign troops on the HN territory and 

carrying out telecommunication tasks and the use of military training areas are governed by the HN regulations 

pertaining to the Armed Forces of the HN. 

During a NATO exercise, the logistics section, CJ4 is responsible for coordination and selection of HNS 

priorities. It carries out its tasks by means of a Joint Logistic Support Group (JLSG). The JLSG is responsible 

for providing HNS using resources of the HN and of external contractors. These contractors are utilized if the 

HN is unable to provide HNS. Permanent cooperation between HN and HNSCC is an important element of the 

process of conducting an exercise. Within this cooperation, locations of POCs and LOs are established in key 

areas for stationing, movement, and transit, loading and offloading points, and staging or deployment areas of 

NATO forces. Each state participating in the exercise is responsible for LOs and coordinates their actions. The 

NATO commander constantly receives reports from HNSCC. SNs inform the NATO commander, by way of 

HNSCC, about all statuses, needs and their changes within the HNS. 

An important element of the control process is checking the HNS plans by NATO commanders with a view to 

their validity and feasibility throughout the duration of the exercise. On finishing an exercise, the commander’s 
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staff analyses and evaluates the completed enterprise. Conclusions are provided to HNS structures for 

verification and improvement of HNS processes and procedures. If necessary, doctrinal documents are also 

updated. The NATO command uses the obtained knowledge to prepare a training programme for the NHS 

personnel of all Alliance member states. 

5. CONCLUSION 

The NHS system is an important part of logistical support relevant to support offered by the host nation to allied 

forces. Provision of host nation support is an alternative for movement of physical goods from the SNs’ 

territories, which enables the sending nations to save time and resources, and also leads to synergy. It creates 

favourable conditions for tightening international cooperation and generates opportunities for creating 

complementary systems. Regulations presented in the article are an important determinant of physical goods 

movements within NATO exercise, which are influenced not only by the currently valid regulations, but also by 

negotiating processes and by the host nation’s resources and its HNS structure. 

REFERENCES 

[1] CSCMP Supply Chain Management Definitions And Glossary [viewed 2019-01-10]. Available from: 

https://cscmp.org/cscmp/educate/scm_definitions_and_glossary_of_terms/cscmp/educate/ 
scm_definitions_and_glossary_of_terms.aspx?hkey=60879588-f65f-4ab5-8c4b-6878815ef921 

[2] WINCEWICZ-BOSY, Marta and STAWIARSKA, Ewa and ŁUPICKA, Anna. Contemporary Challenges Of Supply 
Chains. Warszawa: TEXTER, 2017. p. 57 

[3] DRELICH-SKULSKA, Bogusława and DOMITER, Małgorzata and JANKOWIAK, Anna H. International Business 
in the Global World. Wrocław: Publishing House of Wrocław University of Economics, 2018. pp. 113-116 

[4] SCHARY, Philip B. and SKJOTT-LARSEN, Tang. Management the Global Supply Chain. Warszawa: PWN, 2002. 
p. 309 

[5] RYMARCZYK, Jan. Foreign Trade: Organization And Technique. Warszawa: PWE, 2012. pp. 317-343 

[6] BOZART, Cecil C. and HANDFIELD, Robert B. Introduction to Operations and Supply Chain Management. Upper 

Saddle River, New Jersey: PEARSON, Prentice Hall, 2006. pp. 335-372 

[7] HARRISON, Alan and VAN HOEK, Remko. Logistics Management and Strategy: Competing Through the Supply 

Chain. Warszawa: PWE, 2010. pp. 145-194 

[8] STOCK, James R. and LAMBERT, Douglas M. Strategic Logistics Management, International edition: McGraw-

Hill Irwin, 2001. pp. 515-615 

[9] MINDUR, Maciej. Logistics: Science-Research-Development. Warszawa-Radom: Scientific Publishing House of 

the Institute for Sustainable Technologies - National Research Institute, 2017. pp. 51-76 

[10] HILL,Charles W.L. International Business. International edition: Mc Graw-Hill Irwin, 2005. pp. 8-14 

[11] NATO, A Political And Military Alliance [viewed 2019-01-13]. Available from: https://www.nato.int/nato-
welcome/index.html 

[12] NATO STANDARD AJP-4.5 Allied Joint Doctrine For Host Nation Support, Edition B, Version 1, May 2013 

[13] NATO STANDARD AJP-01 Allied Joint Doctrine, Edition E, Version 1, February 2017 

[14] NATO STANDARD AJP-4(A) Allied Joint Logistic Doctrine, December 2003 

[15] LAMBERT, Douglas M. and STOCK, James R. and ELLRAM Lisa M. Fundamental of Logistics Management, 

International Edition. International edition: McGraw Hill Irwin,1998. p. 5 

[16] Ministry of National Defence, The Logistic Doctrine of the Armed Forces of the Poland D-4 (B), Bydgoszcz: MON, 

2014 

[17] Ministry of National Defence, Support by the Host Nation DD-4.5 (B), Warszawa: MON, 2016 

  



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

293 

BASIC PRINCIPLES OF ADMINISTRATIVE RESPONSIBILITY FOR VIOLATION  
OF THE PROVISIONS ON ROAD TRANSPORT 

Bolesław KURZĘPA 

Rzeszów University of Technology, Faculty of Management, Department of Law and Administration, 

Rzeszów, Poland, EU, bkurzepa@prz.edu.pl 

Abstract 

The article discusses the basic principles of administrative responsibility for violations of the provisions of the 

Polish Act of September 6, 2001. about road transport. They were included in art. 92a of the said Act. 

Administrative responsibility is a specific form of liability, because it is caused by the control body itself finding 

a violation of obligations imposed on the entrepreneur by Community regulations and national law (in this case 

of road transport) and is not based on the principle of guilt. The entity that is primarily responsible is the 

entrepreneur performing road transport of persons or goods, or (to a lesser extent) other entities indicated in 

the Act. The administrative penalty imposed in this mode is not fiscal but preventive - penal. Its basic purpose 

is to ensure compliance with regulations concerning the performance of road transport, and more specifically 

preventing the occurrence of infringements. 

Keywords: Administrative responsibility, road transport 

1. INTRODUCTORY NOTES 

In the mid-fifties of the 20th century, the simple division of infringements into crimes and offences began to be 

complicated due to the introduction of the institution of penal liability which was neither a crime nor an offence 

into the legal system and which later began to be called administrative torts [1]. The first administrative torts 

were included in art. 6 of the 28 January 1953 decree on securing rational and economical use of electricity 

and heat (Journal of Laws No. 9, item 26). The sanction for non-compliance with particular provisions of the 

decree was a fine ranging from 500 to 20,000 Polish zlotys. In the subsequent years, this type of liability was 

introduced in other acts, in particular regarding environmental protection. Often, in one act, both crimes and 

offences as well as administrative torts were determined (e.g. in the 5 August 2015 Act on maritime labour). 

Although administrative responsibility raised numerous objections, the legislator consistently increased its 

scope, guided primarily by little-complicated mode of determining the persons guilty of breaking the law and 

adjudicating a penalty [2]. This type of responsibility has significantly been expanded in the first decade of the 

21st century. It may be incurred not only by natural persons conducting business activity, but also those who 

do not run any activity. At present, there are several dozens of laws binding in Poland that contain provisions 

on administrative penalties in Poland and their number is constantly increasing. One of the serious 

shortcomings of the norms concerning administrative responsibility was the lack of general regulations [3]. 

Finally - after numerous discussions - this problem was solved by the 7 April 2017 Act about the amendment 

to the act - Code of Administrative Procedure and certain other acts (Journal of Laws of 2017, item 935), in 

which the entire section IV that was devoted to administrative fines was placed. 

2. METHODOLOGY OF RESEARCH 

The dynamically developing road transport in Poland also caused a large number of violations of the standards 

in force in this sphere, constituting crimes, offences and administrative torts. Since criminal and offence 

procedures are quite complicated and the proceedings conducted on their basis last for a very long time, the 

legislator - following the examples of other countries - more and more often reaches for provisions regulating 

administrative responsibility. The objective of this article is to analyze the basic regulations in force in this field 
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as the literature on this subject is - at least for now - very sparse [4]. These are both the provisions of Chapter 

11 of the Road Traffic Act of 6 September 2001 as well as those included in chapter IVa of the Code of 

Administrative Procedure. Since they have been in force for a short time, no comments or thorough analysis 

by representatives of administrative law science have been obtained so far. A considerable part of the research 

material comes from the administrative courts' case law, which is rich in this respect. Therefore, a significant 

part of the article will be based on the analysis of applicable laws and statements on this subject of 

administrative courts. It is only recently that we can notice that the reflection reaches the Polish authorities 

guarding the observance of road transport regulations that their enforcement of fines by means of 

administrative means can be more effective and faster than using criminal repression. 

3. RESULTS OF THE RESEARCH 

The Road Traffic Act of 6 September 2001 (consolidated text: Journal of Laws of 2018, item 2200) defines the 

rules for conducting the road transport of goods and persons within the territory of Poland. Among the 

numerous provisions included therein, regulations regarding administrative responsibility for violation of duties 

or conditions of the road transport occupy a prominent place [5]. The precise definition of this concept is of 

fundamental importance for the proper understanding of the regulations related to road transport. Pursuant to 

art. 4 a of Regulation (EC) No. 561/2006 of the European Parliament and of the Council of 15 March 2006 on 

the harmonization of certain social legislation relating to road transport and amending Council Regulations 

(EEC) No 3821/85 and (EC) 2135/98 as well as repealing Council Regulation (EEC) No 3820/85 (Official 

Journal L 102 of 11/04/2006, page 1) in connection with art. 4 item 6a of the Road Transport Act, ‘carriage by 

road’ means any journey made entirely or in part on roads open to the public by a vehicle, whether laden or 

not, used for the carriage of passengers or goods.  

The main principles of liability are set out in art. 92a sect. 1 and 3 of the above-mentioned Act. The proof of 

violation of the obligations imposed on an entrepreneur conducting the road transport by the Community 

provisions and the rules of the national is sufficient for the presence of responsibility. Administrative liability is 

not based on the principle of guilt (it can even be said that it is detached from guilt) and the proof of violation 

of the provisions (e.g. the Road Transport Act) by the driver carrying out the transport on behalf of the 

entrepreneur, even when there has been a violation (violations) in the manner which is caused by the 

entrepreneur will suffice to its occurrence [6].  

Penalties imposed in this mode are not fiscal ones, yet, preventive and penal ones, which means that their 

aim is not to provide the state with income, but to achieve two significant effects: 

1) ensuring that road carriers or other entities related to this carriage comply with the regulations 

concerning performance of transport by raising concerns related to sanctions that may occur in the event 

of committing the violation of these regulations, 

2) punishing the entities that violate the provisions knowingly or through negligence. 

It can also be considered that provision of art. 92a sec. 1 of the Act is to ensure avoidance of the necessity to 

pay an administrative penalty by all those entities that have shown respect for the road transport regulations 

and undertake the necessary actions aimed at preventing these violations in their enterprise and despite this 

fact, they have failed to prevent these violations [7]. 

On the one hand, an entrepreneur is obliged to create such working conditions for drivers so that they can 

comply with the provisions regulating the road transport and on the other hand, the entrepreneur must provide 

the transport services in accordance with the applicable law [8]. The view voiced by the District Administrative 

Court in Poznań that found that ‘all statements made by the drivers themselves, e.g. concerning full 

responsibility for administrative fines and fines do not exempt the carrier from administrative penalties since to 

declare the entrepreneur’s responsibility it is sufficient to determine that has been a breach of the obligations 

or conditions of carriage by road, even if it was not caused by fault’ [9] must be considered relevant. The carrier 
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may be exempted from administrative responsibility (i.e. fines) when the circumstances of the case and 

evidence indicate that the entrepreneur had no influence on violation whereas the breach occurred as a result 

of events and circumstances that the entrepreneur could not foresee (Article 92c (1) item 1 of the Act). 

However, it is the carrier who bears the burden of proving that the entrepreneur has exercised due diligence 

in organizing the carriage and had no impact on the driver's infringement of the law, while the lack of this 

influence must exist realistically [10].  

The administrative decision on imposition of the penalty is of special character as it is issued under the so-

called constrained decision which does not practically give the authorized body any interpretative freedom. 

The adjudicating body is obliged to state whether there has been a violation of the rules, without investigating 

what were its causes and who is to blame for it. Establishing the event determined by law must result in its 

appropriate qualification which is in accordance with the provisions of the Act and afterwards - imposing the 

penalty in the amount required by this Act. It is not important whether there have been any proceedings on the 

basis of the provisions of the Code of Proceedings in Misdemeanors or the Code of Criminal Procedure 

pending against a person who was driving a vehicle at the time of the inspection. It remains without any impact 

on the administrative proceedings against the entrepreneur and its result. [11] The essence of administrative 

responsibility is correctly expressed by the District Administrative Court in Rzeszów that assumed that 

‘administrative responsibility’ is liability independent of guilt in the sense that it is incurred in principle due to 

the occurrence of a specific effect (confirmed violation), without the necessity to indicate the causal relationship 

between the behaviour of the responsible entity and the resulting effect. Therefore, this responsibility is similar 

to the liability borne on a risk basis, although it is not unlimited [12] It should be added that this responsibility 

is also independent of good or bad will of the carrier. 

The only kind of the administrative sanctions provided for violation of obligations or conditions of the road 

transport in the Road Traffic Act is an administrative fine [13]. Pursuant to art. 92a sec. 1 of the Act, the entity 

performing this type of carriage or other related activities is subject to a fine in the amount ranging from 50.00 

PLN to 12,000.00 PLN for each violation. If more than the single infringement is found during one inspection, 

the sum of penalties cannot exceed 12,000.00 PLN (Art. 92a (3) of the Act). The amount of penalties for 

specific cases of violation is included in Annex 3 to the Act, with a separate penalty given for each violation. 

The term ‘one inspection’ used in art. 92a sec. 3 of the Act should be understood as the inspection carried out 

by the same controlling entity, at the same time and with reference to the same vehicle. In the event of the 

sums of the fines possible to be imposed for infringements found during the inspection in the entity performing 

road transport, it cannot exceed: 

1) 15,000.00 PLN - for an entity employing drivers in an average arithmetic number to ten within six months 

before the date of commencement of the inspection, 

2) 20,000.00 PLN - for an entity employing drivers with an average arithmetic number above ten to fifty 

within six months before the date of commencement of the inspection, 

3) 25,000 PLN - for an entity employing drivers with an average arithmetic number above fifty to two 

hundred and fifty within six months before the date of commencement of the inspection, 

4) 30,000.00 PLN - for an entity employing drivers in an average arithmetic number larger than two hundred 

and fifty in the six months before the date of commencement of the inspection, 

5) 40,000.00 PLN - for the entity performing other activities related to road transport. 

Since 3 September 2018 the group of entities with administrative responsibility for violation of duties or road 

conditions has been extended by: 

1) transport manager, 

2) micro-entrepreneur,  

3) another person performing activities related to road transport. 

A transport manager is a natural person employed by the entrepreneur or - if the entrepreneur is a natural 

person - that person or, if necessary, another natural person, designated by this entrepreneur pursuant to the 
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contract, managing the transport operations of the entrepreneur in a real and continuous manner [14]. The 

definition of a micro-entrepreneur is included in the provision of art. 7 sec. 1 item 1 of the 6 June 2018 Act - 

The Entrepreneurs' Rights [15]. This is an entrepreneur who - in at least one year of the last two financial years 

- has met all the following conditions: 

1) employed on average less than ten employees per year, and 

2) has achieved an annual net turnover from the sale of goods, products and services and from financial 

operations not exceeding the equivalent of two million euros, or the total assets of its balance sheet 

prepared at the end of one of these years did not exceed the equivalent of two million euros in PLN. 

On the other hand, ‘another person performing activities related to road transport’ will be a person who has 

been authorized by the competent authority to practice the profession of road transport operator without 

appointing a transport manager. This happens in a situation where the entrepreneur does not meet the 

requirement of professional competence referred to in art. 3 sec. 1 letter b and d of Regulation (EC) No. 

1071/2009 (i.e. it does not have good reputation and does not possess the required professional 

competences). The competent authority may then authorize to practice the profession of road transport 

operator without appointing a road transport manager, provided, however, that: 

1) the entrepreneur shall designate a natural person residing in the European Community, meeting the 

requirements provided for in art. 3 sec. 1 letter b and d of Regulation (EC) No 1071/2009 (i.e. (i.e. this 

person has a good reputation and possesses the required professional competences) and authorized - 

under the contract - to perform the tasks of the transport manager on behalf of that entrepreneur, 

2) the contract binding the entrepreneur with the person referred to in item 1 specifies the tasks that this 

person is supposed to perform in a real and continuous manner as well as it the scope of duties related 

to the function of a transport manager, 

3) in the capacity of a transport manager, the person referred to above may manage transport operations 

of not more than four different enterprises, carried out with the help of the combined fleet, with the total 

fleet of no more than fifty vehicles, 

4) such a person performs specific tasks only in the interest of the entrepreneur and his or her duties are 

performed independently of the entrepreneurs for whom the given entrepreneur performs carriage 

activities. 

Pursuant to art. 92a sec. 2 of the Road Transport Act, each of the persons (entities) mentioned therein that 

has violated the obligations or conditions of the road transport, is subject to an administrative fine of 200.00 

PLN to 2,000.00 PLN for each infringement, the sum of penalties imposed for infringements found during one 

inspection cannot exceed 3,000.00 PLN (art. 92a (3) of the Act). The chronological list of violations and the 

amount of fines for individual violations is included in Annex 4 to the Road Transport Act [16]. 

Contrary to the fines imposed pursuant to penal provisions with a statutory minimum and maximum limit, the 

penalties provided for in Annexes 3 and 4 of the Act cannot be graded, i.e. it is not possible, for example, to 

take into account the subjective or objective circumstances affecting the reduction or increase punishment. 

They are fixed in a strictly defined amount, without the possibility of reducing the rate of the financial penalty. 

Regardless of the number of infringements detected by the controlling entity during one inspection, this will 

always be one administrative matter handled by a single administrative decision specifying the financial penalty 

which will consist of penalties for individual violations [17]. 

The number of drivers listed in art. 92a sec. 3 of the Act applies only to those who were employed before the 

date of commencement of the inspection. For instance, if the inspection started on 10 August, the inspectors 

must assume the status of drivers in the controlled entity as at 9 August. This applies to both the drivers who 

were employed pursuant to the employment contract as well as civil law contracts (e.g. specific works), or in 

the form of so-called self-employment. The drivers in the discussed sense also include persons who were not 

employed by the inspected entity on the day of commencement of the inspection under an employment 

contract or a civil law contract, but personally carried out road transport on the controlled entity’s behalf (Art. 
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92a (4) of the Act). Punishment of an employee who violates the provisions of art. 92a sec. 1 of the Act or 

termination of such proceedings in any other way does not lead to a situation in which the entrepreneur is 

released from legal and administrative responsibility.  

An entity performing road transport can be either a natural person, a legal person or another person without 

legal personality. They have the status of an entrepreneur within the meaning of art. 431 of the Civil Code and 

art. 4 sec. 1 of the Act - The Entrepreneurs' Rights. In the case of a civil law partnership, all partners are its 

entrepreneurs and in the case of transport carried out with one carriage, it encumbers all partners jointly, and 

not for each of them separately. This means that administrative responsibility pursuant to art. 92a sec. 1 of the 

Act will also be borne by all partners. However, it is not acceptable to impose several separate fines on one 

partner for one violation committed by the joint venture [18]. In such a situation, one administrative decision 

should be issued, directed jointly to all partners, imposing one fine. This penalty should be within the limits set 

in art. 92a sec. 1 or 5 of the Act and all shareholders in a particular company are jointly and severally liable for 

its payment [19]. Certainly, the entity performing road transport will not be a lessor in the situation where the 

leased vehicle, being in use of the entrepreneur, was inspected by authorized services and violation of 

obligations or conditions of the road transport was found [20]. 

An entity that performs other activities related to road transport is an entity that does not carry out road 

transport, yet, other auxiliary activities, in particular consisting in preparation of goods for dispatch, e.g. 

forwarding activities. Undoubtedly, in the light of art. 92a sec. 1 of the Act, the entity performing ‘other activities 

related to transport’ will not be a driver [21]. The catalogue of entities performing the road transport activities 

is included in art. 92a sec. 11 of the Act and it contains, in particular: forwarder, sender, recipient, shipper, tour 

operator, organizer of transport, public transport operator. The use of the term ‘in particular’ in this provision 

means that the entities specified therein do not constitute a closed set and thus liability for violation of 

conditions or obligations of road transport may also apply to other entities. However, the condition of their 

responsibility is that the circumstances of the case and the evidence clearly indicate that these entities have 

had an influence or have agreed to occurrence of the violation. It should be emphasized that the initiation of 

proceedings against the driver who has committed the violations and the driver’s conduct does not exclude - 

in any way - the initiation of administrative proceedings in relation to the entrepreneur performing road transport 

and the course of pending proceedings does not affect the possible initiation and the course of administrative 

proceedings against the entrepreneur for whom the driver performed the activities of driving the vehicle. 

The rules of administrative responsibility provided for in art. 92a sec.1 and 3 - 6 of the Act - pursuant to art. 

92a sec. 12 - are also applicable to entities whose:  

1) permit to practise the profession of road transport operator has been withdrawn, 

2) licence allowing to undertake and conduct business in the field of road transport has been withdrawn, 

3) permit or licence to practise the profession of road transport operator or road transport has expired. 

The obligation of these entities is to store and make the documents and other information carriers listed in art. 

4 item 22 of the Act available to the persons authorized to control, for the period of one year counting from the 

day on which they ceased to perform road transport (Article 92a sec. 12 in connection with art. 16a sec. 1 of 

the Act). If they fail to comply with this obligation, then they will bear administrative responsibility. The similar 

rigour applies to: 

1) the entrepreneur on whom the rights resulting from the authorization to practise the profession of road 

transport operator or a license pursuant to art. 13 sec. 2 of the Act have been transferred,  

2) an entrepreneur or a natural person who possesses a permit to practise the profession of road transport 

operator or a license and has ceased to perform business or road transport (art. 92a sec. 12 in 

conjunction with art. 16a sec. 2 of the Act). 

These persons must also (obligatorily) store and make documents and other media required by the provisions 

listed in art. 4 item 22 of the Act available to the persons authorized to control for the period of one year - 

counting from the day on which they ceased to perform road transport [22].  
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The circle of the entities that bear administrative responsibility due to violation of road transport regulations, 

art. 92a sec. 12 in conjunction from art. 33a of the Act includes also those that have ceased to perform business 

or road transport: 

1) for their own needs, 

2) as part of universal postal services, 

3) not being entrepreneurs (and excluding farmers). 

Also, this case regards the obligation to store and provide access to documents and other information carriers 

to the controllers for the period of one year from the date of discontinuation of road transport [23]. 

In addition, it should be pointed out that for conducting the inspections of documents and vehicles - pursuant 

to art. 89 sec. 1 of the Act - the following organs are entitled: Police officers, inspectors of Road Transport 

Inspection, customs officers, Border Guard officers, authorized employees of public road administrators 

(excluding documents referred to in Article 87 sec. 1 item 1 and item 2 letter and sec. 4 of the Act), inspectors 

of the National Labour Inspectorate (in relation to the entries of the device recording the speed of the journey 

and the time of driving and parking automatically), authorized employees of the competent authority referred 

to in art. 18 sec. 1 of the Act, i.e. the head of the municipality, the administrator, mayor, district administrator, 

provincial governor (in relation to regular and regular special services), municipal and city wardens (in relation 

to public collective transport within the scope defined by the 16 December 2010 Public Transport Act). It should 

be noted that the employees of public road administrators and local government administration bodies are not 

entitled to control the entries of the device recording automatically the driving speed, driving time and stoppage 

time, obligatory breaks and rest time as well as the certificate referred to in art. 31 of the 16 April 2004 Act on 

the working time of drivers. (i.e. Journal of Laws of 2012, item 1155 as amended). From the content of art. 31 

of the Act, it results that an entrepreneur performing road transport is obliged to issue a driver who he employs 

a certificate, and in the event when a driver was on sick leave from work due to an illness, he was off work, 

drove a vehicle excluded from the scope of application of Regulation (EC) No. 561/2006 or the AETR 

Agreement, performed other work than driving a vehicle, remained ready within the meaning of art. 9 section 

1 of the Act. The certificate should be issued on the form provided for that purpose, referred to in the 

Commission Decision No. 2007/230 / EC of 12 April 2007 on the form concerning social regulations relating 

to road transport activities (Official Journal L 99 of 14.04.2007, page 14, as amended) and handed over to the 

driver before the commencement of road transport, and the driver should sign the certificate. 

4. CONCLUSIONS 

The direction of changing particular provisions defining criminal liability (crimes and offences) on administrative 

liability that was adopted several years ago in the Polish legislation should be considered right. The number 

of violations of rules and obligations in the sphere of road transport is quite significant, however, many of them 

are only of formal nature. Of course, these violations also pose a greater or lesser danger during transport, but 

they are not serious enough to punish for their commitment with criminal penalties. It is also important that the 

administrative repression is faster and more severe for the road carrier. The analysis conducted for the 

purposes of this article confirms that this type of administrative responsibility is increasingly appreciated and 

applied by road transport law enforcement authorities, both in Poland and in other EU countries. Numerous 

important practical issues related to road transport are raised in the case law of the Polish administrative 

courts, while considering particular cases in this field. Still, administrative responsibility, including the one in 

the sphere of road transport, does not raise the interest of the Polish representatives in the doctrine of 

administrative law. Perhaps, this is caused by very frequent changes in the Road Transport Act.  

Undoubtedly, significant disadvantage, particularly for those who apply the provisions on administrative 
responsibility in road transport in their daily work, is to regulate the discussed issue in two separate legal acts, 
i.e. in the Road Transport Act and in the Code of Administrative Procedure. Even when applying the principle 
of lex specialis derogat qenerali, it is not entirely clear which provisions of law should be implemented in a 
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specific case. It is complicated by the fact that the Road Transport Act (lex specialis) does not include all 
regulations regarding administrative responsibility for violation of obligations or conditions of road transport. It 
is true that it is possible to refer to the provisions of Section IVa of the Code of Administrative Procedure (lex 
generali), however, art. 189a of this Code excludes their application if this matter is regulated in separate 
regulations (lex specialis). The solution that can be postulated for de lege ferenda would be to include complete 
provisions regulating administrative liability for violation of obligations or conditions of road transport in Chapter 
11 of the Road Traffic Act of 6 September 2001.  

REFERENCES 

[1] RADECKI, W. Introduction to the reflection on the reform of the law of offences (in :) Reform of the law of 
offences. Volume 1. Warsaw 2019, pp. 30-31. 

[2] SZUMIŁO-KULCZYCKA, D. Administrative and criminal law. Cracow 2004, pp. 29-30. 

[3] WINCENCIAK, M. Sanctions in administrative law and the procedure for their application. Warsaw 2008, pp. 107 - 

109. 

[4] KURZĘPA, B. Administrative responsibility for violation of duties or conditions of road carriage specified in the 6 

September 2001 Road Transport Act (in :) The role and tasks of public administration in security management in 
Poland. Ed. K. Rajchel. Rzeszów 2017, pp. 463 et seq. 

[5] STEFAŃSKI, R.A. Traffic offences. Warsaw 2011, pp. 48-50. 

[6] Cf, e.g. judgment of the Supreme Administrative Court of 15 September 2015, Case ID: II GSK 1640/14. 

[7] Cf. judgment of the District Administrative Court in Krakow of 13 January 2015, case ID: III SA/Kr 1610/14. Lex 
No. 1644128. 

[8] PAWEŁ, D. Administrative liability for violation of duties or conditions of road carriage in the light of the provisions 
of the Road Transport Act. Zeszyty Naukowe Sądów Administracyjnych 2012 No. 5, pp. 37-38. 

[9] Cf. judgment of the District Administrative Court in Poznań of 6 June 2013, case ID: III SA/Po 577/15. 

[10] Cf. judgment of the Supreme Administrative Court of 6 April 2011, case ID: II GSK 404/10. 

[11] This position was taken, among others, by District Administrative Court in Lublin in the judgment of 13 January 
2015, case ID: III SA/Lu 493/14. 

[12] Judgment of 14 January 2015, case ID: II SA/Rz 905/14. Lex No. 1628537. 

[13] More on administrative sanctions, including fines: KRUK E., Administrative sanction. Lublin 2013.  

[14] It results from the content of art. 2 item 5 of Regulation (EC) No 1071/2009 of the European Parliament and of the 
Council of October 21, 2009. laying down common rules concerning the conditions to be complied with to pursue 

the occupation of road transport operator and repealing Council Directive 96/26/ EC (OJ.UE.L 2009.300.51). 

[15] Official Journal of 2018, item 646. This Act came into force on 30 April 2018. 

[16] STACHOWSKA, R. Road Transport Act. Comment. Ed. III. Warsaw. Lex/el 2012 (access 14.01.2019). 

[17] Cf. judgment of the Provincial Administrative Court in Warsaw of 19 November 2009, case ID: VI SA /Wa 

1596/09. Lex No. 1686440, or the judgment of the Supreme Administrative Court of 8 July 2009, case ID: II GSK 
1093/08. Lex No. 552729. 

[18] PAWEŁ, D. Administrative liability for violation of duties or conditions of road carriage in the light of the provisions 
of the Road Transport Act. Zeszyty Naukowe Sądów Administracyjnych 2012 No. 5, pp. 45. 

[19] Cf. for example, the judgment of the Provincial Administrative Court in Poznań of 4 July 2013, case ID no: III 
SA/PO 202/13. Lex No. 1362123. 

[20] Cf. the judgment of the Provincial Administrative Court in Wrocław of 9 May 2013, case ID no: III SA/Wr 94/13. 

[21] Cf. the judgement of the Provincial Administrative Court in Warsaw of 14 December 2007, case ID no: VI SA/Wa 

1886/07. 

[22] LUBEŃCZUK, G., SIKORA, K. Road Transport Act. Comment. Ed. 1. Legalis / el 2013 (access 16.01.2019). 

[23] WOJCIECHOWSKI, P. Prescription of criminal penalties and enforceability of administrative fines. Iuridica Studies 
2016 No. LXI, pp. 36-38. 

  



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

300 

REDUCTION OF DELAYS IN THE SUPPLY CHAIN BY USING MAINTENANCE DECISION 
SUPPORTING SYSTEMS FOR RAIL VEHICLE PANTOGRAPH 

1Małgorzata KUŹNAR, 1Augustyn LORENC, 2Natalia GÓRKA 

1Cracow University of Technology, Institute of Rail Vehicle, Cracow, Poland, EU, 

malgorzata.kuznar@mech.pk.edu.pl, alorenc@pk.edu.pl  

2Cracow University of Economics, Cracow, Poland, EU,  

natalia.gorka@poczta.onet.pl  

Abstract  

The aim of this study was to propose a system that increases the reliability of the supply chain using a rail 

mode of transport. Such system will reduce delays in a supply chain where a train is use as a mean of transport. 

In this paper, rail vehicles delays were identified as the problem in the break of the supply chain. Such situation 

can be caused, among others, by the immobilization of the locomotive on the route due to damage of 

locomotive pantograph. 

The paper presents the scale of the problem related to damages of the pantograph - overhead contact line 

(OCL) system, and gives the overview of currently existing systems, which are used to diagnose the condition 

of a pantograph - OCL system. In the paper authors present the existing systems used by railway carriers. The 

target was to identify the benefits of implemented systems and find the gap and possibilities to improve the 

diagnostic system to reduce the rail delays and cost of the current collectors’ services. For this purpose, there 

was conducted simulation using Artifitial Neural Network (ANN), which predict the technical condition of a 

pantograph.  

The performed review shows that there is no system, which can support decisions about technical operations 

and service of a pantograph. Based on the developed method described in this paper, it is possible to create 

the system, which will support decisions about pantograph sliding strip replacement. 

Simulation results shows that system will enable reduction of train delays, which will significantly affect the 

reliability of the supply chain.  

Keywords: Rail delays, variant analysis, pantograph, current collector, rail transport, decision supporting  

        system, delays simulation 

1. INTRODUCTION 

The reliability of the supply chain, in which the railway is used as a means of transport, depends on the delays 

along the route. According to reports [1], in the first quarter of 2018, punctual freight trains in Poland were 

around 38 %. Average delays in domestic traffic amounted to 575 minutes. As many as 46 % of delayed 

vehicles were above 120 minutes. One of the causes of such delays is pantograph and overhead contact line 

(OCL) damages. Therefore, it is so important to conduct an appropriate inspection of a pantographs’ technical 

condition. 

According to the standards, the measurements of a rail vehicle pantograph are carried out in about a month 

interval during technical reviews. The assessment of pantograph technical condition, and therefore the 

decision to replace the pantograph sliding strip, is made only on the basis of the values of measurements 

obtained during the technical review. During such inspections, the measured values, e.g. the thickness of the 

sliding strips, pantograph contact force, lifting and lowering time, are written to the measurement card [2,3].  
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The described method is a standard pantograph diagnostic procedure, where the measurements are usually 

made manually. In addition, the recording of the measured values is also made manually. However, currently 

exist more automatic diagnostic systems, which can be helpful in preventing damage to the pantograph. 

2. SOLUTION OVERVIEW 

Currently existing systems, the purpose of which is to improve the cooperation between pantograph and 

overhead contact line (OCL), can be divided into three groups: Automatic pantograph measuring stations 

(stationary), OCL monitoring systems (in real time), Pantograph monitoring systems (in real time). 

Automatic pantograph measuring stations (stationary) 

In Automatic pantograph measuring stations can distinguish the field measurement station. Such stations are 

mainly used to detect the contact force of current collectors or damage detection and constitute a control 

element for railway carriers [4][5]. Automatic measuring stations for current collectors can also be used in the 

production and maintenance process of rolling stock. They are used to measure parameters like lifting time of 

the collector to the nominal height, falling time of the collector, average static pressure, the difference between 

forces when lifting and lowering and holding force in the laid down position. In addition, manual thickness 

measurements of the sliding strip are made during the technical service [6-8]. 

Overhead catenary line monitoring systems (in real time) 

Such systems are permanently mounted on the roof of a rail vehicle or on a power collector. That system is 

used to determine the geometry of the traction network [9]. In Europe is used overhead line diagnostic system. 

It consists of measuring wagons, in which the measurements are based on sensors placed near the insulators 

on the roof of the locomotive or impact sensors mounted on the current collector [10]. 

Real-time current collector monitoring systems  

This type of systems requires additional tools mounted on the roof of the rail vehicle. They can be used only 

to monitor the parameters of the current collector, or to detect damages of the current collector - OCL system. 

It is possible due to additional software which enables such analysis. Such systems operate based on image 

analysis - it is necessary to use cameras on the roof of a rail vehicle [11,12]. 

There are also systems that, due to mounted sensors, enable defect detection (e.g. the Australian PCDS 

system - Pantograph Collision Detection System developed by ART company). 

Mentioned systems are designed to the same target group. Their operation is based on the measurements of 

current collectors and catenary thanks to the additional tools or equipment. However, the decision to replace 

the sliding strips is made during technical service and the existing systems can only provide employees with 

information about the current parameters of the pantograph, but they do not support making the decision about 

strips replacement. The review of available on the market solutions shows that there is no system, which would 
support the decision about the recommended maintenance during the review. 

Thanks to the information obtained from such systems, it will be possible to predict the wear of the sliding 

strips more accurately, so information about the recommended maintenance activity will be more precise. The 

mentioned systems may, provide measurement data to the authors’ system, the concept of which is presented 

in the further part of the paper. 

In Poland, the diagnostic of current collectors is based on the data obtained from automatic measuring stations 

or from measurements made manually by employees of the rolling stock maintenance and service company. 

Catenary diagnostics, on the other hand, is carried out thanks to measurements obtained from the overhead 

line diagnostic system. Due to costly damage to the pantograph - OCL system, carriers are increasingly 

installing HD cameras on the roofs of vehicles to record damage. There is, therefore, a need to identify the 
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causes of damage and to develop methods that will help decision support during technical service [13-15]. 

Table 1 summarises currently existing systems divided into mentioned types.   

Table 1 List of companies offering products for current collector diagnostics 

No The name of the system group Products available on the market Tools 

1 
 

Stationary field measuring stations 
 
Figure 1a 

SelectraVision PantoCheck; 
SelectraVision DIAGNOSTIC PORTAL; 
MER MEC S.p.A. 
Morph & Wear module; 
ART Pantograph Condition Monitoring System (PCMS); 
System MOP - a technical monitoring station for current collectors 

- HD cameras, 
- vibration sensor, 
- shock sensor, 
- acceleration sensor, 
- laser distance sensors 

Stationary automatic pantograph 
measuring stations 
 
Figure 1b 

ASCO Rail Sp. z o.o.; 
 

- Pantograph pressure to 
  the catenary sensor, 
- laser distance sensors 

2 
Real-time OCL monitoring systems 
 
Figure 2 

System DST;  
System pomiarowy PanDiag; 
SelectraVision: CAT-V/VW, CAT-T, traCkAT, CAT-L, CAT-LW; 
MER MEC S.p.A.:  
Voltage and Drained Current,  
Geometry & Contact Wire Wear, Contact Wire Thermal Scanning, 
Longitudinal Defects Detection System 

- HD cameras, 
- vibration sensor, 
- shock sensor, 
- acceleration sensor, 
- laser distance sensors 

3 

Real-time current collector 
monitoring systems 
 
Figure 3 

ART Pantograph Collision Detection System; 
NewRail& Northern Power Transmission Research Laboratories; 
MER MEC S.p.A.: 
Pantograph / Catenary Interaction Measuring System, Electric 
Arcs Detection System (EADS) 

- HD cameras, 
- vibration sensor, 
- shock sensor, 
- acceleration sensor, 
- laser distance sensors 

3. CONCEPT OF THE DIAGNOSTIC SYSTEM FOR CURRENT COLLECTOR 

 

Figure 1 Functional scheme of the AGMEN system  

As the review of the available solutions showed, the pantograph systems do not support the decision regarding 

replacement of the pantograph. Such a decision is significant not only because of the operational aspect but 

also because of ensuring a reliable supply chain. Figure 1 shows the scheme of the system, which can support 
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the diagnostic decision. Such a system should operate based on information available during the operation of 

the pantograph (during use, involving presented in the overview methods, and during maintenance where 

information about technical conditions are collected during technical review). It means that such a system is 

the combination of standard diagnostic procedure and automatic systems used to monitor the pantographs 

parameters. Based on such data, using the methods of artificial intelligence, a suggested operational decision 

will be generated. 

By now, the system is based only on historical data provided during a standard diagnostic procedure. The 

conducted simulation showed, that an Artificial Neural Network (ANN) which gives the best results consist of 

5 hidden layers (with the same number of neurons in each layer as a number of input data), and an output 

layer with 3 neurons. As an input data was used data such as: cycle number (one cycle from the nominal value 

of the sliding strip up to its replacement); inspection number in the cycle; days since the exchange; information 

whether the front or rear pantograph was examined; quarter of the year, pantograph type; the difference 

between the thickness of the sliding strips between inspections; previous technical condition; information about 

the cause of a previous replacement. As an output data was used the technical condition - the three-state 

assessment of the pantograph’s ability to use. It means that there was not used a typical assessment of 

technical condition (able to use, and not able to use). There was used an additional technical condition - 

conditional ability to use - which gives the information if the frequency of technical review should be increased. 

Therefore, there was used 3 technical states all follow: 

1) able to further use; 

2) conditional able to use; 

3) not able to further use. 

Due to the application of three technical states, the output layer has 3 neurons. Such ANN structure was used 

to predict the technical condition of a pantograph.  

4. RAILWAY TRANSPORT - SIMULATION ANALYSIS 

In order to assess the benefits of the created system based on ANN, a simulation was conducted. 

Based on historical data about the technical condition of pantograph about 830 cases were created. Each case 

concerned the monthly measurement of pantograph technical condition. The input data mainly contained data 

from the standard diagnostic procedure. Based on standard diagnostic data, algorithms to assess the technical 

condition of a pantograph were also prepared. Next, ANN structure was created and the simulation was 

conducted. The aim of the simulation was to determine the appropriate technical condition of a pantograph, 

which is necessary to avoid unwanted damages of OCL - pantograph system, which leads to delays in a supply 

chain. 

The results from the learning process of ANN (training, validation and testing) are shown in Figure 2. The 

smallest squared error for the learning process was 0.0743, and was achieved at epoch 6. The regression 

function also applies to each stage of ANN learning process. It means that the regression function is created 

for the training, validation and testing process. On this basis, it can infer about the quality of the approximation 

of the objective function. 

Results of the ANN simulation are presented in Table 2 and Table 3. Table 2 shows the results, which gives 

ANN during training process while Table 3 shows the results from the simulation. During training, only 13.21 % 

of all cases were not predicted, while during simulation 23.27 % of all technical condition was not predicted. 

The first state was predicted correctly in about 87.5 % cases (in both, training and simulation), the second 

state was predicted correctly in 63.8 % during training, and as many as 97.6 % of the third state was predicted 

correctly. 
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Figure 2 Best mean square error and the regrasion function of created ANN 

When analyzing the test results, particular attention should be paid to the number of predicted states 2 during 

simulation. The result of 50 % predicted cases with the second technical condition means that it is possible to 

reduce unwanted damages of a sliding strip and OCL - pantograph system in 50 % cases. Such reduction can 

be possible because of an increased number of technical reviews after diagnosed the second technical 

condition. It means that the technical review, which was made once a month, will be made every 3 days. During 

more frequent revives, the sliding strip damage, leading to damages that are more expensive, could be noticed. 

Table 2 Results of analysis during ANN training 

The number of predicted technical condition 
Technical condition 

All 1 2 3 

Correctly predicted technical conditions [%] 86.68 87.44 63.75 97.60 

Incorrectly predicted technical conditions [%] 13.32 12.56 36.25 2.40 

Predicted cases [%] 86.79 94.43 40.80 97.60 

Unpredicted cases [%] 13.21 5.57 59.20 2.40 

Table 3 Results of analysis during ANN simulation 

The number of predicted technical condition 
Technical condition 

All 1 2 3 

Correctly predicted technical conditions [%] 76.73 87.57 41.18 76.36 

Incorrectly predicted technical conditions [%] 23.27 12.43 58.82 23.64 

Predicted cases [%] 76.73 77.49 50.00 100.00 

Unpredicted cases [%] 23.27 22.51 50.00 0.00 

5. CONCLUSIONS 

Cases of damage to the overhead contact line and pantograph on the route can cause significant financial 

consequences associated with: the exclusion the rail vehicles from movement, costs of expertise, and costs 

of repairing damage to vehicles and the traction network.  

The development of the described system will reduce these costs and will positively affect the safety of rail 

vehicle traffic. The task of the proposed system is to support decision making related to the operation of the 
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current collector and is an addition to the existing maintenance system. Analyses were made on the basis of 

data obtained during the standard technical review, so with the implementation of the system, there will be no 

significant change in the organization of technical inspections of the current collector. Such a system is also a 

pro-ecological solution due to the smaller number of waste (replaced sliding strips), and due to the reduced 

number of damage to the pantograph - OCL system. In addition, the number of downtimes and delays of 

electric rail vehicles will be reduced (which increases energy consumption for heating/ventilation, lighting, air 

conditioning). Thanks to the system, it will be possible to forecast damage of the sliding strip and detect their 

improper wear, which may cause damage to the collector and the catenary.   

At this moment results show that it is possible to predict 50 % cases of the second technical condition, so 50 % 

of unwanted damages can be prevented. Because simulation was conducted only on data provided during the 

standard technical review, the system does not require mounting additional sensors on the roof of the vehicle, 

as in the case of real-time monitoring systems. In further research, it is planned to mount additional sensors 

and take into account the rout of the rail vehicle and the atmospheric conditions.  
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Abstract 

The paper focuses on the safety of railway transport and the possibility of a risk appearance in a supply chain 

using rail vehicles as a mode of transport. The rail transport plays a significant role in the international market 

for goods forwarding and transportation. In this paper, authors present own model used to predict the 

probability of cargo theft. In the mining and metallurgical industry, adequate protection and securing the 

transported cargo is extremely important. In the Silesia - industrial region of Poland, every year there are over 

one thousand cases of theft. The cost of such incidents is higher than one million euro per year. The railway 

security guards use a low-cost method to make cargo harder to steal or use the newest technology like drone 

monitoring system to help find the theft cargo and catch the thieves. 

In this paper, authors present the method which uses factors, such as the type of cargo, type of wagons, 

distance, delays, train speed and others, to predict the possibilities of theft during each transport case. This 

method can be used to develop a support system to plan the area of drone monitoring and security control of 

the rail line infrastructure. The presented method uses Artificial Neural Networks (ANN) as the core of the 

support system. The developed model can be also used to support decisions about additional cargo insurance 

for high risk of theft cases. This method is based on the latest data of disruptions in the supply chain, which 

allow appropriate response to supply chain disruptions in order to minimize losses and costs associated with 

losses. 

Keywords: Rail transport securing, supply chain disruption, theft of the cargo, drone monitoring, security  

        support system, artificial neural network 

1. INTRODUCTION 

Thefts from wagons expose the railway to huge losses. Therefore, appropriate cargo securing is of key 

importance for the entire transport chain [1], [2], [3]. The carrier is responsible for the load from the moment of 

acceptance to transport to the delivery of the recipient. He must pay for any damage; it is often compensated 

for as part of the transport fee [4]. Stolen loads cause losses exceeding even 1,4 million Euro annually [5]. 

The main product stolen in rail transport in Poland is coal and fuels. In the United Kingdom the one of the 

stolen cargo is metal. The government is increasing regulation of scrap-metal dealers to prevent metal theft to 

control urban areas, industry, other crime and road accessibility [6]. In the Unated States of the America the 

government is hardening the rail network against all forms of attack [7]. The regulations and possibility of 

securing cargo is describer inter alia by [8], [9], [10], but still there is lack of papers and systems to predict the 

theft in transport. The similar method to predict theft risk in road transport was described in [11]. Rail carriers 

not insure cargoes due to the gigantic costs of such insurance and the volume of transported cargoes per year. 

2. IMPORTANCE OF THE PROBLEM 

According to information provided by PKP Cargo, the largest number of thefts is stolen on the territory of Silesia 

- about 65 ÷ 70% of the theft of all cargoes in Poland. In 2014, PKP Cargo recorded 1637 incidents related to 

theft on the tracks. The value of the stolen goods was estimated at 1.5 million Euro. Silesia for rail transport in 
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Poland is of key importance because it is from here that 60 percent of domestic and 70 percent of export 

transportations are sent [12]. 

The main cities around which there is the theft of railway cargo in Poland: Rybnik, Jaworzno, Tarnowskie Góry, 

Kraków, Wrocław, Skarżyńsko-Kamienna, Poznań, and Gdynia. 

Thieves steal loads from wagons not only during longer stops of trains, e.g. on railway sidings. Often a short 

stop before the semaphore is enough, and even a slower ride. They try to open the wagon then, and they 

collect the stolen cargo after the departure of the train. Protection of loads is carried out by the Railway 

Protection Guard (SOK). 

To make it more difficult to steal, it's used painting the load with lime, wiring of wagons, and monitoring of 

wagons using drone.  

As a result of the surveillance infrastructure using drones number of theft cases decreased by 55%. After 10 

months of using drones, thefts in 2015 fell to 1044 incidents, and the losses were estimated at 0.75 million 

Euro[12]. PKP Cargo has approximately 44% share in the rail freight market in Poland [13]. According to the 

rail transport safety report of the Supreme Audit Office carried out in 2018, the number of crimes and incidents 

decreased by approximately 33% [14]. 

Attacks on the train due to the desire to steal a load are planned attacks - thieves know when and what train 

will pass with valuable cargo. Therefore, the action is usually well planned. There are frequent thefts as a result 

of vehicle stoppage (setting the blockade on the track and during planned stopovers). In addition, thefts occur 

also while the train is running - in this case, the load is squeezed from the wagons onto the track. For example, 

in 2014, PKP Cargo S.A. recorded the theft of over 8000 tons of cargo [15] which in relation to the transported 

109.59 million tons of cargo [16] accounted for 0.75% of all transported loads. 

In the Poland the theft occurs most often for: hard coal, lignite, oil and natural gas; briquettes, refined petroleum 

products; and metals, ready made metal products. Analyzing quarterly fluctuations for particular product 

groups on an annual basis, it was noted that they do not exceed 2.95%, therefore in the case of rail transport, 

the seasonality phenomenon can be considered as marginal. 

Delays in deliveries are important for the efficient operation of the transport chain. Unfortunately, rail freight 

transport can not boast a high punctuality rate. According to Railway Transport Office (UTK) data, in 2018 the 

punctuality rate for freight deliveries was only 38% in domestic traffic and 28% in international traffic, which 

with an average delay time of 586 minutes in domestic traffic and 438 minutes in international traffic is a major 

rail problem. In addition, due to the low speed of trains and numerous stops, there is an increased risk of cargo 

theft. 

3. METHODOLOGY 

To be able to predict when and where the theft of loads in rail transport may occur, an analytical model using 

artificial neural networks was proposed. The main factors affecting the occurrence of thefts were also identified. 

The input data has been prepared on the basis of statistical data presented in the UTK and PKP Cargo S.A. 

reports. A developed model allowed to generate 10,000 transport cases. The generated data showed 0.73% 

cases of the theft, which in comparison to 0.75% of real cases of theft is a confirmation of the model's good 

representation of reality. The input data for the developed model was prepared in the following way: 

P1 -  Type of cargo. According to data [3], the thefts of coal concerned 65 ÷ 70% of all cases, therefore for 

generating data, the normal distribution was used with the interval 1 ÷ 5: 

Aggregates - marked as 1; Metals - marked as 2; Coal - marked as 3; Fuels - marked as 4; Other goods 

- marked as 5 

P2 -  Type of wagons (P2), based on data with the largest market share in 2017 [11], [17]: 

Wagons of the normal type E - marked as 1; wagons of the special type F - marked as 2; number of 

used wagons type E and F: 58657 pcs 
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tank cars type Z - marked as 3; number of wagons operated: 7142 pieces 

wagons with sliding roof type T - marked as 4, wagons with sliding walls S - marked as 5; number of 

used wagons type T and S, approx .: 3253 pcs 

P3 -  Train speed. According to UTK data, the average speed of freight trains in 2017 was 25.1 km / h [18], 

so for generating data, the normal distribution was used with the interval 20 ÷ 30 km / h 

Method of securing the wagons (P4): 

 No protection - marked as 0; Indication of the load with lime - marked as 1; Wagon wiring - marked as 

2; Increased SOK control - marked as 3; Drones monitoring - marked as 4. 

Travel time at night (P5), assumed as a percentage of the total route 

Region (P6), was established in accordance with the administrative division of Poland 

Distance (P7), base on the UTK data [17] the average distance of freight transport was 228.5 km in 2017, 

therefore a normal distribution in the interval was used to generate data. 100÷600 km 

Number of stops - planned (P8), the generated data was assumed in the range 1÷10, 

Number of stops and delays (P9), train delays were based on UTK report [18], the following delay intervals 

have been assumed: 

up to 4 min. 59 sec - marked as 1; about 5 minutes - 59 min 59 sec - marked as 2; about 60 minutes - 119 

minutes 59 sec - marked as 3; over 120 minutes - marked as 4; arrival in accordance with the plan - marked 

as 5. 

 

Figure 1 The method of theft probability prediction 

Authors decide to develop a new method to predict theft cases in rail transport as part of supply chain. One of 

the good tools which can be used for this cases is Artificial Neural Network (ANN). In this chapter, authors 

show their method to predict disruption in road transport by using Matlab ANN Toolbox. This method consists 

of two steps: ANN learning, Simulation the probability of theft. Figure 1 shows developed method for estimating 

the probability of theft risk appearance and its potential bases. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

309 

In the first step it was necessary to create a database containing such data as transport parameters and cases 

of theft occurrence. Transport parameters may include, inter alia, type of cargo, type of wagons, train speed, 

method of securing the wagons, travel time at night, region distance, number of planned stops and the time of 

stops and delays. On the basis of this information the probability of theft of transported cargo was determined. 

Every case of transport was represented as the vector. The example data used in the training is presented in 

the Table 1. The value in each column was described in the beginning of the Methodology chapter. 

Table 1 Example of data set used for training ANN 
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P1 P2 P3 P4 P5 P6 P7 P8 P9 

1. 3 1 28 1 14 4 205 2 3 0 

2. 3 1 18 3 58 1 100 10 4 1 

In a simulation a feed forward network was used. The selection of artificial neural network structure was based 

on the method of subsequent approximations. Created artificial neural network consist of one hidden layer 

containing 9 neurons, and one output layer. The Levenberg-Marquardt backpropagation method was used as 

the learning algorithm. As an activation function the tangensoidal function was used. The biggest neural 

network examined in the research gives the worse results. The network structure selection was made on the 

basis of the mean square error (mse) which was about 0,00204 (Figure 2). The chosen ANN architecture 

enable to finish teaching at third epoch. For prepared teaching data he theft cases were marked by target „1“, 

for other cases the „0“ target value was assumed. Because of that, the teaching chart for validation and test 

show poor correlation. That could suggest that the model is not working very well. But the simulation shows 

that ANN predicts all risky cases. 

 

Figure 2 The MSE error during training artificial neural network and the regression plot for training, validation 

and testing of ANN 

4. RESULTS 

The methodology presented in the previous chapter was used to predict the theft probability for each rail 

transport of the cargo. The simulation uses 10 000 sample transport characterized by described parameters 
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(P1÷P9). In that sample the 75 cases of theft occurred (Figure 3). The ANN used for predict the probability 

detect all cases of theft. The used architecture of the ANN, and the teaching data set results the higher than 

expected theft probability factor. In analyzed cases, the probability for steel cargo was between 1,06 and 1,23. 

The network during simulation type that cases as extremely risky, but for that cases, the real data confirm that 

theft for the occurred. The ANN does not identify wrong cases. In the analyzed cases the transported cargo 

always was coal steal from the standard wagon type E. To predict the theft of other cargo type, the input data 

set must be bigger and represent more cases of theft other cargos. Lack of that information published in the 

reports cause no possibility of simulate that cases.  

 

Figure 3 Probability of theft predicted by ANN regards to the cases of theft occurrence 

The theft cargo cases were detected for six region (P6), in that region the biggest number of that incidents 

occurres in real data (1 - Silesian, 2 - Lower Silesian, 3 - Lesser Poland, 4 - Greater Poland, 5 - Pomeranian, 

6 - Opole). The cases detected for each region is presented in the Figure 4. 

 

Figure 4 Predicted theft cases by the regions, and by the number of planned stops 

The average transport speed was about 21 km/h, while the minimum was 15 km/h and maximum 29 km/h. 

The most cases were accurred in the night - about 76% part of the route was during the night. The average 

distance of the transport was 276.4 km. The 25 theft were done in the planned stops, and the 80% theft cases 

occourrs for eight or more stops. The 45 theft cases were done in the unplanned stops longer than 120 minutes, 

27 cases for stops between 60÷120 minutes, and 3 cases for stops between 5÷60 minutes. 
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5. CONCLUSION 

Stealing the cargo never is accidental. The thieves are planned the theft of a cargo from the rail wagons. There 

are many factors considered before the theft of the cargo. Inter alia thieves are stealing the coal and similar 

cargo because it is easy to sell it on the black market. Also it is easy to drop that cargo down from stopped 

wagons and take it directly to the pickup cars, or dump it from moving wagon on the trackway and later load it 

to the car. The thieves planned their action in the nights and in the unsecured area to reduce detection by 

railway security guard. There is no chance to monitor all wagons and infrastructure during transport, so the 

railway security guard do it randomly. Presented method can be used to develop system for predicting the high 

risk place, transport and the time when the theft could occur. Implementation of such system will be useful to 

schedule the patrols of the infrastructure. 
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Abstract 

The aim of the article is to present Polish structures of NHS Points of Contact as an example of national Point 

of Contact structures which carry out HNS tasks under the obligations resulting from NATO membership. 

Successful conduct of logistical tasks demands transfers of information between Points of Contact, which can 

be temporary or permanent and belong to the armed forces or non-military organisations. They determine the 

type, direction, time, and size of physical and personnel flows performed within the scope of the Host Nation 

tasks. Their correct functioning and cooperation, especially in the formal and legal areas, plays a key role in 

the accomplishment of tasks and set goals. 

The article is based on analysis of formal and legal documents and normative acts dedicated to the military 

and civilian spheres, and of data gathered in research carried out in the national HNS structures. 

Keywords: Host Nation Support (HNS), military logistics, Points of Contact 

1. INTRODUCTION 

Logistics management, is the means whereby the needs of customers are satisfied through the co-ordination 

of the materials and information flows that extend from the marketplace, through the firm and its operations 

and beyond that to suppliers [1]. Logistics in military doctrine refers to the art and science of designing, 

planning, acquiring and carrying out the movement of the forces including their combat equipment and supplies 

in the battle field [2]. A basic precondition of effective functioning of NATO security policy and of its credibility 

is the capability to provide support for the Allied forces on the territories of its member states during operations. 

Logistic Support commonly known as Combat Service Support (CSS) holds key to the success and victory in 

any military operation [3].This characteristic type of support offered by the host nation (host nation support - 

HNS) has been defined in NATO normative documents as civil and military assistance provided by the host 

nation in peace time, crisis or war to allied military forces and organisations which are deployed, carry out their 

tasks or move through the territory of the host nation. The basis for providing such support is formed by the 

relevant authorities in the host nation (HN) and the sending nation(s) (SN) and/or NATO [7]. The basis for the 

HNS operation is the implementation of tasks in the sphere of logistics. It has its reflection in major logistics 

activities, that are involved in the flow of product, information, finance and persons, from point-of-origin to point-

of-consumption. The following activities include: customer service, demand forecasting, inventory 

management, logistics communications, materials handling, order processing, packaging, parts and service 

support, plant and warehouse site selection, procurement reverse logistics, traffic and transportation, 

warehousing and storage [4]. The main goal of the HNS is providing multidimensional, and above all, effective 

support based on the resources at the host nation’s disposal, which will enable the achievement and 

maintenance of the desired level of economic effectiveness of the HNS. It is possible thanks to coordination 

of the process of flows of personnel, materiel, and information necessary for accomplishing the designated 

goal. From the point of view of the logistics system, these objectives are the basis for the implementation of 

logistic operations strategy. It is a functional strategy that indicates how structural and infrastructural elements 

within the operations areas will be acquired and developed to support the overall strategy [5]. In order to 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

313 

properly implement logistical processes, it is essential to identify the organizational structure forming the 

framework for management of a logistical system. This knowledge will enable identifying and locating particular 

cells related to given processes within the structure. Defining their tasks in the context of their respective areas 

of competence and responsibility will enable determining their influence on quality and effectiveness of 

undertaken actions. The architecture of the organizational structure for logistics includes, inter alia, such issues 

as defining the decision-makers for implemented processes and identifying the communication channels 

between the subordinates and their superiors. Therefore a network of permanent and temporary HNS 

structures responsible for planning and providing support plays a key role in this process. Points of Contact 

form a network generating relations which determine the type, direction, time and size of flows of materiel, 

information and personnel in fulfilling the host nation role. Their proper functioning and cooperation, especially 

in the formal and legal areas, are of key significance for the accomplishment of goals and tasks. The article is 

the final product of the first stage of research as part of the "research grant" research program implemented 

for the Ministry of National Defense. The main goal of the article is to present Polish structures of NHS Points 

of Contact as an example of national Point of Contact structures which carry out HNS tasks under the 

obligations resulting from NATO membership. The identified Polish system will serve as a reference point for 

implementation of further actions. The identification of the structure of the NHS logistical system is the basic 

element of research which will eventually enable suggesting methods for improving the present solutions and 

even creating a new, highly improved model possessing traits of a universal model. 

Based on the analysis of the implemented tasks and information flows between HNS system cells, the article 

presents the structure of Points of Contact of HNS Poland. Because each NATO member state has its own 

structures in this area and has worked out solutions compatible with these structures, its identification in 

relation to Polish conditions is the first stage of the research process within the project “MOND Research 

Grant.” Points of Contact have a significant impact on the logistics of international military operations, 

especially in the sphere of flow coordination. The article is based on an critical analysis of formal and legal 

documents and normative acts dedicated to military and civilian spheres and data gathered during research 

conducted in national HNS structures. 

2. THE NATURE OF POINTS OF CONTACT 

Effective accomplishment of HNS tasks by a host nation is the most important purpose of functioning of the 

network of the host nation Points of Contact. A HNS Point of Contact is the basic and one of most important 

elements of the HNS system structure. Its task is to provide the entities participating in an operation with 

effective coordination of enterprises which the host nation is obliged to organise. Regardless of whether the 

Alliance executes operation deployments or exercises, the full coordination and effective planning of action 

enables the fulfilment of the set goal. Support generated for the SN(s) by the HN can substantially lower the 

scale and scope of support which has to be provided by the SN in the initial phase of the deployment. Proper 

coordination and information transfers necessary for effective support will enable adequate and coherent 

coordination of effort with available HN’s resources. In order to achieve the set goal and enable the 

implementation of the groundwork for effective support, legal and functional framework has been created in 

the form of normative documents which contain the main guidelines for creating HNS structures, including 

Points of Contact on international and national levels. The NHS Point of Contact can be defined as the basic 

cell in the structure of HNS, tasked to provide effective coordination of actions and transparent access to and 

uninterrupted flow of information necessary for conduct of host nation support in the indicated areas of key 

importance. In practice, two types of Points of Contact are identified in the national HNS system: permanent 

points of contact, which are continually engaged in implementation of the HNS planning process; and 

temporary Points of Contact, which perform tasks and roles depending on the type of operation supported 

within the HNS system and on particular assignments. Permanent Points of Contact have highly specialised 

standing personnel — both military and civilian — who continually exchange information with the Central Point 

of Contact for the Ministry of National Defence. Personnel of the temporary Points of Contact, on the other 
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hand, are usually detached to them from other sections of a given unit or institution for short-term augmentation 

of the host nation support system. 

3. LEGAL DETERMINANTS OF CREATING POINTS OF CONTACT AND THEIR FUNCTIONING  

Among the basic logistical documents on NATO level generally dealing with the HNS, there are NATO Logistics 

Handbook and AJP-4(A) — Allied Joint Logistic Doctrine. Main logistical documents which specify HNS rules 

and policies, including questions related to HNS structures, are MC 334/1 - NATO Principles and Policies for 

Host Nation Support, PO (2011) 0020, NATO Command Structure - Host Nation Support — Policy and 

Standards, and AJP-4.5(A) — Allied Joint Doctrine for Host Nation Support. Thanks to experience gathered in 

the course of conducted enterprises, these documents contain also general guidelines concerning the Points 

of Contact created in order to facilitate providing the HNS. ‘Experience has highlighted the importance of the 

HN, SNs and NATO-led Forces respectively minimizing the number of points of contact (POCs) for HNS 

matters, particularly during the planning and early implementation stages. As a matter of principle, each SN 

and the HN should have a primary logistic POC for all HNS matters. The POC should have sufficient authority 

to mediate between all concerned and speak on behalf of their nation [7].  The AJP-4.5 doctrine specifies the 

responsibility of entities taking part in the HNS, namely of NATO Commander, SN(s) and HN, to keep each 

other informed of the appropriate POC for HNSA development at the earliest opportunity, to the extent 

necessary for providing support for the conducted operation. NATO Command level documents concerning 

planning and providing HNS contain general requirements related to the creation of Points of Contact, leaving 

detailed questions at the discretion of national authorities, which results in taking into account unique 

circumstances resulting from the national level regulations. The organization of a national HNS system is 

based on military and non-military subsystems, which combine to build an extended national defence system. 

The activities the host nation is obliged to undertake are coordinated mainly within the complex system for 

directing national security. For HNS support to be efficient on both national and international levels and 

consequently bring reductions in costs and time necessary to provide support on the part of the sending and 

host nations, it is necessary to include Points of Contact into the planning process. This applies to both 

permanent and temporary Points of Contact, on all levels of command necessary for conducting an operation, 

including also Points of Contact of non-military structures. 

4. FORMAL FACTORS INFLUENCING POINTS OF CONTACT IN POLAND AS AN EXAMPLE OF 

SUCH FACTORS ON NATIONAL LEVELS 

On a national level, apart from NATO Command level documents dedicated to host nation support and 

especially to its structures, which are binding for Poland as a member state, there are several documents 

dealing with the national HNS system, together with its structures. In a national legal system, the basic 

documents regulating the area of host nation support are: 

1) laws; 

2) international agreements; 

3) ordinances; 

4) directives, decisions, orders; 

5) national doctrinal documents. 

The main principle of this system is achieving full coherence of relations between international and national 

legal systems. For this purpose, within the national system of HNS and other solutions, the legislator has 

provided for the introduction of documents regulating the national HNS system. The basic documents 

concerning the national host nation support, including regulation of creating national HNS structures are the 

following: 
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 Doktryna wsparcia przez państwo-gospodarza DD-4.5(B) (Doctrine for Host Nation Support) which is 

directly subordinated to the main national level logistic document — Doktryna logistyczna SZ RP D-4(B) 

(Logistic Doctrine of the Polish Armed Forces), which indicates the tight interconnection of the host 

nation support with the Armed Forces’ logistic system. Doctrine DD-4.5(B), like most national level 

documents, reflects regulations of the allied HNS doctrine (AJP 4.5(B)) and determines main principles 

of functioning of the created national system for conduct of tasks within the HNS. 

 Decyzja Nr 447/MON Ministra Obrony Narodowej z dnia 31.12.2013 r. w sprawie funkcjonowania w 

resorcie obrony narodowej systemu wsparcia przez państwo-gospodarza (HNS) (Decision No 447/MON 

of the Minister of National Defence of December 31, 2013 on functioning of the HNS system within the 

department of national defence). This document describes and defines tasks of national Points of 

Contact on the highest level of the department of national defence for the purpose of implementation of 

the system of host nation support. 

5. THE STRUCTURE OF POINTS OF CONTACT IN POLAND AS AN EXAMPLE OF NATIONAL 

POINTS OF CONTACT 

 

Figure 1 National HNS structure responsible for transfers of data and fulfilment of logistical tasks within HNS 

[own study] 

On the national level, the system for fulfilling host nation support tasks and national structures of host nation 

support system — both military and public administration bodies — are supervised and coordinated by the 

Minister of National Defence. The national point of contact on the level of Ministry of National Defence is 

located at the Logistics Directorate — J4 of the General Staff of the Polish Armed Forces, together with the 

Chief of the Logistics Directorate (J4), who is also the plenipotentiary of the Minister of National Defence for 
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HNS and acts as the Central Point of Contact HNS (CPK NHS). The Central Point of Contact HNS is defined 

as an organizational cell functioning on the political-military level and responsible for coordination of tasks of 

host nation support for SNs’ armed forces and NATO commands. On the strategic and operational levels, it 

achieves its tasks through cooperation with NATO and SNs’ commands. Its competences include also 

coordination of functioning of HNS structures within RON structures and cooperation with non-military part of 

the national defence system in order to effectively utilize the nation’s resources to provide support. In the area 

of information transfers, it is responsible for organizing and maintaining the system of gathering and for 

updating data on the nation’s defence resources slated for use within host nation support, and runs the Central 

Data Base for the HNS system (CBD HNS), which assists in the receiving and processing of the gathered data 

[8]. The performance of HNS tasks by non-military structures is coordinated and supervised by the Strategy 

and Defence Planning Department. It should be emphasized that most HNS tasks are performed by permanent 

and temporary POCs existing mainly in logistics sections within structures of military units subordinate to the 

General Command of the Armed Forces, which is primarily responsible for conducting tasks aimed at 

supporting the allied forces. These tasks are carried out by the Department for Transport and HNS Planning, 

and its subordinate structures of the Support Inspectorate of the Armed Forces, and Aviation Bases, 

Commands of Naval Ports, and military units by way of the temporary POC (Figure 1). Other organizational 

units of the department of defence and public administration bodies included in the sphere of host nation 

support create HNS POCs on an ad hoc basis, assigning them with specific tasks related to preparing and 

providing support for a particular Allied operation [8]. 

When Polish Armed Forces receive support abroad as a SN, fulfilling HNS tasks is the responsibility of the 

Department for Transport and HNS in the Armed Forces Operational Command. Its mission is obtaining logistic 

support and contracting services within the scope of SN’s tasks, and making financial settlements for support 

received by Polish military contingents abroad [9]. 

CONCLUSION 

As a result of the research stage presented in the article, the organizational structure of the current system of 

Polish Points of Contact has been identified. The national structures of Points of Contact presented in the 

article, which carry out HNS tasks resulting from NATO membership, illustrate the role of information transfers 

and of conducting logistical tasks of providing host nation support. Elements of the HNS system present on all 

levels of its military and non-military subsystems reveal the complexity of processes taking place in this field. 

The presented structure of 8Points of Contact and their role can help practitioners in a comprehensive analysis 

of factors affecting the distribution structure of resources, including mainly information, and help them organize 

faster and more efficient flows, and consequently, the implementation of HNS at the appropriate level. 

Transfers of information are among the most important elements of the processes of NHS planning and 

conduct, enabling clear coordination and appropriate supervision, without which achievement of goals set in 

this area would be impossible. It should also be noted that the obtained results will be the basis for further 

research including, inter alia, the system of comparing Points of Contact HNS structures within NATO, and in 

the future for the creation of universal system solutions in the NATO HNS System. 
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Abstract 

The main purpose of the paper is identification and presentation of the main features of clusters in logistics 

sector in Poland. Industrial clusters play important role in the development of regional and national economies. 

For the analysis the data from nationwide analysis of cluster in Poland carried out in 2015 was utilized. The 

information about logistics clusters were updated in 2018. On the base of this information comparative analysis 

between logistics clusters and clusters in other sectors in Poland was carried out. Based on these studies we 

can observe that the basic motivation for cooperation in clusters is to undertake joint projects and implement 

innovations. The activities of logistics clusters in Poland were compared with the activities of selected european 

clusters.   

Keywords: Industrial clusters, logistics sector, innovation, cooperation 

1. INTRODUCTION 

In every sector of the economy we can observe cooperation between business entitles and other organizations. 

The concept of cluster developed by Porter [1] is embedded in the Marshalian concept of industrial district [2]. 

Cluster can be defined as "... a group of subjects from different backgrounds: business, science, self-

government and civil society, operating in a specific ecosystem, focused on a specific territory and / or around 

a specific specialization. The synergy effect is achieved through formal and informal relation-ships, shaped by 

the cluster's potential and social capital, which not only describe the way in which the cluster operates, but 

also emerge and develop on the basis of joint ventures (including innovations), knowledge exchange and 

competence development” [3,4].  

The genesis of clusters and networks research presented in the paper should be seen in 2004 by the first 

attempt of identification of regional networks in Śląskie region, Poland. The scientific team at the Faculty of 

Organization and Management carried out practical analysis as the foundation of establishing regional clusters. 

In 2015 the analysis of all clusters in Poland were carried out for Polish Agency for Enterprise Development 

(PARP) [5]. On the base of these research the authors updated information about logistics clusters at the end 

of 2018.  

The essence of proposed approach presented in the paper was included in the answers for the following 

research questions: 

1) What is the characteristics of clusters in logistics sector in comparison of other clusters existing in 

Poland? 

2) What is the role of cluster in logistics sector in Poland considering their activities for cluster members?  

Clusters in logistics sector and their role were analyzed by Przybylska [6]. The author identifies the role of 

clusters as the way of implementing innovation in enterprises - cluster members. Kruczek and Żebrucki have 

analysed logistics cluster in Europe and Poland identifying 4 clusters in Europe and 2 logistics clusters in 

Poland. The authors argue that logistics clusters by establishing cooperation between businesses can offer 

new complex services for their clients [7]. On the base of presented examples, the role of cluster on the global 

market was identified. Logistics clusters that are communities of organizations that share logistics expertise 
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and know-how, have become key links in global supply chains and can be found in almost every region of the 

world. The authors also argue that development of logistic clusters in Europe and in Poland is still not satisfying 

and can be combined with the initial phase of those development. In 2008 the EU Commission support the 

thesis that Europe needs better clusters than more clusters - it is crucial for the development based on 

cooperation [8]. 

Among the examples of global logistics clusters we can find the cluster with transnational cooperation - United 

Nations logistics cluster resolving the challenges of disaster relief management and humanitarian logistics [9]. 

This cluster implements contemporary logistics solutions but for social rather than business purposes. 

Analysis of literature devoted to clusters allows for drawing conclusions that this term is characterized by great 

capacity and semantic ambiguity. An attempt to understand the essence of a cluster necessitates the synthesis 

of approaches that within past 100 years have developed a few key cluster definition concepts. Studies of 

Gordon and McCann [10], Iammarino and McCann [11] as well as Knop [3,4] allow to summarize the cluster 

definitions: 

 Cluster as a classic agglomeration related to industry concentration, where administration as well local 

and regional authorities play significant role. 

 Cluster as an industrial complex that focuses companies within a specified space and concentrates on 

concrete (specific) relationships within the scope of sales and procurement of companies that strive to 

lower transaction costs and improve competitiveness. 

 Cluster as a social network, i.e. "club" focused on social bonds and trust that facilitate cooperation and 
innovativeness; underline activity of various organizations with particular emphasis on civil society. 

 Cluster as a knowledge hub based on cooperation of scientific and research entities with business in 

order to create new knowledge and revolutionary innovations. Critical determinants of clusters are: 

knowledge management within a cluster, cluster value, configuration of resources in a cluster. 

Current development of cluster concept points to domination of cluster understanding as concentrations on a 

specified territory, understood from the perspective of regional specializations. Porter noticed that cluster 

feature is the fact that it represents an original and efficient organizational form and its improved effectiveness 

reveals on three ways: improvement of effectiveness of companies belonging to it; increase of innovation 

capabilities of companies; encouragement to create new economic entities. 

Clusters in logistics sector are linked with the clusters existing in other sectors, especially in production [12] or 

metal manufacturing [13] but also aviation industry, automotive and business services [14]. 

2. CLUSTERS IN POLAND AND CLUSTERS IN LOGISTICS SECTOR - CHARACERISTICS 

2.1. Methodology 

To collect the data about cluster characteristics the web interview was implemented. The data about cluster 

were collected in 2015 and updated in 2018. For updating information about logistics clusters in 2018, the 

direct interviews with cluster coordinator were used. At the turn of 2016 / 2017, one made attempts related to 

take stock of Polish clusters and then, at the beginning of 2018, they were verified. The first analysis was 

prepared based on the order of the Polish Agency for Enterprise Development. The purpose of the work was 

primarily the verification of the list of over 800 clusters that were recorded among other things: in European, 

national and regional databases, supplemented by the expert opinions and the interested clusters themselves. 

Based on this, it is possible to present development of logistics sector clusters.  

2.2. Findings - clusters in Poland 

Figure 1 presents the existing sectoral specializations of clusters in Poland: ICT is the dominating sector 

because of type of network innovations existing in this sector. There are 5 cluster operating directly in logistics 
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sector, moreover 3 clusters representing shipbuilding and marine industry. As we can observe in Table 1 

presently there are 5 active logistics clusters for the number of 214 total number of clusters in Poland. Figure 2 

presents the dynamics of the cluster creation process in Poland, while Figure 3 the number of clusters with a 

specified number of members.  

 

Figure 1 Sectoral specializations of clusters in Poland (n = 214) [own elaboration based on inventory results] 

 
Figure 2 The number of clusters created in Poland 2004 - 2015 [own elaboration] 
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Figure 3 The number of clusters with a specified number of members (n = 214)  

[own elaboration] 

A large number of small clusters in Poland owes its origins to cluster policy, which has supported small 

consortium projects. Taking action for a large number of members is both cumbersome and due to the 

complexity of action network in a cluster, highly labor-intensive. Only some clusters in their strategy take the 

risk of increasing the number of members, in spite of the conditions being created. We must also be aware of 

the fact that, even in relatively large clusters (i.e. more than 50 members), the exchange of functional 

knowledge useful for entrepreneurs is limited to several entities. 

According to the premises behind the concept of triple helix innovative environments, including clusters, should 

integrate representatives from three backgrounds: business, science and administration. Figure 4 shows the 

structure of entities in clusters on a sample of clusters with validated data. It is an overall structure of entities, 

that is, taking into account the number of all entities declared by the clusters. As expected, the largest group 

are enterprises (more than ¾ of entities are enterprises). Among enterprises the largest group are micro-

enterprises (37 %), then small enterprises (21 %), medium-sized enterprises (14 %) and large companies 

(6 %). Business environment institutions constitute 5 % of the structure of the entities, scientific units are 9 %, 

and other entities 8 %. It should be noted that there may have been situations in which the same scientific 

units are present in several clusters, which is quite common among large scientific units, whereas very rare in 

the case of enterprises. 

 
Figure 4 The structure of entities in a sample of clusters (n = 214) [own elaboration] 
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2.3. Findings - logistics clusters in Poland 

On the background of the information about clusters in Poland we can observe the characteristics of clusters 

operating in logistics sector. These clusters operate in logistics services of transportation but also represents 

the variety services forming the maritime sector. The characteristics of these clusters is presented in  

Table 1.  

Table 1 Characteristics of the logistics clusters in Poland [own elaboration] 

No. Name 
Year of 

establishment 

Legal form of 
the coordinator 

Legal form of 
the cluster 

Number of 
affiliated 
entitles 

Employment in 
the cluster 
members 

1 Baltic sea & 
space cluster  

2009 University Agreement 65 14 thousands 

2 „North-South” 
Logistics & 
Transport 
Cluster  

2012 Limited liability 
company 

Agreement 48 n.d. 

3 „North-South” 
Logistics & 
Transport 
Cluster  

2012 Limited liability 
company 

Agreement 48 n.d. 

4 Southern 
Railway Cluster  

2012 Associacion Associacion 55 2.5 thousand 

5 Silesian Logistics 
Cluster 

- inactive 

2012 Joint-stock 
company 

Agreement 21 n.d. 

6 Cross-border 
Cluster 

"Waterway Berlin 
- Szczecin - The 

Baltic See" 

2008 Associacion Agreement 38 n.d. 

 Maritime Cluster 
of Western 
Pomerania 

2011 Joint-stock 
company 

Agreement 30 n.d. 

3. CONCLUSION 

Cooperation is the future of the interorganizational relations covering the transfer of products but also transfer 

of knowledge and innovations. The dynamic start of cluster development in Poland can be dated to 2004, yet 

most of them were created in the years 2011 - 2015. The number and specializations of clusters and the 

number and structure of entities provides us with basic data on clusters in Poland. The PAED inventory of 

clusters in 2015 enabled the cluster population to be determined, the number and characteristics of which are 

derived from the quantity and quality of the information obtained. Similar situation can be observed also in 

logistics clusters: 

1) Logistics clusters are similar to other clusters in Poland in terms of size, organizational forms and 

undertaken activities.   

2) Clusters operating in logistic sector do not resolve directly the main logistics challenges appearing on 

global markets - cutting transportation costs. This challenge is resolved by implementing innovation in 

logistics sector and by the benefits of sectoral cooperation.  

3) In comparison to other clusters, we can observe less activity in implementing technological innovations 

of logistics clusters in Poland.  
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4) Clusters seem to be interesting form of cooperation in case of implementation of innovations, however 

according to present European policy we can expect decreasing number of clusters. From 2004 the 

number of clusters in Poland increased. In last three years it is stable - there are no new cluster 

initiatives. In the future we probably might observe decrease number of cluster with the expectation that 

only good clusters remain - also in logistics sector.  
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Abstract 

The paper discusses the issue of sustainable development of corporate reputation, specifically the issue of 

traditional and innovative approaches to reputation management. The main objective is to present the 

accessible ways and approaches of measuring the reputation, especially online reputation, as the current 

challenge for responsible and sustainable development of perceived image of subjects, as their very fragile 

intangible assets. The research sample was represented by the top 15 Largest transport and logistics 

companies in the Slovak market, selected on the basis of TREND ranking and sorted according to the revenues 

for the last completed financial year. Primary analysis was carried out by our own methodology. The control 

measurements were performed within the analysis with an aim to identify and describe relevant connections 

and variables for a subsequent proposal and presentation of an affordable and useful tool to measure online 

reputation in a turbulent environment of the Internet. The connections identified on this significant sample form 

the basis for formulating accurate and relevant findings and thus providing an overall and full glance on the 

matter of the sustainable development of corporate reputation primary in the field of supply chain management, 

secondary, in all relevant fields of business.  

Keywords: Development, corporate reputation, reputation management, competitiveness, supply chain  

        management, Slovakia 

1. INTRODUCTION 

Internet has radically affected the dynamics of corporate reputation management. With the growing consumer 

and media focus, businesses are finding it increasingly difficult to reach target markets in a way that generates 

the desired interactions. In a decentralized Internet environment, the voice of an individual can be the power 

of a large organization, the user is given the opportunity to present his/her opinions or attitudes. At any time, 

they can present their attitudes in the form of reviews, blogs, discussion posts, and so on, from the position of 

a journalist of their own media. They thus have the ability to judge the brand or the company itself. New 

communication channels have greatly affected the balance of power. As a result, the reputation of businesses 

is often no longer defined by their behavior and performance, but by how they are perceived by the Internet 

community and its reactions and interactions towards the organization. Classical approaches to public relations 

are far too inefficient in the Internet environment as well as top-down communication [1]. The paper discusses 

the issue of sustainable development of corporate reputation, specifically the issue of traditional and innovative 

approaches to reputation management. The main objective is to present the accessible ways and approaches 

of measuring the reputation, especially online reputation, as the current challenge for responsible and 

sustainable development of perceived image of subjects, as their very fragile intangible assets. 
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2. LITERATURE REVIEW 

The increasing number of Internet users and the related increase in users of social networks, blogs and 

websites where the content is generated by the users themselves now justifies the growing importance of 

Internet monitoring. For this purpose, entities can use a variety of tools that continuously index new pages on 

the Internet and compare them with the monitored phrases such as product name, company, competitors, or 

any other keyword. Domestic literature discusses the issue only marginally, but from the point of view of 

corporate practice, we encounter a relevant and highly current level of development as such. Practitioners [2] 

define the term Online Reputation Management simply as ORM as a process of managing user perception on 

the Internet, or as a systematic monitoring of corporate reputation in as wide a range of online media as 

possible, and potentially influencing this reputation in the positive direction [3]. The goal of ORM is therefore 

to actively prevent damage to the image of an enterprise in the Internet environment. In the literature, one can 

also meet the term Reputation Management in the Search Engine Environment, which includes active Internet 

monitoring through dominant search engines such as Google, communication with target audiences, 

evaluation and interpretation of monitoring results, crisis management, reputation management and crisis 

communication. Many enterprises still do not know how to effectively build their online reputation. Online 

reputation management offers an effective tool to deal with a number of business-related activities in a 

turbulent, often unclear, social networking environment, portals, search engines, and opinion-forming media. 

The ever increasing number of Internet users is logically reflected in the continuous year-on-year growth of 

social network users, discussion forums, website and portal visitors, blog readers, bloggers themselves, and 

audio-visual content contributors. With the growth of these user groups, the need, importance and justification 

of monitoring this virtual mass media are growing. Internet monitoring does not necessarily mean hours spent 

in front of the monitor, there is a wide variety of automated tools to index sites, their comparison with monitored 

phrases in the form of product names, companies, or any relevant context in the form of keywords [2].   

At the conclusion of theoretical discourse, it is necessary to be aware of the key facts based on empiricism 

and the continuous study of online reputation management by domestic and foreign authors [2,3,4]: 

 ORM is not a one-time activity that needs to be done from time to time, it is a continuous and never-

ending process. 

 Since an honest attitude is the best approach, justification is the best response to legitimate customer 
reservations about the products offered by the company.  

 The processes of the brick&mortar world, although in the virtual world, may not produce the desired 

results, of course that does not mean that the brick&mortar world can be neglected in the virtual 

reputation management process.  

 Recognition of errors is appropriate as it is impossible to hide them in a virtual environment. Concealing 

or denying reality is a direct way to inevitably damage reputation. 

 Ignoring negative reactions is dangerous, deleting reactions is unacceptable. 

Another important question is the issue of measuring the online reputation. Literature offers us many points of 

view and approaches like Systems based on summing up and averaging [5], Recommendation systems [6], 

Sentiment analysis [2,7,8,9]. For the purpose of our research, we will use the Multifactor sentiment analysis. 

According to Sasko [2] and Pollák et al. [9], multi-factor sentiment analysis is designed to accurately measure 

the overall online reputation of entities [10]. On the basis of the last-mentioned methodologies, we developed 

our own TOR methodology that we present in the research as default option form measuring overall online 

reputation on selected subjects. 

3. MATERIALS AND METHODS 

The primary aim of our research, presented in the given paper is the form of empirical study, is to point out to 

accessible ways and approaches of measuring the reputation, especially online reputation, as the current 
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challenge for responsible and sustainable development of perceived image of subjects, as their very fragile 

intangible assets. The research sample was represented by the top 15 Largest transport and logistics 

companies in the Slovak market, selected on the basis of TREND [11] ranking and sorted according to the 

revenues for the last completed financial year. Primary analysis was carried out by our own methodology, for 

the purpose of this research we used methodology of modified multi-factor sentiment analysis on which we 

would like to demonstrate model option for measuring total online reputation (TOR) of selected entities. 

Methodology used in the TOR index uses n-factors. The first step analyses the sentiment of the first 10 results 

on Google (ASA) by the methodology of nonautomated sentiment analysis [2,9]. Quantification is then ensured 

by unifying the scores into the percentage form. This is based on the assumption that entity may receive a 

maximum score of 155 points - the ratio 1 point = 0.645 %. Second step identifies the determinants of online 

reputation, the reputators. Reputator can be any determinant that can objectively affect the perceived online 

reputation of the entity, while its value can be quantified as a percentage. Normally these are important web 

pages, catalogs or social networks that can significantly affect the reputation of the entity. Given the various 

business fields entities operate in, reputation determinants cannot be clearly defined in advance. In terms of 

advantage quantification, it is possible to approach individual reputation determinants by its direct 

quantification or calculation of reputators’ competitive score - the size ratio of its own tribe indicated as the 

total number of subject followers/fans/subscribers/to the total amount of tribes of all tested subjects. In our 

analysis we used both perceptions, direct and indirect. Direct perception was calculated from subjects’ Google 

rating by unified this rating into percentage, indirect perception was represented by Facebook competitive 

score (FCS) based on tribes of each subjects [12]. In the third step we can calculate the total advantage of the 

entity’s online reputation with regard to its pre-defined competitors. Standard equation [9] features specific 

determinants of online reputation and their weight. The basic reputation determinant is the ASA percentage 

score. The equation allows us to take into account any number of other reputation determinants. For the 

calculation itself it is necessary to determine the weights of individual reputation determinants which are 

normally determined depending on the subject and target market. If the weight of individual reputation 

determinants is not known in advance, the simplified formula for calculating the overall online reputation is as 

follows (1):   

1
  

  
  1

n

ASA ii
R R

TOR
n








             (1) 

where: 

TOR - total online reputation in %, 

Ri - reputator (% score based on a given i-th determinant of online reputation, 

RASA - reputator ASA (% score based on the advanced sentiment analysis) 

n - number of indicators. 

In this case, the value of the overall online reputation of an entity (TOR) is the arithmetic mean of individual 

indicators. Relations among factors (online reputation score based on the sentiment analysis compared to the 

indices of reputation offered by the main internet players, such as Facebook and Google provide as a part of 

their ratings) were then examined in thorough statistical testing using non-parametrical methods, such as 

Kendall rank coefficient, in order to identify and describe basic facts affecting online reputation of selected 

entities in the hypercompetitive market environment of the internet. 

4. RESULTS AND DISCUSSION 

Using the sentiment analysis, we calculated partial score (ASA) presenting the power of online reputation of 
entities based on the nature of the first 10 google search results. Google and its search results are, however, 

only one of many ways in which potential customers can access relevant information. Considering the previous 
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researches [9,10], we identified the following other determinants of online reputation (reputators) of our entities, 

in particular: 

 Facebook Competitive Score (number of fans); 

 Google rating (users/customers review in stars). 

The Table 1 presents partial results - measured values of individual determinants/score of partial reputators 

of online reputation/as well as score of total (overall) online reputation. 

Table 1 Overall (Total) online reputation [own study] 

No. Subject/ Result sentiment 
ASA 

score 
(%) 

FCS 
score 

(%) 

Google 
rating 

(%) 

Number of 
pages 

indexed by 
Google 

Revenues 
2017 

(EUR) 

TOR 
score (%) 

1. Slovenská pošta 24.51 0.35 62.00 7,240,000 301,559,000 28.95 

2. 
Železničná spoločnosť 
Cargo Slovakia 

28.38 0.08 74.00 227,000 269,359,000 34.15 

3. Budamar Logistics 10.32 0.00 84.00 17,700 175,510,074 47.16 

4. Gefco Slovakia 11.61 0.64 80.00 354,000 150,314,558 30.75 

5. Metrans /Danubia/ 18.06 0.00 68.00 15,000 149,435,447 43.03 

6. 
Samsung SDS Global SCL 
Slovakia 

13.55 0.00 60.00 13,400 137,864,614 36.77 

7. 
Železničná spoločnosť 
Slovensko 

26.45 5.67 46.00 572,000 102,446,000 26.04 

8. STD Donivo 28.38 0.27 72.00 63,400 87,530,131 33.55 

9. Šped-Trans Levice 8.39 0.00 88.00 17,300 78,211,787 48.19 

10. Dalitrans 33.54 0.00 86.00 12,000 76,353,762 59.77 

11. DHL Express (Slovakia) 18.06 15.84 84.00 7,830,000 86,778,409 39.30 

12. DHL Logistics (Slovakia) 18.06 77.12 90.00 600,000 74,355,342 61.73 

13. Toptrans EU 8.39 0.02 52.00 300,000 66,517,985 20.14 

14. DHL Exel Slovakia 15.48 0.00 100.00 38,800 61,237,249 57.74 

15. Travel Service Slovensko 30.32 0.00 0.00 116,000,000 58,927,081 30.32 

The first groups of measurements under the sentiment analysis takes into account the first 10 Google search 

results. As a keyword we used the well-known and well-established name of the entity. The final score for each 

of the entities has been thoroughly recorded. Based on the analysis we found that in terms of the online identity 

of the research subjects, the first places in the search results are dominated by websites owned or managed 

by particular subjects. The dominant sentiment group consisted of search results with neutral sentiment. In the 

second step of the analysis we identified dominant reputation determinants based on the reference researches. 

Reputators include the social networking site Facebook and main player in the field, Google in the form of it 

reviews. With regard to the number of fans on Facebook, the highest numbers scored DHL Logistics (global 

profile) with more than 600,000 fans followed by DHL Express (global site) with more than 100,000 fans. On 

the 3rd place we can find firs local profile/company, namely Railway Company Slovakia with almost 50,000 

fans. When it comes to Google, the clear winner is DHL Exel Slovakia foloved by DHL Logistics. With regard 

to the overall strength of online reputation, DHL Logistics is a clear winner, especially given the complexity 

with which the global brand approaches modern marketing communication tools. 

We consider necessary to examine the correlation between reputation determinants. Partial scores of entities 

from individual reputators were statistically tested in order to determine whether on the chosen significance 
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level there is a statistically significant correlation between scores of entities achieved with various reputators 

and score achieved through sentiment analysis. Last but not least variables such as the score achieved 

through the sentiment analysis and the number of pages indexed by Google, containing a generally used the 

name of an entity as the key word, were statistically tested. The Table 2 presents partial results: 

Table 2 Dependencies between variables [own study] 

Variables Valid N Kendall Tau P-level 

ASA & FCS 15 0.0981 0.6098 

ASA & Goolge rating 15 0.2843 0.1395 

ASA & No. of Google pages 15 0.2732 0.1556 

TOR & Revenues 15 0.6761 0.0004 

As is apparent from the table, at the selected level of significance for all tested individual variables the p-value 

is significantly larger than the selected α-value at the level of 0.05. Therefore, we can say that at the chosen 

level of significance we cannot confirm the statistically significant relationship between the individual variables 

tested by us. This leads us to assume the independence of individual reputators. From the point of view of 

reputation management, it is therefore necessary to devote individual attention in terms of time, finance or 

overall effort to each of the reputators. From the point of view of the statistically significant relationship between 

the Revenues and Total Online Reputation, we cannot reject the statistically significant relationship between 

the variables at the selected level of significance. This finding is considered particularly interesting and suitable 

for deeper research. 

5. CONCLUSION 

Based on the findings, we can conclude that sustainable development of corporate reputation combines offline 

and online techniques, as the both worlds are connected. Even though different environments require specific 

approaches, recorded different dynamics, and required specific tools, the network between them is very strong. 

It is almost impossible to be a star only in one world. However, by its nature, online reputation is more fragile. 

From the point of view of the sustainable reputation management of the examined subjects, the transport and 

logistics companies from the top places of the ranking have undoubtedly a notable advantage from the point 

of view of online reputation for general public from the ranks of the Internet users. If a user is searching for 

relevant information and at the same time does not have his/her own experience with a particular subject, in 

the absence of positive reputators, his/her perceptions of the particular subject can be significantly deformed 

despite the enormous endeavor and physical demonstration of the perfection of the subject in the traditional 

world. By eliminating negative publicity while maximizing positive media outputs in opinion-forming Internet 

media and displacement of neutral or negative search results to irrelevant positions, presented by the second 

to n-th side of Google search results, entities will positively contributes to the development of their corporate 

reputation and maximize their market advantages against their competitors. 
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Abstract 

Transport policy is one of the basic tools shaping the transport system in the country. Transport is a particularly 

important area of economy which affects the formation of the quality of life of the whole society, has a huge 

impact on the natural environment, and at the same time is a special element of integration of the member 

countries of the European Union. This area has long been covered by comprehensive planning activities, 

undertaken both at the level of the European Union and at the level of the Member States. The effects of these 

activities are transport development strategies and programs, transport programs covering particular fields of 

transport (road transport, air transport and water transport), as well as detailed regulations related to selected 

issues. 

At the European level, transport policy is shaped primarily in primary law. In the Treaty on the Functioning of 

the European Union, a common transport policy was identified, and then its goals and means were determined. 

Secondary law is a huge number of documents of various nature: regulations, directives, decisions, 

resolutions, recommendations, opinions, recommendations. European transport policy is also shaped by some 

documents that are not binding, in particular by the so-called green and white books. 

In Poland, different categories of documents also appear at the national level. Prospects for transport 

development are set out in the Transport Development Strategy. This document indicates current transport 

weaknesses limiting development opportunities, and then proposes directions of intervention to limit these 

weaknesses. The next planning document is the State Transport Policy which assumes an improvement of 

the quality of the transport system and its development in accordance with the principles of sustainable 

development. The purpose of the article is to establish the legal basis for shaping the state's transport policy 

and to indicate the current conditions of this policy. 

Keywords: Transport policy, strategies and programs, sustainable development 

1. INTRODUCTION - THE IMPORTANCE OF TRANSPORT POLICY 

In the modern world transport policy is an extremely important form of activity of state authorities and 

international organizations. It aims at increasing the efficiency of transport and improving the quality of 

transport services. In the longer term, it is also a means to improve the economy, to increase a turnover from 

trade, as well as to increase the comfort of life and as a result of increased social satisfaction. The main 

purpose of transport policy is to influence the existing transport system through legal and economic measures. 

Transport policy, similar to other public policies, takes the form of coordinated and planned activities of 

authorized entities [1]. At the same time this entitlement usually results directly from international, EU or 

national law. 

It should be emphasized that transport is an area that is particularly important for the economy of every country 

as it has a huge impact on the development of industry, on the natural environment, on the quality of life of 

society, and also it is an important element of integration of the European Union member states. The 

development of transport is currently very dynamic, which is related to the progressive expansion of a man in 

the economic and social sphere, as well as with great progress in the technical development of transport 

means and the related necessity to modernize and expand the transport infrastructure. The particular 
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intensification of these processes can be observed in highly industrialized countries, including throughout 

Europe [2]. The ongoing globalization and integration processes are forcing exceptionally intensive 

development of international transport [3]. 

For many years the transport area has been covered by comprehensive policy actions which are undertaken 

both at the level of the European Union and at the level of individual Member States. Measurable effects of 

these actions are transport development strategies and policies as well as transport programs and plans 

covering particular fields of transport (road transport, water transport and air transport). On the other hand, the 

result of planning activities are systematic legislative changes that adapt transport to constantly changing 

conditions. Due to the high intensity of the development of European transport - both domestic and 

international - a major challenge for the EU institutions is the harmonization of individual elements of transport 

policy throughout the European Union and the coordination of transport policies of individual Member States. 

Differences in the scope of policy do not constitute obstacles to mutual cooperation, but remain a barrier to 

integrating national transport systems [4]. 

This article addresses problems related to the creation of modern transport policy. It draws attention to the 

legal aspects of shaping the tools and means of influencing the state's transport system. It points to specific 

types of legal acts that belong to the group of planning acts, analyzes their significance in the legal system of 

the state, and especially the usefulness for effective and efficient formation of transport policy. In order to make 

the above findings, documents shaping the transport policy were reviewed. The research covered both acts 

belonging to the EU system as well as the Polish national system. The collected material was the basis for a 

critical analysis of planning acts in terms of their subjective and objective scope, the legal form, as well as the 

way they affect the state's transport system. Based on the collected material, using the synthesis method, 

necessary generalizations were made about the prospects of further shaping the EU and national transport 

policy. The research methodology adopted influenced the structure of this study. 

2. TRANSPORT POLICY INSTRUMENTS IN EUROPEAN UNION LAW 

The need for a uniform transport policy was noticed at the very beginning of the formation of the European 

Communities. The common transport policy was for the first time clearly identified in the Treaty of Rome in 

1957. The regulations at that time provided for the adoption of uniform rules on international transport, transit, 

transport services in the Community by companies from outside the Union and measures to improve transport 

safety, whereas for the protection of free competition the possibility of providing state aid to transport 

companies was limited. In later years, as a result of intensive development of the transport sector, transport 

policy underwent significant changes, which was reflected in subsequent provisions of the treaties (Maastricht 

Treaty of 1992, Treaty of Amsterdam of 1997). Particular modifications were made to its scope, a set of 

instruments used to run it, as well as the decision-making procedures used. The current principles of transport 

policy have been shaped in the Treaty of Lisbon of 2007 [5]. 

However, European Union law is a fairly complicated and multi-level system that consists of acts of primary 

law and secondary law. The primary law are the founding treaties, the agreements concluded between Member 

States amending and supplementing the founding treaties, as well as the treaties on the accession of 

subsequent states. Secondary law is created by individual EU institutions from the very beginning of the 

existence of this organization, and therefore acts of secondary law are quite different in the subject of 

regulation, legal character and their addressee. This group of documents includes in particular: regulations, 

directives, resolutions, recommendations, opinions, and sometimes also agreements or regulations. All this 

means that currently the legal basis for transport policy in the European Union are over 600 documents with 

various subject and subject scope, different legal force and inconsistent binding nature. 

The main issues of pan-European transport policy were shaped primarily in primary law, supplemented and 

developed by detailed regulations of secondary law. The area of transport is an autonomous area, clearly 
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distinguished in the Treaty on the Functioning of the European Union [6] (hereinafter TFEU), excluded from 

the scope of operation of general norms on the free movement of services (Articles 56-52 TFEU). 

It belongs to the so-called shared competences with the Member States. (Article 4 (2) points g and h TFEU). 

This means that the Union is acting in accordance with the principle of subsidiarity, and therefore only if and 

to the extent that the objectives of the intended action cannot be sufficiently achieved by the Member States 

at central, regional and local levels, and if the size or an impact of the proposed action is better achieved at 

Union level (Article 5 (3) of the Treaty on European Union - hereinafter the TEU [7] ). 

The regulations of art. 90-100 TFEU refer directly to the transport policy. It should be noted that these 

provisions do not define transport or a common transport policy. They only set the main directions of transport 

activities, quote appropriate legal action procedures and designate relevant competences for Union bodies. In 

order to achieve the objectives set in the treaty law, also a large number of secondary law documents were 

issued, referring to all transport departments, ordering, inter alia, safety in transport, development of transport 

infrastructure, market harmonization, competition on the transport services market. It is worth emphasizing 

that one of the features of secondary law is dynamic and open character. It is constantly evolving with the EU 

setting new goals and taking over new powers by EU institutions. Secondary law is becoming more and more 

extensive, and at the same time more and more dispersed in many documents. 

It seems that such a traditionally built system of sources of law is not enough. The reason for this is the 

necessity of strategic planning of many undertakings in the long-term perspective, covering even the next 

decades. This is related to the specificity of transport infrastructure. The long waiting period for the full 

implementation of infrastructural projects and the return of investments undertaken, as well as the vast area 

where these projects are implemented, justify the need for undertaking prior consultative and planning activities 

verifying the real possibilities of introducing appropriate changes in legislation. In key matters, it seems to be 

pointless to undertake unchecked ad-hoc actions, securing only the most urgent challenges. In the era of such 

intensive development of transport on a global scale, which can be observed today, these dilemmas are also 

reflected through the system of sources of law, as well as through the procedures for their establishment. The 

permanent practice in European transport policy is therefore documents of a non-binding nature, called green 

and white books, which are the expression of a planned and orderly implementation of more complex 

undertakings. 

Green and white books appeared in the EU legal system from the very beginning. They belong to the group of 

consultative documents [8] prepared by the European Commission for the purpose of presenting views on a 

specific field, and they often constitute the initial stage of legislative changes. The task of the green book is to 

present the problem in order to gather initial opinions which are the starting point for further legislative work. 

The White Paper is the result of consultations and proposes specific solutions related to one of the EU policies. 

It is often treated as an informal program of upcoming changes. None of the above documents is binding and 

may be changed at any stage. 

Particularly noteworthy is the last of the white transport policy books presented on 28 March 2011, which is 

entitled Plan to create a single European transport area - striving for a competitive and resource-efficient 

transport system. It contains proposals of the European Commission regarding the future direction of the 

European Union's transport policy and covers various branches of transport (from road and maritime transport 

to air transport). The most important goal was to reduce greenhouse gas emissions by at least 60 % by 2050 

compared to 1990 levels, and by 2030 by around 20 % compared to the level from 2008. 

The White Paper deals with transport in a holistic way and covers all branches of transport. It draws attention 

to the reconstruction of the transport structure, declares the problem of transport capacity particularly in 

aviation, and points to the need to improve the efficiency of aircraft. As a particularly important issue, the 

solution sees a change in the approach to the relevant fuels, proposing to reduce the number of cars with 

conventional drive (2030), and then their total elimination (2050). It promotes the development of modern and 
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ecological transport infrastructure in the field of rail, sea and inland waterway transport, capable of gradually 

taking over the weight of cargo transportation. It promotes intelligent air traffic management and the use of 

information systems in transport. It recognizes the need to increase the resilience of the transport system in 

the event of natural disasters in order to preserve the full mobility of passengers. It also underlines the need 

to reduce the number of road fatalities (up to the total elimination of such casualties in 2050), which would 

place the European Union on the spot as a global leader in safety and security in all transport areas. The 

annex contains a rather extensive list of initiatives that the Commission considered necessary to create an 

effective transport area in the European Union [9]. 

The White Paper presents proposals of the European Commission relating to future directions and priorities 

of the EU transport policy. It is a set of systematized proposals for changes that have been deemed to be 

important as a result of previous public consultations and submitted for further consideration. The 2011 White 

Paper belongs to a group of planning acts. However, unlike a typical planning document, it does not contain 

any schedule of actions, nor a calendar of implementation of the proposed solutions, nor does it define the 

principles of evaluation and evaluation. It raises the issue of financing the proposed solutions to a small extent. 

This document does not belong to the system of sources of European Union law, adopting it in this form is the 

expression of the procedure of wide public consultations, usually taking the form of a green or white book. 

Therefore, there is no valid binding force for formal sources of law. Nevertheless, it can be said that the White 

Paper is an integrated vision of the direction in which European transport will be heading until 2050. It may 

also be at this stage an indicator of changes that should be initiated in individual countries of the European 

Union. 

3. POLISH TRANSPORT POLICY 

An example of a planning act relating to transport policy in Poland is the State Transport Policy [10]. It is a 

document whose preparation resulted directly from the provisions of art. 4 par. 2 g of TFEU and its assumptions 

are based on the 2011 white paper of transport policy. The document was developed in the Ministry of 

Infrastructure as the State Transport Policy for 2006-2025, and on June 29, 2005 it was approved by the 

Council of Ministers [11]. 

The State Transport Policy for the years 2006-2025 assumes the improvement of the quality of the transport 

system and its development in accordance with the principles of sustainable development. It is an example of 

a planning act with a fairly high level of generality, which justifies the long-term planning perspective. This 

document in the introductory part indicates trends and problems affecting the shape of transport policy in the 

forecasted period, and on the basis of these, determines the prospects for transport development as an 

economic unit. Among the trends described by the authors of the document, one can find: a further increase 

in the importance of motorization and the share of road transport in the overall transport structure and a sharp 

increase in the importance of air transport, as well as trends relating to transport safety as one of the internal 

security areas, including growing the demand of transport system users for comfort and safety, a large number 

of accidents and their victims, as well as the growing environmental burden of negative effects of transport 

operations. Important issues requiring a solution in the adopted time perspective are infrastructural as well as 

technical, organizational and also economic issues. 

The following parts of the document indicate common goals of the state transport policy, including improving 

transport accessibility and quality, supporting the competitiveness of the Polish economy, improving the 

efficiency of the transport system, integration of the transport system - in the branch and territorial system, 

improving safety, limiting the negative impact of transport on environment and living conditions. The last of the 

listed objectives clearly direct attention to transport safety. After making the general assumptions, the authors 

of the document were tempted to present the most important directions in the development of transport over 

the coming years. Among the ten universal priorities, there were also those concerning the improvement of 
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safety in a direct (reduction of accidents) or indirect (improvement of roads, modernization of railways, 

improvement of the quality of transport in cities, modernization of transport infrastructure). 

In the further part of the document, directions of development and activities necessary for an implementation 

in the period covered by the forecasting as well as planned tasks are divided into particular modes of transport: 

road, rail, air, sea, inland waterway and intermodal transport. In each case, a lot of space is devoted to the 

issues of transport safety. The distinction of these issues is certainly a testimony to the fact that these are the 

key issues important for the proper development of transport. However, an improvement of safety in a given 

area of transport requires undertaking differentiated actions which are a response to specific threats. Rail 

transport, therefore, indicated the need to modernize the infrastructure by introducing modern control systems 

and supporting the activities of the infrastructure manager and rail carriers to improve the personal safety of 

travelers. In air transport the main task was to maintain the highest safety standards, including protection 

against terrorist attacks and an effective action in crisis situations. Due to the special threat to road safety 

participants, a separate chapter is devoted. The ultimate goal was to strive for the total elimination of fatalities 

and serious injuries in road accidents, while the specific objectives were to create the basis for effective and 

long-term actions for road safety, shaping a conscious participant of traffic, protection of pedestrians, children 

and cyclists, construction safe road infrastructure, as well as reducing the severity of road accidents. In the 

field of road safety, it is also foreseen that the provisions of the policy should be specified in separate road 

safety programs, in particular these programs should define the scope of system and sector measures for road 

safety. Currently, these programs contain goals and tasks in the area of improving road safety, repeating them 

following the Transport Policy, as well as a detailed task to be carried out [12]. 

Security in transport is a multidisciplinary issue, hence it is stressed that its assurance should actively involve 

central institutions subordinated to ministers competent for internal affairs, justice, finances, health or defense, 

but also self-governments and social and non-governmental organizations. Only then can the actions taken 

be coherent and properly coordinated [13]. 

A separate problem clearly perceived by the authors of the Transport Policy of the State are threats to the 

environment, to which the development of transport, and especially of some of its departments, such as road 

transport, contributes. The progressing changes in this area cause an increase in the emission of pollutants 

and the noise intensity within the highly frequented transport arteries, as well as the occupation of valuable 

natural areas for the construction of road infrastructure. As a trend compliant with global and EU tendencies, 

the use of experiences from other countries in the development of transport infrastructure was pointed out, in 

particular the application of the principles of sustainable development of the transport system and the use of 

innovative technologies to minimize these risks. For their closer concretization, the priorities were identified, 

defining the directions of actions to eliminate the problem. Among them, the need to create long-term strategies 

and plans as the basis for rational action, formulating transport policy principles, also at the level of local 

government units, supporting the development of other modes of transport outside road transport, taking into 

account environmental protection in the design and construction of road infrastructure, or dissemination of 

innovative solutions was emphasized.  

The detailed rules for the implementation and monitoring of transport policy were also formulated. It should be 

stated that these are only framework principles, postulated both in the national development strategies and in 

the national security strategy. The instruments of transport policy implementation include current adjustment 

of the law to changing conditions, effective and consistent national development planning at all levels of public 

administration, financing the transport sector on the basis of financial planning principles and public 

administration at all levels in accordance with the principles of division of tasks and competences and 

coordination. However, monitoring of the implementation of transport policy is supposed to consist in periodic 

analyzes of achieving objectives and possible modification thereof. Analyzes should be prepared at least every 

five years, and should be based on formulated measures of achievement of objectives and procedures of 

project compliance. 
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4. CONCLUSION 

Transport is one of the key areas of the economy of the modern state, therefore for its proper functioning, it is 

important to formulate an effective development plan, and then its consistent implementation. The State 

Transport Policy is a strategic document prepared at the highest level - at the level of government 

administration it has the form of a resolution of the Council of Ministers. It should be included in planning acts. 

In the Polish legal system, politics, being a governmental document, is not a source of universally binding law. 

A different situation would occur if the policy was passed, for example, in the form of a law or regulation [14]. 

Documents created by the Council of Ministers in the form of resolutions are only internal, they bind entities 

subordinated to the Council, for other entities they have primarily information dimension. 

Planning documents, taking the form of policies, usually contain phrases that are quite broad and 

indeterminate. The planning standards included in them can be both informative, imperative and affecting [15]. 

Information standards contain various types of forecasts, making it easier for recipients to make their own 

decisions, mandatory norms bind recipients legally, impact standards take up an intermediate place between 

the previous two types, they establish a system of incentives to implement the objectives set in the strategy. 

Their goal is to guide the development of an organization in the future. They cause that such actions cease to 

be an accidental set. The assumptions which the policies are based on are only some predictions, so their 

failure cannot be subject to the responsibility of the entity obliged to act. There are still too many objective 

factors which the final implementation of the assumed goals depends on.  

Policies set the integration and communication platform for the cooperation of several entities. These are 

usually programmed rather than operational documents, indicating the assumptions and priorities, and not the 

procedures and measures. They allow focusing on the essence of the problem, look at the implications of 

multiple issues and determine the most important directions of action, postponing specific issues to the next 

stages. Policies are a form of planning that has grown out of state management and public administration. 

They can be an effective tool for planning development at both EU and national level, although their role will 

be different in both cases. In the first one they will be a consultation tool, in the second one they will fulfill 

primarily the information function. However, both in the EU system and in the national system there will be less 

frequent acts that bind the recipients, as it would require the inclusion of policies into a formal system of sources 

of law, which in turn would take away their planning function. 
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Abstract 

Although programming in logic (LP) never became mainstream paradigm, it is still used and researched. The 

most known LP language is Prolog. Several implementations of Prolog are available, both free and 

commercial. Therefore, it can be used in both small companies, as well as in larger corporations. One of many 

applications of Prolog can be tasks management in projects. The paper presents a formal model of tasks 

management, as a scheduling problem. In the model, tasks, precedence constraints, estimated duration times 

and available resources (employees) are taken into consideration. Corresponding program scheme in the 

Prolog language is also presented. Although the model is simplified, it can be easily extended to cover more 

complex cases. The model is then used to solve example problems. To prove its correctness, a simple example 

is used, with two different teams of employees. One team is composed of dedicated employees, and another 

one of employees able to perform any task. To test limitations of the model, mainly in terms of computation 

time, examples with larger number of tasks are used. The results show that Prolog is a reliable tool for such 

type of problems, especially for teams of dedicated employees. 

Keywords: Prolog, project management 

1. INTRODUCTION 

In the modern IT industry, most jobs are done in a form of projects. Dedicated applications design and creation, 

adaptations and implementations of complex systems are all examples of one-time undertakings, which can 

result in either success, or failure. The costs of projects are usually significant, so it is reasonable to look for 

proper management methods, which minimize the risk of failure [1]. 

In small companies, most projects are implemented in stages. Each stage is implemented independently of 

other stages, so it can be considered to be a distinct project itself. As the result, the number of tasks at each 

stage is lower, than the total number of tasks in whole project. For this reason, management methods may be 

used for lower number of tasks, and often the optimal solutions can be searched. 

The first implementation of Prolog was created in 1972. Although programming in logic, which is the main 

paradigm in Prolog, has never become so mainstream, as other paradigms, the ideas are still being 

researched, and various Prolog implementations are actively developed. Prolog is used to develop expert 

systems, automatic planning and logic data analysis [2]. Since many modern Prolog implementations are free, 

even for commercial use, it can be applied to solve optimization problems, e.g. in small companies. For the 

backtracking algorithm, which is used to search solutions in Prolog, it is well suited to implement methods 

based on the branch and bound one. 

In this paper, a project management problem is presented as a scheduling problem. It is similar to the well-

known parallel machines scheduling problem [3], with additional precedence constraints between tasks [4]. 

The difference is made by the additional constraints, which prevent scheduling tasks on any resource 

(employee). The resource-constrained project scheduling problem (RCPSP) is also very similar, and the 

difference is in resources usage: in the problem, described in this paper, a task can be assigned to any 

employee (provided, that the employee is able to perform the task), and only one employee is needed. The 

problem can be presented as a multi-mode resource-constrained project scheduling problem (MRCPSP) [5]. 
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MRCPSP is more general, though, since in the problem described in this paper, the only considered resources 

are employees. All the mentioned problems are NP-hard. 

In the third chapter, description of the Prolog model, used to solve the problem, is presented. In literature, 

much more popular models are based on constraints programming [6-7]. The results of research are presented 

in the fourth chapter. 

2. PROBLEM 

Each project can be described as a set of tasks T. For each task i, processing time pi is specified. Tasks are 

meant to be performed by employees, denoted as r. Each employee has some skills. The skills are required 

to perform tasks, so for each task i, a set of skills could be defined. Skills of each employee are usually known, 

and employees with specified skills are searched for jobs. It was observed, though, that during assignment of 

employees to tasks, skills are rarely used in direct form. Team leaders, and small companies CEOs, are usually 

aware, which employee can perform which tasks in a project. For this reason, it is easier to model skills in the 

form of sets Tr, which consist of all the tasks i, which the employee r can be assigned to in the project. 

Tasks in any project can be presented in a form of a directed graph. An exemplary graph is presented in Figure 

1. The mentioned processing times pi are given in parentheses. 

 

Figure 1 Exemplary project 

A scheduled task can be represented as a tuple (i, si, ci, r), where i is the task number (identifier), si and ci are 

the task's start and completion times, and r is the employee assigned to the task. A complete, feasible schedule 

can be represented as a set of such tuples, which meet the following conditions: (a) for each task i, one and 

only one tuple is given, (b) for each task i, ci = si + pi, (c) the task i should belong to the set Tr, for the given r, 

(d) each employee r, at any moment of time, can be assigned to at most one task. 

Having defined schedule, the maximal ci is denoted as Cmax, the makespan. The optimization problem is to 

find a feasible schedule with the minimal makespan value. Such performance index is both simple to calculate, 

and economically significant. 

3. PROLOG MODEL 

The model, proposed in this paper, follows the logic programming paradigm (the standard one for all Prolog 

implementations). The base predicate is used to schedule a single task. First of all, a set of all tasks, which 

can be scheduled, is constructed. The set is based on precedence constraints, and on the current, partial 
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schedule. Then, a single task is chosen from the set. Having a task to schedule, the earliest possible beginning 

of the task is calculated. This moment is determined by two factors: by the completion times of all the tasks 

predecessors, and by the availability of an employee, that the task can be assigned to. 

In Prolog, a program (model) is composed of predicates. The Prolog search algorithm tries to find all the 

possible solutions, for each executed pradicate. Whenever a predicate is executed, there are three 

possibilities: (1) the predicate cannot be proved, (2) the predicate is true for a single set of its arguments, (3) 

there are many different sets of arguments, for which the predicate is true. In the third case, so called choice 

point is created, and the remaining predicates are executed. In the first case, the program execution is got 

back to the last choice point, where another solution is tried. 

In the described scheduling procedure, two different choice points may be introduced. The first point is created, 

when there are more tasks, which can be scheduled. The second point is created, when there are more 

employees, which can be assigned to the chosen task, at the calculated start moment. 

The scheduling procedure could be performed, as long as there are tasks, which can be scheduled. For the 

optimization purposes, though, the makespan was checked after each scheduled task. Whenever the Cmax 

value was greater, than the assumed, maximal one, the scheduling process was broken, and Prolog 

backtraking algorithm got back to the last choice point. 

Based on the analysis of results (presented in the next chapter), a slight modification of the proposed model 

was introduced. After a task is scheduled, all the unscheduled tasks are known. The employees, which can be 

assigned to those tasks, are also known. For each employee r, the Cr time can be calculated, which is the 

time, when all the tasks assigned to the employee are completed. Knowing all the tasks to be scheduled, their 

processing times can be added to the calculated Cr times, with respect to the Tr sets. When such an estimation 

of makespan is greater, than the assumed, maximal value, there is no point in continuation of scheduling tasks, 

and backtracking may be used to get back to the last choice point, in order to look for another solution. 

The proposed makespan estimation is rather smaller, than the actual makespan. The reason is simple: no 

precedence constraints between tasks are considered while calculating the estimated Cr times. The constraints 

may cause delays in tasks executions, since some tasks cannot be started before their preceding tasks are 

completed. For this reason, the proposed makespan estimation is not perfect, although it allows to detect 

schedules of worse quality faster. 

In Prolog, the solution space is searched with the backtracking algorithm. Unless the search is broken, the 

whole search space is checked. Since the problem is NP-hard, searching may take long time to complete. The 

complete schedule can be represented by a set of tuples (i, si, ci, r). The schedule is constructed by scheduling 

tasks, one at time. The start and completion times do not affect the choice points, so they also do not affect 

the size of the solution space. The space can be presented as an ordered set of tuples (i, r), where each tuple 

corresponds to a different task. The number of all different, ordered sets of tuples (i, r), which can be 

constructed for a problem, is the size of solution space (denoted as SSSize). 

4. COMPUTATION RESULTS AND FURTHER ANALYSIS 

Using the project, presented in the Figure 1, and the model, described in the third chapter, the research was 

conducted. Two different teams of employees were considered (the details are presented in the Table 1). The 

employees in the first team were specialized, so some tasks could be performed by only one of them, with few 

exceptions. The second team consisted of “universal” employees, which were able to perform any task. The 

second team was considered only for comparison purposes, since in most projects (especially in IT industry), 

employees are highly specialized, and cannot be assigned to any task. The purpose of the second team was 

to test the scheduling model: having such a “universal” team of employees should lead to obtain a better 

schedule. 
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Table 1 Possible assignments of employees to tasks 

Team  Employee 1 Employee 2 

Specialized 1, 2, 3, 4, 5, 6, 8, 10, 13 4, 6, 7, 9, 10, 11, 12, 13, 14 

Universal 1 - 14 1 - 14 

For the research, SWI-Prolog was used. All computations were performed on a PC, running under the Ubuntu 

14.04 LTS operating system, with 8GB RAM. The obtained results are presented in the Table 2. 

As expected, the makespan for the “universal” team of employees is better. The detailed analysis of the 

obtained schedules proved, that the solutions were correct. Since the Prolog model was executed up to the 

point, where no other solutions could be found, the obtained solution was proven to be the optimal one. Using 

the model, it is possible to find all the optimal solutions. 

Table 2 Obtained results 

Team  Cmax Time Time b. est. 

Specialized 155 5 s 3.8 s 

Universal 147 45 s 45 s 

The “Time” column, in the Table 2, shows the computation time needed to find the optimal solution. It should 

be noted, that in the case of “universal” team, the time is significantly longer. The obvious explanation is the 
fact, that there are much less constraints on the employees assignments to the tasks, so the search space is 

much larger. The optimal solution was found relatively fast, but the other solutions also had to be examined, 

in order to prove, that no better solution could be found. The most computation time was spent on those proving 

search activities. 

Finally, the column “Time b. est.”, shows the computation time needed to find the optimal solution, in the case 

of model with better makespan estimation. Although the estimation was not perfect, it allowed to search the 

whole solution space faster. What can be noted, the better estimation was not helpful at all, in case of the 

“universal” employees team. 

Table 3 Computation times and problem difficulty estimations 

Problem  Comp. time SSSize STC 

1 3.8 s 126,720 79,621 

2 9.2 s 190,080 201,046 

3 7.5 s 95,040 166,159 

4 1.8 s 44,352 41,714 

Practical usage of any scheduling method requires some estimation of computation time. For a single team, 

computation time of seconds per project is not a problem. Having in mind the fact, that the problem is NP-hard, 

though, the time may become much longer with the larger number of tasks, or with other precedence 

constraints between them. For this reason, many example problems were examined. In each case, the 

computation time was measured. Some results are presented in the Table 3. 

It can be noted, that the problems, presented in the Table 3, were of different difficulty levels, since the 

computation times (column “Comp. time”) are different. In the column denoted “SSSize”, the search space size 

is presented. As it was described in the chapter 3, the Prolog model was based on idea of a single task 

scheduling. Such procedure was repeated, until a complete solution was obtained, or until it was clear, that no 
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better solution could be obtained from the current, partial schedule. In the column “STC”, the number of this 

procedure calls is presented. 

Comparing computation times for the presented problems, it can be noted, that the most time demanding was 

the second one, than, the third one, and for the first one (presented in the Figure 1), the optimal solution was 

obtained relatively fast. Those results contrast with the search space size, which is the highest for the second 

problem, but the first problem has greater search space, than the third one. On the other side, the counted 

executions of the single task scheduling procedure correspond to the computation times. It means that the 

STC value is a better estimation of the problem difficulty level. Unfortunately, this estimation cannot be 

calculated in advance, in contrast to the search space size. 

After the described research, examples with greater numbers of tasks were examined. For the limited space 

of this paper, the examples are not presented. It is very easy to create such examples, though. The obtained 

computation times were in the range of a few seconds, to a few minutes. It is worth to notice, that in most 

cases the optimal solution was obtained relatively fast. The vast computation time was needed only to prove, 

that no better solution exists. Sometimes, such proof is not needed. 

In some cases, a small modification of the precedence graph led to much longer computation times. Such 

situation was observed for both smaller and larger examples. Since the most precise method of time 

estimation, presented in this paper, requires actual computation, such examples cannot be detected before 

the model is used. The only presented estimation, which does not require computations, is the size of solution 

space, and can be deceptive. 

5. CONCLUSION 

Although Prolog has never become a mainstream programming language, it seems to be a reliable tool for 

solving the type of problems described in this paper. The considered projects, observed in small IT companies, 

are divided into stages of 10-30 tasks per stage. For such examples, the model presented in this paper, was 

able to find optimal solutions within times of range from a few seconds, to a few minutes. Such computation 

times are acceptable in many real-life cases. 

It should be also noted, that in case of projects consisting of much larger number of tasks, the presented model 

may be used to find a good solution, and the proof that no better solution exist may be not completed, due to 

long computation time. The considered problem type is NP-hard, and no easy way to estimate the needed 

computation time to complete the model is known. In such cases, the problem may be divided into smaller 

ones, with lower number of tasks. 

The computation time of a few seconds, may be acceptable. The time of a few minutes also may be acceptable, 

and since the problem is NP-hard, the computation times may become much larger. The research proved, that 

sometimes a small change in the precedence graph topology may affect the computation time significantly. 

For this reason, a good computation time estimation method is needed, before the model can be used to solve 

real-life problems. 
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Abstract 

Logistics services are closely connected with customer’s satisfaction in e-commerce environment and logistics 

processes management significantly influences e-customer service quality. The development of online 

channels is connected with a similar evolution of companies’ logistics systems. The paper aims to identify the 

factors that influence e-customer satisfaction related with Logistic Service Quality (LSQ) from B2C perspective. 

The paper identifies and analyzes the most common models and methods for measuring e-service quality 

applied in B2C e-commerce. A literature review is primarily used to determine the conceptual model and to 

develop the measurement scales. Data were collected through online questionnaire survey conducted among 

Polish customers. This paper provides empirical results as regards the impact of LSQ and its elements as 

potential drivers for customer satisfaction from the B2C perspective in Poland. Statistical analysis was used to 

analyze the collected data and test the proposed research hypotheses. The results revealed that all the 

operational dimensions of LSQ evaluated in the study influenced customers’ satisfaction in e-commerce. The 

results indicate that e-service quality, website features and logistics service quality are strongly connected with 

customer satisfaction. The research results show that e-retailers should not only focus on e-service quality, 

but also take into consideration the logistics service quality. The study recommends that the determinants 

identified in this research are employed by e-commerce companies, which will improve quality of their logistic 

processes and aid them in serving their customers effectively. 

Keywords: Logistics Service Quality (LSQ), e-commerce, e-service quality, consumer satisfaction, business  

       to consumer (B2C) 

1. INTRODUCTION  

Quality is one of the most important and complex components of e-business strategy, especially in the context 

of customers’ experiences. The most important aspect of providing of e-commerce customer needs is fast 

delivery and high quality of service. Internet has not only an important impact on consumers’ ordering 

processes, requirements, expectation and shopping behaviors, but also creates new opportunities for e-

commerce, especially in B2C (business to customer) relations. With the rapid development of internet retailing, 

service quality of e-retailers has been recognized as an important factor in determining success levels of e-

commerce companies. Understanding and measuring e-service quality has become crucial since a growing 

volume of business to customer relations takes place in the online environment. B2C refers to e-commerce 

model in which businesses sell to individual shoppers [1] and the concept of logistic service quality regarding 

B2C marketing is an important component of this study. Service quality in e-commerce can be defined as the 

consumers' overall evaluation and perception of the excellence and e-service quality offerings in the virtual 

marketplace [2]. Customer satisfaction in e-commerce is dependent, similar to traditional services, on the 

difference between customers’ expectations and the real e-service experience [3]. Researchers suggest that 

logistics service quality (LSQ) can influence customer satisfaction and indicate that the quality of the 

logistics service can have a positive and significant impact on fulfillment of customers requirements in 

e-commerce transactions [4]. Most of the studies on e-retail service quality, have concentrated on developing 

measures for the evaluation of websites, but measuring e-service quality should go beyond the website 

interface. Customer’s online experience consists of everything from information search, product evaluation, 
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decision making, transaction security, delivery, returns conditions, and customer service. It is apparent that 

measures for evaluating just websites may not be sufficient for measuring service quality across various stages 

of the online retail service delivery [5]. Therefore researchers purpose of developing scales for e-service quality 

is measuring the whole customer experience regarding the e-service [6]. General LSQ concepts are usually 

investigated in B2B settings, but there are a lot of contributions dedicated to B2C contexts, but online retailers 

are increasing in number and type and they are increasing their service quality in order to attract greater 

number of customers. The rise of B2C e-commerce has introduced challenges in retail logistics, especially in 

the physical distribution to the final customer. In traditional retail businesses products are selected by the 

consumers from the local store at any time they want. In contrast, e-commerce enables consumers to select 

the products online and creates new possibilities to order a product and choose its delivery way [7]. 

With a dearth of studies on LSQ and the impact on customer satisfaction in the online retailing business, it is 

therefore imperative that a study be conducted to examine the impact of LSQ on customer satisfaction as well 

as identify the specific dimensions of LSQ that mainly contribute to the customers’ satisfaction. Understanding 

the most influential elements for customers’ decision-making is not only beneficial for future development of e-

logistic but also for increasing customer satisfaction in B2C e-commerce. The paper aims to identify the factors 

that influence e-customer satisfaction related with Logistic Service Quality (LSQ) from B2C perspective on 

example of Polish customers’ experiences. 

The study is structured as follows. After this introduction, the theoretical foundations and hypotheses 

that support the study have been described. Next section details the methodological procedures, 

followed by an analysis of data and defines the dimensions of the proposed framework and its indicators. 

Than the results of research have been presented and discussed. Finally conclusion and suggestions for 

the continuation of the research have been presented. 

2. LITERATURE REVIEW AND HYPOTHESES 

E-commerce platform is a primary basis for multi-channel transactions in which product or service information 

is provided by multiple third-parties and transactions are processed by the platform operator. Because of the 

role in providing product and service information, EC platform operating company can also be considered as 

a service provider. Therefore, an e-platform consists of the diverse characteristics as a service provider and 

thus can be evaluated through its service quality [8]. LSQ is the result received comparing customers’ 

expectations with customers’ perception of service quality. Clients, prior to ordering the service, already have 

expectations of what the service provider should offer them. Therefore the quality of logistical service perceived 

by the client is the difference between the perceived expectations of a service and perceived performance [9]. 

In order to deliver superior service quality, it is necessary to understand how consumers perceive and evaluate 

online consumer service [10]. Traditional service quality assessment is based on the famous SERVQUAL 

model and proposes five dimensions of quality evaluation: Responsiveness, Assurance, Tangibles, Empathy, 

and Reliability [11]. But this service quality assessment model focuses on the traditional buyer-seller 

interaction, but does not embrace the interaction between customer and website, which is one unique 

character of e-commerce service quality. Therefore, researchers extended this model added by other 

dimensions, which are specific for online environment, such as: information quality [12], transaction security, 

transaction cost saving, convenience, reliability, accessibility, ease of use, responsiveness, usefulness or 

interaction possibilities [13]. In the B2C e-tailing industry, the mainly connection platform between customers 

and retailers is website. Therefore, creating and realization of customer expectation, value transferring, and 

communication are occurred on online shopping websites. Therefore a good e-commerce site design can 

attract more customers with positive first impression and makes consumer’s journey more easier to access to 

any parts from the searching, ordering, paying, tracking, receiving, and after sales services [14]. Research 

about service quality has been popular for many years, but it is only recently that it started to take place in e-

commerce environment. In fact there is a vast range of ideas regarding the most important factors affecting 
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online consumer’s behaviors and satisfaction. The dominant factors which influences consumer perceptions 

of online purchasing are the website characteristics, privacy, security and the quality of logistic services, which 

is one of the most important elements that help to satisfy completely the customers’ needs in e-commerce 

[15]. Customer concerns about several important elements with a close relationship to the customer value: 

time, dependability, communication and flexibility. Therefore, researchers distinguish three key elements of 

logistics customer services: pre-transaction, during transaction, and after-transaction period [16]. After 

transaction services are important not only for customers but especially for e-commerce companies, because 

they can improve their logistic customer services by collecting feedbacks from customers and then improve 

the quality and customer satisfaction in online shopping. Based on the review of e-commerce quality evaluation 

criteria the following hypotheses for the causal relationship between the Logistic Service Quality and its 

resulting customer satisfaction and online sopping experiences have been proposed: 

Hypothesis 1 (H1). Website features of e-commerce platform have a positive effect on high quality customer 

experiences in online shopping. 

Hypothesis 2 (H2). Communication with customer has a positive effect on high quality customer experiences 

in online shopping. 

Hypothesis 3 (H3). Customer service during order and product choice has a positive effect on high quality 

customer experiences in online shopping. 

Hypothesis 4 (H4). Transaction security has a positive effect on high quality customer experiences in online 

shopping. 

Hypothesis 5 (H5). Delivery procedures and conditions have a positive effect on high quality customer 

experiences in online shopping. 

Hypothesis 6 (H6). After-sales service has a positive effect on high quality customer experiences in online 

shopping. 

This paper reviews the most recognized evaluation criteria of logistic service quality assessment in the context 

of e-commerce environment, and proposes a general comprehensive framework for evaluating the quality of 

any e-commerce service regarding to website features, communication with customer, customer service during 

order and product choice, transaction security, delivery procedures and conditions, and after-sales service.  

3. METHODOLOGY OF RESEARCH 

The objective of this research is to develop a theoretical, comprehensive, and measurable framework for 

assessing of logistic service quality from B2C perspective, and to indicate factors, which are significant for 

customers satisfaction and high quality online shopping experiences. The analysis of literature enabled to 

identify key elements of logistic service quality in the context of e-commerce environment.  

The following dimensions of logistic service quality in B2C perspective have been selected: website features, 

communication with customer, customer service during order and product choice, transaction security, delivery 

procedures and conditions, and after-sales service. The detailed criteria of Logistic Service Quality assessment 

from B2C perspective have been presented in Table 1.  

Data were collected through online questionnaire survey conducted among Polish customers. They were 

asked to indicate the dimensions which influence their evaluation of Logistic Service Quality in online shopping 

and have a positive effect on their satisfaction and fulfilment of requirements. The questionnaire was structured 

on 28 items using a five point Likert scale. Each measurement variable varies from 1 to 5, among which 5 

means very important, 4 important, 3 neutral, 2 unimportant, 1 very unimportant. Data were collected from 

customers who bought products from the online retail shops in Poland and accepted to answer the survey 

questions. The survey was conducted from August to October 2018. Totally 287 customers replied, but 43 of 

them indicated that they have little experience of online shopping, and 64 online questionnaires were 
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uncompleted. The remaining 180 surveyed respondents are the basis of the study. Completed questionnaires 

have been used in the analysis of determinants of Logistic Service Quality in B2C e-commerce by using V-

Cramer’s Correlation Coefficient. Respondents included 63 % males and 37 % females. 56 % of the 

respondents were under the age of 25, 23 % were ages 26-40, 17 % were ages 41-55, and 4 % were over 

age 55. Correlation analyze was used to estimate the unique effect of e-commerce website features, 

communication with customer, customer service during order and product choice, transaction security, delivery 

procedures and after-sale service on Logistic Service Quality assessment and positive customers’ shopping 

experiences in e-commerce environment. 

Table 1 Dimensions of Logistics Service Quality assessment in B2C e-commerce [own elaboration]  

Category of assessment Detailed criteria 

Website features Website content, design and aesthetic; Convenience; Reliability; Accessibility; Ease 
of use and navigation; Functionality; Responsiveness 

Communication with 
customer 

Information accessibility, quality and relevance; Effective communication and contact 
possibilities with staff; Accessibility of communication tools in online and mobile 
channels; Interaction possibilities 

Order and product choice Accessible online help and customer support service; Accessibility of other customer 
opinions and recommendations; Product availability; Recommendation systems; 
Convenience of order procedure 

Transaction security Financial data security; Personal data security; Payment security; Possibility of 
payment method choice 

Delivery procedures Freely choice of delivery or pickup method; Order status tracking possibilities; Short 
delivery time and timeliness; Order accuracy and quality 

After-sales service Product returns and warranty conditions; Rapid and effective error handling; Easy 
and convenient contact with customer service; Rapid response time 

4. RESULTS 

Influence of Logistic Service Quality dimensions on customers’ satisfaction in online shopping (Table 1) have 

been analyzed with help of V-Cramer’s Correlation Coefficient. The correlation between all investigated factors 

and customers’ satisfaction level in B2C e-commerce is statistically significant, because the χ2 - value is higher 

that critical value.  

Regarding the importance of the website features, this research clearly shows that reliability is the most 

important factor (V=0.912). The results confirm that the dimensions connected with website functionality are 

important elements for quality assessment and the critical factor for fulfilment of consumers’ requirements. For 

surveyed consumers the most important factors are: website functionality (V=0.893), easy use and navigation 

(V=0.869), accessibility (V=0.857), convenience (V= 0.841) and responsiveness (V=0.826). Less important 

are website content, design and aesthetic (V=0.712). Regarding the importance of communication with 

customer, information accessibility, quality and relevance have the great positive impact on customers’ 

shopping experiences (V= 0.876). For surveyed customers very important on all stage of e-commerce 

transaction are: accessibility of communication tools in online and mobile channels (V=0.865), interaction 

possibilities (V=0.843) and effective communication and contact possibilities with staff (V=0.837). The data 

analysis also demonstrate that dimensions connected with order and product choice significant influence 

customer satisfaction in online shopping. Product availability (V=0.912), accessible online help and customer 

support service (V=0.893) are the most important determinants of customer satisfaction in e-commerce. 

Essential for customer satisfaction in online environment are recommendation, opinion and sufficient 

information, because of lack of physical contact with product. For surveyed customers significant are: 

recommendation systems implemented in e-commerce website (V=0.697) and accessibility of other customer 
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opinions and recommendations (V=0.795). The results confirm that convenience of order procedure (V=0.897), 

connected with simplicity of product search, ordering, and payment process, has a strong influence on the 

perceived quality assessment. The obtained result indicates that transaction security is fundamental dimension 

for customers’ online shopping satisfaction, especially when it comes to electronic payments. This aspect is 

one of the most important in the evaluation of an online service quality, and one of those that have the most 

influence on customer satisfaction. Surveyed customers confirm the considerable importance of their financial 

(V=0.997) and personal (V=0.993) data security, and payment security (V=0.995). The possibility of payment 

method choice (V=0.573) is of less practical significance for e-customers satisfaction assessments. Logistic 

Service Quality in e-commerce is strongly connected with delivery procedures, because customers expect to 

gain the ordered product as less time as possible, and in simply and convenient way. The assessment of 

Logistic Service Quality in online shopping revealed the importance of order accuracy and quality (V=0.793). 

The data analysis also demonstrates that short delivery time and timeliness (V=0.747), order status tracking 

possibilities (V=0.637), and freely choice of delivery or pickup method (V=0.529) are crucial for Logistic Service 

Quality assessment in B2C e-commerce. Essential importance for online shopping experiences have factors 

connected with after sale service. The survey results confirm that product returns and warranty conditions 

(V=0.871), rapid and effective error handling (V=0.789), easy and convenient contact with customer service 

(V=0.724), and rapid response time (V=0.687) influence customers’ satisfaction connected with Logistic 

Service Quality in online environment. 

According to conducted analysis all considered factors have positive influence on Logistic Service Quality and 

customer experiences in online shopping. Therefore, all research hypothesis are accepted. There is a positive 

correlation between high quality customer experiences in online shopping and website features (H1), 

communication with customer (H2), customer service during order and product choice (H3), transaction 

security (H4), delivery procedures (H5) and after-sale service (H6). The results revealed that all the operational 

dimensions of LSQ evaluated in the study influenced customers’ satisfaction in e-commerce. The study 

indicates that e-service quality, e-commerce website features and logistics service quality are strongly 

connected with customer satisfaction. The research results show that e-retailers should not only focus on e-

service quality and website features, but especially take into consideration the logistics service quality.  

5. CONCLUSIONS 

In the B2C e-commerce, end-customer is important as the core of value chain and also as the final value 

receiver. Logistic service in online shopping is aimed to deliver value, thus, it is necessary to learn about 

customers’ expectations. Empirically, the results obtained clearly indicate very strong impact of logistics 

service quality on customer satisfaction in B2C perspective. The results revealed that all the dimensions of 

LSQ evaluated in the study influenced customers’ satisfaction in e-commerce. The positive correlation between 

high quality customer experiences and website features, communication with customer, customer service 

during order and product choice, transaction security, delivery procedures and after-sale service has been 

confirmed. The research results show that e-retailers should not only focus on e-service quality and website 

features, but also take into consideration the logistics service quality, which is one of the most important factors 

that help to satisfy completely the customers’ needs in e-commerce However, because of the complexity of 

the considered problems, further research becomes imperative. A future study should try to validate and 

generalize the findings of this study by using a wider sample. Future research lines could be developed to 

evaluate if the logistic service quality in B2C e-commerce differ according to other factors connected with 

different characteristics of online shoppers. The results provide an important foundation for improvement of 

logistic service quality in B2C that will allow to assess the strengths and weaknesses of each e-commerce 

service in order to know where to focus further development to achieve the high quality customers’ 

experiences. 
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Abstract  

The work of small non-manufacturing employee teams is becoming more and more crucial for achieving 

organization goals. Since the teams function as complex social groups, it is necessary to understand the 

complexities of teamwork dynamics and their impact on the effectiveness of teams and the organization as a 

whole. The management of organization plays a vital role in successful implementation of the principles of 

teamwork dynamics into the organization processes and their effective management. Management dictates 

the most important and strategic aspects of teamwork such as the team management style, the degree of team 

autonomy, team composition methods, the coordination strategy of different teams and the most important 

rules of team behaviour.  

Depending on circumstances and the type of organization, the logistic teams can represent some of the most 

important teams inside the organization. While many principles, rules and methods used during teamwork 

processes are universal and can improve teamwork in all the types of non-manufacturing teams, the unique 

nature of logistic teams requires certain modifications and specialization of team management processes. The 

main goal of this paper is to present the most common and widely used theoretical frameworks of teamwork 

and teamwork dynamics, confront them with the unique nature of logistic teams and suggest how to modify it 

to these special conditions.  

Keywords: Teamwork, logistic teams, team management 

1. INTRODUCTION 

Many organizations currently consider the absence of team management tools as one of the most serious 

problems, combined with a lack of management experience with team management and an insufficient 

understanding of the team as a social group. Although teamwork is highly talked about and promoted in 

organizations, it is only very rarely fully and accurately implemented to its fullest potential. This problem has 

negative impacts such as higher costs, time delays, frustration of people, low or poor quality of work and higher 

employee turnover. Good team management can eliminate the negative impacts and contribute to effective 

team setup and performance. 

The paper consists of three main parts. The first part focuses on providing a basic theoretical framework on 

the topic of teamwork and teamwork dynamics. Since teamwork is an incredibly complex topic, the theoretical 

information provided in this paper present only a very basic and brief insight into the topic. Its main purpose is 

not to provide a complex overview of the teamwork literature, but to introduce the topic and provide context for 

the following chapters.  

The second part of the text looks at teamwork and its importance in logistics and supply chain management. 

This presents an interesting concept because while these business processes are quite well suited for 

teamwork implementation, its potential is not always fully utilized.  

Based on the unique nature of logistic teams and teams responsible for supply chain management and the 

theoretical frameworks regarding teamwork, a new model of teamwork is proposed.  
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2. THEORETICAL FRAMEWORK OF TEAMWORK 

Many authors have attempted to define teamwork appropriately. Based on one of these definitions [1], we can 

say that teamwork is a group of people who were assembled to perform some organizationally relevant tasks. 

At the same time, Kozlowski states in further detail how a group of employees must meet following conditions 

to efficiently work as a team. It must exist to fulfil a role important to an organization, the members must share 

one or more common goals, perform social interactions related to their business tasks, demonstrate 

interconnection of tasks and create and maintain separate identity to the external environment. At the same 

time, it must work in a wider organizational context that defines the boundaries of the team, limits it, and 

coordinates its interactions with other entities within the organization. 

Wang et al. [2] have a different point of view on teamwork and define it as a cooperation with others, within 

which the team members interact, support each other, solve conflicts, negotiate and lead each other. 

Team members must share one or more goals, engage in social interactions with other team members, 

maintain and manage team rules, and engage in interdependent tasks. Teams can be created by an 

organization and should work with other units within the organization. For the teamwork concept, it is necessary 

to promote and present values that strengthen team culture within the organization. These are, for example, 

the ability to listen and constructively respond to opinions expressed by other members of the team, the ability 

to build trust amongst members, the ability to properly support others and to recognize the successes and 

interests of others. [3] 

Such values are especially important for project-oriented teams as they help to improve collaboration and 

communication among team members, a prerequisite for creating synergies within the team. [4,5] They also 

help to create a positive and innovative environment within the team. 

According to West [6], the positive and innovative team climate is a key prerequisite for team success and 

helps team members work more efficiently and creatively. Within his model, West defines four of the most 

important factors influencing the emergence and development of team climate. These include: support for 

innovation, vision, role orientation, and members' safety.  

On the other hand, it is important to remember that the topic of teamwork is very complex and, in some cases, 

even well-established teams with advanced team climate and culture do not have to successfully fulfil all their 

tasks. This situation can be partly explained by the fact that the team performance depends not only on the 

competence of the team itself but also on the wider organizational context in which it works. [7] 

2.1 Teamwork process description 

Teamwork is an extensive social business system that represents a complex set of components, tasks and 

activities. Due to the extensive and complex nature of the issue, most authors in their research focus only on 

a certain narrow subset of team collaboration or on some individual components. For a comprehensive 

understanding of teamwork, it was therefore necessary to combine individual research into a coherent structure 

depicting a team collaboration system. 

Several authors have attempted to describe the partial processes and components that form within the 

dynamics of team collaboration. [8-10] One of the most widely accepted models of teamwork is the Dickinson 

and McIntyre’s model. [11] Dickinson and McIntyre's model of team collaboration process is based on the 

definition of seven major components of team collaboration and the relationships between them. They are: 

 communication, 

 team orientation, 

 team leadership, 

 monitoring, 

 feedback, 
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 coordination, 

 communication. 

 

Figure 1 The teamwork model by Dickinson and McIntyre [11]  

Even though the model captures some general aspects of teamwork, its direct implementation into the real-

life business processes such as the supply chain management or logistic team management is unlikely. To 

provide an efficient and comprehensive framework for organizations to manage their teams better, a new, 

more complex and more specific model is needed. 

3. IMPORTANCE OF TEAMWORK FOR LOGISTICS AND SUPPLY CHAIN MANAGEMENT 

The system of teamwork is complex, and the understanding of its principles can bring competitive advantage 

to the organization in almost all of its processes. The logistic processes and management of the company’s 

supply chain are no exception. The principles of team work can be applied to logistics and supply chain 

management in two different cases. 

In the narrower sense, teamwork can be applied to teams responsible for planning and executing logistic 

processes inside an organization. Within the teams like these, a correct utilization of cooperation and teamwork 

can help improve the internal processes and create a new competitive advantage. Unfortunately, the teamwork 

processes are not always sufficiently utilized in areas such as logistics. [12] Cross-functional teams inside the 

organization are responsible for the process of purchasing, storing and delivering the goods needed. To 

successfully and efficiently conduct the processes mentioned, an active cooperation of employees from several 

organization’s department is necessary. Teamwork plays a decisive role in order to effectively coordinate and 

improve operations concerning the purchasing, storing and delivering the goods. It also helps the organization 

to be more agile and respond quicker to the changes in the market and in the supply chain. [13] 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

352 

In a broader sense, teamwork can be applied to much bigger and more complex systems such as the 

cooperation of multiple links in the supply chain. The implementation of teamwork principles into the supply 

chain management has been researched and a significant correlation between teamwork and supply chain 

satisfaction has been found. [14] An inadequate teamwork and the lack of cooperation can also represent an 

important inefficiency inside the supply chain. [15] Capability to work in a team and other teamwork skills such 

as leadership, ability to negotiate and influence others have been highly recommended by Manon as a 

necessary tool for all supply-chain managers and employees. The reason is that it’s mostly these skills that 

help employees and managers with their everyday interactions with supply chain partners but also within their 

own company. Teamwork skills of the managers and employees have been also found to impact delivery 

performance of the organization.  

While traditional technical skills required for managing the supply chain are still of vital importance, another set 

of soft skills such as team skills, negotiation skills, strategic skills, and the decision-making skills, is also needed 

and can significantly improve the supply chain. [16] Some organizations realize this and invest not only in the 

supply-chain-related technical training but also into the non-context-specific training of teamwork or leadership 

skills. [17] Within the present business conditions, it is becoming more and more common to use cross-

functional, cross-company teams responsible for managing joint business processes. These teams consist of 

members from the individual companies and they act as the boundary spanners between the individual 

companies. Effective operation of supply chain teams is an important contributor to its success as a whole. 

[18] In his research, Day [19] found out that cooperating companies and their boundary spanners are more 

motivated to work closely and foster relationships because they have created interpersonal and 

interorganizational investment in cooperation.  

4. THE PROPOSED TEAMWORK MODEL FOR LOGISTIC TEAMS  

As it was mentioned above, theoretical models of teamwork are well established and researched. However, to 

successfully implement principles of teamwork into the organization processes, a more specifically constructed 

model could be more helpful. The proposed model has been designed based on the extensive theoretical 

research, content analysis and real needs of organizations.  

 

Figure 2 The proposed teamwork model 
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As a part of the initial planning, management defines the strategic goals and requirements of team 

collaboration. It defines the properties of the team collaboration output, schedules organizational resources 

assigned to the team, and sets deadlines. After the initial planning, teams are being formed. In order to properly 

select individual team members, the organization must consider whether it creates teams by itself or it fosters 

a work environment where teams emerge organically. If the organization selects members, it must define the 

criteria for selection and consider balancing the individual roles within the team. When the team is assembled, 

the orientation period starts. During this period team members also define the individual and team 

responsibilities and functions. The team should be fully capable of cooperating internally and using the 

principles of teamwork to run itself, learn and evolve after the orientation period is over. Team informs the 

management about its function via periodical reporting. The teamwork on a broader level is represented by 

the cooperation with other teams in other companies inside the supply chain. To do this, the teams are vertically 

coordinated by a cross-company boundary spanner team. The efficiency and the work of the team are being 

controlled by the management via monitoring. 

5. CONCLUSION 

The main goal of this paper was to briefly introduce the concept of teamwork and the theory regarding this 

concept and subsequently confront this very complex and relatively general topic with the unique nature of 

logistic teams and teams responsible for supply chain management. With this confrontation in mind, the 

general teamwork frameworks presented in literature were considered and synthetized into a new proposed 

model of teamwork. This model should better reflect the conditions of the teams mentioned, and at least 

partially clarify the process of teamwork.  

While at the first sight the teamwork and teamwork dynamics can look as simple as putting some employees 

together and telling them they are a team now, in reality, it is a much more extensive and complex topic. When 

implemented right, teamwork can create synergy, enrich the work environment and provide a significant 

competitive advantage. Unfortunately, the topic is widely misunderstood by organizations, and even though it 

is widely talked about, it is very rarely implemented to its fullest potential. To achieve better utilization of 

teamwork, organizations must not only see a team as a management tool but also realise that it is a social 

group with its own complexities and uniqueness.  

When it comes to the area of logistics and supply chain management, the basic principles of teamwork can be 

used at two different levels. In the narrower sense, teamwork principles can promote cooperation and synergy 

between the individual employees working in logistic teams. But in the broader sense, the principles can be 

applied to the whole supply chain and help all its members.  

The paper focuses on bringing the attention to the huge potential of implementing teamwork principles into the 

organization and the whole supply chain. While the topic is becoming more topical, more and more research 

is being conducted, and the organizations are provided with new pieces of information. The opinion of the 

authors is that for the future improvement of teamwork utilization, a tangible list of implementation instructions 

for organizations is needed.  
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Abstract 

Characteristic of today's tactical operations is used on a large scale of various military equipment, which is 

characterized by a high degree of technical sophistication and complicated construction. 

Under the current conditions, achieving and maintaining success in combat is connected with the necessity of 

securing and supporting appropriate technical execution potential, guaranteeing them to perform maintenance 

tasks, reconnaissance tasks, evacuation tasks and technical supply, in such a way that unlicensed equipment 

can return to the grouping and be used again in fight. 

Correct use of the evacuation and repair potential requires precise data on: the health of the crew; the degree 

of damage to the equipment; the scope of necessary corrective actions necessary to restore its technical 

suitability, approaches and surroundings with damaged equipment. Obtaining the necessary information is 

possible thanks to the activities undertaken as part of technical reconnaissance. 

Solutions should be sought that will enable technical operations to be carried out on as many damaged 

equipment as possible in the shortest possible time and distribution of information to the appropriate 

components of the technical security system in order to make the best use of their executive potential. 

New possibilities in the field of technical reconnaissance are offered by the development of various types of 

unmanned aerial vehicles, whose role in many armies is constantly growing. In the leading allied armies, the 

development of unmanned combat and support systems is one of the strategic priorities for the development 

of armed forces. 

Keywords: Military logistics, battlefield maintenance, technical recognition, unmanned aerial vehicles 

1. INTRODUCTION 

The NATO armies still are looking for new solutions which let improve the possibilities of the maintenance 

system under combat operations. The analysis of contemporary armed conflicts show that maintenance 

activities are very often limited to basic actions like technical recognition, recovery, evacuation, expedient 

repair and destruction of broken weapon systems [1]. 

Bearing in mind the above and taking into account the fact that tactical actions are carried out in a diverse 

fighting environment, i.e. in various terrain, atmospheric and climatic conditions, with increased dynamic loads 

for military equipment and psychophysical loads for soldiers. The rational use of military equipment in field 

conditions is of special importance. 

Correct use of the evacuation and repair potential requires precise data on: the health of the crew; the degree 

of damage to the equipment; the scope of necessary corrective actions necessary to restore its technical 

suitability; approaches and surroundings with damaged equipment. Supplying the necessary information is 

possible thanks to the activities undertaken as part of technical reconnaissance. 

The main aim of the article is to analyze the possibility of implementation of unmanned aerial vehicles 

technology in the process of technical reconnaissance. The technical capabilities available to unmanned aerial 
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vehicles in combination with the classic solutions used in technical reconnaissance should lead to the synergy 

effect and, as a result, the efficiency of technical reconnaissance. 

2. TECHNICAL RECONNAISSANCE 

One of the areas responsibility of technical support is technical reconnaissance, which can be defined as 

determining the qualitative and quantitative status of military equipment, elements of technical infrastructure 

and the condition of their immediate environment as part of the assessment of the technical situation and 

determining the rational division of technical potential [2]. 

The technical reconnaissance is planned and organized for all types activities at all levels of the organization. 

They are usually carried out with other endeavors, combining with engineering reconnaissance, 

reconnaissance contamination and the clearing of approaches and roads, medical support and technical 

recovery. The main tasks of technical reconnaissance include [3]: 

 Determining the degree of wear (destruction) of military equipment and its capabilities use in further 

activities, 

 determining the location of military equipment excluded from combat, 

 determination of the reasons for the exclusion of military equipment from the fight, determination of 

character damage and scope of evacuation and repairs, 

 finding suitable hideouts for military equipment and evacuation routes, 

 choosing places for the deployment and development of subunits repair and evacuation, 

 determination of the use of military equipment left by the enemy, 

 providing medical support to crews of damaged military equipment, 

 providing technical recovery. 

The technical reconnaissance plays a crucial role in the process of weapon system maintenance. It should be 

executed very quickly and carefully at the same time since it determine further actions which will be taken by 

logistic elements. It includes evaluating the extent of damage sustained and determining whether deferment 

is feasible. Scheduled and unscheduled maintenance and minor battle damage, except for necessary 

lubrication, servicing, and preoperational checks, may be deferred. Unscheduled maintenance, such as the 

repair of systems and subsystems that have adequate redundancy or are not critical to mission 

accomplishment, can be deferred. Relaxed inspection criteria for repair and weapon systems performance 

should also be evaluated and defined [4]. Damage assessment is procedure to rapidly determine what is 

damaged, whether it is repairable, what assets are required to make the repair, who can do the repair (e.g., 

crew, maintenance team or maintenance support team), and where the repair should be made. The 

assessment procedure includes the following steps (Figure 1) [5]: 

 Determine if the repair can be deferred, or if it must be done; 

 isolate the damaged areas and components, 

 determine which components must be fixed, 

 prescribe fixes, 

 determine if parts or components, materials, and tools are available, 

 estimate the manpower and skill required, 

 estimate the total time (clock hours) required to make the repair, 

 establish the priority of the fixes, 

 decide where the fix shall be performed, 

 decide if recovery or evacuation is necessary and to what location. 
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Figure 1 Chart of battle damage assessment [own elaboration based on 5] 

The technical reconnaissance tasks are carried out by the designated forces and means of technical 

reconnaissance and interoperating elements of technical protection. In the land forces component, technical 

reconnaissance is provided by [3]: 

 Patrols of reconnaissance and technical assistance, 

 technical reconnaissance patrols, 

 technical reconnaissance group, 

 evacuation and recovery groups, 

 technical evacuation groups. 
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The above mentioned logistic devices use military vehicles thanks to which the process of technical 

reconnaissance is possible. In the Polish Armed forces, both wheeled vehicles (Figure 2) and tracked vehicles 

(Figure 3) are used for this purpose. 

 

Figure 2 Wheeled vehicles for technical reconnaissance and evacuation. On the left - technical 

reconnaissance vehicle ROSOMAK WRT [7], on the right - technical evacuation vehicle SCANIA R 730 [8] 

 

Figure 3 Tracked vehicles for technical reconnaissance and evacuation. On the left - Armored Recovery 

Vehicle WZT-3 [9], on the right - Armored Recovery Vehicle Bergepanzer 2 [10] 

3. UNMANNED AERIAL VEHICLES IN THE TECHNICAL RECONNAISSANCE 

The essence of technical reconnaissance is the acquisition, analysis and assessment of information about the 

technical situation and facilities of the logistics infrastructure necessary to organize and manage the technical 

protection of troops and subunits in combat. The basic objects of technical reconnaissance in tactical 

operations at the subunit level should be military equipment excluded from the fight as a result of, for example, 

immobilization, damage or destruction. 

An extremely important element affecting the maintenance of combat abilities of subunits and branches is the 

response time, as in equation (1), to technical losses arising in battle modules in the area of operations. The 

decisive factor in this respect is the speed of implementation of reconnaissance and evacuation tasks and the 

flow of information related to this, both within the subunit as well as between the supporting elements of its 

operation [6]. 
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In connection with the above, solutions should be sought so that it will be possible to perform technical 

reconnaissance operations on the largest possible number of damaged combat systems in the shortest 

possible time and distribution of individual groups of information to the appropriate components of the technical 

security system in order to make the best use of their executive potential. �� � ����������E��E���              (1) 

where: 

Tr - reconnaissance time 

S - distance from the military equipment (km) - company up to 1.5 km, battalion up to 3 km, brigade 

up to 10 km  

Vdoj - speed of access (km/h) 

trozp - recognition time (min) - 10 - 15 min 

tpowr - time to return to previous position (min) - 5 - 60 min 

New possibilities in the field of technical reconnaissance are offered by the development of various types of 

unmanned platforms in the form of remotely controlled flying platforms, whose role in many armies is constantly 

growing, especially since they are increasingly autonomous. In the leading allied armies, the development of 

unmanned combat and support systems is one of the strategic priorities for the development of armed forces. 

Table 1 Unmanned Aircraft Classification Guide [own elaboration based on 11] 

Class Category 
Normal 

Employment 

Normal 
Operating 
Altitude 

(m) 

Normal 
Mission 
Radius 

(km) 

Example 
Platform 

(Polisch Armed 
Forces) 

Class III 
(> 600 kg) 

HALE 
Strategic/ 
National 

< 20,000 
Unlimited 
(BLOS) 

Global Hawk 

MALE 
Operational/ 

Theatre 
JTF 

< 12,000 
Unlimited 
(BLOS) 

Predator A & B, 
Heron, 

Hermes 900 

Class II 
(150 - 600 kg) 

TACTICAL 
Tactical Formation 

Brigade 
< 900 

200 
(LOS) 

Sperwer, 
Iview 250, 

Hermes 450, 
Aerostar, 

Watchkeeper 

Class I 
(< 150 kg) 

SMALL (> 20 kg) 
Tactical Unit 

Battalion, Regiment 
(employs launch system) 

< 360 
50 

(LOS) 
Luna, 

Hermes 90 

MINI (2 - 20 kg) 
Tactical Sub-Unit Company 

(manual launch) 
< 300 

25 
(LOS) 

Scan Eagle, 
Skylark, Raven, 
(FlyEye, Orbiter) 

MICRO (< 2 kg) 
Tactical Platoon, Squad 

Individual 
(single operator) 

< 60 
5 

(LOS) 
Black Widow, 
(Dragonfly) 

where: 

 MALE - Medium Altitude, Long Endurance  HALE - High Altitude, Long Endurance 

 LOS - Line Of Sight     BLOS - Beyond Line Of Sight  

The reconnaissance and technical evacuation vehicles presented in chapter 2 may be an appropriate base for 

placement the unmanned aerial vehicles. For the tasks related to the technical reconnaissance the best choice 

will be the use of the smallest Unmanned Aircraft class I with a rotorcraft platform (Unmanned Aircraft 
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Classification is shown in Table 1). They will provide imaging recognition of damaged or immobilized military 

equipment. Unmanned Aerial Vehicles have a vertical takeoff and landing system in an unprepared space and 

equipped with an observation system operating in the visible band. Examples of constructional solutions is 

shown in Figure 4. 

 
Figure 4 Class I MICRO UAV Vulcan Raven with Anti Vibrations System [12] 

4. CONCLUSION 

Taking into account the performed studies, following conclusions can be drawn: 

 A battle damage assessment plays a crucial role in the process of weapon system maintenance since 
it determines further actions which will be taken by logistic elements. It includes evaluating the extent of 

damage sustained and determining whether deferment is feasible. 

 The use of a unmanned aerial vehicles to assess the technical condition of damaged or excluded combat 

equipment will have a positive effect on the efficiency and safety of the technical reconnaissance 

process. 

 The implementation of an unmanned aerial vehicles in technical reconnaissance should be limited to 
the latest and prospective weapon systems. 
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Abstract 

Transportation is one of the major factors influencing progressing global warming effect. To decrease the 

impact, different energy sources are being explored. The following study considers the experiment of Lodz 

Solar Team - group of students of Lodz University of Technology, Poland - with implementation of photovoltaic 

panels in two prototypes of electric cars, during years 2014-2018. Driving tests were conducted on 2 routes: 

for 3022 km in Australia and 2817 km in South Africa. Performance results of created prototypes were positive 

and qualify solar-powered cars to be suitable for everyday use. Development of infrastructure for electric cars 

and usage of solar energy in means of transportation like airplanes and trains can be seen as a positive 

feedback for this technology.  

Keywords: Solar energy, solar-powered car, innovative technologies, renewable resources 

1. INTRODUCTION 

Transportation is one of the biggest factors, causing global warming. It does not only contribute to a huge 

amount of combusted fossil fuels. There is also an aspect of noise, biodiversity, soil and water pollution. Long-

term programs are being developed to provide preventive actions. One of them is introduction of renewable 

energy resources in the industry. The biggest field of interest is transportation. The following study concerns 

the benefits of implementation of solar energy as a solution for self-sustainable cars for everyday use. It is 

based on observation of a group of Polish students, called Lodz Solar Team and its prototypes, produced 

during years 2014-2018. Different aspects of this technology are concerned: principles of operation, 

advantages and disadvantages for potential buyers and view on further development. As the team is the first 

such a project in Poland, there are no studies on this topic presented yet. 

2. SOLAR-POWERED CARS PROTOTYPES 

Transportation plays a huge role in greenhouse production, especially in an urban area (covering most of the 

Old Continent), the European Union has set a target level of renewable energy resources used in transport. 

Individual standard, established according to the development rate and abilities of each EU member, must be 

reached by the end of 2020. As the Figure 1 shows, in 2016 there were only two countries that reached two-

digit percentage share of renewable energy resources used in transportation. These are Sweden - 30.3 % and 

Austria - 10.6 %. Level of development in this range is varying, however, down to less than 1 % for Estonia. 

Poland in 2016 reached a level of 3.9 %, as depicted in Figure 1. 

As a reduction of the emission of products of burned fossil fuels in transportation is required, the concept of 

introduction of electric cars is inevitable [2]. An electric car is a one that uses electric motors supplied by energy 

from a rechargeable battery pack. As a new trend, more and more well-recognized car brands like Ford, 

Toyota, Skoda or specialist in this field - Tesla are investing in the development of this branch. Worldwide 

known luxury brand - Bentley presented its new stunning electric EXP 12 speed 6E model during Geneva 

salon 2017. However, currently, the energy stored in a battery is delivered from “the socket” so from the power 

station using coal. Also, the battery, as a hazardous material, poses a major problem during the utilization 
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process. Therefore, the concept of usage of hydrogen or solar power for transportation seems to be a proper 

solution. Hydrogen is mostly used as a rocket fuel, however, in the USA there are about 500 cars [3], supplied 

with such a solution. Besides being eco-friendly, there is still an opinion among society that such system is of 

high risk, very likely to explode. No trust imposes a low demand for such cars, what prevents refilling stations 

from development and in turn the system development itself. 

  

Figure 1 Share of renewable energy in fuel consumption of transport. [1] 

In the case of the solar-powered car, there is no mass production of such a model for now. Usage of 

photovoltaic panels would, however, ensure fully eco-friendly driving. In an ideal situation, the car would be 

independent of any external power supply, gathering only energy from the sunlight reaching the Earth. 

Several prototypes of such a car have been built in the best research centers all around the world. Besides 

fun-art, there are numbers of students’ teams, that are constructing such cars to compete against each other 

in the most difficult races, taking place in very demanding environmental conditions. Races differ a bit between 

continents, however, the general idea remains the same: to push the limits of the technology and present the 

most efficient solar-powered car as possible. Contestants are divided into 3 groups: Challenger Class - cars 

that have to cover the route (around 3,000 km) in the shortest time possible, carrying the driver only, Cruiser 

Class - cars for at least 2 people that are supposed to cover as many kilometers per person as possible and 

Adventure Class for all participants that do not fit into other categories and drive for self-test. 

The first team in Middle-Eastern Europe is one from Poland, called Lodz Solar Team, representing Lodz 

University of Technology. It consists of around 30 students of different specialties, that are divided into 4 sub-

teams: mechanical, electrical, developers and marketing. The team presented its first prototype in 2015. So, 

called Eagle One is a two-seats city car, equipped with 5 m2 of photovoltaic panels with an additional 1 m2 

mounted over windscreen at stops. The car is 1.8 m wide and 4.5 m long, weighing only 430 kg. The energy 

is stored in a battery of capacity 15 kWh and sent to two 5kW motors, mounted in wheels for better efficiency. 

As for the first-ever built car, performance outcomes are impressive: maximum speed reaches 120 km/h, while 

distance covered with optimum speed reaches the number of 1,500 km on one charge. 
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Figure 2 Eagle One during World Solar Challenge 2015 in Australia 

The car was representing Poland in two the most important races in the world - in 2015 in Australia and in 

2016 in South Africa. In 2015, the team has covered around 3,000 km per person, achieving the best result 

among debutants. It was also awarded with Safety Award for the safest construction of the car. During the 

following year, the team has participated in Sasol Solar Challenge in South Africa, where the team presented 

the first ever in the history of this race. Covering 2817 kilometers per person, Lodz Solar Team has set 3 new 

records for next editions of the event. The team was also awarded with Communication Award for the best 

media coverage from of the event. 

A year later, Lodz Solar Team has released a new version of the car - Eagle Two. It appeared to be one of the 

two first 5-seats solar-powered vehicles in the world. The new car has refreshed silhouette, prepared by 

aerodynamic specialists in cooperation with students of Lodz Academy of Art. According to changes of the 

race’s regulations, Eagle Two has only 5 m2 of PV (photovoltaic) panels on the rooftop and smaller battery, 

which results in a range of 800 km on one charging only. However, this prototype has proved to be much more 

efficient during test during Bridgestone World Solar Challenge 2017 in Australia, setting new Polish record to 

4,496 kilometers per person. 

 

Figure 3 Eagle Two during World Solar Challenge 2017 in Australia 

The principle of operation of such a car is quite simple. Solar energy is gathered by photovoltaic panels, 

mounted on the rooftop. A photovoltaic panel (PV) consists mainly of a semiconductor. This element has two 

parts - positive (p) and negative (n). Both of them are basically made of silicone but have different structures. 
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P part has Bohr atoms in the construction. These molecules have only 3 electrons on the last shell, one less 

than silicon, meaning that there is one, positively charged hole. N part, on the other hand, is created by silicone 

structure, where some of the silicon atoms have an additional fifth electron. As the system tends to equilibrium, 

holes of P part are being filled with loose electrons of part N. When a photon hits a PV panel, it extracts an 

electron, creating a pair of electrons and a hole. The movement of electrons creates potential difference, 

resulting in electricity flow. The semiconductor is connected with two electrodes which pass the electric 

impulses through MPPT to load, which in case of this car is a battery. The energy afterward is passed from 

battery to two motors mounted directly in rear wheels. The car is equipped also with a port for charging the 

battery from chargers for electric cars. 

 

Figure 4 Cross-section of the car - "Eagle One" 

The team is constantly improving car prototypes. Its research does not only investigate the boundaries of 

technology but also moves in the direction of adjusting the car features to the requirements of typical car users. 

For instance, solar-powered cars are being adjusted to use super-fast chargers for simple electric cars or 

possess typical modern facilities as USB ports for phone charging. The final outcome for mass production 

should fulfill the typical requirements of car users: 

 Efficiency - low consumption of energy; 

 Comfort - for the driver and passengers; 

 Connection with the internet - being in constant connection with the world and safe usage of applications 

during driving; 

 Eco - not producing any harmful substances during usage; 

 Modern look - interesting shape, modern materials; 

 Space for luggage - for short and long journeys; 

 Safety - during normal use and in case of accident; 

 Low mass - of particular components that result in better efficiency; 

 High maximum speed - reaching destination points in the shortest time possible; 

 Support for a driver - systems providing help during operations e.g. during parking; 

 Monitoring driver’s life parameters - prevention of accidents.  

Amount of Sun’s energy reaching Europe is widely perceived as not sufficient for supplying everyday use of a 

city car. As the map shows in Figure 5, the estimated energy collection potential varies depending on the 

latitude. The best results can be obtained around North Territory of Australia, South Africa, Sahara Desert, 

and adjacent areas, Arabian Peninsula, Andes and scattered regions among South USA and South Asia. The 

highest results are reaching the value of 2,500 kWh/m2, while Europe is in the range of 1,000-1,500 kWh/m2. 

For comparison, an average kettle uses 0.11541 kWh for boiling water for over 4 minutes. The solar energy, 
reaching the Earth seems to be a promising source that has not been popularly used so far [4]. 
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Figure 5 Yearly sum of solar energy reaching the Earth in kWh/m2 [5]  

As solar-powered cars are a new electric cars’ version, it is worth investigating the current development of 

electric cars themselves. According to European Alternative Fuels Observatory’s data, the infrastructure for 

this car type has experienced dynamic growth since 2010. Not only the number of charging stations is 

increasing but also diversification of their types can be observed. 

 

Figure 6 Total number of PEV charging positions [6] 

What is more, governments of European countries are supporting the exploration of this technology. According 

to Multicriteria Analysis of Innovation Policies in favor of Solar Mobility in France by 2030 [7], France is 

investing in a concept, that could be understood as “inverse smart grid”, meaning charging electric vehicles 

from house battery, supplied by PV panels on its rooftop. However, smart grid solution itself seems to be more 

efficient. In this case, a house is equipped with a battery, charged from PV panels, mounted on the roof of the 

car. In this way, solar energy is used to charge the car while driving, whereas the surplus of energy gathered 

by the parked car is used to supply the house battery. 

Additionally, there are more examples of the implementation of solar energy in transportation. Poland besides 

solar-powered cars has also developed an award-winning solar-powered boat. Alumni members of one of the 

Dutch students’ team, participating in World Solar Challenge have launched a startup, producing solar-

powered cars, called “Lightyear”. In 2017 Australia has launched the very first solar-powered train [8]. All these 

projects give hope for the future of wide usage of solar energy in transportation. 

3. CONCLUSION 

Transportation is one of the most significant agents, having negative impact on climate changes. Electric cars 

are gaining popularity, however, the energy used for charging is mostly produced from fossil fuels. Therefore, 

the development of alternative energy sources and implementation in this industry is crucial. Basing on the 
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outcomes of Lodz Solar Team project, investigation of solar-power usage in transportation seems to be worth 

exploration. There are several points that should be considered: 

 Solar energy implementation in transportation is being explored by students around the world. Teams 

are building prototypes and subject them to extreme conditions during solar-car races. 

 Lodz Solar Team from Poland is proving that even Europe inhabits good environment for everyday 

usage of solar energy to supply a car. Its prototypes expose several advantages over traditional cars, 

such as lower cost of maintenance due to the usage of electric motors as well as an elimination of 

harmful substances emission, produced by a traditional engine.  

 Solar-powered car can be self-sufficient, as may be supplied only by the energy of the Sun. However, 
the range of these cars is more limited than in the case of traditional ones. Adjusted models can use 

fast-charging points for electric cars, which are constantly being developed and increase in number 

around Europe.  

 Sun is an unlimited charger for these types of cars, however, time required for this process can disrupt 

the comfort of traveling.  

 Although cost of the production currently is a disadvantage for this technology, there are many projects 
for different means of transportation where solar energy is successfully implemented and will be 

researched further. 

The topic of solar energy implementation in transportation should be further examined and considered as one 

of the most recommended solutions for the future of the industry. 
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Abstract 

The present paper deals with maintenance in a public transport enterprise. It contains an overview of the 

implementation of the prescribed maintenance of vehicles while the main purpose is to analyse the 

maintenance costs, i.e., the costs of the service process logistics. In Pareto analysis, both mileage and 

maintenance costs were assessed. The maintenance costs of public transport vehicles were also analysed 

according to unitation criterion. 

Keywords: Maintenance, transport, Pareto 

1. INTRODUCTION 

In Slovakia, public transport is provided primarily by buses, trains, trolleybuses, trams and taxis. The public 

transport system is particularly the most efficient due to its large capacity. The forecasts of the development 

of transport in Europe for the period by 2030 is as follows: passenger transport + 40 %; freight transport by 

2030: + 60 %; and motor vehicles by 2020: + 50 %. According to the latest McKinsey Global Institute's study, 

despite the current depression in this industry, the number of passenger motor vehicles will double by 2030 [1].  

Only the high-quality public transport may become the keystone of mobility that would also lead to the reduction 
of the environmental burden. Important aspects include not only smart electronic services, general comfort, 

and above-standard offer but also safety. In terms of operation safety, it is necessary to require that the means 

of transport are in a perfect condition and such requirement must be of primary importance. 

The technical life of a vehicle represents a numerical expression of its service life that denotes the vehicle’s 

capacity to fulfil the required functions until it reaches the terminal state under the predefined system of 

prescribed maintenance and repairs that are carried out within the logistics of service processes in an 

enterprise. The fundamental function of maintenance and repair activities is to ensure the operational capacity 

of vehicles [2]. Thus, logistics as the multi-aspect support of the technical system also ensures the 

maintenance tasks [3,4]. 

If we depict the operation of a means of transport as an important section of its lifecycle (Figure 1), we may 

present the summary of purposeful activities as a set consisting of two sections: i) a summary of maintenance 

operations and ii) a summary of repair operations. The Figure 1 presents a scheme of the curves of failure 

intensity, probability of a fault-free operation, and a typical development of wear of certain parts of a means of 

transport in three stage of its lifecycle - break-in, normal operation, and terminal states, i.e., the run-down [5]. 

The ways of how a user may affect individual monitored parameters are briefly described in the figure below.  

As a result of gradual replacement of obsolete vehicles with new ones, the vehicles in a single fleet are of 

different ages and, therefore, there are different requirements for their maintenance and repair. Efficient 

processing of the long-documented maintenance data may provide a lot of information not only on the history 

of the vehicles but also on the maintenance system [6]. The fleet renewal depends primarily on the lifecycles 

of the vehicles and the carrier’s needs. One of the key qualitative characteristics, in terms of the theory of 

renewal of the means of transport, is reliability. Progressiveness of the new systems of vehicle renewal is 

based on the application of technical systems that monitor failure rates and evaluate vehicle reliability and 

quality, and on controlling and implementing systems of technical diagnostics. The decisive factors of reaching 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

369 

and maintaining high operational reliability of vehicles include the diagnostics tools, being the sources of 

objective information on a real technical condition of a unit and its parts [5]. General considerations regarding 

the diagnostics within the vehicle renewal systems are discussed in papers [7,8].  

 

Figure 1 Means of transport lifecycle stages with monitored parameters [5] 

The subject of this paper is the maintenance of means of transport used in public transport. The Pareto analysis 

was applied to assess the selected indicators - a number of driven kilometres and costs of maintenance of a 

means of transport. The main objective of the data analysis is to improve the efficiency of maintenance as a 

servicing logistic process that is closely related to increasing the reliability of the means of transport; this has 

a substantial impact on the quality of the logistics system in an enterprise. 

2. METHODOLOGY 

Decisions made when resolving individual situations were made on the basis of the recorded data, especially 

the data on their quality and amount, and the duration of the time period or the operational section of the 

performance of a particular means of transport. Following the data acquisition, decisions were made on the 

methods of data processing in terms of their frequency. Even with a small amount of data, the characteristics 

can be identified by applying the methods like the Pareto analysis [5] which belongs to the key decision-making 

tools used by maintenance manager. The Pareto analysis facilitates the identification of the main causes of 

undesired events and the subsequent focusing on these causes [9]. The Pareto analysis belongs to the 

analytical tools that are integrated in the concepts of maintenance management - RCM (Reliability Centred 

Maintenance) and TPM (Total Productive Maintenance) [10,11]. RCM is based on increasing safety of more 
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cost-effective maintenance activities and it also deals with the evaluation of the occurrence of potential causes 

of equipment failures (e.g., neglected maintenance, wear, etc.). Practically, the TPM system is based on the 

principle of early detection of abnormalities occurring randomly due to the equipment operation and during 

professional removal of such abnormalities. Maximum amount of diagnostic and maintenance activities are 

therefore transferred in the TPM from conventional maintenance departments directly to the manufacture 

staff [12]. 

In paper [13], the Pareto diagram is applied to the control unit for vehicle repairs and maintenance. The Pareto 

analysis procedure is described in more details in paper [14]. Using the Microsoft Office Excel software, Pareto 

diagrams and the Lorenz curve were prepared; the curve joins the cumulative sums of percentages of the 

processed data. The shape of the Lorenz curve [15] indicates the level their differences. The more a curve 

looks like a line, the smaller the difference is, and vice versa. The Pareto analysis was carried out using the 

data obtained from the operation - the costs spent on maintenance of the means of transport and the number 

of driven kilometres for 57 types of buses while the last digit in the designations of individual bus types 

represents their age in years. The average age of buses in a transport company’s bus fleet was 8 years, their 

minimum age was 1 year and the maximum age was 19 years.    

3. RESULTS AND DISCUSSION 

Maintenance of buses of transport companies is usually carried out by a third party contractor - an external 

service provider. With this regard, the key activities include the scheduled inspections and small repairs. 
Scheduled maintenance of the vehicles is carried out in compliance with the instructions given by the 

manufacturer of a particular vehicle type and as agreed with the servicing company that determines the 

intervals between individual inspections and the activities that must be arranged within the inspection. Regular 

maintenance depends on the number of driven kilometres and the corresponding period of time. All the 

detected defects, failures and damage are removed immediately, if possible, or a repair is scheduled at the 

earliest possible date. However, such repairs are not a part of the regular maintenance. Repairs of operational 

failures are carried out instantly or they are scheduled at an earliest possible date. 

Monitoring the operation of the means of transport provides new data that must be evaluated applying 

appropriate methods aimed at identifying important characteristics and control parameters of maintenance, 

and at supporting the decision-making processes. In order to evaluate the data obtained with regard to the 

maintenance of the means of transport that are used in public transport, the Pareto analysis was applied. In 

the case of a simple Pareto analysis, the monitoring was focused on the number of kilometres driven by buses 

(Figure 2) and the costs of maintenance of such means of transport (Figure 3). 

 
Figure 2 Pareto diagram for the numbers of kilometres        Figure 3 Pareto diagram for the costs of bus  

                      driven by buses [own study]                                             maintenance [own study] 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

371 

The simple Pareto analysis was applied to identify the buses, in the total number of 24 types; out of them, both 

simple Pareto analyses identified 16 identical bus types as those that have the strongest impact on the logistics 

costs of a transport company. In 33 % of the monitored bus types the maintenance costs represent 80 % of 

the total maintenance costs. 

As to the driven kilometres, 80 % of the total driven distances represent 37 % of the types of buses in the fleet. 

Particular types of buses are summarised in Table 1 for individual performed analyses; the types of buses that 

occur repeatedly in individual analyses are differentiated by different colours.   

Table 1 Types of buses representing 80 cumulated % of selected indicators [own study] 

No.  € km €*km €/km 

1 C2_9 C3_10 C5_4 C1_8 C2_9 - K1_18 C1_9 

2 I1_10 C1_6 C2_6 K2_10 C5_4 - K3_11 K1_15 

3 C1_9 C5_3 C5_3 I3_5 C2_6 - K3_16 K3_15 

4 C2_7 K1_15 C7_3 C1_6 C2_7 - I1_14 C3_9 

5 C2_8 - C2_9 K3_11 C1_9 - K3_14 C2_8 

6 C2_6 - C2_7 C4_5 C2_8 - S1_16 C2_7 

7 C5_4 - C2_8 - I1_10 - C3_10 K2_10 

8 K3_13 - C10_2 - K3_13 - C1_10 I3_7 

9 K3_12 - C1_9 - C2_5 - I1_10 I5_7 

10 I3_7 - C2_5 - I3_7 - K3_12 C3_6 

11 C1_8 - C9_2 - - - C2_9 C3_8 

12 C2_5 - I1_10 - - - K1_19 I1_12 

13 K3_11 - I3_7 - - - C1_8 I2_5 

14 K2_10 - K3_13 - - - K3_13 C1_6 

15 C1_10 - K3_12 - - - K1_16 - 

In addition to the simple Pareto analysis, also the combined Pareto analysis is typically carried out (Figure 4); 

in the combined analysis, the costs of maintenance of the means of transport were multiplied by the number 

of driven kilometres. This Pareto analysis identified 10 types of buses, representing 18 % of the total number 

of means of transport for which the cumulative % reached the value of 80. All the types were also identified by 

the performed simple Pareto analyses.  

 
Figure 4 Pareto diagram of the combined analysis     Figure 5 Pareto diagram for the unitation criterion 

          [own study]                                                [own study] 
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Moreover, the Pareto analysis was carried out using the unitation criterion - the costs of maintenance of the 

means of transport per 1 driven km (Figure 5). In this case, 51 % of the means of transport reached 80 

cumulative %. The maximum €/km ratio identified for the K1_18 bus, i.e., the oldest vehicle, significantly 

exceeded the ratios of other bus types. The reason is the minimum number of kilometres driven by this bus.   

4. CONCLUSION 

The Pareto analysis represents an appropriate tool for the identification of important characteristics and control 

parameters of maintenance and it also supports the decision-making processes. The Pareto analysis was 

applied to evaluate the numbers of driven kilometres and the costs of maintenance of the means of transport. 

The costs of maintenance of the means of transport do not clearly indicate whether the given bus types are 

also the ones with the highest failure rates, whether they required replacement of the most expensive parts, 

or whether certain failures occurred repeatedly. Unfortunately, this transport company currently does not 

perform the registration of failures of the company fleet vehicles. An appropriate solution aimed at increasing 

the efficiency of maintenance, as a service logistics process, would be to extend the scope of registered 

interventions with the vehicles and of the data on failure rates of the means of transport, more extensively 

linked to the quality and the resulting operational characteristics. Data sources represent important tools that 

support the decision-making and the reliability may be increased using the long-term data on the development 

of changes in the technical condition of vehicles, failure causes, extent and types. 
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Abstract 

The main purpose of the paper is presentation the functionalities of regional technology observatory using the 

example of material production and processing technology observatory operating in śląskie region. The role 

of technology observatory is presented and discussed as the element of strategic management on the regional 

level. On the base of literature analysis the theoretical background of regional technology observatories was 

analyzed. On the other hand some examples of existing technology observatories operating in Europe were 

analyzed to find the practical tasks for these kind of projects. In the end the example of regional observatory 

in the technological area of material production and processing was presented and discussed in the light of 

presented premises.  

Keywords: Technology observatory, regional development, material production, material processing,  

        technology assessment 

1. INTRODUCTION 

Technology is one of the pillars of contemporary economic development as Schumpeter emphasized [1], more 

and more globally accessible [2], but for the local and regional purposes, authorities in partnership with regional 

companies and scientific institutions develop regional programs of technology development [3]. The 

technology policy in Europe was subject of intensive changes at the regional level - from regional system 

approach [4,5]. The regional technological policy can be treated as technology assessment - the authorities 

decide which technologies to support, from the perspective of regional development. This topic was widely 

discussed among theorist of technology-based development mainly on the national level [6], and presently 

stressing the politicization of the process of technology assessment [7]. Assessing the value of technology 

remains a constant challenge because of the different perspectives and evaluation criteria, like: availability of 

resources, stability and longevity of established solutions, engineering of customers’ needs [8], local and 

regional links with global value chain [9], technological needs of small and medium size enterprises (SMEs). 

These factors affect the complexity of the assessment of technology and results in large number of practical 

approaches to technology assessment. Haleem et al. carried out the review of the most important approaches 

to technology assessment (TA) and technology forecasting (TF) [10]. The essence of TA is prediction of social 

impact of implemented technology using various analytical methods. It can be realized by predicting of the 

consequences of technology, the communicating of risk, promoting innovation, improving the legitimacy of 

decisions on technology through increased participation, mediating in technological conflicts, and observing 

sustainability [11]. 

Proposed approach to face the challenge of delivering knowledge about technology for the regional level 

entitles: authorities, business and scientific entitles was establishing in śląskie a regional technology 

observatory. The very first idea was to set up one observatory for different technology areas available in 

regional industries, involving different institutions. Then, the concept of network of technology observatories 

consistent with the technology areas indicated in regional Program of Technology Development (pol. Program 

Rozwoju Technologii - PRT). In the paper the observatory in the area of production and processing of materials. 
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2. THE CONCEPT OF TECHNOLOGY OBSERVATORY 

Technology observatories are not very frequent in science or economy. In science the term observatory is 

more related with observation of natural phenomena (interesting for astronomy, climatology/meteorology, 

geophysical sciences, oceanography and volcanology. In business practice of technology observatories the 

state of technology is subject of observation, the layer of practical knowledge linking the state of scientific 

knowledge (body of knowledge) with the layer of practical needs [12]. The main goal of technological 

observatory is to provide the knowledge for rationalizing regional policy on the current state of the technological 

area (production and processing of materials) using the information form industry and science. The concept of 

the observatories was based on the technological observatories established in the area of Key Enabling 

Technologies (KET), according to definition “Observatory aims to provide EU, national and regional 

policymakers with information on the deployment of KETs both within the EU-28 and in comparison to other 

world regions (East Asia and North America)” [13]. As we can learn from this approach the objectives of such 

observatory are related to TA concepts and methods mentioned earlier in the paper. 

We can observe more examples of technology observatories on the national level or international level, then 

regional level (ex. European IT Observatory, African Observatory of Science, Technology and Innovation 

(AOSTI), UNESCO´s Global Observatory on Science, Technology and Innovation Policy Instruments - 

GOSPIN [15]).  

The concept of regional technology observatory was inspired by entrepreneurial discovery process realized in 

Śląskie region. Under this approach governments and regional authorities are supposed to assume an active 

role in discovering and then betting on economic niches that “are new, aim at experimenting and discovering 

technological and market opportunities and have the potential to provide learning spillovers to others in the 

economy” [14]. For the purposes of an entrepreneurial discovery process design Foray proposes the following 

understanding of smart specialization: 

 as a process aimed, primarily, at constructing shared visions concerning future economic opportunities 

building on research, development, and innovation; 

 with the exploratory and the prioritization components occurring mostly at the level of small innovation 

ecosystems; 

 with the state playing several roles, among which those of a co-discoverer, a facilitator, and a priority-
setter [14]. 

3. TECHNOLOGY OBSERVATORIES IN ŚLĄSKIE - ROLE AND ACTIVITIES 

3.1. Methodology 

The methodology of establishing technology observatories in Śląskie can be perceived as “design research” 

[15], because all of the methods have been subordinated creation of the final product: the Network of 

Technology Observatories in Śląskie. Design is a holistic endeavor that involves the synthesis of numerous 

different concerns and methods [16]. The reason for opting such methodology consider large number of 

internal and external stakeholders of the strategy and large extent the unpredictability of environment. 

Considering the number of conditionalities (formal, political, social, technological and other) the design 

approach in the establishing the concept of regional observatories is probably the only one to ensure the 

complexity of the observatories model of activity. The authors of the article have the opportunity to participate 

in the development of the regional observatory as members of a team of experts. The intent of the team of 

experts (representing various domains and sectors of knowledge), preparing the research model of the project 

and implementation of regional innovation strategy, was prognostic approach to creating and supporting 

innovative economy at the regional level. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

376 

3.2. Findings - the model of technology observatories and its activities 

In developing smart specializations in Śląskie, regional authorities have attached high importance to monitoring 

trends in the selected priority domains of Energy, Medicine and ICTs. Thanks to the project Network of 

Regional Specialization Observatories, supported by the Marshal Office of the Śląskie Voivodeship, region is 

able to monitor, measure, support and anticipate market trends in the three priority domains as well as eight 

enabling technologies of the related Technology Development Plan. During the preparation of the 2014-2020 

programming period, following the process of identifying the most promising areas on which the region can 

build its competitive advantages, we became aware of our limited capacity to monitor and analyze these areas 

of specialization. The Network of Regional Specialization Observatories includes partners from the domains 

of smart specializations who are responsible for diagnosing and reporting regional trends. As for now there 

are six Observatories operating for energy, medicine, ICT, environmental protection, nanotechnology and 

material production and processing. The regional leaders continue in efforts to establish observatories for other 

areas of machinery (engineering) and transport.  

Table 1 Characteristics of smart specialization priorities in śląskie and related technology observatories 

No 
Priority 
Name 

Description 
Related 

observatories 

1 Energy Advanced materials for energy distribution, advanced manufacturing 
systems for energy distribution, power generation and renewable sources 
of energy. 

 Observatory in 
the area of 
energy 

2 Medicine Ageing societies (residential care activities); Public health and well-being 
(basic pharmaceutical products & pharmaceutical preparations, 
biotechnology and human health activities, e.g. medical services; Public 

health & security (services - scientific research & development) 

 Observatory in 
the area of 
medicine 

3 ICT Cleaner environment & efficient energy networks (cleaner environment and 
efficient energy networks (e.g. smart grids), power generation/renewable 

sources); industrial biotechnology (Industrial biotechnology 
(Biotechnology)); advanced manufacturing systems (Advanced 

manufacturing systems (biotechnology and information service 
activities));public health & well-being (Human health activities, medical 

services and other professional, scientific & technical activities); micro/ 
Nano-electronics (Micro/ Nano-electronics (Computer programming, 

consultancy & related activities)) 

 Observatory in 
the area of ICT 

4 Emerging 
Industries 

eco-industries, maritime industries, creative industries, mobility, mobile 
services, personalised medicine. 

no releted 
observatory 

devoted to this 
specialization 

5 Green 
economy 

Resource management; renewable energy sources; energy and material 
efficiency; clean technologies of production; protection of biodiversity; 
corporate social responsibility; sustainable consumption and production 
patterns. 

 Observatory in 
the area of 
enviromental 

protection 

 Observatory in 
the area of 
energy 

Very useful feature of the feature of our new smart specializations monitoring framework in Śląskie is the use 

of ‘Smart Indexes’ - the aggregated measures of regional technology development. The indexes are based 
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firstly on three sub-indexes for the domains of regional specialization, and secondly on horizontal indicators 

including the Knowledge Index, Human Capital Index or Innovation Index. The observatories identify the 

reliable sources of data. By monitoring the processes, while taking into account specific regional context, the 

policy makers will be able to observe trends and draw solid conclusions and recommendations for the region. 

In practice it should fulfil the concept of technology observatories: to deliver the knowledge for regional 

strategic decisions described in regional strategic documents of Śląskie region. 

In the Table 1 the characteristics of smart specialization in śląskie are presented with the corresponding 

observatories. The first 3 specializations (medicine, energy and ICT) were indicated in Regional Innovation 

Strategy in 2012 [17], the next two (emerging industries, green economy) were adopted in 2018 [18]. 

The Network of Technology Observatories operating in Śląskie region has updated a Technology Development 

Programme (PRT) [19, 20] - regional strategic document indicating the directions of technology development. 

The document constitutes a strategic plan for the technological development of the region with the overall 

objective of identifying the endogenous potential of the region, taking into account the future programming 

period of the Regional Innovation Strategy. The programme aims at overcoming barriers to and intensifying 

cooperation between enterprises, research and development bodies and regional authorities. PRT identifies 

effective policy support tools for the development of the knowledge-based region, inter alia through cyclical 
(not less than once a year) evaluation of the region's potential in the technological areas. The first version of 

PRT established in 2012 was updated in the end of 2018. The updating process was embedded in 

Entrepreneurial Discovery Process and consisted of three phases: (1) diagnosis and analysis, (2) confrontation 

and verification and (3) synthesis, definition an updating (Figure 1). As a result of the last phase and one of 

the main product of the project the Technology Development Program (an update) was planned. The first 

version of the document was elaborated in December 2018, final version - in the first quarter of 2019. All of 

the six active observatories realized the same research process while the technology areas were different.      

 
Figure 1 Process of updating Technology Development Programme,  

source: own elaboration of Technology Observatories Network 

The practical result of entrepreneurial discovery process will be achieved thanks to the participation of 

enterprises. Every observatory have to prepare analysis of enterprise’s needs. Table 2 presents the number 

of enterprises participating in the analysis of needs realized by observatories. The enterprises involved in the 

analysis are also the partners of the observatories verifying the strategic decision included in Technology 

Development Programme. This decisions are revealed in Regional Operating Programme - main source for 

financing projects in the region.   
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Table 2 Number or realized enterprise’s needs analysis by technology observatories 

No 
Technology area of the 

observatory 
Consortium lider 

Number of enterprises 
participating in analysis of 

needs 

1 Medcine 
Upper Silesian Agency for Entrepreneurship 

and Development in Gliwice 
65 

2 Environmental protection Central Mining Institute 33 

3 ICT Technopark Gliwice 36 

4 Energy "Euro-Centrum" scientific park in Katowice 48 

5 Nanotechnology University of Silesia, Katowice 30 

6 
Material production and 

processing 
Silesian University of Technology 37 

4. CONCLUSION 

The role of the technology observatory seems to be crucial in the light of the presented facts about the activities 

of observatory. There are also lack of other approaches to analyze technology trends from the practical 

purposes - an existing alternative for this activity is independent activities of enterprises in this field.  

We can also point out the following conclusions: 

1) The regional technological observatories are very rarely observed concept for analysis technological 

development. Śląskie in this context is very specific region creating the network of technology 

observatories. It’s usability can be evaluated by the entities using and implementing the knowledge 

provided by the observatories: enterprises and regional policy-makers.      

2) The practical value of the regional technology observatories can be evaluated in a few years, answering 

the questions how the observatories help the regional enterprises in improving their technological 

potential and how the observatories help regional decision makers in their strategic choices. 

3) One of the most important results of the technological observatories in Śląskie is Technology 

Development Programme - strategic document supporting regional development and innovation 

strategy. 

4) There is a close relation between activities of regional observatories and regional smart specializations, 

especially in the areas of technology analysis, monitoring and establishing cooperation between 

businesses. 

5) Political factors might be a significant threat to objectivity of the regional observatories. Technology 

assessment for the strategic decisions establishing public support for certain technologies from the 

beginning assumed the role of political factors. The prevention of politicization of technology 

observatories could be based on transparency of activities, scientific methods and involvement of civil 

society (observatories acting as non-governmental organization).   
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Abstract 

All forms of transport in each country are regulated by the relevant regulations. Road transport is also subject 

to appropriate legal regulations. However, unlike other transport modes, it is a dynamically developing sector 

of the free market economy. In Poland, both European and Polish regulations apply to regional bus transport. 

It should be emphasized that important changes have recently been made in Polish regulations. These 

changes concern the management of public transport, which also includes regional bus transport.  

The article also draws attention to the ownership status of enterprises operating on the Polish regional bus 

transport market. There are also state-owned enterprises in Poland, which are particularly taken into account 

in the new regulations.  

This article discusses the impact of the legal environment on the functioning of enterprises in a given industry, 

with particular emphasis on state-owned enterprises. First of all, the importance of macro-environment for the 

functioning of the company and its relation to the decisions and objectives assumed are presented. The next 
part of the article deals with the characteristics of the legal environment as an element of the macro-annual 

and current research in the field of discussed issues. Then, the research methodology is presented. In the 

further part of the work, the results of a qualitative study covering analysis of the legal environment of bus 

regional transport in Poland as well as selected legal regulations concerning state-owned enterprises is 

presented. 

The aim of the presented study is to gain the inside into the knowledge of the impact of the legal environment 

on the competitiveness of regional bus transport in Poland with the use of emphasis on state-owned 

enterprises using the PEST method. 

Keywords: Regional transport, car communication enterprises, public transport in Poland, environmental  

        analysis 

1. INTRODUCTION 

One of the main goals of each company is to survive on the market and to continue to compete and in the end 

achieve the leading position. This can be done through the appropriate use of opportunities and avoiding 

threats appearing in the company's environment. For this reason, the future decisions must be compatible with 

the respective strategies created individually for each company and its environment [1,2]. In order to make 

right decisions and strategies which lead to an increase in the competitiveness of an enterprise, it is first 

necessary to get to know its surroundings [3]. This environment can be analyzed on a micro and macro scale 

[4]. 

Currently, the macro-environment is increasingly affecting the enterprise [5]. For this reason it is important to 

identify the factors that determine the achievement of specific strategic goals of the company [6], including 

competitive advantage. Correct assessment and reaction to trends taking place it should be done first 

individual segments of macro-environment will allow for market success. In order to do this, the market 
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opportunities for the company should be looked for, paying attention to possible threats [7]. To achieve this 

goal, appropriate methods of strategic analysis are used. It enables identification of important factors occurring 

among others in such segments of macro-environment as the legal environment, which is of key importance 

for the surveyed enterprises [8]. It should be noted that strategic analysis is an element of strategic 

management and, in turn, in current turbulent conditions of competition on the market is more important than 

ever before [9]. 

2. LEGAL ENVIRONMENT OF THE COMPANY AS A COMPONENT OF MACROOTHERIZING 

The legal environment is one of the most important elements of the environment at the macro scale in which 

entrepreneurs run their own business. Without a reasonable law and a functioning state that will enforce them, 

there will be no stable and effective market for the exchange of goods and services. This market is an important 

condition for the effectiveness of enterprises. Many areas of the company's activity are subject to the influence 

of regulatory bodies. Legislation often consists of restrictions that have been imposed by the state on the 

business with regard to the conduct of its activities. These regulations are intended to protect enterprises. 

Some of them were adopted to ensure healthy competition and fair business practices [4]. However, the impact 

of legal regulations on the functioning of enterprises may also be negative [10]. An example is when the law 

does not keep up with current challenges or when the law is a source of uncertainty. Therefore, the question 

may be asked whether companies operating in one sector and in an unfavorable legal environment suffer from 

this, or are they adapting to a bad legal environment, as in Coase [11]? 

The impact of the legal environment on the functioning of enterprises has already been analyzed in previous 

studies. These studies were conducted in relation to corporate governance [12-14], financing of development 

[15-17], human resources management [18], the level of banking development and its impact on economic 

development [19] or self-regulation of enterprises [20]. These studies were conducted at the national level and 

provide valuable comments on the effects of the legal environment, however, according to Durnev and Kim, 

they do not raise issues at a more detailed level, for example one sector or a given company [21]. Research 

on the subject matter of the article has already been partly discussed . Studies of GŁADYSZ, A. et. all. [22] 

provide a general overview of the rules on the regular carriage of passengers and, in particular, attention that 

has been paid to the technical aspects of vehicles. It should be noted that these studies were carried out before 

the introduction of important changes in the Polish legal regulations concerning the regional bus transport 

organization, and also the considerations were made regarding only municipality. In turn, PIELA, C. [23] 

presents the research of legal regulations, but referring to regulations that are no longer in force. It is important 

that they indicate the threats arising from the legal environment of the surveyed enterprises already in 2011. 

One of the more extensive publications is the one published by the SENACKI INFRASTRUCTURE TEAM [24]. 

It is a collection of four speeches during the conference, the purpose of which was to check the state of public 

transport in Poland. However, the conference took place in 2011 so also before the implementation of the new 

legal provisions. It is worth mentioning the publication of BENTKOWSKA-SENATOR and KORDEL [25] where 

the analysis of current legal regulations was made but with reference to liberalism and interventionism. 

Reviewing the literature, it can be noticed that there are no current publications on the impact of the legal 

environment on the competitiveness of regional bus transport in Poland, also taking into account recent 

changes in legal regulations. For this reason, the purpose of this article is to increase knowledge about the 

impact of the legal environment on the competitiveness of regional bus transport in Poland with the use of the 

emphasis on state-owned enterprises using the PEST method. 

3. METHODOLOGY 

In order to analyze the segments of macro-environment of regional bus transport in Poland, qualitative 

research was applied and the research tool was used - the PEST method. The name of this method was 
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created from the first letters of factors: political - P, economic - E, social - S and technological - T [26]. This 

method was developed as a macro-perception tool in which the company operates. It is used to identify and 

understand the key elements currently present or that may occur and will affect the functioning of the company 

[27]. However, this tool is only an intermediate step in the strategic analysis process because it does not 

identify specific problem areas but provides guidance to decision makers on issues that may affect the success 

of their initiatives [28]. 

For this reason, the author's previous research on companies from the market studied included the definition 

of strategic groups [29], the history of adverse changes that took place over fifty years of their functioning [30], 

or logistic customer service analysis in the aspect of creating their competitive advantage [31]. In addition, the 

results of research are in the process of on these enterprises, including an assessment of their competitive 

environment using the economic profile method of the sector and publications covering the analysis of other 

segments of regional bus transport macro transport in Poland. For this reason, the article only presents an 

analysis of one legal segment of macro-environment. In the subsequent studies of the author concerning the 

discussed issues, other known methods of strategic analysis will be used, including the Porter model, the BCG 

and ADL matrices as well as the SWOT-TOWS analysis. All these studies will lead to the creation of a model 

of the strategic concepts of the surveyed enterprises. 

4. ANALYSIS OF THE ENVIRONMENT OF LEGAL BUS REGIONAL TRANSPORT IN POLAND 

Road transport is one of the activities that, although subject to legal regulation, is also a constantly growing 
sector of the free market economy. Regulations concerning the rules of taking up and executing road transport 

in Poland are included in both Community and National law [32]. Recently, important changes have taken 

place in the Polish legal regulations regarding regional bus transport. It seems that these changes will have a 

significant impact on the transport market.  

One of the basic legal acts in Poland regarding the organization of regular and regional bus transport is the 

Act of 15 November 1984 on Transport Law [33]. It contains the duties, rights and restrictions on the regular 

carriage of persons, the liability of the carrier for the carriage of passengers and other titles, as well as criminal 

provisions. 

On December 3, 2009, Regulation (EC) No. 1370/2007 of the European Parliament and of the Council of 

October 23, 2007 became applicable. This applies to public services in the field of, inter alia, road passenger 

transport. According to art. 8 of this Regulation, contracts leading to the conclusion of contracts for the provision 

of public services in the field of road transport should be granted in accordance with the principles set out in 

this Regulation from 3 December 2009. During the transitional period, Member States take measures to 

gradually achieve compliance with the provisions of the Regulation. in order to avoid serious structural 

problems, in particular related to transport capacity [34]. On December 24, 2017 Regulation (EU) No 

1370/2007 came into force. Regulation (EU) 2016/2338 of the European Parliament of 14 December 2016 

amending Regulation (EC) No 1370/2007. According to these regulations, local governments should start 

procurement procedures for public bus transport, starting with the publication of relevant announcements [35]. 

There are two limitations in the business activity of regional bus services. These are licenses for road transport 

and permits for regional and regular transport in road transport. 

The Act of 6 September 2001 on road transport sets out the rules for establishing and performing [36]: 

 national road transport; 

 international road transport; 

 non-commercial domestic road transport; 

 non-commercial international road transport. 
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The Act also defines the rules of operation of the Road Transport Inspectionand liability for violation of duties 

or conditions of road transport: 

 entities performing road transport or other activities related to this carriage; 

 drivers; 

 people managing transport; 

 other people involved in road transport activities. 

In addition, this Act sets the local government administration at all levels as the regulator of the road transport 

market. Unfortunately, regional bus transport in Poland in communication outside the city area is not monitored 

to a large extent. In practice, the role of these authorities focuses only on collecting appropriate fees and 

issuing the necessary administrative decisions for each transport line requested by carriers 

The amendment to the Polish Act on public road transport stipulated that new revolutionary changes 

concerning public transport would enter into force. Unfortunately, the Polish legislator extends important 

deadlines for this transport every year [37,38]. For this reason, the majority of Polish local governments do not 

start these procedures despite the publication of announcements. However, from the moment they are in force, 

local self-government units are responsible for organizing public mass transport in their area. The most 

important change should be the one that talks about the appearance of the organizer, operator and carrier. 

The Act specifies that the organizer of public mass transport is "the competent local government unit or minister 

competent for transport issues, ensuring the functioning of public transport in a given area", the public transport 

operator is a "self-governmental budgetary establishment and an entrepreneur authorized to conduct business 

in the field of transport persons who concluded with the organizer of public collective transport an agreement 

for the provision of public mass transport services on the communication line specified in the contract "and the 

carrier is "an entrepreneur authorized to conduct business in the field of passenger transport based on 

confirmation of a transport declaration" [39]. The Act also indicates that public transport will take place under 

the rules of regulated competition. As JAKUBOWSKI and DULAK [40] points out, in reality the amendment 

has changed almost nothing. Most of the organizers indicated in the Act did not implement their statutory duty. 

Less than 10 % of districts launched communication in their area, and only single voivodships included bus 

services in their plans. 

In regional bus transport in Poland, allowances for cheaper transport are applied. Costs related to bus travel 

concessions are covered by co-financing from the state budget. The Act of 20 June 1992 on the entitlements 

to concessionary travel by means of public mass transport regulates the entitlement to concessionary public 

transport by public transport in regular passenger transport, performed by authorized railway and bus carriers 

[41]. In addition, the Regulation of the Minister of Internal Affairs and Administration of March 12, 2008 on the 

types of documents confirming the entitlement to use concessionary journeys by public mass transport [42] 

applies here. An important change introduced by the amendment to the Road Transport Act with respect to 

these concessions is the right to compensation for lost revenues, i.e. the application of concessions. It should 

be noted that only the operator will be entitled to compensation for honoring statutory discounts or introduced 

by the organizer. However, the problem in this case may be the poverty of local governments and the excess 

of obligations imposed by the new regulations. If the local government does not take the role of transport 

organizer, all communication on its territory will be liquidated [43]. In this situation, the regional transport bus 

will lead to withdrawal and, as a result, may even lead to the collapse of subsequent transport companies. 

Only enterprises that support important communication lines, often illegally as occasional services, will survive 

[44,45]. 

5. SELECTED LEGAL REGULATIONS CONCERNING STATE ENTERPRISES 

According to Polish regulations, a state-owned enterprise is an independent, self-governing and self-funded 

entrepreneur with legal personality. The Act of 25 September 1981 on state-owned enterprises applies to the 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

384 

operation of state-owned enterprises. It clarifies the rules for establishing state-owned enterprises, defines the 

rules of mixed enterprises. It refers also to the organization of a state-owned enterprise, its organs, property, 

representation, operations and supervision. In addition, it refers to the company statute, the register of state-

owned enterprises as well as the merger, division, liquidation and bankruptcy of enterprises. In addition, the 

Act on state-owned enterprises is used in contracts for company management and recovery proceedings [46]. 

From the point of view of the economic and financial efficiency of Polish passenger road transport, the 

ownership status of operators is of great importance. In the literature one can find the statement that one 

should "move towards the privatization of Car Communication Enterprises (PKS), operating in the form of State 

Treasury companies and state-owned enterprises, after their prior commercialization" [47]. Car comunnication 

enterprises were the prototype of bus transport in Poland. The economic transformation in Poland initiated in 

the nineties of the twentieth century and involving the transformation of the economy into free market [13-15] 

meant that these entities were facing ever greater difficulties in functioning. Over the past nearly twenty years, 

most of the 200 companies do not exist anymore. Currently, only about 30 enterprises are still functioning and 

at the same time remaining in public ownership [29,30,51]. 

The transfer of ownership of Car communication Enterprises , formerly state-owned enterprises, to local self-

government entities occurred as a result of commercialization, through commercialization acts. Then most of 

these entities were privatized. This was done on the basis of the Act of August 30, 1996 on Commercialization 

and Privatization of State Enterprises [52]. 

For enterprises that are owned by local government units, appropriate regulations and ordinances, most often 

of an internal nature and binding only organizational units subordinate to the authority issuing the order, are 

applied. 

Publicly operating bus transport market, of course, applies to the already mentioned Act on public transport. It 

follows from Article 3 that its provisions apply, inter alia, to Regulation (EC) No 1370/2007, according to which 

transport undertakings assume the responsibilities assigned to the competent public authorities. This means 

that state-owned enterprises, in this case commonly referred to as "bus stations", should act as a social 

enterprise, where they carry out a social function by providing public services. In practice, unfortunately, the 

performance of this important function by the surveyed enterprises is very often not rewarded by local 

governments in any way [47]. 

6. CONCLUSION  

It is important to create the right institutional solutions that will ensure market access and competition. Proper 

structure, healthy competition and limiting negative market phenomena are factors that undoubtedly affect the 

achievement of competitive advantage by enterprises. 

It seems that priority should be given to enterprises belonging to the public sector to designate a public 

transport operator. These are the Automobile Communication Companies, which in their present form have 

been operating since 1990, but previously formed one state-owned enterprise. For these enterprises, such a 

way of choosing an operator in conjunction with regulated competition gives a good chance to increase the 

number of courses. As a result, this may translate into an increase in customers and increase in their 

competitiveness. This advantageous situation is only able to occur if the amendment of the Road Transport 

Act is strictly observed by local governments, including in particular the payment of compensation by 

organizers to operators and appropriate regulation of competition on the public mass transport market and the 

strict control of local governments with their new functions. However, nowadays, this seemingly ideal situation 

is unlikely. 

Answering the question posed in the article, it can be stated that in the case of state-owned enterprises 

operating on the regional bus market, they suffer from unfavorable surroundings and at the same time try to 

adapt to it. 
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It is advisable that the cardinal function of the state in the regulatory sphere should be limited to regulations 

whose aim should be to protect public interests from the negative effects of the market mechanism. By 

introducing legal regulations, changes in the tax system or other regulatory undertakings, the state aims to 

improve the management processes. In the case of state-owned enterprises operating on the regional bus 

transport market, this sphere is very complicated. It is a big barrier while creating a competitive advantage. 

Operators operating on this market are not treated equally. The specificity of these state-owned enterprises 

means that they are subject to a very large number of legal regulations. They are also subject to a special 

control procedure because they are often the largest enterprises on the local transport market. Therefore, in 

individual cases, when quick and decisive steps should be taken, legal regulations do not allow such moves. 

In addition, the performance of imposed social function by Car Communication Enterprise from the public 

sector without proper gratification by local governments makes the basic activity of bus transport unprofitable. 

Therefore, with regard to state-owned enterprises operating within regional bus transport, the regulatory 

sphere of the state limits their development more than protects them against market mechanisms. For this 

reason, these companies are not able to build an effective competitive advantage. 

REFERENCES 

[1] BUDZIK, Tomasz, ZACHOROWSKA, Alfreda. Rola otoczenia w strategii organizacji, Zeszyty Naukowe 
Politechniki Częstochowskiej. Zarządzanie, Częstochowa, 2016, p. 90. 

[2] HOOLEY, Graham, PIERCY, Nigel, NICOULAUD, Brigitte. Marketing strategy and competitive positioning. 4th ed. 
New York: FT Prentice Hall, 2008, p.42. 

[3] HAMBRICK, Donald, FREDRICKSON, James. Are you sure you have a strategy?. Academy of Management 

Perspectives, 2005, vol. 19, no. 4, p. 59. 

[4] BERKOWITZ, Eric. Marketing. 4th ed. Burr Ridge, Ill.: Irwin, c1994, pp. 63-80. 

[5] LEMAŃSKA-MAJDZIK, A. Otoczenie a funkcjonowanie przedsiębiorstwa-wybrane aspekty. In KOROMBEL, 
Anna, eds. Współczesne problemy zarządzania przedsiębiorstwami. Teoria i praktyka, Sekcja Wydawnictw 

Wydziału Zarządzania Politechniki Częstochowskiej, 2013, p. 103. 

[6] WIERZBIŃSKI, Marcin. Model biznesowy a strategia i zarządzanie strategiczne. Research Papers of the Wroclaw 

University of Economics/Prace Naukowe Uniwersytetu Ekonomicznego we Wrocławiu, 2015, no. 398, p. 493. 

[7] WOLAŃSKI, Robert. Wpływ otoczenia finansowego na konkurencyjność małych i średnich przedsiębiorstw, 

Wolters Kluwer, Warszawa, 2013, p. 49. 

[8] DANIELAK, Wiesław, FRANKOWSKA, Ewa, KUŁAKOWSKA, Aneta. Zarządzanie organizacją w aspekcie 

finansowym i strategicznym. Ujęcie teoretyczne i praktyczne, Wrocław, Exante Wydawnictwo Naukowe, 2017, p. 
5. 

[9] BAO, Gongmin. What theories are needed for strategic management?. Nankai Business Review International, 
2015, vol. 6, issue: 4, p. 434. 

[10] JIANG, Dequan, LIANG, Shangkun, CHEN, Donghua. Government regulation, enforcement, and economic 
consequences in a transition economy: Empirical evidence from Chinese listed companies implementing the split 

share structure reform. China Journal of Accounting Research, 2009, vol. 2, issue 1, p. 75. 

[11] COASE, Ronald. The problem of social cost, Journal of Law and Economics, vol. 3, 1960, pp. 1-44. 

[12] LA PORTA, Rafael, LOPEZ‐DE‐SILANES, Florencio, SHLEIFER, Andrei, VISHNY, Robert. Investor protection 

and corporate valuation. The journal of finance, 2002, vol. 57, issue 3, pp. 1147-1170. 

[13] WURGLER, Jeffrey. Financial markets and the allocation of capital. Journal of financial economics, 2000, vol. 58, 
issue 1-2, pp. 187-214. 

[14] KUMAR, Krishna, RAJAN, Raghuram, ZINGALES, Luigi. What determines firm size? National Bureau of 
Economic Research, 1999, Working Paper 7208. 

[15] LA PORTA, Rafael, LOPEZ‐DE‐SILANES, Florencio, SHLEIFER, Andrei, VISHNY, Robert. Legal determinants of 

external finance, Journal of Finance, 1997, vol. 52, issue 3, pp. 1131-1149. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

386 

[16] DEMIRGÜÇ-KUNT, Asli, MAKSIMOVIC, Vojislav. Law, finance, and firm growth. The Journal of Finance, 1998, 
vol. 53, issue 6, pp. 2107-2137. 

[17] RAJAN, Raghuram, ZINGALES, Luigi. Financial Development and Growth, American Economic Review, 1998, 
vol. 88, no. 3, pp. 559-586. 

[18] NOE, Raymond, HOLLENBECK, John, GERHART, Barry, WRIGHT, Patrick. Human Resources Management: 
Gaining a Competitive Advantage, Tenth Global Edition, 2006, pp. 59-94. 

[19] LEVINE, Ross. The legal environment, banks, and long-run economic growth. Journal of money, credit and 
banking, 1998, 596-613. 

[20] SHORT, Jodi L., TOFFEL, Michael W. Making self-regulation more than merely symbolic: The critical role of the 
legal environment. Administrative Science Quarterly, 2010, vol. 55, issue 3, pp. 361-396. 

[21] DURNEV, Art., KIM, E. Han. To steal or not to steal: Firm attributes, legal environment, and valuation. The 
Journal of Finance, 2005, vol. 60, issue 3, p. 1461. 

[22] GŁADYSZ, Adam, CZECH, Piotr, ŁAZARZ, Bogusław, CIEŚLA, Maria, TUROŃ, Katarzyna. Uwarunkowania 
prawne dotyczące regularnego przewozu osób, Autobusy: technika, eksploatacja, systemy transportowe, 2016, 

vol. 17: 1343-1347. 

[23] PIELA, Czesław. Zagrożenia funkcjonowania publicznego transportu zbiorowego. Autobusy: technika, 

eksploatacja, systemy transportowe, 2011, vol. 12: 21-23. 

[24] SENACKI ZESPÓŁ INFRASTRUKTURY. Kondycja publicznego transportu zbiorowego, Kancelaria Senatu, 

Warszawa 2013. 

[25] BENTKOWSKA-SENATOR, Krystyna, KORDEL, Zdzisław. Regulacje prawne w transporcie samochodowym, 
Autobusy: technika, eksploatacja, systemy transportowe, vol. 17, 2016, pp. 500-506. 

[26] COLE, Gerald. Strategic Management, London, Thomson Learning, 2003, p. 28. 

[27] KRALJ, Davorin. Sustainable green business. In: Advances in Marketing, Management and Finances, Proceeding 

of the 3rd International Conference on Management, Marketing and Finances, Houston, 2009, pp. 142-146. 

[28] BELL, Geoffrey, ROCHFORD, Linda. Rediscovering SWOT’s integrative nature: A new understanding of an old 

framework. The International Journal of Management Education, 2016, vol. 14, issue 3, pp. 310-326. 

[29] BUDZIK, Tomasz. Przedsiębiorstwa Komunikacji Samochodowej jako przykład grupy strategicznej. Zarządzanie i 

Finanse, 2017, vol. 15, issue 2, no. 2, pp. 225-236. 

[30] BUDZIK, Tomasz. The example of an ineffective change in the company in terms of the history of Car 

Communication Enterprises activity. Zeszyty Naukowe Wyższej Szkoły Humanitas, Zarządzanie, 2017, vol. 4, pp. 
49-60. 

[31] BUDZIK, Tomasz. Logistics Customer Service in Terms of Creating Competitive Advantage of the Selected 
Passenger Transport Company-Przedsiębiorstwo Komunikacji Samochodowej (PKS). Zeszyty Naukowe 

Politechniki Częstochowskiej, Zarządzanie, 2017, vol. 27, no. 1, pp. 58-71. 

[32] Informacja o wynikach kontroli wykonywania zadań przez samorządy terytorialne w zakresie organizowania 

regionalnych przewozów autobusowych, Najwyższa Izba Kontroli, Departament Komunikacji i Systemów 
Transportowych, Warszawa 2011, s. 20. 

[33] Ustawa z dnia 15 listopada 1984 r. o Prawie przewozowym (Dz.U. 2015, poz. 915). 

[34] Regulation (EC) No 1370/2007 of the European Parliament and of the Council of 23 October 2007 on public 

passenger transport services by rail and by road and repealing Council Regulations (EEC) No 1191/69 and 
1107/70 (Official Journal of the European Union, L 315/1, 3.12.2007). 

[35] Regulation (EU) 2016/2338 of the European Parliament and of the Council of 14 December 2016 amending 
Regulation (EC) No 1370/2007. 

[36] Ustawa z dnia 6 września 2001 r. o transporcie drogowym (Dz. U. z 2017 r. poz. 2200, z 2018 r. poz. 12, 79, 138, 
650, 1039, 1480, 1481, 1544, 1592, 1629). 

[37] Inicjatywa ustawodawcza z dnia 28 kwietnia 2016 dotycząca projektu ustawy o zmianie ustawy o publicznym 
transporcie zbiorowym, Senat Rzeczypospolitej Polskiej, IX Kadencja, Druk nr 156; Uchwała Senatu 

Rzeczypospolitej Polskiej z dnia 7 lipca 2016 r. w sprawie wniesienia do Sejmu projektu ustawy o zmianie ustawy 
o publicznym transporcie zbiorowym. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

387 

[38] Posiedzenie zespołu ds. Infrastruktury, rozwoju lokalnego, polityki regionalnej i środowiska komisji wspólnej rządu 
i samorządu terytorialnego w sprawie projektu ustawy o zmianie Ustawy o publicznym transporcie zbiorowym. 

[viewed 2018-10-15]. Available from: https://www.igkm.pl/11/07/2018/posiedzenie-zespolu-ds-infrastruktury-
rozwoju-lokalnego-polityki-regionalnej-i-srodowiska-komisji-wspolnej-rzadu-i-samorzadu-terytorialnego-w-

sprawie-projektu-ustawy-o-zmianie-ustawy-o-publicznym-t/. 

[39] Ustawa z dnia 16 grudnia 2010 r. o publicznym transporcie zbiorowym (Dz. U. z 2017 r. poz. 2136, 2371, z 2018 

r. poz. 317, 650, 907, 1669). 

[40] JAKUBOWSKI, Dulak, Publiczny transport zbiorowy w Polsce. Studium upadku, Prawo & Finanse, Date: 31-12-

18. [viewed 2019-01-02]. Available from https://www.transport-publiczny.pl/wiadomosci/publiczny-transport-
zbiorowy-w-polsce-studium-upadku-58517.html 

[41] Ustawa z dnia 20 czerwca 1992 r. o uprawnieniach do ulgowych przejazdów środkami publicznego transportu 
zbiorowego (Dz.U. 2018 r. poz. 295). 

[42] Rozporządzenie Ministra Spraw Wewnętrznych i Administracji z dnia 12 marca 2008 r. w sprawie rodzajów 
dokumentów poświadczających uprawnienia do korzystania z ulgowych przejazdów środkami publicznego 

transportu zbiorowego (Dz. U. 2008 r. Nr 56 poz. 340). 

[43] JANDUŁA, Martyn, Co zmienią nowe przepisy transportu publicznego? Prawo & Finanse, Date: 22-03-2016. 

[viewed 2019-01-02]. Available from https://www.transport-publiczny.pl/wiadomosci/co-zmienia-nowe-przepisy-
transportu-publicznego-51637.html 

[44] SZCZERBACIUK, Zdzisław. Publiczny transport drogowy uwarunkowania i prognozy funkcjonowania, Autobusy: 
technika, eksploatacja, systemy transportowe, vol. 15, no 4, 2014, p. 19.  

[45] BORUCKA, Anna. Przewóz osób w Polsce w świetle zmian legislacyjnych. Logistyka, 2014, vol. 6, CD 2, pp. 468-

475 

[46] Ustawa z dnia 25 września 1981 r. o przedsiębiorstwach państwowych (Dz.U. 2013, poz. 1384). 

[47] WYSZOMIRSKI, Olgierd, Kształtowanie funkcjonowania i rozwoju regionalnego pasażerskiego transportu 
drogowego w świetle ustawy o publicznym transporcie zbiorowym. In: ZAŁOGA, Elżbieta, Pasażerski transport 

regionalny - współczesne wyzwania, Uniwersytet Szczeciński, Szczecin 2012, p. 174, 183. 

[48] KOZŁOWSKA, Magdalena, Europejskie kraje postsocjalistyczne - kraje zakończonej transformacji systemowej, 

Prace Naukowe, Uniwersytet Ekonomiczny w Katowicach, Katowice 2011, p. 101. 

[49] BJØRNSKOV, Christian, POTRAFKE, Niklas, Politics and privatization in Central and Eastern Europe: A panel 

data analysis, Economics of Transition 2011, Vol. 19, p. 202. 

[50] SACHS, Jeffrey, Building a market-economy in Poland, Scientific American 1992, Vol: 266, p. 34. 

[51] BUDZIK, Tomasz, Strategia rozwoju determinantą poprawy kondycji finansowej Przedsiębiorstw Komunikacji 
Samochodowej, Logistyka 2013, pp. 550-552. 

[52] Ustawa z dnia 30 sierpnia 1996 r. o komercjalizacji i prywatyzacji przedsiębiorstw państwowych (Dz.U. 1996 Nr 
118 poz. 561 z późn. zm.). 

  



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

388 

LEAN SIX SIGMA IMPLEMENTATION IN LOGISTICS COMPANY 

Ryszard BUDZIK, Lilianna WOJTYNEK, Ewa KULIŃSKA  

Technical University of Opole, Faculty on Production Engineering and Logistics, Opole, Poland, EU, 
r.budzik@po.opole.pl 

Abstract 

The article characterizes Lean Management and Six Sigma, two methods for improving processes. The 

combination of Lean and Six Sigma brings benefits for companies applying this method. The paper presents 

the differences and similarities between these methods and also describes Lean Six Sigma method, which is 

a combination of the most important advantages of Lean Management and Six Sigma. The implementation of 

this method in the logistics company was described. The aim of the work was to present the possibilities of 

using selected Lean Six Sigma tools in logistics processes. 

Keywords: Lean Management, Six Sigma, Lean Six Sigma, DMAIC, Improving processes 

1. INTRODUCTION 

Lean Six Sigma has rapidly established itself as the key business process improvement strategy of choice for 

many companies [1]. Lean Manufacturing Methodology is used to eliminate unnecessary costs during the 

production process. The concept developed into a Lean Management model for companies, and later into the 

Lean Thinking philosophy. This concept is based on the elimination of all operations and activities that are not 

of value to the final product or service from the customer’s point of view. Six Sigma is based on confirmed 

customer needs. Decisions are made the basis of collected data and facts. The variability of the process is 

investigated and analyzed. All root causes associated with problems are eliminated.  

Lean and Six Sigma are process and quality improvement methodologies that have been adopted with success 

in the manufacturing industry. They are now being extended into supply chain and logistics industries to cut 

down operating costs and improve delivery reliability through improving and controlling processes. The basis 

of this concept is PDCA cycle by Edward Deming. The PDCA concept was developed by Walter Shewhart, a 

pioneer of statistics. From his name it is called the Shewhart Cycle. Edward Deming also promoted this concept 

during his training in Japan. That is why this model is referred to as the Deming Circle or the Deming Cycle. 

This cycle has been developed and adapted to the needs of the methodology [2-5].  

A new DMAIC cycle was created, and as a result of combining the concept of Lean and Six Sigma, a new 

approach of Lean Six Sigma was created. The aim of Six Sigma is to reduce costs and increase benefits by 

eliminating process variability using statistical methods [6].  

In this article, the logistic process was selected for analysis on the basis of given criteria. Problems were 

identified. The article presents selected Lean Six Sigma tools used to improve the process of delivery to the 

warehouse, selected on the basis of the adopted criteria. 

2. A REVIEW OF METHODOLOGIES FOR IMPOVING PROCESSES 

2.1. Lean Management, Six Sigma, Lean Six Sigma 

Lean, in general, focuses on eliminating waste and decreasing cycle time, while Six Sigma is geared toward 

reducing variability and improving quality. More and more organizations are fully integrating these two 

continuous improvement methodologies. Lean Six Sigma focuses on eliminating waste in systems and on 

implementing statistical methods to drive breakthrough improvements to an organization’s processes. Lean 
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Six Sigma combines the best of both approaches. Lean Six Sigma projects use Lean tools during the DMAIC 

Cycle to stabilize the process, while Six Sigma help to track the causes and control the process. 

2.2. DMAIC 

The DMAIC (Define-Measure-Analyze-Improve-Control) method in Six Sigma is often described as an 

approach for problem solving. The DMAIC model was used to solve the problem in the company. The model 

is shown in Figure 1. 

 

Figure 1 DMAIC model [6]. 

Defining is the first stage of the DMAIC method cycle. During the definition, a test is carried out, critical points 

for the quality of the offered products or services are defined, which are most important for the customer [6].  

Critical points for the quality of the offered products or services are defined, which are most important for the 

customer. Critical points are detected. A “Customer Voice” survey is carried out. It detects what is most 

important for the customer in a product or service, asking them to fill in a survey or using other marketing tools.  

The project card is important during the definition phase. It specifies and organizes the information collected. 

The source of the problem and possibilities of solutions are identified. A study is carried out on how the 

proposed solution has brought the intended effect. The third stage of the definition phase is to create a process 

map. This map shows the course of the process.  

The most important stages of the process are taken into account, information is collected about the customer, 

his expectations, needs, key input elements of the process are presented, allowing for its efficient operation.  

In the fourth stage of measurement, the key process parameters are measured, the data used in the analysis 

are collected, as detailed as possible. Measuring tools are identified. Relationships at the cause-effect level 

are examined, which makes it easier to determine the relationship between the elements of the process.  

At this stage of the DMAIC method it is necessary to consider where the problem is, what is the cause of the 

problem. The aim of the introduced changes is defined - diagnosis of the current state of the process and what 

you want to achieve.  

The aim of the changes is defined; changes are introduced that are aimed at achieving the set goal. Thanks 

to the analysis in the DMAIC method, a reference point is created - determination of the current state, 

determination of the appearance of the desired state after the introduction of changes. The improvement stage 

in the DMAIC method is an improvement of the process [6].  

 
DEFINE 

 
MEASURE 

 
ANALYZE IMPROVE 

 
CONTROL 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

390 

The analysis of collected data is taken into account in order to introduce the desired changes, which will allow 

to eliminate or minimize the problem.  

At the stage of control, it is verified whether all the introduced changes have brought benefits, and the current 

state is better than the previous one. 

2.3. The Tools of Lean Six Sigma 

The following tools used in Lean Six Sigma can be specified:  

 5 Why’s,  

 5 S System,  

 Value Stream,  

 Mapping,  

 Regression Analysis,  

 Pareto Chart,  

 FMEA,  

 Kaizen, 

 Poka -Yoke.  

3. METHODS AND RESULTS 

The task of the warehouse in the delivery acceptance process is to verify compliance with the materials 

delivered with the order and the delivery of the material to an appropriate area production.  

The process of delivery to the warehouse was analyzed. Conformity of materials with the order and their 

delivery to the appropriate production area was verified. Two working days it was time set as the timely 

acceptance of the delivery. One day for unloading was planned. The working time of warehouse employees 

was set at 06:30 to 18:30, Monday to Friday.  

Figure 2 shows the consecutive phases of the delivery process to the warehouse. Method 5 W2H was used 

to describe the problem more precisely, as shown in Table 1. 

Table 1 Application of method 5 W2H in the process of taking delivery to the warehouse  

 

5W2H METHOD 

 

1. WHO? A production planning department and a production department 

2. WHAT? Lack of availability of materials for production. 
The delivery from the warehouse has not been released 

3. WHEN? Low level of material availability exists and has been maintained for 4 month, from 
september 2017 

4. WHERE? Warehouse department 

5. WHY? Lack of availability of materials for production may result in failure to meet the deadlines 
for completion of orders and discrupts the production schedule 

6. HOW? If there is a need to use the material for the execution of the order or to confirm the 
deadline 

7. HOW MANY? Daily, about 2-3 types of materials for 2-3 different orders 
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Figure 2 The process of taking delivery to the warehouse 

The tools used in each of the DMAIC phases are shown in Table 2. 

Table 2 Tools used in each of the DMAIC phases in the project 

 

DMAIC phases 

 

 

Tools 

1. DEFINE Critical to Quality Trees (CTQ) 

2. MEASURE Histogram of delivery arrivals 

3. ANALYZE Pareto Diagram, 5 Why, Braindstorming, Ishikawa Diagram 

4. IMPROVE Kanban, Standarization, 5S 

5. CONTROL Pareto Diagram for late deliveries, PDCA 

All the tools presented in Table 2 have been applied in practice in order to improve the analysed process. 

Untimely internal deliveries 

The process that does not value to the final 
customer 

High process variability 

A material availability rate below the minimum 
value  

Unloading, registration of delivery, 
acceptance of quantity and quality, 

diagnosis of non-conformity 

Quantitative and cost acceptance into 
the ERP system, verification of costs, 

conformity of attestations 

Completation, delivery of material to an 
internal customer, in accordane with a 

fixed date, location production purposes 
or in an apropriate production socket 

Complaint with the supplier, if the delivery 
is not in conformity with the order, report 

to the quality control department 

PARALLEL PROCESSES THE PHASES IN THE PROCESS 

DELIVERY ACCEPTANCE 
ON TIME 

  

Accounting transactions, purchase 
invoices from the supplier, transport 
invoice, cost of customs clearance 

verification of certificates for delivered 
materials 
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Figure 3 shows the use of one of the tools - Critical to Quality Trees (CTQ). 

CTQ trees give a visual layout of what a customer expects for a product, what their needs and interests are 

for that product. CTQ trees are used with the Sigma Six methodology processes. 

The first step in creating a CTQ tree is to find out what a customer’s functional requirements are for a product. 

This first step has a lot of sub-steps, all of which are directly related to what a customer is looking for. These 

goals are of course achieved with open dialogue between both the team working on the CTQ as well as the 

customer.  

When the requirements are met, then it is time to set measurements for the requirements; that is, that 

discussion begins on how realistic the requirements are. The last step is to confirm the requirements that the 

customers have set for the product and that those requirements can be met by the company or manufacturer. 

Again, open discussion is advised in order to get to a point where both the customer and the company are 

happy with the projected ideas and expectations. 

The main points a CTQ tree are to make sure that the needs of the customer are met and then converted into 

a reasonable and detailed project plan for continuation. It also helps the team working on the project get from 

the idea stage - that of the needs and requirements of the customer - to the planning stage. 

 

Figure 3 CTG tree for internal customer - production department 

Level 1 

Availability of 
material for order 

execution 

Level 2 

Quantitative compatibility 

Level 3 

Quality conformity 

The time of 
acceptance of delivery 

The appropriate quantity of materials to 
be transferred 

Time of acceptance of delivery - stage 3 

Time of acceptance of delivery - stage 2 

Time of acceptance of delivery - stage 1 

Compliant documentation 

The appropriate quantity of materials to be 
transferred 
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4. CONCLUSION 

Different methods are used for the planning of production processes. Various logistics concepts and systems 

are also used [7-9]. The Lean Six Sigma tools and methods have helped to streamline the delivery process. 

However, this process requires continuous improvement according to the PDCA method. Lean Six Sigma tools 

should be used to streamline manufacturing and non-production processes. These tools are simple, with no 

additional costs associated with improving process quality. Excellence is achieved through the use of the 

DMAIC cycle. The methodology presented in the article is universal. These tools can be used where it is 

necessary to improve the efficiency of the process. People and their teamwork are necessary to solve 

problems. Accurate analysis of collected facts and data allows for making rational and effective decisions. 

Ensuring proper quality and effectiveness requires a properly arranged process. Incorrectly collected data and 

facts will result in making wrong decisions. The target has been achieved in 90 %. It should be noted, however, 

that the process is characterized by high potential for improvement and low stability. There are many more 

potential reasons for the lack of availability of material for production: employee absenteeism, increased 

production, other logistics projects, expansion of facilities, staff changes, lack of automation in the process, 

disruption in the flow of information, too few handling equipment, lack of investment in the development of the 

warehouse department. Lean concepts, by identifying problems and their determinants, as well as through 

implemented solutions and their monitoring, they provide knowledge packages. The concentration on 

knowledge is the basic resource in business management [10].  
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Abstract 

The 1980s was a period of changes in Poland aimed at building a free market economy. This change has 

greatly influenced the functioning of Polish state-owned enterprises, which had to introduce new management 

rules. However, many of them found themselves in a difficult economic situation, showing a negative financial 

result. One of the elements of economic transformation is the construction of a free market based on private 

property. However, to the present day, not all enterprises in Poland have been subjected to this process. 

Examples are Polish Car Communication Enterprises (PKS), which still belong to the public sector. Based on 

previous author's research, it was found that they form a strategic group that cannot cope with free market 

conditions. In addition, these entities can be treated as social enterprises, whose basic activity is unprofitable 

but important for the local society. The author, using the economic method of the sector profile evaluates the 

competitive environment of Polish Car Communication Enterprises which belong to the public sector. The 

article analyzes a dozen of the most important factors affecting the services offered by the surveyed 

enterprises. At the end the author presents his own conclusions from the analysis. 

Keywords: Car Communication Enterprises, PKS, environmental analysis, competitive environment 

1. INTRODUCTION 

At the end of the 80s and the beginning of the 90s in the countries of systemic transformation of Eastern 

Europe is the period of building a new economic system. The group of countries to which Poland belonged 

departed from the system of socialist economy and transformed into a market economy [1,2,3]. This change 

has greatly influenced the functioning of Polish state-owned enterprises, which had to introduce new 

management rules. However, many of them found themselves in a difficult economic situation, showing a 

negative financial result. One of the elements of the improvement of the situation supposed to be their 

privatization [4,5]. Polish firms were not all privatized at the same time [6] and unfortunately, not all entities 

underwent this process. To the present day, there are enterprises that are not in private ownership and have 

an ineffective operating strategy. Examples of such entities are Polish Car Communication Enterprises (PKS) 

belonging to the public sector [7].  

Previous research has allowed us to state that these entities constitute a strategic group and, moreover, they 

can be treated as social enterprises [8], which gave reasons for the topic of the article.  

The article puts forward the following hypothesis: "The sector in which PKS's enterprises operate is 

characterized by the predominance of negative tendencies". 

The aim of the article is to identify factors and trends in the sector that determine the current unfavorable 

financial situation of the PKS enterprises. 

2. CHARACTERISTICS OF THE POLISH MARKET OF REGIONAL AND REGULAR BUS SERVICES 

The activities the PKS enterprises sector is focused in particular on the regional and regular bus transport 

market. Currently, this market in Poland is completely liberalized and goes through a very deep regression. 
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Enterprises operating on this market are struggles with economic and transport problems. Moreover, this 

market is characterized by the freedom of competition and the activity of an undetermined but significant 

number of carriers engaged in illegal transport. At the same time, there is “total freedom, the so-called "Wild" 

competition involving the use of understated prices for services and the omission or full violation of applicable 

laws "[9]. The effect of this situation is the lack of Polish statistics concerning the data on the number of lines, 

courses, buses involved in transport, the number of passengers and the transport performance. Therefore, it 

is estimated that GUS statistics are based on a population of about 4 % of carriers and cannot be reflection of 

the analyzed market. In addition, data collected by the Central Statistical Office do not include small enterprises 

employing no more than 8 employees [10]. 

3. ANALYSIS OF THE ECONOMIC PROFILE OF THE SECTOR OF SURVEYED ENTERPRISES 

The main activity of PKS enterprises belonging to the public sector is the provision of passenger transport 

services. Their activities are mainly focused on regional and regular bus transport as well as on contractual 

services and occasional services, so-called tourist rentals. In addition, these companies provide transport 

services, which include, in particular, the services of Regional Vehicle Control Stations (OSKP), repair 

services, lease of premises and commercial services - fuel station and cargo transport [8]. 

In order to identify trends occurring in the sector of surveyed enterprises and the factors that characterize it, 

the most recent data on the twenty most important factors shaping this sector were analyzed. July 1, 2018, the 

latest information on these factors is valid at December 31, 2016.  

Enterprises which run a business related to road transport of people in Poland are required to have appropriate 

permits [11] (Figure 1). 

 

Figure 1 Number of permits to perform the occupation of road transport operator in the field of transport of 

persons and permits for regular transport in Poland [12,13,14,15,16,17] 

During the analyzed period, the number of licenses for the occupation as operator of road transport as well as 

the number of permits issued for regular transport of persons during the period under examination decreased. 

This indicates a declining number of enterprises dealing with this type of activity in the country. 

Until 2007, Polish territorial self-governments statutory entitlements to concessionary bus journeys financed 

as their own tasks. However, from 1 January 2008, the state budget covers costs related to these rights. From 

that moment, voivodship governments must apply to the voivodes for subsidy in the amount being a qualified 

sum of subsidies reported by the carriers and constituting a refund for the sale of concession tickets [18]. 

Enterprises providing transport in road passenger transport on the territory of the country are rather small and 

scattered enterprises. This situation of this important segment of the market concerning passenger transport 

services is the result of the activities of the Polish state, in particular in the nineties of the twentieth century. 

These activities were aimed at demonopolizing the market by dividing large enterprises into many smaller ones 

[19]. 

The bus transport market in Poland can be characterized by an excess supply of transport services. The 

symptom of this situation is unused space in buses and downtimes of means of transport caused by the lack 

of orders for transport. The determinant of the excess supply is the excess capacity of all carriers. High 
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competition in the bus transport market, mainly regional, often favors the application of unfair competition 

practices, in particular by small transport companies. With reference to the analyzed PKS enterprises from the 

public sector, they can include: lack of timetables, no cash registers, collection of fees without registration at 

the cash register, arrival at the bus stop before PKS, stopping outside stops, using dumped prices, regular 

transport services without permits, exceeding the speed limit, handling only profitable lines, mutual informing 

about ITD controls. (Inspectorate of Road Transport), use of heating oil for buses, non-compliance with the 

labor code, etc. [20]. 

The Polish market of road passenger transport since the beginning of the nineties of the twentieth century and 

also in the years 2011-2016 is distinguished by the declining trend in the number of passengers  

(Figure 2). 

 

Figure 2 The number of transported passengers in national transport in Poland [21,22,23,24,25,26] 

In the years 2011-2016, the number of passengers transported in domestic transport was constantly 

decreasing at an average rate of 6 % per year, which indicates a decrease in the number of customers for bus 

services. One of the reasons for this situation may be better access to goods in the place of residence, caused 

by constantly emerging large- and small-size shopping centers and supermarkets.  

Another unfavorable trend in the bus transport market is the reduction in the number of transported passengers 

in the public sector (Figure 3). 

 

Figure 3 The number of transported passengers in national transport by the public sector in Poland 

[21,22,23,24,25,26] 

During the analyzed period passenger transport in the public sector decreased by over 48 %.  

In the case of the private sector, its share in domestic passenger transport in the same period also decreased 

slightly (Figure 4). 

 

Figure 4 The number of passengers transported in domestic transport by the private sector in Poland 

[21,22,23,24,25,26] 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

397 

Despite the decline in the overall number of passengers in domestic transport, the private sector, unlike the 

public sector, did not feel it so dramatically, which proves its better functioning and over the years 2011-2016. 

This share in 2011 was 55 %, and in 2016 increased to 68 %.  

The rapid progress of motorization determines the development and functioning of road transport, and also 

affects the development of the mobile society. For the analyzed enterprises, the number of motor vehicles 

determines the size of the market for the operations of the District Vehicle Control Stations and service stations 

(Figure 5). 

 

Figure 5 The number of motor vehicles in Poland [21,22,23,24,25,26] 

The number of cars on Polish roads can be characterized by an increasing trend. In the analyzed period in 

Poland on average almost 1 million vehicles are registered every year, and over the past five years their 

number has increased by 15 %. By analyzing this data and observing the situation on Polish roads, it seems 

to be obvious to say that the demand for the OSKP, service station and petrol station services will continue to 

increase. 

The biggest threat from substitutes for basic services, i.e. bus transport seems to be a passenger car, which 

is the most popular means of passenger transport in Poland [28] (Figure 6). 

 

Figure 6 Number of passenger cars in Poland [21,22,23,24,25,26] 

The number of passenger cars in Poland is growing rapidly, as over the years 2011-2016 it has increased by 

almost 20 %. The determinants of this position include enrichment of the society and increasing availability of 

used cars, which are very often imported from abroad. 

One of the many reasons for the decreasing number of bus passengers is the increasing number of passenger 

cars and decrease in the number of students traveling by bus (Figure 7). 

 

Figure 7 Number of bus passengers in Poland with school monthly tickets [21,22,23,24,25,26] 
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School children with school monthly tickets is the largest group of recipients of services that are offered by the 

surveyed group of enterprises. The reasons for the constantly decreasing number of this group of recipients it 

not only aging society but more frequent choice of individual transport. 

According to GUS data on the number of buses in Poland, it was assumed that buses are motor vehicles 

designed to carry more than 9 people, including the driver [27] (Figure 8). 

 

Figure 8 Number of buses in Poland [21,22,23,24,25,26] 

The growing number of buses registered in Poland is caused by the fact that despite the decline in the number 

of passengers transported by domestic public transport, the demand for these services is met by the purchase 

of vehicles, the so-called buses that carry a smaller number of passengers at once. Buses with the number of 

seats above 15 are in most cases less profitable and are eliminated or replaced with smaller ones. On the 

other hand, the stagnation of the number of bus vehicles on Polish roads in 2011-2012 may be the result of 

market saturation due to the declining number of passengers. 

It is also worth mentioning about the age of the bus fleet in Poland in 2016 (Figure 9). 

 

Figure 9 The age structure of the bus fleet in Poland in 2016 [26] 

Despite the increase in the number of buses over the analyzed period, in 2016 vehicles up to 2 years old 

constitute only 5 % of the total number of buses. It means that there are few new buses in Poland. One in four 

bus on Polish roads is aged 21-30. Over 65 % of buses in Poland are at least 16 years old, and buses that are 

up to 5 years old account for only 9 %. It is easy to draw the conclusion that bus transport in Poland often does 

not meet many current requirements not only legal, but also the requirements of customers due to the age of 

buses.  

Another factor affecting the regional road transport sector is the number of regular bus lines, which in the 

analyzed period decreased by over 23 % (Figure 10). The reason for this situation is the reduction in the 

demand for this type of services and subsequent liquidation of some unprofitable lines by PKS enterprises. 

 

Figure 10 Number of regular bus lines in Poland [21,22,23,24,25,26] 
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With the decrease of the number of regular bus lines, their length is constantly decreasing over the analyzed 

period (Figure 11). 

 

Figure 11 Length of regular bus lines in Poland [21,22,23,24,25,26] 

On long lines bus companies are more difficult to fight with competition from substitutes like train or individual 

transport. In many cases, train travel on these lines takes less time and is more comfortable comparing to bus 

transport. 

In 2011, the Supreme Audit Office reported the results of the audit carried out in the area of "territorial self-

governments fulfilling their obligations related to the organization of domestic bus transports", which was 

carried out in 2009-2010. This research highlights the most important remarks [29]: 

 Failure by local governments to analyze the market situation in the field of regular passenger transport, 

used to develop instruments to regulate the road transport market. 

 Unreliable performance of concession and control functions by self-governments. 

 Incorrect settlement of state budget funds intended for reimbursement of costs resulting from the use of 

statutory discounts by carriers. 

The results of the research were identified as negative and this situation was the result of "failure by the local 

governments to comply with the provisions of the Road Transport Act" [29]. 

In order to determine the size of the market on which the companies offering freight transport operate, the 

mass of goods transported in Poland was indicated (Figure 12). 

 

Figure 12 Mass of transported goods in Poland [21,22,23,24,25,26] 

 

Figure 13 The share of car transport in total goods transport in Poland [21,22,23,24,25,26] 

It is stated that the market for the carriage of goods in Poland is a very large market, where more than 1.8 

million tones of goods are transported every year. However, its size has decreased since 2011. The sudden 
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decrease in the mass of transported goods in 2012 was mainly caused by the general trend in the European 

Union and the associated economic slowdown. 

Specifying the above indicator, the author made the analysis of the share of the transported mass of goods by 

road transport in the total weight of transported goods in Poland (Figure 13). 

This share in 2011-2016 has steadily increased, despite the fact that in 2015 there was a significant reduction 

in this indicator. In Poland, more and more goods are transported by road, which indicates a dynamic 

development of this form of transport of goods. 

Another factor related to the market of road haulage, as well as the services of the OSKP, service station and 

petrol station is the number of trucks registered in Poland (Figure 14). 

 

Figure 14 Number of trucks in Poland  

[21,22,23,24,25,26] 

In Poland, only OSKP meet the conditions for carrying out tests on the technical condition of lorries. The 

increasing number of such vehicles in Poland in recent years is a favorable situation for the services of the 

OSKP and service stations, as it may result in an increased demand for these services.  

For the petrol stations lorries are very important type of fuel buyers. European trucks can refuel up to 1500 

liters of fuel at a time. Thus, the growing needs for fuel related to the growing number of trucks may affect the 

increase in fuel sales at stations of the surveyed entities.  

In addition, road haulage services are carried by heavy goods vehicles, and their growing number may indicate 

the attractiveness of this market as well as the growing competition on it. 

4. CONCLUSION  

The aim of this article was accomplished by analyzing twenty factors defined as the determinants of the sector 

of the surveyed enterprises. The hypothesis was verified positively. 

From the analyzed factors, only five can be described as having positive tendencies. The decreasing number 

of licenses granted for the transport of persons and permits for regular transport of persons may result in a 

reduction of competition on the market. The increase in the number of buses and heavy goods vehicles may 

lead to an increase in demand for OSKP and gas station services. A positive phenomenon is also an increase 

in the transport of goods by road.  

Unfortunately, the remaining fifteen factors have a negative impact on the functioning of the surveyed 

enterprises. This impact is very strong on the surveyed enterprises. The result is the current unfavorable 

situation of the surveyed enterprises. In particular, it can be seen in headlines of local newspapers describing 

the condition of local PKS companies. 
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Abstract  

Qualities, which are expected from an organization are greater flexibility in responding to customers' immediate 

needs. Awareness of the necessity to use integrated information systems is already widespread and its 

virtualization is considered as a new trend.  

There are two main driving forces pushing companies to invest in IT systems, which are seeking to gain a 

technological advantage on SCM and promoting the development of IT technology in the chain. These include 

changes in business environment and technological progress. Changes in a business environment require an 

increase of space needed for data and information management in SCM, which entails investing in IT systems 

in order to improve an organization. The evolution of technology provides tools and systems to facilitate the 

demand for processing and transmission of information, as well as provides enterprises with innovative 

technologies such as Cloud Computing. 

In the paper, the author presents the topic of virtual solutions in the area of Supply Chain Management. The 

first part is devoted to theoretical background of Cloud Computing and Supply Chain Management. In the 

second part, the author focuses on a critical environmental analysis in order to formulate guidance, which may 

be helpful for any manager considering an implementation of cloud-based solutions into their supply chains. 
In conclusion, readers can find a summary of authors findings as well as a discussion on importance of 

modernization of information systems in management of a company. 

Keywords: Cloud computing, supply chain management, process management  

1. INTRODUCTION 

The paper treats on the possibilities of use of the Cloud Computing concept in the supply chain management 

processes. Some argue that supply chain management is the last bastion of Cloud Computing. Thus, the 

author of the paper wants to demystify it and create a practical tips for entrepreneurs, who want to modernize 

supply chain management by implementing Cloud Computing solutions. 

Paper is divided into two main parts. Author based on the literature, scientific journals and Internet sources 

researches the topic of supply chain management and Cloud Computing. It is crucial to explain the objective 

background of those two concepts to readers. Therefore, the view on the supply chain management in being 

reviewed. Next, the subject of supply chain is concluded with the role of information in it. It should be 

emphasized that, undoubtedly, information flow is a base for the concept of the Cloud Computing. 

As the concept of Cloud Computing is relatively new, the inspection in the subchapter is concentrated on an 

accurate explanation of it. The review is based on the knowledge of authors who are authorities in the area.  

Advantages and disadvantages of Cloud Computing services are explored. Conclusions consists of author’s 

findings summary, and as of a discussion on importance of information systems modernization in company 

management. In the paper a methodology of explaining concepts from more general to specific ones is used. 

It gives a better overview and understanding of the problem to the readers. Owing to that, the work concludes 

with individual and independent results. The goal is to answer questions concerning, if it is beneficial to 

implement solutions based on the Cloud Computing, when and in what circumstances this process should take 

place. 
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2. THEORETICAL BACKGROUND 

2.1. Supply chain 

Supply chain management is a relatively new concept. The first time the term "supply chain management" was 

used by the consultants in the early eighties [1] and since then this concept has appeared more frequently in 

scientific studies related to logistics and management. Previously, companies used terms such as logistics 

and operational management instead. The article of prof. Rutkowski [2] shows various perspectives related to 

supply chain management. These are: functional awareness of the supply chain, represented by J. Houlihan; 

management contact points, J. Turner; the flow of information, L. Johansson; integration, formulated by The 

Global Supply Chain Forum. 

However, for further analysis the definition of supply chain management by M.Christopher was accepted, i.e. 

"The management of upstream and downstream relationships with suppliers and customers in order to deliver 

superior customer value at lower cost to the supply chain as a whole.” [3] 

A supply chain can be divided into four different streams [4]: information about the demand from the buyer to 

the seller, which causes all other activity; movement of goods from sellers to buyers; transfer of ownership 

from a seller to a buyer; ash flows from a buyer to a seller. Although, according to K. Ficon [5], the prevailing 

opinion in the literature is that the flow of capital and cash are not formally part of the sphere of interest, 

however, in the framework of the logistics supply chain concept they are an integral part of the described 

concept. 

2.1.1. Information in the supply chain 

A proper flow of information and its synchronization are fundamental issues for most companies. Departments 

of manufacturing, commercial and service companies, which are involved in storage, transport, planning, 

purchasing and customer service, deal with a very large flow of information and data. 

Data management needs to be well-organised, which means that it has to be clearly identified, efficiently taken 

from outside environment and effectively processed within the system. These are the conditions necessary for 

a proper operation of the system in terms of management. The main functions of information flows are to 

support the creation of coherent supply chains in order to enable effective management of resources and 

support efficient process control of transport, storage and preparation. The widest range of data use is at the 

level of executive staff, who work directly with transactional documents (e.g. inventory documents, sales 

documents, time and attendance, etc.). Databases, which in the processing are converted into information, 

are presented in a synthetic form. 

Ability and willingness to exchange information in the supply chain with a customer is considered in three 

dimensions. [6] First, the tangible dimension concerns an access to all relevant information related to both 

logistics processes and to significant indicators. A customer decides which information they need and have a 

direct access to. As a result, there is a possibility to control and correct the assumed level of customer 

satisfaction and quality of logistics services in a supply chain. The resulting feedback is the basis for creation 

of active management mechanisms of a supply chain - Supply Chain Event Management (SCEM). Secondly, 

the time dimension is based on the provision of information on a status of supplies, the implementation phase 

of a contract, available inventory, etc., in real time. Finaly, the spatial dimension is availability of information in 

the supply chain from different locations and markets. Monitoring information of strategic importance affects 

logistic processes, e.g.: transport route planning, locating the whereabouts of a particular commodity or a 

group of commodities (European Satellite Navigation System Galileo, GPS) [7], monitoring the status of 

loading, etc. The implementation of this dimension is done using mobile technology and online connection of 

all parts of a logistics network. 
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Closer cooperation with suppliers requires companies to undertake activities aimed at levelling the barriers of 

free movement in the information distribution. Access to the information should be simple, cheap, fast and 

reliable. It should also be characterized by [8]: possibility of acquiring information at any desired location along 

the flow of the logistics chain; availability of information for all cooperating partners; accuracy of the information; 

satisfactory rate of flow of information and its actuality; ability to process information to support decision-making 

procedural; possibility of automating the processes associated with the production, obtaining and processing 

information and making decisions. 

2.1.2. Information technology in supply chain management processes 

Data, information and knowledge are assets of a company needed to carry out the logistics and supply chain 

management (SCM). 

Information technology (IT) is one of the factors responsible for effective supply chain management [9]. Supply 

chain management involves an entire company, its surroundings, combining suppliers from one end of the 

chain to the other. Therefore, the discussion on IT systems for the supply chain should take into account two 

types of systems, namely those that are used internally in a company and external systems that facilitate the 

flow of information between various clients and companies. 

From a point of view of information management, IT systems are SCM-oriented therefore, commonly ensure 

productivity and reduce operating costs [10]. IT systems are in particular used to obtain and collect data about 

products and services for specific logistics activities such as shopping so as to allow an access to accurate 

and reliable information in real time. Next, special IT systems are used to store information in pre-defined 

categories and formats, as in the case of database management systems for customers. Another aspect is to 

analyze the stored data in order to generate information for the decision-making process as a reaction to an 

event or an assessment of efficiency of an SCM system in terms of reducing costs and increasing productivity. 

The collaboration and communication between the participants of the chain reduce delays and 

misunderstandings in the flow of information. IT system are also used to standardize logistics operations and 

procedures for data acquisition and development of general and specific policies, rules, regulations and control 

measures. Consequently, IT systems are created to be used in the areas of SCM efficiency oriented 

applications, increasing the competitiveness of the supply chain, value adding and streamlining global 

operations. 

The problem of information management in the supply chain as a strategic resource is inseparably connected 

with the implementation of modern IT solutions. Currently, the spotlight solutions dedicated to logistics supply 

chain systems are advanced planning and scheduling APS (Advanced Planning & Scheduling) systems and 

support of customer relationship management - CRM (Customer Relationship Management) [11]. 

APS and CRM systems implementation in supply chain management leads to the creation of integrated 

systems with modular design of SCM. This systems’ feature is extensive functional structure and hardware, 

which controls the flow of products and information in separate key business processes for all partners. SCM 

systems support the implementation of processes responsible for synchronization and automation of 

operations related to finance, human resources, production and inventory [12]. The method of data handling 

depends on the specific operations that support a given system. Chopra and Meindl define several types of 

systems that provide the operations of the supply chain: Enterprise Resource Planning, supply systems, 

advanced planning and scheduling, transport planning systems, demand planning, Customer Relationship 

Management and Sales Force Automation, inventory management systems, Manufacturing Execution 

Systems, transport scheduling systems, Warehouse Management Systems [13].  
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2.2. Overview of Cloud Computing 

Recently, Cloud Computing has become a subject of disputes not only for information technology specialists, 

but also for economists, lawyers and managers of small and medium-sized enterprises. Economists would 

focus on the stimulation of country development [14] and lawyers would consider this issue as a new way to 

provide services through the Internet and legal aspects connected to it. On the other hand, a manager of a 

company would examine all opportunities it could involve. This paper will be focused on the possibilities that 

Cloud Computing can offer to the supply chain in an enterprise.  

Cloud Computing is a model for enabling a ubiquitous, convenient and possible on-demand network access 

via a shared computing resource (i.e. network, servers, storage, applications, and services) that can be quickly 

secured and released with minimal vendor management or intervention. This model is characterized by five 

basic features, and mixes up the three models of delivery and four exploitation models. At this point, main 

drivers mentioned in the definition should be emphasized. These are: on-demand self-service (customers can 

secure a new computing resources whenever they need without having to contact a service provider), unlimited 

access to the network (an access to all the facilities is possible by devices with Internet connection), pool 

resources (collecting and sharing data between multiple users at the same time - multitenancy), rapid elasticity 

(flexibility resources provided and released as needed), measurement services (the scope and intensity of 

service used must be constantly monitored). [15] 

The essence of Cloud Computing can be concluded by the simple fact that a third party manages the 
application, which previously had to be installed on the hard drive from CD or DVD and update in the same 

way. [16] Other authors, Arthur Mateos and Jothy Rosenberg, explain that Cloud Computing is "the computing 

service offered by external entities and is available on request at any time by scaling dynamically in response 

to demand". [17] Renzo Marchini explains that Cloud Computing means delivering possibilities, remote 

computer capabilities, by service provider without the need to install additional software (SaaS) or 

infrastructure (IaaS) in the customer's network. According to him, creating a strict definition is difficult. 

Therefore, he distinguishes a set of features to explain the essence of this concept. Among them, there are: 

no requirements to install the software in the network; use of the software managed by the provider on servers 

controlled by them or on behalf of the supplier; charging only for the specific use; the liability of the supplier for 

updates; data security and equipment management. [18] 

Four main components of the Cloud Computing were found: scalability on demand (adaptation to the needs 

of computing resources across the organization), simplification of data centers (client can simplify the operation 

of his data centers by taking advantage of cloud technologies within the organization, or by making the transfer 

of data outside without purchasing hardware and software), business process improvement (those who 

resorted to the cloud make it possible to devote more attention to the operation of the organization rather than 

organizational issues), minimization of initial costs (a choice of Cloud Computing allows to save money on the 

purchase of the entire infrastructure necessary to start activity). [19] 

There are three main ways to implement Cloud Computing solutions: Cloud Computing (cloud compute), 

stored in the cloud (cloud storage) and applications in the cloud (cloud applications). [16] Leading among these 

is the service, which involves the provision of data storage. The client uses a shared external space, wherein 

data are moving. The biggest advantage of this service, and at the same time, the feature that most definitively 

distinguish this service in the cloud from other similar ones, is a method of accounting. The recipient does not 

have to pay for use of the entire infrastructure, but only for data transfer and storage. Cloud application is a 

service allowing for an on-demand access to its their own applications maintained by the provider on a platform, 

using a special code. This service is appropriate for the IaaS (Infrastructure as a Service) model. Software as 

a Service (SaaS) would be an offer that defines the concept of Cloud Computing. It is worth noting that, in any 

model of delivery, different characteristics may be present. SaaS provider can offer both services - use 

application that at the same time allows to store data. 
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The presented definitions create a picture of Cloud Computing as a model for the provision of IT services, 

which gives a user an ability to use computing resources anytime anywhere. Thanks to the possibilities offered 

by scaling and multitenancy, services in the Cloud Computing are flexible and adaptable to the changing needs 

of customers. Customers do not need to invest in hardware and software, which are guaranteed by the 

provider, who is responsible for the maintenance and safe operation of the entire infrastructure. Therefore, 

Cloud Computing differs from other models of IT outsourcing. Cloud Computing may be located anywhere, by 

using the virtual platform, while a “client - server” option is possible for a single device only. Another thing to 

be mentioned, is utility computing, which differs from Cloud Computing. It can use the split of virtualized 

platforms instead of centralized computing resources. [20] 

There are also views that Cloud Computing can provide competition for traditional outsourcing. The authors 

emphasize that the essence of outsourcing is to provide a specific business process for a longer period of 

time. Cloud Computing assumes, however a frequent settlement - mostly on the monthly bases.[21] Due to 

the desirable attributes, Cloud Computing can be considered as a new solution of different data management. 

3. CONDITIONS OF SCM VIRTUALISATION FOR A BUSINESS 

3.1. Use of SCM applications in a SaaS model for a business 

When choosing a supply chain management application, it can be noticed that it is a set of applications, which 

includes ERP, SRM, CRM and MRP. Basically, an offer of this kind of applications in the SaaS model is of 

interest to primarily small and medium sized enterprises, which due to their limited financial resources are not 
always able (or willing) to use advanced information systems. Moreover, this form of use of virtually integrated 

management of information systems may be of a particular interest to newly created or restructured 

undertakings in which the number of users, information needs and scope of IT support for business processes, 

may be subject to dynamic changes. For the newly emerging entities, operating on a highly competitive market, 

the decision to use, for example, an ERP system in a SaaS model helps it to avoid an initial investment (and 

at the same time supports its current operations of IT solutions) and allocate financial resources, which can be 

used for an implementation of other important business projects. The SaaS model can also be considered in 

the case of enterprises, which do not have an extensive IT department and are not interested in implementing 

and maintaining a separate ERP system. ERP systems in the service model can also be an interesting 

alternative for companies, whose already present system is at the end of its life cycle and the company officials 

consider its replacement. Such a solution can also be of a particular interest to companies characterized by a 

geographically distributed organizational structure, for organizations actively carrying on their activities in the 

virtual space (e-business) and stakeholders using only the most basic functionality of ERP systems.  

3.2. Benefits and threats of SCM application based on SaaS 

The use of SCM applications in a SaaS model involves both benefits and risks, which should be thoroughly 

considered in companies by managers responsible for the implementation of integrated management 

information systems. A set of potential benefits relating to the use of SaaS model (prospect customer) can be 

considered in economic, organizational, technological and social aspects. It should be emphasized that not 

every type of presented benefits will be noticeable or measurable. Specific features, in relation to the recipient 

of the system implementation process - an approach and providers’ professionalism determine an occurrence 

and measurability of presented benefits. Nevertheless, some risks and problems, which should be carefully 

examined by senior management, are also associated with the use of SCM solutions in the SaaS model. These 

include mainly: the Internet failures that prevent access to and usage of the system; probability of a temporary 

performance slow-down, due to a momentary reduction in the bandwidth of the Internet; high costs of the 

required broadband Internet connections; a lack of system’s full customization to the needs of a recipient; 

potential difficulties in data migration (e.g. from a previous system); significant functional differences between 
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the system offered in SaaS and in an on-premise model; concerns and problems of the management with 

safety data, collected in the systems, which are managed by an external supplier; possibility of legal problems 

(different rules in different countries, unfavorable provisions in the agreements, a lack of practices, etc.); 

difficulty to distinguish oneselves from rival firms by applying such a system by oneself; a partial dependence 

on external supplier recipient's system, resulting in, among others, weakening the ability to manage an IT area; 

market risk of co-operating with unprofessional supplier of the systems (e.g. the possibility of sudden cessation 

of activities by the IT supplier); possibility of integration difficulties. 

As the first economic benefit, which can be mentioned, when implementing a cloud-based system, is that there 
is no need to purchase and to develop IT equipment (servers, data storage equipment, UPS) and software 

(system and database). Secondly, there is no need to incur the costs associated with planning, organization, 

implementation and maintenance of specialized storage (server) necessary for a safe operation of the ERP 

system. What is more, a low cost of acquisition and ownership of the system (monthly subscription) as well as 

including the above-mentioned advantages can replace CAPEX investment costs spread over time resulting 

in OPEX costs of “system living”. The IT specialists, who were in charge of maintenance and development of 

administrators, can be redundant from the company. 

There are also relatively lower costs of modernization, renovation and development of the system, which is a 

next great advantage, likewise improved predictability of costs associated with the use of a cloud-based 

system.  

A faster and easier way of obtaining and implementing a SCM system (along with a package of specialized 
services) is one of the organizational benefits of implementation of this mentioned solution. It is necessary for 

current activities of a company (rapid "time to market"). Next, the use of a system is independent regardless 

of the geographical location of a company and its employees. It means that there is a support for mobile 

workers and telecommuting. It should also be emphasized that another great advantage is both an ability to 

easily share information and knowledge stored in ERP systems with enterprise partners and a support for an 

implementation and coordination of shared business processes. 

When a company outsources its IT infrastructure using Cloud Computing solution, it means that it can 

concentrate on its core competencies and further development of its business activities. Furthermore, owing 

to a collaboration with a provider, there is an ability to dynamically add / subtract a required functionality of the 

system depending on the current needs of an enterprise. It is also an opportunity to unify and simplify the 

organizational procedures related to the use of the SCM systems, e.g. an ERP. 

When considering technological benefits of implementing systems based on cloud computing solution, one 

has to remember that it is characterized by a high level of security in the collection, processing, transmission 

and archiving of collected data. What is more, a provider of the cloud service offers a possibility of a 

professional and flexible technical support for an ERP system. A company is instantly provided with an access 

to the most current version of the system (taking into account legal changes and noted errors, etc.).  

What is more, small and medium size enterprises can also take advantage of advanced in terms of functional 

SCM systems, previously available primarily for large enterprises. 

One of the main social benefits is protection of the environment by reducing energy consumption and 

emissions. Secondly, an implementation of cloud-based systems reduces the amount of business travel by 

allowing free, mobile and effective communication between employees and partners. 

4. CONCLUSIONS 

Modern companies, regardless of their size and industry, use various types of information systems. The 

progressive computerization integrates and streamlines business processes in enterprises, mainly due to the 

increasing role and importance of information needed to make appropriate decisions in managing. As a result, 
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without a proper application of information systems, it is difficult to obtain or maintain a competitive advantage 

on today's demanding market. Special roles in helping companies are now played by integrated ERP, MRP, 

SRM and CRM systems, which have a direct influence on the effectiveness of SCM in a company. This class 

of systems has the capacity to support and integrate almost all areas of company’s activity and offer significant 

management support of governance in reporting, monitoring and analysis of business processes.  

Finally, specialists understood that companies cannot focus only on their own profit, but through a proper policy 

of cooperation and coexistence with the environment, it is possible to enable the development and existence 

of contractors, without whom, it is difficult to speak about the existence of one’s own business. Currently, the 

main idea of SCM is based on the customer satisfaction. 

The model of Cloud Computing is the catalyst of centralizing the pieces of information, which connect dots in 

processes, create a real-time opportunity to effectively implement service for increasingly demanding 

customers in a globalized economy. Enabling integration of data for the implementation of dynamic cooperation 

within the transparent and flexible supply chain affects the structure of the total cost of ownership. In a recent 

study conducted by M. Christopher [22], it was stated that the solutions available in the Cloud Computing 

model meet challenges of the problems of preserving transparency of the supply chain. 

Cloud Computing is the provision of IT services over the network infrastructure. Cloud Computing is the model 

for enabling access via the Internet to a shared pool of computing resources (e.g. network, servers, storage, 

applications and service), they are configurable, available "on demand", can be quickly allocated and released 
with a minimal user interaction by allowing services by flexibly increasing or decreasing resources depending 

on the current demand.  
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Abstract 

The article attempts to identify and assess socio-technological conditions for the development of intermodal 

transport in the cross-border areas of the Silesia and Opole province. The research presented in the article is 

based on expert judgment and is a fragment of broader research aimed at developing a strategy for the 

development of freight transport in the field of international research project implemented in territorial 

cooperation of three countries: the Czech Republic, Poland and Slovakia with the participation of the European 

Grouping of Territorial Cooperation TRITIA, established to improve cross-border, transnational and 

interregional cooperation between its members.  

Keywords: PEST analysis, socio-technological conditions, TRANS TRITIA 

1. INTRODUCTION 

One of the important activities of increasing the competitiveness of regions is undoubtedly the process of 

creating high-quality transport links as part of their development. However, this process can not only concern 

the development of the line infrastructure of various transport branches, the activities in this area should also 

concern the implementation of integrated solutions for intermodal transport. However, the participation of 

intermodal transport in Poland is too low compared to the potential it has. Research carried out by the authors, 

regarding the assessment of the potential of cross-border areas in the Silesia and Opole province, based on 

reports, CSO data, expert opinions and a developed synthetic indicator of potential assessment, based on the 

taxonomic extent of development, allowed to determine that the region with the greatest potential for the 

development of intermodal transport is the Silesia province (in the area of point and linear infrastructure of 

road and railway transport) and the Opole province (in the field of inland waterway transport). Therefore, the 

further development and development of both point and line infrastructure have the crucial meaning for the 

growth of intermodal transport, which should also be a priority in determining transport development 

documents at local, regional, national and international levels, including project implementation. The article 

presents a part of research concerning the determination of socio-technological conditions for the development 

of intermodal transport as part of the TRANS TRITIA project, carried out in three countries and four regions: 

The Moravian-Silesian Region, the Opole Voivodeship, the Silesian Voivodeship and the Žilina Region. The 

territory of TRITIA is 34069 km2 and over 7.8 million inhabitants. The project area includes important roads 

and transport corridors, including road No. 58, E75 and E462 (European corridors) and the Baltic-Adriatic 

corridor. The aim of the project is to improve planning and coordination between regional authorities, transport 

managers and freight transport operators. The project focuses on cross-border, transnational and interregional 

cooperation to strengthen economic and social cohesion in order to achieve the goals set in the Europe 2020 

Strategy or the EU White Paper on Transport. 

2. THE RESEARCH CONCEPT OF INTERMODAL TRANSPORT DEVELOPMENT IN TRITIA AREA 

Intermodal transport is indicated as one of the key factors in the sustainable development of both supply chains 

and regions. Intermodal transportation refers to multimodal chains or networks involving at least two 

transportation modes, freight being packed into a “container” and not being handled at intermodal-transfer 

terminals on its trip from its origin to its destination. This characterization makes intermodal transportation a 
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multi-actor complex system involving a broad range of interacting stakeholders, decision makers, operations, 

and planning activities [1]. The only legal instrument at EU level to directly encourage the shift from road to 

transport with lower emission levels, such as inland waterway, sea and rail, is Directive 92/106 / EEC 6 

(Combined Transport Directive). Its aim is to increase the competitiveness of cross-border intermodal transport 

compared to road freight transport. 

The use of other transport modes than truck for long haul freight transport can therefore contribute to more 

energy efficient transportation systems. As a result, the successful promotion of intermodal transport, using 

rail or sea on the long haul part, has been identified as the most critical action to achieve a sustainable transport 

sector [2].  

The effects of using intermodal transport can be divided into three groups: economic, ecological and social. 

The economic effects consist mainly in reducing operating costs (fuel, drivers' working time), longer truck life, 

reducing road charges (motorways, tunnels, etc.), and less road use. Ecological effects consist in limiting 

environmental pollution by reducing exhaust emissions, reducing noise, in particular reducing the external 

costs of transport. Social effects concern the increase of road safety. 

However, uneven development of intermodal transport can be noticed between countries and regions in some 

countries. This trend is particularly noticeable in cross-border regions. In these regions, different conditions of 

each country are encountered. An unevenly developed intermodal network in some regions of the country, 

causes bottlenecks and delays in freight transport. Such a phenomenon is observed in the region of Silesia-
Žilina-Moravia (Śląskie Voivodeship, Opole Voivodeship, Moravian-Silesian Region, Local Government Žilina) 

at the intersection of three countries: Poland, the Czech Republic and Slovakia. The solution of the bottlenecks 

problem in the development of freight transport in the cross-border area is the main goal of the international 

TRANS TRITIA project implemented since 2017. One of the initial stages of the development of the freight 

transport strategy in the cross-border area is the PEST analysis. The author of the PEST analysis is F. Aguilar 

(1967). The PEST analysis, otherwise called the general segmentation of the environment, defines the basic 

spheres of the environment, i.e. areas that have a key impact on the functioning of the organization. It also 

sets the future strategy for the organization's operation by identifying and assessing factors: Political, 

Economic, Social, Technological. The PEST analysis has been aptly named a typical bird's eye view of the 

business, political and social landscape in which the organization operates. [3]. The article focuses on the 

identification and assessment of two groups of factors: social and technological. 

Social factors are a set of barriers that must be overcome in order to develop intermodal transport. In general, 

the public is aware of the harmful impact of road transport on the environment. External transport costs, 

however, are often identified with passenger transport. The challenge is therefore to promote solutions for 

freight transport. If in the PEST analysis no groups of environmental factors have been identified, they are 

included in the social group. Social factors are included in the assessment of the region's attractiveness for 

the development of freight transport. 

Technological factors set the standards for the implementation of transport tasks. Transport capacity, meeting 

quality standards, innovation and distribution in the transport network determine the reliability of freight flows. 

Technological factors determine both the intermodal maturity of the region and the attractiveness of the region 

for the development of freight transport. 

Research on social and technological factors was carried out in accordance with the PEST methodology: 

1. First stage - Collection of factors related to individual segments of the environment (social and 

technological) 

2. Second stage - Identification of key factors in the social environment and in the technological 

environment 

3. Third stage - Determining the impact of each factor on the development of freight transport in the cross-

border area 
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4. Fourth stage - Determining the relationship between the development of freight transport in the cross-

border area and social and technological factors 

The analysis of social and technological factors has been limited to the Polish regions of the TRITIA area. The 

intermodal transport market in Poland is a young market that is characterized by low but constant development. 

Currently, in terms of the weight of cargo transported by intermodal transport, Poland ranks eleventh among 

the EU countries. The potential for developing this type of transport in Poland is significant; the more so 

because the European Union aims to gradually replace road transport - by sea and rail transport.  

3. IDENTIFICATION OF PRIORITY SOCIAL AND TECHNOLOGICAL FACTORS FOR THE 

DEVELOPMENT OF INTERMODAL TRANSPORT IN THE TRITIA AREA 

As a result of the conducted analyzes, the factors adopted as a base for further work were identified. They 

were identified on the basis of an in-depth analysis of the scientific literature, a series of reports and studies 

on the state of intermodal transport and interviews with industry representatives. The indicated factors have 

been subject to expert assessment in order to identify those that are priorities for the development of intermodal 

transport. Each factor was assessed on a scale of 1 to 10, where the higher the rating, the higher the priority 

of a given factor (the sum of the ratings awarded to all factors was 100 points). The list of factors together with 

their assessment is presented in Tables 1 and 2. 

Table 1 Social conditions - analyzed factors [own study]  

No. Factor Rank No. Factor Rank 

1 Social external costs of transport 10 9 The progress of civilization 6.5 

2 Society ecological awareness  8.5 10 The level of social mobility 6.5 

3 Social sensitivity and activities in the field of 
freight transport 

8 11 Customer requirements and expectations 5 

4 Differentiation of the geographical environment 8.5 12 The level of motorization of the society 4.5 

5 Natural hazards (floods, mining damage, 
landslides) 

8 13 Traditions and customs (including 
shopping) 

5 

6 Demographic indicators 7 14 Health awareness 6 

7 The level of science and education 5.5 15 Lifestyle 3.5 

8 The level of income of the society 4.5 16 Point of view (opinions) of the media 3 

Table 2 Technological conditions - analyzed factors [own study]  

No. Factor Rank No. Factor Rank 

1 Eco-innovation in freight transport 7.5 9 The innovative potential of the region 5.5 

2 The development of modern interbranch 
reloading systems 

9.5 10 The rate at which new products are 
introduced (shortening of product life 
cycles) 

4 

3 Development of information technology and 
ITS 

9.5 11 Level of development of line infrastructure 5.5 

4 Permissible and commercial speeds on 
railways 

7.5 12 Level of point infrastructure development 5.5 

5 Knowledge transfer (including technology) 7 13 Automation and robotization 4.5 

6 The level of cooperation between enterprises 
and R & D units 

7 14 The development of means of transport 5 

7 Standardization and compliance with quality 
standards 

7.5 15 The existing level of freight transport 
development 

5 

8 Level of expenditure on R&D 5 16 Economy servicizing 4.5 
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A group of factors creating social and technological conditions for the development of intermodal transport in 

the examined cross-border area were adopted for further analyzes, the evaluation of which was at least 7. 

They were considered as priority conditions (in the tables marked with shaded area). 

Among the social conditions, the social external costs of transport were singled out first. They represent effects 

felt by a third party that is not a direct participant in the transaction. The effects of transport activities can have 

both positive and negative effects. However, much attention has recently been focused on the latter category. 

It includes: costs due to congestion, accidents, air pollution, water, soil, climate change, noise, land occupancy. 

The external costs of transport activity are strongly dependent on parameters such as location, time of day or 

branch of transport [4]. Hence, such a high significance of this parameter seems to be fully justified among the 

social conditions under consideration. Another parameter - environmental awareness of the society includes 

knowledge of the pro-ecological approach to the carried out activities. It manifests itself mainly in the level of 

ecological education and the perception of the connection between one's own everyday behavior and the 

quality of the environment. The level of public awareness about freight transport and its impact on generating 

negative effects on the environment and society is particularly stressed in this parameter. This factor is strongly 

related to the sensitivity and social activity in the field of freight transport and its external transport costs 

(another factor under investigation). The assessment of this factor takes into account public participation in 

campaigns devoted to the issue of the impact of transport on the environment or the change in social behavior 

as a result of pro-ecological initiatives. The next two factors representing social conditions concern the same 
group of factors of a geographical nature. The first of them (diversification of the geographical environment) 

concerns the geographical landscape of the region, land relief, forms of land use, defragmentation of space 

and the level of urbanization. It also includes the occurrence of naturally protected areas, which have a decisive 

influence on the created linear transport infrastructure. The second factor addresses the problem of various 

natural hazards. In the region under consideration, particular attention was paid to anthropogenic surface 

degradation as a result of mining activities, eg mining damages on roads, depressions and deformations of 

the area (Śląskie Voivodship) and potential floods (mainly Opole voivodships). The factor also includes 

potential threats related to the climate, however, no significant problems have been identified in this respect. 

The last factor from the group of social determinants are demographic factors. In their area, the development 

of transport is primarily influenced by the recorded decline in population, the aging population and related staff 

shortages, the level of migration and the growing concentration of population in agglomerations. 

Among the technological conditions, the greatest importance was attributed to two factors. The first is the 

development of modern inter-branch reloading systems. It is told here about various forms of transhipments 

carried out between individual transport branches with the use of all intermodal loading units (containers, swap 

bodies, car semi-trailers): ro-ro (horizontal trans-shipment), lo-lo (vertical trans-shipment), Ro-La (reloading of 

entire road vehicles). A lot of attention has recently been focused on very modern horizontal technologies (eg 

CargoBeamer, Modalohr, Mega Swing), which are perceived as a significant driving force for the development 

of intermodal road-rail transport in Europe [5]. The second factor with the same weight is the development of 

IT technologies and solutions within intelligent transport systems (ITS). It should be emphasized that this factor 

applies to the aforementioned solutions implemented in all modes of transport; this is particularly important 

due to the fact that currently the highest level is recorded in road transport. The third factor of technological 

conditions is the development of eco-innovation. The definition of eco-innovation in literature is recognized in 

a variety of ways, including: "eco-innovation", "sustainable innovation", "eco-friendly innovations". They are 

designed to reduce the use of non-renewable resources, reduce the emission of harmful substances into the 

environment [6]. Eco-innovations are also strongly connected with transport, where much attention is paid to 

the possibilities of developing alternative sources of propulsion, implementation of engines with lower emission 

of pollutants or the use of modern means of transport with reduced fuel consumption and ecological driving 

mode. Another factor is the permissible and commercial speeds on the railway roads, which form the basis for 

the development of rail transport. This factor is in line with the adopted guidelines related to the development 

of rail freight transport and the need to increase the speed of freight trains on AGC / AGCT lines. An important 
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aspect is also commercial speed, which is the result of both the speed allowed on a given line and train stops 

during a transport task. Due to the development of intermodal transport, an important factor is also 

standardization and compliance with accepted standards. Standardization primarily concerns cargo units used 

in transport and significantly improves the implementation of transport processes. In addition, it can be 

reflected in road classes of various modes of transport. The last factors are the transfer of knowledge, including 

technology and the level of cooperation between enterprises and R & D units. They are relatively important 

mainly due to their impact on generating and adapting innovations that give great opportunities for the 

development of intermodal freight transport. 

The priority social and technological conditions identified and explained above were evaluated in terms of 

strength and direction of their impact on the development of intermodal transport in the analyzed cross-border 

area. For the strength of influence, three gradual scores were adopted: 1 - low impact force, 2 - medium impact 

force, 3 - high impact force; for the direction of impact, the scale was two-tier - negative impact, positive impact. 

In the last stage, a weighted evaluation of the mentioned parameters was made - the results are shown in 

Figure 1. 

 

Figure 1 Analysis of the force field [own preparation] 

Among the factors that can be described as strong determinants of the development of intermodal freight 

transport, we can distinguish primarily factors related to the development of ICT and solutions within intelligent 

transport systems (ITS), as well as factors related to the standardization and normalization of both cargo units 

and selected elements point and line infrastructure. This group also includes factors related to the social 

external costs of transport, which constitute approximately 29 % of the costs of the negative impact of transport 

on the environment, and the remaining 71 % of external costs are human and material effects of transport 
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accidents [7]. It should be emphasized that in Poland the biggest environmental problems are created by the 

large scale of the activity of broadly understood road transport [7]. Therefore, this factor can be considered as 

a stimulant for the development and wider use of intermodal transport. In turn, the factors that suppress the 

development of intermodal transport are the factors related to natural hazards related to land surface 

degradation as a result of mining activities (Śląskie Voivodeship) and potential floods (mainly Opole 

voivodeships). Also the admissible and commercial speeds on railway roads, which significantly hinder the 

decision to use rail transport, are also a big problem. 

A change in this state of affairs requires intensification of activities on the part of various stakeholder groups, 

including a special role in the actions of the authorities that are responsible for the creation of transport 

policy [8]. 

4. CONCLUSION 

The research carried out by the Authors in the first place concerned the distinction of factors concerning social 

and technological segments of the environment. Next, the authors identified these factors, which are 

characterized by the greatest impact on the development of intermodal freight transport in the cross-border 

areas of the Silesia and Opole province. These studies have identified the factors that have the lowest and 

highest impact on the development of intermodal freight transport. 

To sum up, analyzing socio-technological factors for the development of intermodal transport in the cross-

border areas of the Silesia and Opole province confirms the necessity to undertake broader research, including 
those that will allow for the identification the technological and social benefits of intermodal transport. 
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Abstract 

Attaining the highest level of manufacturing system organization requires low-cost structural flexibility, 

associated response speed and adaptability to the changing market and technological environment. The low-

cost flexibility of a manufacturing system is a combination of organizational elements that leads to the 

balancing of the system internal flexibility and leanness levels. A basic problem in the balancing process is 

that both the flexibility and the leanness of manufacturing exclude each other (i.e. what is lean cannot be 

flexible, and vice versa). This study analyzed the levels of the internal flexibility in two ways for improving 

manufacturing systems: based on the world class manufacturing approach (WCM) and based on the x-

manufacturing approach (xMS). Estimating the cost of internal flexibility will allow for the subsequent statement 

of their leanness costs and thus enable the development of low-cost flexibility. 

Keywords: Internal flexibility, WCM, xMS  

1. I INTERNAL MANUFACTURING FLEXIBILITY 

Manufacturing flexibility (most often considered as economic and operational) is a complex, multidimensional 

category that can be defined in different ways and thus differently interpreted [1-4]. Literature on the 

classification of production flexibility, for example [5-7] (both in terms of attributes, functions, etc.), and its 

management, e.g. [8,9] oganization. The types, levels, strategies, and dimensions cited in the literature, e.g. 

[10,11] make it unequivocal. An analysis of this definition shows that the flexibility of manufacturing [12] can 

be understood as an ability to react to change. In other words, a purposeful and economic maintenance of 

reserves for specific resources to be used at any convenient time (e.g. when an opportunity arises - the 

condition for using the opportunity is, inter alia, to have resources available and, actually, their excess or, at 

least have access to them). Manufacturing flexibility is also the ability to react [13] to the occurring uncertainty 

in such a manner that either will maintain or increases the system's parameters in the area of realization and 

functioning cost relating to the operational level (the level of the segment/module and its less complex parts) 

[11]. In manufacturing systems, an increase in flexibility at the operational level (so-called internal/operational 

flexibility), which is associated with the scope of its possibilities to change in the area of the resource, process, 

or production plan [14]), is most often achieved as a result of the increase in: resource flexibility (closely related 

to resources occurring in the manufacturing system, primarily material ones, and the possibility of 

changing/replacing them, as well as their redundancy), process flexibility (associated with the possibility of 

changing the course of manufacturing processes within the existing structure) and planning and control 

flexibility (related to the ability to configure alternative production plans within the defined product line group, 

used in specific situations). Flexibility on the internal level may apply to all manufacturing system areas; most 

often, however, the following are distinguished: the product area (e.g. constructional or technological flexibility), 

the technology area (e.g. machinery or route flexibility), and the area of the system and its organization (e.g. 

product line, plan or cooperation flexibility). Due to its operational nature, flexibility is measurable, and the 

formulas for its calculation and its necessary level are provided in numerous studies, e.g. [5,15,16]. In the 

compilation to calculate internal flexibility, the formula was chosen based on cost and time. 
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2. COST OF INTERNAL MANUFACTURING FLEXIBILITY 

According to definition, the costs of internal flexibility is the sum of the costs of: resources necessary for the 

ongoing execution of tasks, as well as their redundancy, real processes and their alternative (virtual) flows (the 

costs of operations possible to be taken into consideration) and preparation of plans and ongoing flow control, 

along with their possible modifications. Adapting this definition, it is possible to specify the formula for 

determining the cost of internal manufacturing flexibility, which are a weighted costs average derived from the 

change of resources (Kz), processes (Ko) and production plans (Kp). In practice, all necessary data can be 

easily acquired or estimated, provided that the appropriate costing is used. A dedicated costing method for 

determining the internal flexibility cost is activity-based costing. Making the ongoing, dynamic statement of 

flexibility costs is practically impossible without computer support. Such capabilities are provided, e.g., by 

simulation modelling which, by performing a series of simulations on variable system configurations, enables 

the determination of their most advantageous arrangement. The most advantageous system configuration, in 

a given condition, will therefore become a model, at which the system should strive for (the point of equilibrium 

between flexibility and leanness. In business practice, a time meter is used to express internal flexibility. It 

determines the response time to changes in input factors, which are a weighted response time average derived 

from the change of resources (Tz), processes (To) and production plans (Tp). 

3. DYSFUNCTION OF THE INTERNAL FLEXIBILITY IN LEAN MANUFACTURING 

Flexibility, especially in excess, causes a dysfunction of the manufacturing system in terms of the essence of 
creating the manufacturing system based on reducing of all kinds of wastes; therefore, constructed to realize 

the processes in the most efficient way (without waste). This dysfunction arises from the mutual relationship 

of the lean manufacturing concept and the flexible manufacturing concept. The fundemtal problem in the 

balancing process is that both the flexibility and the leanness of manufacturing exclude each other (i.e. what 

is lean cannot be flexible, and vice versa) [17].Therefore, the most important problem is to be able to balance 

the level of leanness and flexibility in such a way as to achieve market objectives at the least cost. Such 

balancing takes place through the process of improving the manufacturing system, which is indispensable for 

its development. System improvement involves changing protocols, perceptions of behavior and expectations. 

It can be defined as a planned and top-level effort to increase system efficiency and effectiveness, therefore, 

continually improving its performance through planned and integrated operations. Even though, improvement 

can be done in many ways, it can be achieved in such as being formalized or not [18]. Most commonly used 

formalized improvement approaches for manufacturing are: word class manufacturing (WCM), manufacturing 

fit approach (xMS), and manufacturing excellence (ME). 

4. SELECTED CONCEPTS FOR SYSTEM IMPROVEMENTS AND INTERNAL FLEXIBILITY 

As indicated by research, the groups of large manufacturing companies in Poland, today, have currently 

generated any and all concepts to improve manufacturing. Their efforts are singly aimed to increase the 

performance level, practically by all companies. Unfortunately there is no comprehensive research related to 

the use of a preferred concept. However, as shown by studies conducted in a group of 50 large manufacturing 

companies in the automotive industry in Poland, the most popular are: xMS (82 %), WCM (10 %), ME (1 %), 

other (7 %). WCM is based on guidelines that can be briefly characterized as: produce faster, produce better, 

produce cheaper and produce more. Furthermore, literature analysis carried out under the WCM concept has 

shown that there is no universally recognized and internationally recognized WCM definition [19-21]. However, 

one can assume that WCM is a way of organizing production systems by achieving the highest, possible level 

of production oranization implementing modern management methods. Organized according to WCM 

guidelines, based on so-called technical and management pillars, indicates the highest level of organization 

possible to achieve. Built on the basis of good practices to reduce all kinds of wastes, the WCM concept is 

based on lean manufacturing guidelines that reduce the system's internal flexibility to a relatively minimum 
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(what is lean and can not be flexible). The current WCM concept is recognized as a management model, 

utilized by management in organizations, which have the world's best manufacturing systems, and therefore 

relies on the basic principles [22] inter alia: respect for established views and standards, no tolerance to losses, 

removing causes rather than effects. Due to diversity and the rate of change in the business environment, 

maintaining a uniform standard for any WCM enterprise is increasingly more difficult. In business practice, the 

addition of the use of proven standards, creates its own set of organizational guidelines. Manufacturing 

systems that implement the WCM postulates don‘t follow the established standards function as dedicated, 

well-fitting manufacturing systems (xMS). xMS is agile designed for the individual manufacturing companies 

that aspire to have WCM-compliant systems but are implemented in other ways. They consist mostly from: 

foundations, pillars, facades, equipment. They are intended to have greater internal flexibility as they should 

balance the level of flexibility and leanness of manufacturing. By making the assumption on the capability to 

balance the leanness and flexibility levels, it is possible to determine the flexibility corridors, and thus to 

minimize the costs of internal flexibility for the entire system [23]. Problem solving leanness and flexibility to 

some extent solves agility, where flexibility is a key element for many concepts therefore providing more flexible 

manufacturing resources and concepts to organize the so-called focused flexibility systems. Excess of 

flexibility (spare flexibility) is based on the flexibility of corridors or dispersion of resources. Excellence within 

manufacturing is widely presented as providing significant benefits, but there is no clear consensus regarding 

the exact nature of excellence within manufacturing, or approaches for its implementation [24]. The ME 
concept, like xMS, leads to world class manufacturing, although, through other means of implementing 

methods and tools. It provides an intermediate between the implementation on the basis of WCM and XMS 

procedure. Manufacturing excellence can be considered as the goal to which every company wanting to be 

world-class has to move towards. The elements of manufacturing excellence can be made into the pillars on 

which the roof of manufacturing excellence stands, and the foundation to the nine pillars is provided by top 

management support in terms of leadership and people support through change and human resource 

management. Knowledge management has been taken as an inclusive part for all pillars [24]. In ME concept, 

one of the main pillars is the process flexibility pillar, which is supposed to maintain an adequate level of internal 

flexibility. It is a concept that generates higher maintenance costs for the system in a state of equilibrium, thus 

generating more and greater wastes. 

5. SIMULATION EXPERIMENTS 

As stated, based on literature review, the smallest level of internal flexibility should have WCM-based 

manufacturing systems, larger xMS and the largest - ME-based manufacturing systems. The purpose of the 

experiment was to check the levels of internal flexibility of two very similar manufacturing systems, however, 

developed on the basis of other manufacturing paths (WCM / XMS). Therefore, very similar companies have 

been chosen producing the same assortment (car lamps) in similar quantities (about 500 pcs/shift), using 

similar technology (final assembly) and machine park (8 machines), operating in the same system 

(manufacturing cells) designed for cellular manufacturing and engaging the same human resources (6 

operators working on the 1 to n system). To verify assumptions, a universal computer model was built based 

on the analyzed area. For this purpose, the Witness software and an in-built optimization algorithm 

incorporated in the Witness Optimizer module were employed. The experiment was conducted in 3 stages: 

 the possibility of carrying out the same production orders in both areas were verified by assigning them 

historical WCM quantitative and qualitative plans - 100 consecutive shift plans, 

 the possibility of carrying out the same production orders in both areas was verified by assigning them 
historical quantitative and qualitative plans from the xMS area - 100 consecutive shift plans, 

 the possibility of performing the same production orders in both areas was verified by assigning them a 

virtual quantitative inventory plan, resulting from historical data analysis in the form of possible scenarios 

(10x10x10). For each of the scenarios, the probability of occurrence was determined by quantifying and 
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averaging the opinions of experts, specialists from two process management companies in the 

presented areas. The range of changes and their probability was compiled, based on historical data 

from a 2 year period (relative stability of the assortment). Weights of the individual variables were 

determined for each simulation variant identified in the 3 phases (based on historical data averaged 

over the past 2 years), which are composed of the cost of internal and response time to changes. 

Using a modeling simulation can provide an analysis of possible scenarios, which allowed you to choose the 

most advantageous solution. The choice of the most favorable variant (scenario) is described by the criterion 

functions: minimum cost [14] and minimum response time. Thus, changes were made in the experiment: 

planning and control flexibility, process flexibility and resource flexibility by modifying the production orders, 

products and the amount of resources involved, therefore modifying interdependencies in the dynamic 

structure of the manufacturing system (unchanging static structure). 

6. RESULTS OF SIMULATION EXPERIMENTS 

Results from the simulation experiments have been compiled based on the cost and response times for the 

simulated change. Charts (Figures 1-4) illustrate the values of the internal flexibility indices from two 

production areas - WCM and xMS. These indices are generated by comparing the value of the flexibilities 

obtained by subsequent simulations to base value, i.e., determined on the basis of actual values. The 

subsequent values of flexibility were therefore referenced to the same base value (at t = 0, the value was 1). 

In the first stage of the simulation, production basket orders were used in the WCM area while simulating its 
execution in the xMS area. Results of 100 simulations showing cost of elasticity and response time to changes 

in the two systems are shown in Figures 1 and 2. 

 

Figure 1 Internal flexibility cost index (WCM-xMS)            Figure 2 Reaction time indicator (WCM-xMS) 

As shown in Figures 1 and 2, jobs originally executed in the WCM area and then simulated in xMS, have a 

5 % lower execution cost (min - 1 %; max - 10 %). Additionally, it took shorter, on average by 11 % (min - 3 %; 

max - 19 %). These values are primarily due to excess resources resulting in decreased cost and time of 

execution for orders and a decreased utilization of system’s resources. In the second stage of the simulation, 

a basket of production orders was implemented in the xMS area and simulated its execution in the WCM area. 

The results of 100 simulations showing the cost of flexibility and the response time to changes for both systems 

are shown in Figures 3 and 4. 

 

Figure 3 Internal flexibility cost index (xMS-WCM)            Figure 4 Reaction time indicator (xMS-WCM) 
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As shown in Figures 3 and 4, jobs originally executed in the xMS area and then simulated in WCM, have a 

10 % higher execution cost (min - 2 %; max - 20 %). Additionally, it took longer, on average by 24 % (min - 

2 %, max - 49 %). These values are primarily due to insufficient resources, which results in increased cost and 

time of execution of orders. In the third stage of the simulation, virtual production baskets were prepared to 

create scenarios and then simulated (generating cost and response time minimum values) in the two analyzed 

areas. The results are shown by means for which the base value was the average of each of the two 

experiments (Figure 5). 

 

Figure 5 A summary of cost and time indicators for WCM and xMS areas 

As shown in the diagram (Figure 5), the same order basket produces less cost and shorter lead time from the 

xMS area. This is mainly due to the excess flexibility of assuming a larger xMS. In the area of cost of internal 

flexibility this difference is 20 % (resource flexibility (Kz) - 14 %, process flexibility (Ko) - 4 %, plan flexibility 

(Kp) - 2 %) and in the time domain, 30 % (resource flexibility (Tz) - 18 %, process flexibility (To) - 7 %, plan 

flexibility (Tp) - 5 %). 

7. CONCLUSION 

Results from the experiments show that it is possible to generalize the internal flexibility of the manufacturing 

system. And, as predicted, based on literature analysis, the level of internal flexibility in an xMS-based system 

is greater than that of a WCM-based system. This is primarily due to the overcapacity of assumptions built into 

the systems for which the main criterion in their construction is to not minimize all sorts of manufacturing 

wastes. Solutions based on WCM are rigid solutions, designed to implement a stable order basket. This means 

that their flexibility in relation to cost increases requires a comprehensive analysis of the level of leanness and 

flexibility, and thus, its dependence. Excessive internal flexibility in xMS systems with respect to WCM, results 

in higher maintenance costs, however, allows for a faster execution of tasks. By combining the cost of reducing 

the execution time with the cost of keeping the excess to current needs, the flexibility of various configuration 

variants can be tweaked to determine the best level of internal flexibility in a given circumstance. 
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Abstract 

Forecasting of parameters of variable nature is always accompanied by a high degree of risk. Questionable 

reliability of such forecasts, and the effort to eliminate or reduce the impact of factors that adversely affect the 

accuracy of the forecast lead to the use of software tools utilised in the field of risk management. The article 

presents the application of Monte Carlo simulations in the development and analysis of the enterprise 

performance forecast. Analysis of simulation results points out what is the reliability of the forecast and what 

are the key risk factors. 

Keywords: Monte Carlo simulation, performance forecasting, risk analysis 

1. INTRODUCTION 

In the decision-making process, many methods are used for data processing and optimizing decision-making. 

Forecasting is one of them. Quick and reliable forecasts can help to make the right decisions, reduce financial 

and time costs, save sources. The quality of forecasting is extremely important for the accuracy of the results 

and in turn company future [1,2]. Many scientific works of theoretical and application character deal with this 

topic. Srivastava et al. [3] review various methodologies for short-term load forecasting. The possibilities of 

sale forecasting by the comparison are discussed in [4]. Forecasting enterprise performance is significant for 

financial planning and budgeting. Operating performance is an important reference by investors in their 

decision-making [5]. Nevertheless, enterprise performance is affected by a number of factors. Know the nature 

and significance of the individual factors is important for performance control. In addition, how to select a set 

of representative indicators is an important issue for performance evaluation [6]. The use of modelling and 

simulations is common also in forecasting. Simulation is a promising approach to predict performance of a 

business process. Based on prediction results, design alternatives can be compared and verified against 

requirements [7]. Business process modelling methods that are amenable to simulation are introduced in  

[8-11]. One of the widely used simulation techniques is Monte Carlo. Monte Carlo simulations have their 

widespread use in decision-making [12], in prediction [13,14], planning [15,16], as well as, in project risk 

assessment [17,18]. This paper aims to introduce the use of Monte Carlo simulations in enterprise performance 

prediction. Knowing the probably development of performance helps to make the right decision and use the 

right tool to achieve the goal. 

2. CASE STUDY DESCRIPTION 

The subject of the research is the analysis of the economic results of the Košice Transport Company and the 

prognosis for the future period. The company provides two types of transport, thus bus and tram. The company 

is a joint stock company. In addition to income from its own activities, the company is subsidized every year 
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from the city of Kosice funds. The development of the economic results in recent years has a worsening trend 

mainly due to extensive reconstruction works on tram tracks. The input to the analysis is the data on revenues, 

costs and subsidies drawn from annual reports published on the Internet. 

3. METHODS AND MATERIALS 

3.1. Monte Carlo simulation technique 

The Monte Carlo simulation is a quantitative method which, in its calculation, uses statistical simulation of 

random numbers. The method developed itself also in time. At first, it was only considered as a method, but 

eventually it became a science discipline. The Monte Carlo simulation creates a task that is structurally similar 

to a real problem. The solution is the probabilistic estimation of the resulting variable. The output of the 

simulation is numerical and holds a number of other important information that can be used to analyse risks. 

The Monte Carlo simulation procedure is as follows: 

 Selection of evaluation criteria that are subject to simulation. 

 Determining the dependence of the selected criterion on the input variables. 

 Determining the main risk factors. 

 Defining probability distributions for risk factors. 

 The simulation process itself. 

Prognosis of the performance of the selected business is carried out in the following steps (Figure 1): 

 

Figure 1 Monte Carlo simulation flowchart [own processing] 

3.2. Used materials and data analysis 

The input data for forecasting are drawn from the company's annual reports. By analyzing the data of the 

profitability of the company for the last 10 years, the worsening trend of the overall economic results is 

determined (Table 1). The impact of respective components of cost and revenues is of varied intensity, and 

also the trend of the individual input variables is of different character. This character can be defined by a 

suitable distribution function and transferred to the simulation process at prognosis creation. On the other 

hand, the impact of certain items, despite their trend, may be negligible and others dominant. It depends on 

their relative share on total costs or revenues and mathematical relations. The Monte Carlo simulation is then 

able to obtain not only the final prognosis of the economic result but also its probability profile. In the context 

of the flowchart (Figure 1), the first step is to select a simulated variable and determine the calculation 

algorithm. The simulated variable is the profitability. Its method of calculation is given by the formula (1). 


 � ∑ ��B��	 � ∑ �%�%�	               (1) 

where: 

P - profitability (EUR) 

R -revenue item (EUR) 

C - cost item (EUR) 

i  - number of revenue items  

j - number of cost items 
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Total revenues will not include subsidies, as they are not market variables, but they are annually granted from 

the city budget. Input revenue variables are individual revenues from traffic, asset yields and other revenues. 

Cost input variables are the cost of consumed purchases (material, fuel, energy, goods), services, personal 

costs, depreciations and other costs. The structure and development of revenues and costs are presented in 

detail in Figure 2 and Figure 3. Total revenues, costs and profit are in Table 1. 

 

Figure 2 Revenue components in 2008-2017 with trend lines [processed according to 19] 

 

Figure 3 Cost components in 2008-2017 with trend lines [processed according to 19] 

Table 1 Total revenue, costs and profit for the period 2008-2017 [19]  

Parameters 
[103 EUR] 

2008  2009   2010   2011   2012   2013   2014   2015   2016   2017  

Revenues total 18,697 17,981 17,484 16,762 15,997 17,088 19,554 16,041 17,295 17,804 

Costs total 35,219 33,635 33,827 33,656 33,215 33,106 38,505 36,165 36,729 38,446 

Subsidy 13,893 15,269 16,139 15,500 16,700 16,020 16,670 17,750 17,620 19,741 

Profit (without 
subsidy) 

-16,522  -15,654  -16,343  -16,894 -17,218 -16,018 -18,951  -20,124  -19,434  -20,642  

Profit (with 
subsidy) 

-2,629  -385  -204  -1,394  -518  2  -2,281  -2,374  -1,814  -901  

Input variables that are considered as risk factors influencing the value and reliability of the prognosis are 

stated in Table 2. As a suitable distribution function for these variables is determined the betaPERT. The 

betaPERT distribution is often used in project risk analysis as a "smoother" alternative to the triangular 

distribution. For the likeliest values, the actual values for the last period are considered. Min and max values 

are estimated based on the development of the given parameter in the monitored period. 
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Table 2 Distribution functions for revenues and costs [own processing] 

Variable Statistical characteristics  Distribution function 

R
e

ve
n

ue
 v

a
ri

ab
le

s One-off tickets Likeliest 589.20; Min. 585; Max. 610 

BetaPERT 

 

Time tickets Likeliest 589.20; Min. 585; Max. 610 

Invoiced transport Likeliest 589.20; Min. 585; Max. 610 

SMS tickets Likeliest 2,914,059; Min. 2,600,000; Max. 3,200,000 

Electronic valet Likeliest 589.20; Min. 585; Max. 610 

Other revenues Likeliest 589.20; Min. 585; Max. 610 

C
o

st
 v

a
ri

ab
le

s Consumed purchases Likeliest 4.3; Min. 4; Max. 4.6 

Services Likeliest 0.04; Min. 0.04; Max. 0.05 

Personal costs Likeliest 57,500; Min. 51,750; Max. 63,250 

Depreciations Likeliest 589.20; Min. 585; Max. 610 

Other costs Likeliest 589.20; Min. 585; Max. 610 

4. RESULTS AND RISK ANALYSIS 

By the Monte Carlo simulation is determined the forecast as the average profit for the coming period. The 

mean value of the simulated variable "Profit" is EUR -20,994,811, which is EUR 353,008 less than the profit 

achieved in the last year (Figure 4).  

 

Figure 4 Histogram of enterprise profit forecast [own processing]  

The negative impact of the development of revenue and cost items is also confirmed by the low probability that 

the profit will exceed the value of the last year (certainty only 35.53 %). The reliability of this prognosis is 

defined mainly by standard deviation. The standard deviation of EUR 947,773 indicates that future profit will 

be with probability of 67 % in the range of EUR -21,942,585 to EUR -20,047,038. 

The Tornado chart informs about the strongest input variables in terms of the uncertainty of the resulting 

prognosis (Figure 5). The highest level of uncertainty in the resulting forecast is the labour cost, which is hard 

to stabilize in this sector. Therefore, these costs are changing to a larger extent which is also reflected by the 
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distribution function. Other influential variables include consumed purchases and depreciations. This is due to 

the constant need to renew, repair and maintain the fleet. From the revenues of transport services are most 

variable the time ticket sales. In this area, there is room for the introduction of tools for stabilization (possibly 

also increase the share) of travellers by urban public transport and to make it more attractive compared to 

automobile transport. Transport by own automobile is still highly preferred, and it causes congestions in rush 

hours in many parts of the city. 

 

Figure 5 Tornado chart of profit forecast [own processing] 

The Spider chart (Figure 6) is the result of a sensitivity analysis examining the influence of input variance on 

the simulated output variable. The graph shows the impact of individual input changes (± 10 and 20 %) on 

output, expressed in euro. This analysis does not consider into account the real probability of such a change 

actually occurring. Also, as in the tornado chart, the variable with the strongest impact is the personal cost. 

From the revenues, the variables with the strongest impact are revenues from other assets and sales of time 

tickets. 

  

Figure 6 Spider chart of profit forecast [own processing] 

The simulation results provide not only the final prognosis, but also other statistical characteristics and indicate 

the reliability of the prognosis. The sensitivity analysis and tornado graph give information about risk input 

variables. This information is particularly important in the decision-making process. 
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5. CONCLUSIONS 

Prognosis is an indispensable part of the management process. The use of appropriate simulation techniques 

and software tools facilitates these processes and makes implementation of effective measures more efficient. 

The paper presents the possibility of using Monte Carlo simulations in prognosis and risk analysis. The way to 

apply simulations is demonstrated in a case study on enterprise performance prognosis. Outputs of the 

simulation, in addition to the forecast itself, provided other useful information about risks and reliability of the 

prognosis. In particular, Tornado and sensitivity analysis have highlighted risk input variables. The practical 

usefulness of software tools in the above-mentioned activities is unquestionable. On the other hand, their 

effectiveness and reliability are strictly dependent on the professional competencies of the user. 
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Abstract 

An important contribution for the enterprise is an analysis of the supply chain and market in the area of 

outsourcing of logistics activities. The paper presents the determination of suitable ways of its application in 

the selected enterprise. With the help of application of suitable methods, the paper selected and evaluates 

suppliers and internal logistics activities in order to implement possible outsourcing to the enterprise. The 

solution is also based on the analysis of identified supplier at the market and evaluation of the selected potential 

partners on the base of defined criteria. The part of the final analysis is an evaluation of the selected supplier 

by determined multi-criteria decision methods. 

Keywords: Outsourcing, logistics, internal activities, evaluation 

1. INTRODUCTION 

Outsourcing is considered to be a trend of modern logistics. The main reason is to unload enterprises from 

side activities and focuses on the main working activity with direct profit. An important step is a detailed analysis 

of internal logistical activities with the aim to find out the possibilities of the outsourcing implementation. The 

main task of the realized case study was to design a suitable way of outsourcing implementation by the help 
of an analysis of the present state of the evaluated enterprise. It was essential to consider the possibilities of 

outsourcing implementation in comparison with the realization of all defined activities in the own activity of the 

enterprise. After analysis and evaluation of suppliers, it was put the accent on the defined criteria that helped 

to make a better decision. The main task of the case study was to find the best supplier on the market that 

would be able to provide selected internal activities, including storage. The evaluation of the suppliers was 

realized by the help of the methods of multi-criteria decision making, namely by the method FDMM, ratio-index 

method, and Saaty`s method.  

2. BASIC TERM OF THE RESEARCH ACTIVITY 

Outsourcing is a very common term used today. It presents the potential in the area of external sources 

implementation to the own business. The responsibility for intra-plant activities are increasingly moving to 

external subjects and there is a developing rate of its use in the Slovak market, too. The term outsourcing is 

defined as a long-term contractual relationship with “someone” outside of own organization for providing 

services in one or more areas of its activities. With the help of outsourcing is possible to achieve the determined 

aims and objectives of the enterprise, and it is a strategic element of modern logistics management [1]. An 

enterprise allocates activities for external suppliers, through which it can reduce costs, increase productivity or 

progress in the competitive market. It is important to realize the right decision about selected activities for 

outsourcing. The most frequently outsourced activities are customer service, human resource management, 

accounting and personnel services, transport, storage, etc. The result of the process of outsourcing can be an 

increase in the company-wide productivity and performance [2]. Basic characteristics of the outsourcing are 

presented by:  

1. Long-term employment contract - contract among an enterprise and supplier of the outsourcing service 

is concluded for several years, by the type of activity;  
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2. Cooperation - by the signing of a contract, it is possible to emphasize the relation between two parties, 

the conditions of the contract should lead to the achievement of the objectives on both sides;  

3. Strategical aims - the decision about the outsourcing is realized on the strategical level of the enterprise 

by top management in line with the strategical aims of the enterprise;  

4. Responsible partner - a contractor must meet the requirements of the customer, be strong and persistent 

in the complex outsourcing process;  

5. Outsourced activity is not realized by the enterprise in its own directories.  

Components and structure of outsourcing are presented by: 

1. Customer - a customer means an enterprise (organization, person) that disposes of internal activities 

for the external organization. A customer requests a supplier for the realization of a service within the 

frame of a certain extent. 

2. Supplier - a supplier provides services in various areas. There is a legal relationship with the customer 

and a supplier realizes the required service for the customer. A supplier is mostly an external partner, 

but it can be also a parent company of the enterprise.  

3. Project - the initial project has the base in the decision of an enterprise about outsourcing. In the 

beginning, it is needed to analyze internal activities and create a preliminary work plan. A valid project 

originates after a customer`s agreement with the contractor, and the signed contract is an obligation to 

realize the required service in full liability [3]. According to relationships between the supplier and the 
customer, the resulting project is also being developed. 

Advantages and disadvantages of outsourcing implementation are very often associated with the benefits and 

risks to which it is important to take into account by the decision-making process. Benefits of outsourcing are 

divided into this groups: 

1. Tactical benefits - use of outsourcing is a quicker solution to achieve objectives and aims of the 

enterprise. It monitors the state of costs and calculates with their quick saving by the required quality of 

services. 

2. Strategical benefits - a strategical plan of the outsourcing is focused on the meeting of the long-term 

aims of the enterprise [4]. There are created new partnerships in the direction of increasing of the added 

value of the enterprise. 

The process of outsourcing implementation is based on these steps: 1. Strategical analysis of functional areas, 

2. Analysis of areas determined for outsourcing, 3. Definition of requirements for the supplier, 4. Selection of 

supplier, 5. Determination of contractual conditions, 6. Control of transient phase of outsourcing.  

3. MATERIAL AND METHODS OF THE RESEARCH FOR THE CASE STUDY 

The right selection of a supplier is an important step for each enterprise. It is a difficult and complex process 

with the aim to determine the most suitable supplier. By the case study, criteria for evaluation were defined by 

the evaluated enterprise and experts of the research team and also by the help of [5]. The case study used 

heuristics methods as a combination of empirical and exact methods. As it was said in the previous part, the 

case study. i.e. suppliers were evaluated by three different methods, namely ratio-index method, FDMM and 

Saaty`s method. These methods used the following abbreviations: αi - standardized scale of the i-criterion, kj 

- non-standardized scale of the j-criterion, uij - utility of the j-variant (supplier) by the i-criterion, Uj - total utility 

of the variant (supplier) - index of stability. By evaluation of suppliers, 5 basic criteria were selected. Criteria 

were arranged by the importance: 1. Price (K1) - subcriteria: price level, payment conditions, 2. Reference 

research (K2) - subcriteria: references on the market, real visit of a supplier, 3. Innovations (K3) - subcriteria: 

an initiative of supplier, research, development, know-how, 4. Quality (K4) - subcriteria: defined standards and 

norms, certifications, 5. Market stability (K5) - subcriteria: financial stability, the position at the market [6]. 

Based on the above-mentioned expert analysis, the evaluated production enterprise selected the three best 

suppliers. These suppliers belong to perspective and developing suppliers of the integrated contract logistics. 
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They have their logistical centres in several regions, and also in Slovakia. At the beginning of the evaluation it 

was determined the range of criteria by the importance - from the most important. 

Ratio-index method used assignment of points by the defined point scale for evaluation of the criteria. 

According to the meaning of the criteria, it had assigned scoring from the scale, and the criterion obtained non-

standardized scale (kj). It is always necessary to convert non-standardized scale into standardized (αi) with 

which the total utility of the variants is calculated. The standardized scale of the criteria is the result of the value 

of the i-criterion and the total sum of non-standardized scales.  

Table 1 Assign scales to criteria [own study] 

Criteria 
Non-

standardized 
scales kj 

Standardized 
scales αi 

Price K1 5 0.25 

References K2 5 0.25 

Innovations K3 4 0.2 

Quality K4 3 0.15 

Stability K5 3 0.15 

∑ 20 1 

Indices for the utility of suppliers are from the cardinal rate <1, 10>, the index 10 presents 100 %. The method 

is solved maximizing (Table 2). 

Table 2 Calculation of utility for suppliers [own study] 

Criterion 
Supplier A Supplier B Supplier C 

Utility uij Utility uij Utility uij 

Price K1 9 7 5 

References K2 9 5 7 

Innovations K3 5 7 9 

Quality K4 7 9 5 

Stability K5 5 9 7 

∑ 35 37 33 

Values of utility were assigned on the base of suppliers rating for each criterion (according to the Tables 1 

and 2). At the best placement in the given criterion the supplier received the most points. In the point rating 

the supplier B has the best rating with the utility (uij) 37. For the calculation of the total utility of variants it was 

needed to multiply the scale of the i-criterion (αi) with the corresponding partial utility of the given criterion (uij) 

for each supplier (Table 3).  

Table 3 Calculation of the total utility of variants by the ratio-index method [own study] 

Criterion 
Scale of 

criterion αi 

Supplier A Supplier B Supplier C 

uij αi * uij uij αi * uij uij αi * uij 

Price K1 0.25 9 2.25 7 1.75 5 1.25 

References K2 0.25 9 2.25 5 1.25 7 1.75 

Innovations K3 0.2 5 1 7 1.4 9 1.8 

Quality K4 0.15 7 1.05 9 1.35 5 0.75 

Stability K5 0.15 5 0.75 9 1.35 7 1.05 

∑ Uj =  7.3 Uj = 7.1 Uj = 6.6 
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By counting of the multiplied values of each supplier it was obtained the total utility of the variant (Uj). In this 

case, the best is the first variant in the form of the supplier A with the total utility (Uj) 7.3.  

By the FDMM on the base of paired comparison the criteria were ranked among themselves. The most 

important criterion in the pair was assigned the value 1 and less important criteria the value 0 (Table 4). Then 

it was the sum (ki) and the standardized scale (αi) of each criterion is by ratio of the sum (ki) for the i-criterion 

and the total sum of the values (ki).  

Table 4 Paired comparison of criteria [own study] 

Criterion 
Price References Innovations Quality Stability 

∑= ki 
Standardized 

scale αi K1 K2 K3 K4 K5 

Price K1 - 1 1 1 1 4 0.4 

References K2 0 - 1 1 1 3 0.3 

Innovations K3 0 0 - 1 0 1 0.1 

Quality K4 0 0 0 - 0 0 0 

Stability K5 0 0 1 1 - 2 0.2 

      ∑ 10 1 

The same procedure of evaluation was used to compare variants (suppliers) with respect to each criterion. 

The sum of the values (ki) in the row of the specific supplier for the criterion was divided by the total sum of 

the values (ki) of all suppliers. Calculation of the total utility of variants Uj by the method FDMM - it is presented 

by the sum of multiplied scale of the i-criterion (αi) and the relevant utility of the supplier (uij) and it presents 

the total utility of the variant (Uj). This procedure was applied for all suppliers with the aim to calculate the 

highest utility (Table 5).  

Table 5 Decision table for the FDMM [own study] 

Criterion 
Scale of 

criterion αi 

Supplier A Supplier B Supplier C 

uij αi * uij uij αi * uij uij αi * uij 

Price K1 0.4 0.667 0.267 0.333 0.133 0 0 

References K2 0.3 0.667 0,2 0 0 0.333 0.1 

Innovations K3 0.1 0 0 0.333 0.033 0.667 0.067 

Quality K4 0 0.333 0 0 0 0 0 

Stability K5 0.2 0 0 0.133 0.133 0.333 0.067 

Utility Uj = 0.467 Uj = 0.3 Uj = 0.233 

The method was solved maximizing. From the result it is evident that the highest utility (Uj) has the first variant, 

respectively the supplier A (46.7 %).  

Saaty`s method - The first step was the matrix of criteria and their comparison. Criteria got values from the 

point scale according to importance. If the criterion in the row is more important that the criterion in the column, 

to the top triangle matrix is written the value of the scale (x - z point scale) and to the bottom part its reverse 

value (1/x) (Table 6). By this way we got the non-standardized scales for all criteria.  
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Table 6 Comparison of criteria [own study] 

Criterion 
Price References Innovations Quality Stability 

K1 K2 K3 K4 K5 

Price K1 - 3 5 7 7 

References K2 1/3 - 5 7 5 

Innovations K3 1/5 1/5 - 7 5 

Quality K4 1/7 1/7 1/7 - 1/5 

Stability K5 1/7 1/5 1/5 5 - 

∑ 0.8190 3.5429 10.3429 26 17 

The scales in the column for each criterion were counted. The standardized scales were obtained by dividing 
of the values in the rows with the total sum of values in the column. The total sum was summed up in the line 

for each criterion. The standardized scale (αi) was calculated by dividing the sum in the row for that criterion 

and the total sum in the column. The resulting sum of the standardized scale is always one. Standardized 

scales were later used in the final evaluation of the total utility of variants (Table 7). The same way was used 

by comparison of criteria among variants - by the specific suppliers. The support indicator is the value of the 

partial utility (uij) of each variant. Calculation of the total utility of variants Uj by the Saaty`s method - it was 

multiplied the scale of each criteria (αi) with the related partial utility of the variant (uij) for each criterion. The 

total utility of variant (Uj) results from the count of values (αi *uij) for suppliers. These values are final and 

according to them the best supplier is determined (Table 7).  

Table 7 Calculation of the total utility of variants by the Saaty`s method [own study] 

Criterion 
Scale of 

criterion αi 

Supplier A Supplier B Supplier C 

uij αi * uij uij αi * uij uij αi * uij 

K1 0.4013 0.5069 0.2034 0.3722 0.1494 0.1208 0.0484 

K2 0.2901 0.5069 0.1470 0.1208 0.0350 0.3722 0.1079 

K3 0.1721 0.1875 0.0323 0.3750 0.0645 0.4375 0.0752 

K4 0.0480 0.2426 0.0117 0.4491 0.0216 0.3083 0.0148 

K5 0.0855 0.1208 0.0107 0.5069 0.0449 0.3722 0.0329 

∑ 1 Uj = 0.4051 Uj = 0.3145 Uj = 0.2795 

The task was solved as maximizing, the highest value (Uj) is the best. The result of this method is a 

determination of the best variant by the determined criteria and for this case it is the supplier A with the total 

utility (Uj) 40.51 %. 

Criteria of evaluation are specific indicators to measure the importance of variants of a solution of the problem. 

Definition of criteria depends on evaluated variants. The enterprise determined criteria which will give them an 

economic and commercial advantage (for example reducing costs, improve service quality, generation of profit, 

an increase of productivity, etc.).  

The evaluated production enterprise decided to outsource all internal activities. One of the reasons was 

delimitation of marginal activities in order to focus on the main activity - production. The part of storage is 

outsourced by an external partner. The aim was to outsource all storage activities and internal logistical 

activities. With the help of expert analysis were selected suppliers according to the requirements of the 

enterprise (3 suppliers A, B, C). The steps of expert analysis: 1. Setup of the expert team, 2. Problem 
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clarification, 3. Division of tasks and responsibility, 4. Gross selection of suppliers (the first step), 5. Fast 

analysis, 6. Selection of suppliers (the second step), 7. Evaluation. The case study created a specifications 

manual by the decision about outsourcing of internal logistical activities. It included all conditions for the 

supplier. Data in this specification were requirements for the supplier. All requirements and activities in the 

specifications were set by the way that it can create the required volume of production. The manual contains 

a summary of the activities and also activities that are realized in the warehouse and they are the subject of 

the outsourcing. It would have been done by an external contractor, so it was them notified only in the context 

of the final selection procedure. The manual also includes procedures of work and identification of keys that 

lead to the desired business performance. The main activities in the specification: 1. Material flow (control and 

monitoring of material, administration), 2. Material storage, 3. Supply of production, 4. Management of reverse 

package, 5. Export of final products. On the base of research and analysis of each supplier it was specified 

the range of suppliers. A supplier with the best fulfilling of criteria had the range 1, and a supplier with the worst 

result in the criteria had the number 3. Table 8 presents the final rank of suppliers for determined criteria. 

Table 9 presents the final reviewing of the results of realized methods. 

Table 8 Final rank of suppliers for determined criteria [own study]  

Criteria (in order of priority) Supplier A Supplier B Supplier C 

K1 Price 1. 2. 3. 

K2 Reference research 1. 3. 2. 

K3 Innovations 3. 2. 1. 

K4 Quality 2. 1. 3. 

K5 Market stability 3. 1. 2. 

Table 9 Final reviewing of the results of realized methods [own study] 

Used method Supplier A Supplier B Supplier C 

Ratio-index method 7.3 7.10 6.60 

FDMM 0.47 0.30 0.23 

Saaty`s method 0.41 0.32 0.28 

Rank 1. 2. 3. 

4. FINAL SELECTION OF THE SUPPLIER 

The final evaluation compared the best supplier (supplier A) with the evaluated production enterprise. The 

enterprise had a position of a standard. The primary plan was to integrate an external enterprise to the logistics 

of the enterprise, but it was realized an analysis and evaluation of all criteria among the evaluated production 

enterprise and the supplier A (Table 10). 

Table 10 Comparison of supplier A and the evaluated production enterprise [own study] 

Criteria (in order of priority) Supplier A Evaluated production enterprise 

K1 Price 2. 1. 

K2 Reference research 1. 2. 

K3 Innovations 1. 2. 

K4 Quality 2. 1. 

K5 Market stability 2. 1. 
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From this table, it is evident, that the evaluated production enterprise has the first place in three basic criteria. 

The price and financial stability belong to important factors in this comparison. The realized analysis shows 

that from an economic point of view, the evaluated production enterprise has a better and more stable 

background as a supplier A. The criterion of quality is presented by the fact, that the evaluated production 

enterprise is more successful in the form of training of its employees. In the area of innovation, the evaluated 

production enterprise presents its problems, in the result of the lack of space and resources, all the attention 

is paid to the production sector. In the reference, research has the enterprise the second place because this 

enterprise does not realize these activities by its own employees.  

From the final part of this study is evident that the most suitable external partner for the evaluated production 

enterprise is the supplier A. It had the best evaluation in the analysis and evaluation of all methods. 

Nevertheless, the management of the evaluated production enterprise decided that all internal logistics 

activities will be performed in its own direction. This decision was supported by the last comparison of the 

evaluated production enterprise and supplier A.  

5. CONCLUSION 

The case study was focused on the problem of outsourcing in the conditions of Slovak market and in the area 

of providing internal logistics services. The case study started by definition of procedures and processes of 

outsourcing, which formed the basis for its application in the selected and evaluated enterprise. The research 

team realized the selection and definition of logistics activities for outsourcing, for each activity were defined 
procedures of activities related to their fulfillment. On the base of defined criteria and requirements of the 

evaluated enterprise, the research team and the team of experts realized the selection and evaluation of the 

external supplier. The market analysis and selection of three perspective suppliers were realized on the base 

of expert analysis. It was realized by the special team of the evaluated enterprise. The result was evaluation 

and selection of the supplier by three multi-criteria decision-making methods, namely by the ratio-index 

method, FDMM and Saaty`s method. Supplier A received the best rating. This supplier was compared to the 

evaluated production enterprise at the end of the evaluation process, and the evaluated production enterprise 

had a position of a standard by this decision process. Taking a careful consideration of all criteria between the 

supplier A and the evaluated production enterprise it was decided that internal logistics activities would retain 

in the own direction of the evaluated production enterprise. One of the reasons was the fact that all activities 

would be under the control of the enterprise. It follows that also an advantage for the criterion of quality and 

safety. The production enterprise has a better control over the management and in case of possible variations, 

it can immediately intervene. The secondary reason was the price. The final price for the requested services 

and total costs associated with it were lower than at the supplier A. But we must say that this decision was 

very difficult and it was based mainly on the resulting quality of service and the efficiency. The result of the 

study was a comparison of the selected supplier and evaluation of the enterprise. The enterprise was in this 

case as a standard. The final decision had conclusions that the evaluated production enterprise can manage 

its internal logistics activities more profitable by its own activities. And the result of this study was successful 

in practice. Positive results are presented by the effective management of the defined activities. This study 

can be instructions for evaluation of external services for outsourcing implementation in practice.  
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Abstract  

Innovation management process implies the strong relation between innovativeness and organization 

performance but generalization of those interdependences stays limited by the lack of valuable predictors. 

Realized studies emphasize particularly in the context of emerging market the growing impact of organization 

learning on the company performance realized through the innovativeness triggering a research for new 

management tools. Their use becomes still delimitated by the lack of incontestable predictors, thus the 

impossible generalization of realized implementations. Also, the notion of product innovativeness requires to 

be clearly defined and its dimensions have to be characterized. The expected relationship between the 

innovativeness and performance and its managerial attractiveness, remains than the organization strategic 

preoccupation and starts to be used as value creation process foundation particularly in the case of innovation 

based enterprises, where the business efficiency measure establishment is a must. Instead of conventional 

financial analysis, the new concept is proposed. Firstly, the term of innovativeness is analyzed and redefined 

with the application of technical debt notion, introduced by Agile Management concept. Then, basing on the 

use function definition and with the use of value chain model, the appropriate product definition is proposed. 
Hence the interesting opportunity to determine the innovativeness measure as concept integrated to the 

customer value creation process. Here presented with the regard to new technologies commercialization. 

Suggested construct can also serve to conceive the new management tools focused on cohesion of 

innovativeness and strategic planning process. 

Keywords: Innovativeness mesure, technical debt, product use function, customer value 

1. INTRODUCTION  

The notion of innovativeness within organizations gains considerable role in company strategy formulation 

process. However, the sources or stimulus of innovativeness stay still completely ambiguous, their impact on 

company market advantage becomes considerable and seems to be the driver of innovation based company 

development. Hence the question of innovativeness performance resulting in its measure system 

conceptualization applied to the concrete product. Actually, the importance of innovativeness in company 

performance enhancement becomes often attributed to the resource based view of organization [1]. This 

approach emphasizes organizational innovativeness drivers and their specifics coming from the company 

management process configuration, where the entrepreneurial and technical capabilities facilitate this 

establishment. Also, the use of value creation perspective seems to highlight not only the way that the 

innovativeness drivers stimulate the performance, but also the lack of its universal assessment mode. 

Globalization challenges enhance the strong impact on the introduction of innovation based market advantage 

and differentiation strategy. Alas, the utilization of classical financial analysis becomes too narrow to evaluate 

the company innovation closely associated with development and application of new ideas or new 

organizational construct often with no relation to antecedent solutions. This dimension of innovativeness 

concept begs the question about the possible determination of explicit and practical measure with possible 

use as new innovation management tools concept keystone. Thus, the formulation of such requirement entails 

the innovativeness notion detailing and then, connecting it to the customer oriented value creation frameworks. 

It is understandable, that the consequences of interacting the company innovativeness and the value creation 
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shall result in conceptualization of new - more reliable instrumentation for innovation management process, 

particularly in a case of new technology based companies. 

2. PRODUCT NEWNESS AND INNOVATIVENESS - PROBLEMATIC MESUREABILITY 

The managerial applications arise from the use of customer orientation in the case of innovative companies 

concern the operationalization of the innovativeness concept. From actual strategy perspective, stays 

important to remind the potential role of learning process in organization innovativeness [2]. The concretization 

of strategic management process complemented with the tenets of innovativeness theory shows the positive 

consequences confirmed by company financial performance. Also the architecture of pro-innovative strategic 

management process should consider the actual market nature shaped by the use of companies’ 

diversification or differentiation strategies to optimize their offer portfolio. This last notion would be reviewed in 

context of company innovativeness effort, when the innovations commercialization becomes the used growth 

stimulation strategy [3].  

Product innovativeness becomes the fundamental parameter for its future successful commercialization. 

Therefore, the growing impact of customer in new product development implies that this process should still 

be analyzed as the transponder of organization innovativeness into the customer value, reflected by successful 

market launch of innovative products [4]. New product development process viewed as innovation measure 

appeare very complicated and ambiguous, involving lots of interactions thus entailing the use of complex 

adaptive systems as its descriptors [5]. Such complex perspective on company innovativeness notion 
concretization establish an interesting research area but at same time stays too circuitous for managerial uses.  

The consequence of such statement is to reinforce management process with the strong customer orientation. 

In fact, the innovation based companies commit more costs associated with new product unexpected failures 

and those costs impact the company financial results. Also the new product remediating activity can be also 

analyzed as the important factor of company innovation success [6]. Company innovativeness perceived as 

its product newness assumes that consumers who desire new and different experiences are homogeneous 

with respect to their motivations and to the mental and physical activities initiated by these motivations [7].  

The innovativeness also affects the customer behavior, hence the concept of innovator customer new product 

oriented. This idea of product innovativeness predisposes the customer role in its valuation - the product is 

innovative when it is new and when it possesses specific attributes to be evaluated by the buyer. Those product 

specific attributes are connected to the term of product use functions and often are the source of customer 

perceived value. Also the level of product novelty varies in function of different functional-hedonic values 

sourced in the use of new product. In consequence, the level of product innovativeness is proportional to range 

of offered use function, thus possible adaptation of M.E.Porter value chain as the model of innovative product 

composed of different use functions.  

The described approach to the innovativeness is similar in certain points with its formulation proposed in the 

agile management conception [8]. Innovativeness is defined than as the ability to create change through the 

innovation and to respond effectively to the customer existing new attitude although expected or unexpected. 

Consequently the innovation can be understood as crating new appliance without the precedent. Agile 

management concept determines also innovation as non-deterministic process, different from optimalization, 

associated with the creativity and resulting in new utensil. Besides, the innovation is linked to the technology 

and to its excellence as the customer value driver. The Agile techniques are concentrated in case of 

development innovation project on technical debt reduction. Agile management uses firstly the notion of 

technical debt, in the context of innovativeness, to measure the ability of adopting the new solutions offered. 

Likewise, the innovative solutions value offer and its technical debt are closely interrelated and the intensity of 

this relationship affects the innovativeness. Technical debt can be also perceived as the difference between 
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actual condition of offered product and it’s theoretically condition responding intimately to the needs of 

customers.  

Hence the remark concerning the technical debt appearing moment, which is the result of time pressure arising 

from fast new product market introduction. If its accumulation is not controlled then diminishes future customer 

value because of a growing lack of customer responsiveness. In the case of a new technology based product, 

the technical debt value is zero. The main reason for this is the fact that new technology based innovations 

have no competition in the first stage of market introduction and, in this situation buyers aren’t familiar with it. 

Those are also two main aspects characterizing the market innovation. Its consequences for technology 

innovations are; a nonexistent initial technical debt and the desire to satisfy future customer needs as the 

source of growth. In case of innovative product, the technical debt creation process is similar, but it 

intensification and interpretation differ. Firstly, commercialization of innovation offer imposes that its 

uniqueness makes value for customer, and at the beginning, this value is associated with hedonistic approach. 

In this period the technical debt doesn’t appear, just like in case of new companies. Offered innovation 

proliferation results in augmentation of used product quantity and in growing time of its use. The technical debt 

dynamics is correlated with the time of customer use and also depending on customer attitude - hedonistic of 

utilitarian - manifested toward the product consumption. Those last are also the attributes of innovativeness. 

Wherefrom the possibility of observing the changes in technical debt accumulation depending on the consumer 

evaluating attitude of product. Admitting the correlation between the innovativeness and the amount of 
technical debt, it can serve as the base of use the technical debt as the measure of innovativeness.  

Innovative product technical debt formation has its own logics, which differs from new introduced market 

product, by introducing subtle approach to its innovativeness basing on product novelty degree. This 

schematization can be seen as the simplification of innovation concepts, but at same time makes equivalent 

company and consumer perception of innovation. Introducing the innovative product means for customer the 

possibility of consuming something new - with any reference, incomparably, without antecedent. The purchase 

of innovative product gives to the customer the possibility of unique consumption, which make him 

incomparable to the others. In this period the hedonistic approach dominates and the client just learns how to 

apply the innovation familiarizing himself with its use functions. With longer use experience, the consumers 

acquire the knowledge about new product functioning and the conscience about its defaults appearing. 

Proliferation of innovation among the clients implies the domination of the utilitarian approach. This change of 

customer comportment is also associated the appearing possibility of innovative product comparative analysis. 

The client under the utilitarian perspective starts to compare possessed product with existing substitutes and 

to analyze the failures which results in standardizing its functioning - the quality of commercialized innovation 

is imposed.  

Agile Management concept assumes that is that increasing technical debt directly reduces responsiveness to 

customers, which is can be extrapolated to product innovativeness level. More the product is innovative in the 

sense of novelty, the more customers will retard with the proposition of innovation improvement, the technical 

debt rise slowly, and with company available resources can be controlled. In case of innovation it’s also 

possible to analyze the technical debt accumulation process as the measure of new product innovativeness 

interpreted as temporal lack of customer reaction. More the technical debt is reduced by the company the less 

innovative is its customer perception.  

The gap between the offered product state and those attended by the customer becomes the source of 

technical debt. The company effort to satisfy these customer requirements stay more and more important - 

company is improving the product but only if the adequate resources are available also concerning the time. 

Otherwise the technical debt increases very fast and if company has no resources or no time to diminish it - 

the commercialization of innovation becomes ineffective and the value creation process is endangered. In this 

situation, despite possessed innovation, company cannot deliver it to the market because company cannot 

diminish the technical debt. Special situation can appear if the company proposed offer is rejected by the 
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customers being misunderstood by the market - the technical debt doesn’t appear but also the proposed 

innovations physically don’t diffuse.  

Imposition of correlation between technical debt and innovativeness implies also its impact on consequent 

value creation process. Value creation in case of innovative product involves high degree of collaboration, 

which is often mentioned in mass customization perspective of company management process. Within this 

framework, the technical debt reduction can be perceived as the means of maximizing the future delivered 

value according the principle on which, the customer need satisfaction is the source of market advantage. The 

impact of technical debt dynamics will also influence the value prioritization of innovative products. The value 

prioritization in such situation will depend on the technical debt nature and dynamics. The concept described 

above, namely bases on a company’s future product portfolio established with by means of the use function 

composition, enables a configurative innovation process. Which is particularly important in new technology 

based products where exists a very significant problem with assessing the degree of innovativeness. Low 

innovative products have a reduced potential customer value perception and contrarily - high innovative 

products are often undervalued because of technological complexity and insufficient customer recognition [9].  

Hence appears the need for combining technology with the customer perception to form the base for new 

technology product development and to enforce the impact on the prototyping stage to enable market success. 

The proposed attempt to define technology use function is similar to its product connotation but its practical 

definition and valuation will become the source of product functions [10]. If the purpose of a product function 
can be described as providing value for the customer because of its usability for need satisfaction, the 

technology use function must be understood as the future source of market success of the new technology 

based product. This premise enables a basic parameterization in terms of cost, technical debt, technology life 

cycle stage and customer value.  

The customer value of a technology use function will be expressed with the formula for customer perceived 

value = (utility + quality) / price [11]. This notion links the value perceived by customer with the utility of the 

product and, what is important in the case of innovative products, it doesn’t relate to the competition. In this 

formula, value is the subjective appreciation of offered utility compared to the price, what means that product 

value can be determined by the customer’s sense of offered utility. Often defined as the satisfaction 

experienced from use of the product. In this way the notion of utility consistently expands use function 

relevance and the customer perceived value increases in connection with the use functions development or 

with diminishing price.  

When considering the customer perceived value ratio dynamics, it is possible to assume that in first periods of 

commercialization, company activities are concentrated on the utility as the decisive value factor and when 

product innovativeness softens the impact on the quality factor is amplified [12]. This is also implied in the 

technology life cycle model interpretation with the product concept based on the sum of use functions: 
 � ∑ ���B� �I*� , D.$�!              (1) 

where: 

P - product, 

n - number of use function included, ��� - “I” use function, I*�- technical debt assigned to the “i” use function,  D.$% - customer perceived value assigned to the “i“ use function. 

The importance of the last model can be also extended to use function value analysis where its assumptions 

are based on the technology diffusion performance stage distinction [13], hence the next tenet, which is the 

association between the new use function and new technology.  
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The first stage of this diffusion is an introduction, during which a new technological platform makes slow 

progress in performance during the early phase of its life cycle. Wherefore the technology is not well known 

and may not attract the attention. The second reason for this slow progress is the need for new technology 

translation into a new use function possible to practical and meaningful improvements in product performance. 

Then comes the growth stage with the rapid propagation of the new technology and of the derived use function. 

This stage usually begins with the emergence of a dominant standard which determines the characteristics of 

most products as well as consumer preferences. Furthermore, the renown of the standardization draws a large 

number of companies to study the new technological platform. Their cumulative and interactive efforts lead to 

rapid increases in performance and in quality. This rapid progress leads to increases in sales of products 

incorporating the new use function based on the new technology. The third stage is maturity. This is the period 

of slow technology propagation and market saturation. This maturation is due to less innovation activities 

because of the large competitive offer including the direct imitation and the loss of attractiveness for customers. 

The use of this perspective on technology based product evolution and the presupposition that the product is 

the aggregation of its use functions which derive from new technology application makes possible the 

conceptualization of a use function evolution model (Figure 1).  

 

Figure 1 Conceptualization of product use function evolution model. Source: Own 

The proposed product use function parameterization underlines its similarity to services offered to the customer 

[14]. This perspective on use function evolution enriches the conventional product models and can serve as 

the base for user centric design of the new product. Also the suggested measurement can be used for the 

mapping of customer value perception evolution of the offered innovation. The mentioned new technology 

base for product development can be seen as a leading idea for reaching a balanced competition advantage 

through the technical debt optimization of every use function proposed by the company. In effect, the 

assignment of technical debt to the use function can be an interesting manner either of new product or of whole 

company product portfolio configuration where the monitoring of use function technical debt dynamics results 

in financial potential for the new technology based innovation funding strategy seen especially in product 

portfolio development possibilities. 

Hence, the innovation is the company new proposition of value offer, elaborated and produced with its 

consumer. This effect appears as the result of interactions between the company consumer and value offer 

through the adequate communication and production system. The main reason for this is the fact that new 

technology based innovations have no competition in the first stage of market introduction and in this situation 
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buyers aren’t familiar with it. Those are also two main aspects characterizing the market innovation. Its 

consequences for technology innovations are; a nonexistent initial technical debt and the desire to satisfy 

future customer needs as the source of growth. Also the goal of creating a learning process based on the 

customer interaction with the company’s technological innovations concretes later as a new use function. This 

insures the commercialization process and will be the base for a new product concept developed with the 

customer and by the customer. Observation of conceptualized use functions and monitoring of their evolution, 

seen as customer accommodation to new product features, becomes also the first step in new product design, 

specifically in the evaluation of its technological complexity. 

The proposed repositioning of the use function is another aspect of analysis, which makes possible the 

visualization of the mix of future product use functions, or the redesign of the actual proposed product 

optimizing customer needs satisfaction. This doesn’t base only on the customer interaction but also considers 

the actual and future costs of the introduced technologies. For this reason, the investment in design of new 

technology innovation can be easily controlled and its financial consequences can be determined even at the 

stage of market introduction. The integration of technical debt to the new product development process makes 

more predictable actual and future funding risks even when the proposed products have no market competition 

which is often the case of new technology commercialization. 

3. CONCLUSION 

The proposed optics on innovation management effectiveness based on product use function structure 
enlarges the possible area of its parameterization and implicates more generalist perspective toward the 

innovativeness perceived now more as the relationship between new product and its consumer. Potential 

adaptation of this approach enables the understanding of innovativeness as new interrelationship between 

company, its business offer (product or / and service) and consumer. This attempt at the innovativeness 

appears only if this relationship is stimulated by the communication process. This relationship can also be 

initiated, developed and terminated, when the information process get stopped and stays measurable. Thus, 

technical debt in the context of technology innovation will be used as an innovativeness measure. High 

innovativeness means a low technical debt - there is no reference for a new technology based product 

introduced to the market and the customers are only adopting the producer use function proposition as the 

unique source of offered value. Low innovativeness is characterized by technical debt growth as the effect of 

competition imitation and high customer responsiveness resulting from the use experience as the source of 

new needs identification. In fact, the trend of adaptation of the new product to changing customer needs 

undermines the innovativeness effect. The adaptation on the technical debt allows the parameterization of 

product innovativeness, establishing its value in accordance with the principle that bigger the technical debt 

the smaller the innovativeness of the product. The ideal product innovativeness based on technical debt use 

level shall equal zero in all period of market proliferation. 
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Abstract 

The article presents the results of analysis of selected elements of the quality management system in a 

manufacturing company operating on the automotive market. The surveyed company belongs to an 

international company cooperating with such recipients as: Land Rover, Volvo, BMW, Toyota, Renault, Citroen, 

Peugeot, Audi. An important element of the study was FMEA analysis (Failure mode and effects analysis), 

which is used in the analyzed facility not only to assess individual stages of the production process, but also 

to auxiliary processes. In the group of auxiliary processes, apart from the supply control, identification and 

assessment of potential nonconformities in those logistics processes that have a direct impact on the final 

quality of the product were also made. 

Keywords: Quality, logistics, failure mode and effects analysis 

1. INTRODUCTION 

The management function implemented in enterprises may be more or less complex depending on the size of 

the entity, the specificity of the business or priorities defined in the strategic plans. Among the components of 

management functions, there may be mutual relationships and dependencies that are often complex and 

difficult to identify as well as characterize. An in-depth understanding of these dependencies and including 

them in decision-making processes, undertaken actions and methods of achieving the assumed goals 

determines - on the modern market - the position of the company and the nature of competitive advantages 

possessed by the company. An example of such a broad and more comprehensive approach is, among others, 

modern quality management concepts implemented in industrial practice. In addition to the trend of the 

traditional definition of this concept, some researchers believe that quality as a discipline is becoming 

increasingly more "ubiquitous" [1]. Currently, the content of the concept of product quality includes not only the 

technical, production aspect, but also market and ecological aspects. Therefore, such a situation requires from 

a modern enterprise that the control and regulation of the product quality creation process should replace the 

management of this value in the context of its conscious formation, often referred to as "the control over quality" 

[2]. 

 

Figure 1 Logistics supply chain [3] 

The concept of "ubiquity" of quality does not result only from the fact of combining it with other previously 

neglected areas (e.g. ecology), but also from the fact that the quality level directly affects the processes or 

activities carried out in the organization, such as marketing or logistics.The article presents the results of FMEA 
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analysis for individual stages of production and ancillary processes, with particular emphasis on logistics 

aspects. The logistics supply chain presented in Figure 1 as a sequence of processes can be subjected to 

qualitative assessment at every stage. At the same time, however, the quality of the product components and 

the product itself also affects the ongoing logistics processes. 

2. FMEA ANALYSIS 

The analyzed production company is part of an international company operating on the automotive market. 

Several hundred patents (around 500) and numerous awards (the Automotive News PACE 2006 prize, the 

global Six Sigma award) have made that among the company's clients there are such well-known car brands 

as: Volvo, Toyota, Peugeot, Citroen, Volkswagen, Renault, Jaguar, BMW, Porsche, Ford, Audi, Tesla. 

Approximately 800 people are employed in the examined plant, among which nearly 75 % of the people are 

employees directly or indirectly connected with production. Due to the nature of the production, the 

organizational structure is formalized which facilitates efficient and effective management of individual 

departments. The company in question has an integrated management system under which the principles of 

the ISO 9001 standard concerning the quality management system have been implemented. This standard 

has been extended with the technical specification of the automotive industry ISO/TS 16949 (currently IATF 

16949: 2016). The ISO/TS 16949 standard was created by the International Automotive Task Force and 

introduces a number of additional requirements that result from the characteristics of the automotive industry. 

They particularly concern issues such as [4]: quality planning, technical documentation, purchasing, testing of 

products that do not meet requirements, analysis of measurement systems, conducting audits. 

The last update of ISO 9001 from 2015 also forced changes in the structure of ISO/TS 16949, replacing it with 

the IATF 16049 standard as of September 14, 2018. The process approach and risk management were 

strengthened. New quality improvements were also introduced to solve problems appearing in the automotive 

industry including aspects such as [5]: 

 requirements for safety related elements and processes, 

 increased product traceability requirements to support recent regulatory changes, 

 requirements for products with embedded software, 

 warranty management process, including no trouble fund (NTF) and application of guidelines for the 

automotive industry, 

 clarifying the sub-supplier management requirements and their development, 

 adding corporate social responsibility requirements. 

Maintaining quality standards obviously requires continuous improvement of processes, which in practice is 

implemented by applying appropriate methods and quality-oriented tools. IAFT 16049 imposes an obligation 

to use tools such as [6]: FMEA - Failure Mode and Effects Analysis, PPAP - Production Part Approval Process, 

APQP - Advanced Product Quality Planning, MSA - Measurement System Analysis, SPC - Statistical Process 

Control, 8D - Problem Solving. 

In the opinion of experts, among the most important methods and techniques specific to the automotive 

industry (so-called core tools), FMEA analysis deserves special attention [7-9]. The FMEA method can refer 

to both the process and the product. In the latter case, it covers all the phases of its creation from the concept 

through production to exploitation. In the examined company, FMEA is used cyclically at all stages of the 

manufacturing process. These analyses relate both to individual stages of production and to auxiliary 

processes such as: logistics processes, delivery monitoring. 

Table 1 and Figure 2 show the results of an exemplary FMEA analysis carried out for logistic processes. 
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Table 1 FMEA analysis - logistics processes 

No. 
PROCESS 

PHASE  
TYPE OF 
ERROR 

EFFECTS OF 
ERROR 
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ERROR 
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PREVENTION DETECTION 

1 2 3 4 5 6 7 8 9 10 11 

1. 
External 
transport 

Collision 

Damage to 
employee’s health, 

destruction of 
transported 

product 

9 
Independent 
of the driver 

1 

Medical 
examination, 
motivating 

conversation 

Eye 
examination, 
inspection of 

medical 
certificates 

7 63 

2. 
External 
transport 

Collision 
Destruction of 
transported 

product 
9 

Poor weather 
conditions / 

driver 
inattention 

1 

Medical 
examination, 
motivating 

conversation 

Eye 
examination 

7 63 

3. 
External 
transport 

Non-delivery of 
finished goods 

to external 
warehouse 

Stopping 
production at 

customer 
8 

Delays in 
external 
transport 
between 
external 

warehouses 
and plant / 
insufficient 

safety stock in 
external 

warehouses 

2 

Meeting with 
transport 
company, 

increasing safety 
stock in external 

warehouses 

Regular 
monitoring of 

the stock zone 
6 96 

4. 
External 
transport 

Fall of pallet 
with finished 

products after 
opening door of 
vehicle trailer 

Destruction / 
damage of 
transported 

product 

8 

Incorrectly 
positioned 
pallets in 

vehicle trailer, 
lack of 

additional cargo 
securing 

1 

Purchase of load 
securing bar by 

transport 
campany 

Self-check 7 56 

5. 
Internal 

transport 

Damage to 
production 
machines 

Production 
interruption, partia 
lor total destruction 

of device 

7 
Inattention, poor 

visibility 
1 

Installing 
bumpers, 

installing mirros 
to facillitate 

visibillity 

Visual 
inspection 

7 49 

6. 
Internal 

transport 
Overturned 

pallet 

Destruction / 
damage of 
transported 

product 

8 
Blocked 

communication 
route 

1 
5S audit, position 

training 
Self-check 7 56 

7. 
Internal 

transport 

Knocking down 
pedestrian by 

forklift 

Bodily harm of 
pedestrian, 
permanent 

damage to health 

10 

Sudden entry of 
a pedestrian 
into forklift’s 

path 

1 

Using sound 
signaling 

information for 
plant employees 
on how to move 

around 
warehouse 

Self-check 7 70 

8. 
Internal 

transport 

Damage to 
warehouse / 
gate / ramo / 

wall 

Destruction, 
breach of wall / 

gate / ramp 
structure 

9 

Inattention, 
carelessness, 
too large load 
on the forks 

1 
Motivating 

conversation 
Ordinance 

audits 
7 63 
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Table 1 Continued 

1 2 3 4 5 6 7 8 9 10 11 

9. 
Storage of 

finished 
products 

Label mistake 

Stopping 
production at 
customer / 

shipping wrong 
parts to 

customer 

6 

Detachment of 
label from 

container / label 
peeling 

1 

Verification of 
pallets before 
shipment. In 

absence of labls - 
contact production 

area 

When 
shipping, it is 
necessary to 

scan the 
shipping and 
production 

labels 

7 42 

10. 
Pallet storage in 

warehouse 

Overturning 
pallet with 

profile during 
pallet stacking 

Selecting profile 
on production, 

scrapping 
damaged profile  

8 

Lack of 
sufficient space 
for easy forklift 
maneuvering 

1 

Widening 
maneuvering area, 
increasing width of 

communication 
path 

Visual 
inspection 

7 56 

11. 
Pallet storage in 

warehouse 

Accident - 
overturning of 

pallets 

Threat to health 
and life of 
employee 

10 

Employee 
moves in 

prohibited place 
in warehouse 

1 

Employee training 
- distribution of 
communication 

routes 

Visual 
inspection 

7 70 

12. 
Pallet storage in 

warehouse 

Overturning 
pallet with 

profile while 
moving in 

warehouse 

Threat to health 
and life of 
employee. 

Selecting profile 
on production, 

scrapping 
damaged profile 

10 

Stacking pallets 
inconsistent with 
instructions on 

storage 

1 

Training of 
warehouse 
employees. 

Creating table with 
visualization of 

packaging used in 
plant 

Visual 
inspection 

7 70 

13. 
External 
transport 

Overturning of 
pallets in 
vehicle 

Destruction / 
damage of 
transported 

product 

7 

Poor securing of 
goods in 

vehicle, bumpy 
road 

1 

Double checking 
of correct loading, 
proper securing of 

goods by driver 

Visual 
inspection 

7 49 

14. 
Pallet storage in 

warehouse 

Lack of 
protection of 
packaging 

stored outside 
plant 

Wet packaging - 
threat of quality 

defects in 
packaged 
products 

7 
Poor packaging 
protection / bad 

weather 
1 

Protection of 
packaging against 
external factors - 
proper storage of 

containers 

Visual 
inspection 

7 49 

15. 
Inspection 

station 

Damaged 
components 

during 
inspection and 

transport 

Difficulties in 
production 
caused by 
repair or 

shortages 

7 
Damaged 

measuring tool 
2 

Training of 
delivery inspection 

inspector, 
knowledge of 

measuring tools 

Quick visual 
inspection at 

station 
7 98 

16. 
Inspection 

station 

Mixed 
components 

during 
inspection and 

transport 

Difficulties in 
production 
caused by 
repair or 

shortages 

6 

Putting 
component in 
wrong box - 

inspector error 

2 

Obligation to 
comply with 5S, 

comparing 
component 

marking with label 
on packaging 

Quick visual 
inspection at 

station 
8 96 

17. 
Inspection 

station 

Mixed 
components 

during 
inspection and 

transport 

Difficulties in 
production 
caused by 
repair or 

shortages 

6 

Disorganization 
at inspection 
station not 

maintaining 5S 
standard 

2 

Obligation to 
comply with 5S, 

comparing 
component 

marking with label 
on packaging 

Quick visual 
inspection at 

station 
8 96 
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Figure 2 Graphic summary of FMEA analysis data - logistic processes 

In the presented results of the FMEA analysis, the Risk Priority Number = 100 was adopted as the critical level 

of the risk priority number value. This means that above this value preventive actions should be taken in 

specific cases. 17 logistic processes were subjected to assessment, none of which exceeded the priority limit 

value. The following processes received largest RPN values: 

 process no. 3 - internal transport; non-delivery of finished products to external storage (type of error); 
delays in external transport between external warehouses and plant / insufficient safety stock in external 

warehouses (causes of error), 

 process no. 15 - inspection station; damaged components during inspection and transport (type of error); 

damaged measuring tool (causes of error), 

 process no. 16 - inspection station; mixed components during inspection and transport (type of error); 
putting component in wrong box - inspector error (cause of error), 

 process no. 17 - inspection station; mixed components during inspection and transport (type of error); 

disorganization at inspection station not maintaining 5S standard (causes of error). 

Other logistics processes (around 82 %) did not exceed the priority number value level above 70 points. An 

analogous summary for another auxiliary process - delivery inspection (109 processes evaluated) showed that: 

 3 processes (about 2.8 %) exceeded the priority number limit value, 

 18 processes (about 16.5 %) obtained a priority number in the range from 90 to 100 points. 

3. CONCLUSION 

The turbulent and complex nature of the modern market means that enterprises must modify both the methods 

and techniques of their operation as well as the principles of cooperation with external entities. Taking into 

account the assumptions of the value chain concept, it can be stated that each of the links in this chain 

contributes to the creation of final value for the client, which implies that the success of individual enterprises 

is to a certain extent mutually conditioned. In this context, it seems that an important aspect is the integration 

of activities carried out by individual entities. Unfortunately, the level of integration is often strongly limited by 

market realities (e.g. one supplier provides products to several competing entities). Despite this, enterprises 

should cooperate in certain areas that do not violate the purity of competitive struggle. 
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The international company presented in the article meets the quality criteria set on the automotive market, 

which allows it to cooperate with such renowned customers as: Volvo, Toyota, Peugeot, Citroen, Volkswagen, 

Renault, Jaguar, BMW, Porsche, Ford, Audi, Tesla. The data obtained as a result of the FMEA analysis 

indicate that in the case of such auxiliary processes as logistics processes and delivery inspection, no 

significant number of threats that could result in disruption of the production process were noticed. The 

assessment concerned only information obtained from the period of one month and it seems that when using 

the database, it would be necessary to compare individual analyses with particular attention to those processes 

that obtained a priority number in the range from 90 to 100 points. 

In the studied company, the existing quality management system in the process of continuous improvement 

uses not only the tools recommended by IAFT standard 16049 (so-called core tools), but also others relevant 

to the current situation, e.g. Ishikawa cause and effect diagram, 5 Whys technique, or 8D in the case 

complaints. 
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Abstract 

Production logistics, just like any other functional area of an enterprise, must be constantly optimized and 

improved to meet the requirements of growing competition in terms of technology and in terms of customer 

satisfaction. The efficiency of logistics processes in the production system depends on the use of various 

methods and tools offered by modern management concepts. Currently, one of the most effective concepts 

used to improve processes in enterprises is Lean Manufacturing. Due to the choice and application of proper 

for a particular process Lean tool the enterprise is able to gain many advantages e.g. decline in quantity of 

shortages, shorten time of orders completing, improve productivity, meet supply deadlines, decline in stocks. 

The aim of the article is to present suggestions for improvements for the assembly process, using the work 

standardization. The developed standard concerned the method of movement of operators between 

workstations, which significantly affected the work efficiency. 

Keywords: Lean Manufacturing, standardization, logistic process 

1. INTRODUCTION 

Work standardization is one of the basic tools of the Lean Manufacturing concept in improving work and 

developing the stability and repeatability of the production process. Almost all processes carried out in 

enterprises depend on standardization. Thanks to it, it is easier to observe processes, measure them, notice 

discrepancies and identify problems. By means of uniform methods and criteria, it promotes consistency in 

action. Standardization - as the fourth step in the implementation of the 5S rules - creates the rules necessary 

to maintain the improvements achieved thanks to the first three steps (sort, set in order, shine). First, you need 

to improve processes and then standardize them, that is, define them in such a way that each employee knows 

what they are and how they should be performed. Without the standard, the effectiveness of improvements 

introduced to achieve it can not be measured. In industry, standards are applied in two aspects of production: 

in product specifications and quality, to eliminate shortages and in the analysis and improvement of processes 

aimed at eliminating waste [1,2]. The development of standards for the implementation of individual stages of 

the production process in the enterprise contributes to: increasing work efficiency, by performing activities in 

accordance with specified rules, improving the quality of tasks performed, determining fixed volume of stocks, 

setting standards for performing individual activities [3]. The article presents the results of the analysis 

conducted on the assembly line concerning the movement of operators between positions during the work 

shift. Due to the lack of a valid standard, the employees moved chaotically, which affected the efficiency of 

their work and the efficiency of the entire production line. On the basis of observations of operators' work and 

production data, the most effective way of staff turnover was determined and a new standard was proposed. 

As a research method a case study was chosen in regard of the usefulness of problems solving within 

processes management in the enterprise as well as methods and tools used to make effective and sensible 

decisions. The source of the data was the information handed in by the enterprise and the observations and 

analysis of the ongoing process. 
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2. THE ESSENCE OF STANDARD AND STANDARDIZATION 

Standardization means an unambiguous way of performing activities that enables tasks to be carried out in 

the same way, with the same quality, at the same time, at the same cost [1]. However, a standard is defined 

as a procedure or rule that accurately describes specific requirements. Standards are the basis for activities 

improving the current state and allow achieving the intended goals of the company. Standards should be based 

on facts and analysis, should be followed and documented and clearly presented to employees [2].  

Two types of standards are distinguished in the literature: the first is management standards referring to the 

internal goal of employees management, and the second are operational standards regarding the ways of 

performing work. According to Masaaki Imai [4], if the applicable standards are respected and employees 

perform tasks without deviations from the norm, then the process remains under control. The next step is to 

modify the current state and raise the standard to a higher level in accordance with the PDCA cycle. Standards 

should [4]:  

 present the best, easiest and safest way of performing work, 

 be a criterion for measuring work, 

 show the relationship between cause and effect, 

 give the basis for maintaining the level and improvement, 

 be objective, simple and clear, 

 be the basis for training, 

 be the basis for control and diagnosis, 

 prevent errors. 

Currently, the concept of work standardization is strongly related to the concept of Lean Manufacturing, 

however, its beginnings appeared in the 1920s, when H. Ford introduced the first elements of standardization 

to his production plants [5]. The standardization of work according to H. Ford means that each of the processes 

is implemented in the same way by all employees. The standardization of work should ensure the creation of 

standards, schemes of the most effective work methods, guaranteeing process stability and the certainty that 

operations at the workplace will be carried out according to the same steps, achieving the same results every 

time. The work standardization is based on defining the individual stages of the process in relation to the 

adopted criteria (e.g. time, quality, performance) so that their effectiveness can be assessed. The developed 

and optimal at a given moment sequence of activities becomes a valid standard that can be improved, thus 

improving the process [1]. When improving the process, it should be remembered that an important element 

is also the aspect of work safety - the implemented solutions should include safe working conditions and reduce 

the number of potential accidents [6]. 

The specificity of work standardization criteria is focused on the most important factors of the competitiveness 

of a production company: customer, employee (and their participation in the functioning of the company), 

continuous improvement of workplaces (kaizen) and properly organized production area. During 

standardization of work, losses in the process should be eliminated (in accordance with the Lean 

Manufacturing concept), thanks to which production costs will be reduced, operators' work efficiency will 

increase, production time will be shortened due to the elimination of unnecessary activities or expectations 

[7,8]. 

The standard documentation used in manufacturing enterprises may take many forms, however, the most 

commonly used document - due to the simplicity of execution and low costs of development and 

implementation - is the work standardization card. The card is intended to present the work schedule applicable 

at a given workplace, and thanks to it it is possible to identify and eliminate irregularities or losses [1]. The 

stages of developing the standardization card are shown in Figure 1. 
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Figure 1 The stages of developing the standardization card [1,7] 

3. PROCESS IMPROVEMENT WITH THE USE OF JOB STANDARDIZATION - CASE STUDY  

The assembly line consisting of 19 workstations has been analysed, with 9 people working on each shift, and 

19 operations are performed. The line has the shape of the letter "U" with one input and one output, having a 

single-stream setting (Figure 2). Stations no. 4, 7, 15 are automatic and the others are manual. Due to the 

lack of a standard concerning the movement of operators between workstations, and as a result of a negative 

impact on the line‘s efficiency, defining a new standard of work was proposed. In the first stage of the analysis, 

observations of the operators were made, and then a new method of staff turnover in the form of a new 

standard was established. Regarding the limited possibility of publishing all data, the article presents some of 

the results. 

During the observation of the production line, it was noticed that on different shifts, with a different staffing, the 

pattern of movement between the stands is chaotic, which leads to losses and negatively affects the work 

efficiency (Figure 2).  

 

Figure 2 A sample scheme of movement of operators before the implementation of the standard  

Observation results: 

 variable assembly line performance on various shifts, 

 different work efficiency of individual operators, 

 different patterns of employee rotation between positions, 
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 waiting for parts related to the fact that one employee changes between the two most time-consuming 
operations, which affects the work efficiency of another operator (loss in the form of waiting and 

inactivity) 

 occurrence of losses: unnecessary moves, excessive movement, waiting,  

 problem with the adaptation of new employees. 

In order to develop the most optimal rotation scheme between workplaces, the performance of the production 

line was evaluated. Table 1 presents the theoretical assembly time (DT, Design Time) for each operation 

performed at workstations - designated in the company by means of the MTM method (Methods-time 

measurement). MTM belongs to the predetermined motion time system, which are the basic tool in the 

development of optimal working methods. Each operation is "spread out" into elementary activities and assigns 

time for each activity to be performed. Each single move is evaluated based on tables containing normative 

times. The time that has been set by MTM corresponds to the time that can be achieved by the average 

employee during the whole day of their work. This time corresponds to the employee's efficiency level of 100 %, 

which referring to a specific job, creates a model performance (used as a set pattern for other employees). 

Taking into account the individual predispositions of employees, their performance may vary at different levels. 

For the analysed production line, the total DT is 273 s. The most occupied position is No. 2 (DT is 28.5 s), 

which is the bottleneck of the process.  

Table 1 Design Time for workstations 

As DT is only a reference time, in practice the actual assembly time (OT, Operation Time) is also used, which 

is the time actually needed to perform a given operation. The actual time of individual operations is measured 

using a stopwatch - the average time set for the whole production line OT is 316 s.  

On the basis of DT and OT indicators, the effectiveness index of the analysed production process (KE, Key 

Efficiency) was calculated, which is indispensable for continuous monitoring of the implementation of the 

objectives of individual production lines in the enterprise. KE ratio is determined based on the formula: 

%100
OT

DT
KE                (1) 

where: 

DT - design time (s) 

OT - operation time (s) 

Number of 
workstation 

DT (s) Number of workstation  DT (s) 

1 16.1  11 23.2  

2 28.5  12 15.6  

3 11.8  13 13.5  

4 18.4  14 9.5  

5 15.8  15 10.5 

6 15.3  16 15.9 

7 21.8  17 8.2 

8 12.3  18 16.4 

9 14.1  19 12.5  

10 13.2    
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Based on the calculations, the KE factor for the analysed assembly line amounted to 86.4 % (which means 

that the line should work at the efficiency level of 86.4 % in order to achieve the operational goal). In order to 

verify the efficiency of assembly lines (especially in the aspect of identified problems), data from one working 

week were collected and an average efficiency ratio of 84.2 % was obtained. To maintain the efficiency of the 

line at the designated level, it is necessary to improve work of the operators and to achieve an uninterrupted 

flow of materials.  

Knowing the total DT (273 s), total OT (316 s) and the number of operators working on the production line (9 

people), theoretical and actual assembly time per person was calculated (DTp, OTp): 

p

DT
DTp                 (2) 

p

OT
OTp                 (3) 

where: 

p - number of operators 

The theoretical assembly time per one operator (DTp) informs about the maximum time that one operator 

should dedicate to assemble one product. For the analysed production line, the maximum time for each 

operator is 30 s. Because the number of workstations is greater than the number of operators, and the times 

of all manual activities are shorter than DTp (Table 1), operators must move between positions. However, the 

total time of their work (assembly) can not exceed DT per person. This means that one operator can not devote 

more than 30 seconds to perform activities related to the production of one product.  

When developing a new operator rotation scheme, it was considered that: 

 combining DTp positions <30 s, 

 the distance between the positions was as short as possible, 

 one non-rotating and experienced worker worked at the bottleneck (workstation No. 2) - the bottleneck 

is the most time-consuming activity that limits the flow of material; always keep the stock before you 

enter the bottleneck, so as not to increase the time while waiting for the product. 

 

Figure 3 A new scheme of operators rotation on the assembly line  
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As a result of the carried out analysis, a new employee rotation scheme was proposed on the production line 

(Figure 3), which should be documented in the form of a standard of work and respected. 

The proposed standard should include: 

 name of the line, description of the process, date and number of the document, 

 people who prepared the documentation and approved it, 

 process symbols, 

 rules in force at the bottleneck position, 

 calculation of rotation and rotating stations, 

 operator rotation scheme (Figure 3). 

4. CONCLUSION 

The proposal to introduce a new standard on the method of operators rotation between positions can bring 

many benefits, primarily will increase the productivity of operators and the entire assembly line (achieving the 

operational goal of 86.4 %), will reduce or limit identified losses (unnecessary movements, unnecessary 

movement, expectation), will ensure repeatability of the process and improve the flow of materials. Introduction 

and observance of the new rotation standard will facilitate communication between employees, will be the 

basis for training (especially for new employees), because it will present the most effective, easiest and safest 

way of working on the production line. It should be added that improvement of production flows (through the 

application of standardization) is also a component of the knowledge management system, due to the essence 

and importance of the problem in the efficiency of companies [9]. 
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Abstract 

The aim of each company is, among other things, to manage logistic processes. It is therefore crucial for 

companies to identify where the risk is, how large it is, how it can affect the activities, process, organization, 

and what measures need to be taken to eliminate or at least reduce the risk to an acceptable level. Therefore, 

the risk management process is becoming increasingly important in this respect. The implementation of the 

risk management process influences the undertaking of appropriate sales actions that will allow, among others, 

for optimal use of available resources as well as emerging development opportunities. In order for risk 

management to bring the expected results, it should be implemented after appropriate recognition of 

disruptions (risk factors) that directly affect its occurrence in logistic processes. Thus, the identification of risk 

is important here, i.e. identification of disruptions (risk factors) present in the implementation of logistic 

processes. Risk identification is an important element of the risk assessment stage in the risk management 

process. The aim of the article is to indicate the essence of risk identification and its significance in the risk 

management process in the implementation of logistic processes. 

Keywords: Risk, risk management, logistic processes, interference in the logistic processes, applications 

1. INTRODUCTION 

In each company, there is a bundle of processes that are interrelated and all together contribute to the added 

value that the company offers. Their improper functioning disturbs the effective operation of the entire 

company, hence the importance of proper management of processes, including their continuous monitoring 

and improvement. This is of great importance also in relation to logistic processes occurring within each 

company. Logistic processes support the functioning of the management system and ensure its effectiveness 

and efficiency. These include both activities and operations related to the preparation of infrastructure for basic 

processes, management, development of information systems, transport, storage, accounting and finance, 

reporting and controlling. Therefore, they directly affect the implementation of set goals, both long and short-

term, i.e. they are closely related to the overall activity of the company, but do not create independent spheres.  

The implementation of logistic processes in manufacturing companies refers to the support of the main 

production process, so their reliability is of great importance, because transport, storage, packaging and other 

logistic processes are the most vulnerable to disruptions [2,6]. In every manufacturing company there are 

different disruptions in the logistic processes, which depend mainly on the specificity of the production activity. 

From the point of view of logistic processes, the most important thing is the division into disruptions on which 

the company has an influence and thus can control them and risk factors independent of the company - which 

it has no influence on.  

The same disruptions in different companies are likely to occur with different degrees of probability and have 

different degrees of potential impact. Thus, in order for risk management to produce expected results, it should 

be preceded by the identification of disruptions in logistic processes, which should be considered individually 

in a given company [7].  
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The aim of the article is to indicate the essence of risk identification and its significance in the risk management 

process in the implementation of logistic processes. The study assumes that the concept of disruption will be 

used as a natural reference to the logistic processes implemented, instead of using the concept of risk factor. 

2. RISK MANAGEMENT PROCESS - GUIDELINES ACCORDING TO THE PN-ISO STANDARD 

31000:2012 

According to E. Piguła [9], risk management in logistic processes is defined as a set of causally related and 

consecutive actions that are carried out in a given company in the space-time dimension, characterized by a 

specific repeatability. In addition, risk management requires the development of specific procedures, 

documenting the decisions taken, as well as the maintenance of appropriate control paths, as demonstrated 

by international risk management standards such as COSOII:2004, FERMA:2002, AS/NZS:2004 and the PN-

ISO 31000:2012 standard [3]. 

The article is based on the risk management process according to the PN-ISO 31000:2012 Standard, which 

includes guidelines for systemic risk management, therefore it can be applied in a company that encounters a 

broadly understood risk on a daily basis. The main objective of this standard is to unify risk management 

processes, regardless of the specificity of the industry or sector. The risk management process according to 

this standard is shown in Figure 1. 

  
Figure 1 Risk management process [11] 

As shown in Figure 1, one of the important elements of the risk management process is risk assessment, 

which forms the overall process of risk identification, risk analysis and risk evaluation. The article focuses on 

the identification, which main objective is to create a list of possible disruptions in the implementation of logistic 

processes based on events that may disrupt the achievement of objectives or pose a threat to the existence 

of a given company. 

3. THE ESSENCE AND PURPOSE OF RISK IDENTIFICATION IN LOGISTIC PROCESSES 

Due to the development of science, issues related to risk management are increasingly becoming the subject 

of considerations in the field of management, economics, logistics and marketing [8].  
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In logistic processes, risk is defined as the combination of the probability of disruption and its negative impact. 

On the other hand, risk management of logistic processes is a set of causally related and consecutive activities 

carried out in the company in a space-time dimension, characterized by a certain repeatability. In addition, risk 

management requires the development of specific procedures, the documentation of decisions taken and the 

maintenance of appropriate control routes. 

Logistic processes are one of the most cost-creating processes that are carried out in manufacturing 

companies. The time of introducing new products to the market is becoming so short that companies need to 

continuously improve and strengthen the value creation process. The logistic processes determine the ways 

of using the products, satisfaction, convenience, comfort, as well as assistance in solving customer problems. 

Through logistic processes, companies realize values and benefits on the market to a significant extent, which 

contribute both to customer value and to the added value of the company. For this reason, activities in logistic 

processes should be organized in such a way as to reduce the probability of disruptions, while at the same 

time ensure an adequate response to the existing disruptions in order to reduce their negative effects. 

In the literature, disruptions are defined as any unexpected events that have a destructive effect on the system 

and cause a change in the state of the system in directions far from the state of equilibrium or the purpose of 

the activity [5]. As a result, the implementation of logistic processes in manufacturing companies, due to 

occurring disruptions, is extremely important and should be considered from the point of view of risk 

management.  

The main task of the risk approach is risk identification, the purpose of which is to determine the disruptions 

(risk factors) to which the given company is exposed [4]. 

In logistic processes, risk identification is a process of discovering potential disruptions affecting the 

implementation of logistic processes in a company. The aim of risk identification is to create an exhaustive list 

of disruptions resulting from possible events in order to identify the types of disruptions and the degree of risk 

to the company. Figure 2 shows the types of actions taken to identify risks in logistic processes. 

 

Figure 2 Types of actions taken to identify risks in logistic processes [own study] 

In the stage preceding the identification of risk, i.e. determining the context, the logistic processes carried out 

in the company should be specified. Also, the risk management criteria should be determined, i.e. the scale of 

probability of occurrence of the disruption and its effect. It is also necessary to establish the levels of risk and 

the so-called risk map. 

The identification of risks in logistic processes determines the disruptions (risk factors) in their implementation. 

The analysis covers both internal and external disruptions affecting the logistic processes in the company. The 

acquisition of this information should focus on the circumstances that may affect the achievement of the set 

objective.  

The condition for the effectiveness of the risk identification process, and thus the risk management process, is 

to gather as much information as possible about any disruptions in the implementation of logistic processes. 
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Acquisition of relevant data and its proper processing leads to the improvement of the level of information for 

the company. Various methods are used in order to obtain information on the disruptions affecting the 

implementation of logistic processes, which are often based on the knowledge and experience of the owners 

or managers of a given company. The ability to choose the right methods of risk identification in logistic 

processes is difficult and requires great flexibility, knowledge and experience in making decisions. 

4. CRITERIA FOR THE SELECTION OF RISK IDENTIFICATION METHODS IN LOGISTIC 

PROCESSES 

The choice of a single method for risk identification in logistic processes may not be sufficient to provide a 

clear and complete picture of disruptions in logistic processes. It should be borne in mind that the use of too 

many risk identification methods may lead to dispersion or loss of data. 

According to A. Szymonik [10], the risk identification, taking into account the logistic processes, can be carried 

out in relation to:  

 design and manufacturing process - the disruption may be related to the availability of human, physical 
and financial resources, infrastructure or instrumentation that are necessary for the designing and 

manufacturing of the product,  

 supply process - the disruption can be seen from the point of view of the contract implementation 

depending mainly on: supply of materials, specific services, sources of supply and the consequences 

of their application, 

 technical process - the disruption occurs when the problems turn out to be more difficult to solve than 
expected. This is reflected in the design, implementation and cooperation of parts and components. 

Identifying risks in logistic processes requires the definition and application of a wide range of methods and 

tools enabling precise diagnosis of threats occurring in logistic processes. Table 1 presents selected methods 

and techniques of risk identification in the implementation of logistic processes. 

Table 1 Selected methods and techniques used to identify risks in logistic processes, study based on [1], [10] 

Selected methods and 
techniques of risk identification 

in logistic processes 
Characteristics 

Brainstorming Identifying possible risks and potential ways to improve quality. 

Preliminary Hazard Analysis 
Method (PHA) 

Creating a checklist with questions that can be answered in a simple and 
general way to identify risks. 

FTA, ETA, CCA tree analysis Presentation in the form of a tree combinations and mutual dependencies 
between potential defects, as well as sequences of events that have an impact 
on the implementation of the product. 

FMEA - Failure Mode Effects 
Analysis 

Determination of the relationship between the causes and effects of identified 
hazards (defects) and optimization of actions and costs. 

QFD method Determination of numerical values and classification of data related to: - 
customer requirements and technical parameters of the product, - technical 
parameters of the product and their relations, - hierarchy of parameters, - 
competition analysis. 

Process diagram Presentation in the form of a block diagram the algorithm of subsequent stages 
of the process, links between technological operations, processes, etc. 

Control card Identification of risks arising from variability. This method requires the process 
to be sampled at regular intervals. 

Analytical sheet Collection and organisation of measurement and observation data for 
recording and initial processing of source information. 
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Table 1 (continue)  

Pareto-Lorenz chart Presentation of the graphical distribution of types of errors, problems or their 
causes. The Pareto-Lorenz analysis is based on the regularity that 20-30 % of 
the causes determine 70-80 % of the effects. 

Ishikawa diagram Identifying the problem, identifying its causes and classifying individual causes 
into appropriate groups. 

Point correlation diagram Presentation of rectangular pairs of variables in the coordinate system, which 
may be connected with each other by a certain dependence. 

Value stream map Analysis and improvement of value flow in the company, which consists in 
determining informational, material and physical elements flows in the area of 
company's production, which allows for identification and understanding of the 
entire production process and its subsequent improvement. 

In order to identify risks in logistic processes, specific methods are used due to their characteristics, complexity 

and specificity of particular stages of the logistic process. Regardless of the choice of method, the final result 

should always be taken into account. Each risk identification method should be assessed against comparable 

criteria in order to assess its effectiveness. 

5. CONCLUSION 

Each company should strive for effective management of logistic processes, which mainly require the 

development of procedures, documentation of decisions taken and preservation of visible control paths.  

In order for risk management to produce the expected results, it should be implemented after learning about 

the disruptions directly affecting the implementation of logistic processes in a given company. 

Systematic risk identification as well as the use of appropriate control mechanisms contribute to the protection 

of the company against the surrounding disruptions. Every logistic process is burdened with a certain risk. The 

application of the selected risk identification methods in logistic processes will contribute to its reduction to an 

acceptable level. 
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Abstract 

The aim of the article is to develop a simulation model that can be used to analyse route selection algorithms 

for autonomous mobile robots. The developed model can also be used to assess the impact of factors such 

as the number of robots and the topology of the warehouse on the performance of the entire system. The 

results of the simulation show the importance of the factors such as: route selection algorithm, number of 

robots and storage topology for the efficiency of the described transport system. The assessment model 

presented in this article is the basis for further research into the issue of the impact of individual factors related 

to the operation of autonomous transport systems on the performance of these systems. 

Keywords: Path planning, storage, robots 

1. INTRODUCTION 

The subject of this article is related to the dynamic development of the Polish e-commerce market. The e-

commerce market generates the need for professional handling and order processing in logistics system [1]. 

Particularly in the preparation of goods for shipment to the customer. 

Currently, most of the warehouse processes in the e-commerce industry are implemented in accordance with 
the "person-to-goods" principle. According to this principle, the person responsible for collecting the goods 

moves between the storage racks. It has been proven that this way of handling the process is inefficient, mainly 

due to large time losses by employees (time needed to reach the rack, searching for the right goods, picking 

up the goods, returning to the packing station). The disadvantage of this approach is also the sub-optimal use 

of storage space (the need to ensure sufficient space between storage racks for a forklift truck). An alternative 

to the above-mentioned principle is the implementation of a system that uses the "goods-to-person" principle, 

according to which the employee only devotes time to properly pack the goods and prepare them for shipment 

[2]. Such activities can be implemented thanks to a significant degree of automation of warehouse processes 

and in particular with the use of intelligent transport systems [3]. 

The precursor of the commercial implementation of the above-mentioned principle was the Amazon online 

store, which started using mobile robots transporting shelves in 2012, manufactured by KIVA (Amazon 

Robotics since 2015). Currently, Amazon uses approx. 30 thousand robots, mainly in warehouses in the USA. 

Amazon uses the technology created by KIVA exclusively for your needs. After the takeover by Amazon, KIVA 

ceased any activity aimed at selling its robots. Amazon's takeover of almost the entire market of mobile robot 

suppliers has sparked the interest of other companies that are trying to deliver their own solutions. 

One of the major problems associated with the design of this type of autonomous systems is the problem 

associated with the selection of appropriate algorithms to control the movement of robots. The solution to this 

problem is closely related to the method of determining the appropriate number of robots necessary to achieve 

the required system performance [4,5]. 

The aim of the article is to develop a simulation model that can be used to analyse route selection algorithms 

for autonomous mobile mobiles. The developed model can also be used to assess the impact of factors such 

as the number of robots and the topology of the warehouse on the performance of the entire system. The 
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presented results provide an introduction to further research into the issue of the impact of individual factors 

related to the operation of autonomous transport systems on the performance of these systems. 

2. MODEL DESCRIPTION 

This part of the article describes a simplified schematic of the simulation model, which can be used to assess 

autonomous transport systems based on robots moving along routes determined by a square grid of connected 

points. The developed model consists of consecutive algorithms (Figure 1). 

The first algorithm (Defining a warehouse topology) creates a square grid of points based on the length and 

width of the warehouse. The number of points depends on the fixed distance between the points. In the next 

step, the points are combined with each other. Connections are created between points that are next to each 

other from the top, bottom, left and right.  

After creating the grid, storage racks are inserted at selected points, which will be carried by autonomous 

transport robots. 

 

Figure 1 Autonomous transport system based on robots moving along routes determined by a square grid of 

connected points evaluation model  

The next step (Defining sequence of orders and location of goods) concerns the method of entering and 

queuing orders, which are transferred to robots in the modelled system. 

In the third step (Route selection algorithm and determining the number of robots), the number of robots used 

to operate the system and route selection algorithm are determined. Robots only move in straight lines and 

can rotate around their own axis. In the model, delivery orders are made according to the following diagram 

(Figure 2). As can be seen in the drawing below, the order consists of three stages performed by the robot: 

access to the rack, transport of the rack to the packing point and return with the rack to the designated place. 

 

Figure 2 Single order algorithm 

One of the ways to increase the efficiency of this type of systems, understood as the number of serviced racks 

in a given time, is to increase the number of robots that implement the process. The consequence of such 

action may be an increase in the number of interactions between robots. Interaction is understood here as a 
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meeting of two robots during the transport process. The result of such a meeting is stopping the robot (or 

several robots) and waiting for the road to be released. 

The last step (Simulation of the transport process) is a simulation that checks the system performance in a 

given scenario. Operational indicators are also analysed. It allows to properly interpret the obtained results, 

such as: the ratio of the distance travelled without a rack to the total distance travelled. This is the stage in 

which the impact of previous assumptions on system performance is examined. This applies to topology, the 

number of robots, the method of queuing and transferring orders to robots and route selection algorithms.  

Start – robot finished last task

Is next task available (Nz* > 0)

Assign a transport task to 
the robot

Send the robot to the 
service point

TRUE

FALSE

Wait for an available task

Finish

Calculate the route of the 
robot based on the 
selected algorithm
Tr** = {Pi***,...Pn}

Book another point on 
the route point

Is another point on the 
route free?

TRUE

FALSE

Go to the next Pi point on 
the route and release the 

previous point Pi‐1

Is the robot reached the 
endpoint?

FALSE TRUE

Complete the task (pick 
up the rack / unload the 

rack / wait / etc...)

TRUE

 

Figure 3 Simulation model algorithm 

* Nz - task list; 
** Tr - the route between two graph edges; 
*** Pi - i-th point on the robot route. 
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The simulation model was created in the FlexSim program. This software is widely used to model material 

flows in logistic systems [7,8,9,10]. The developed model contains ten algorithms in total. Four of them are 

used to compute routes between points and to perform tasks related to loading and unloading of the racks. 

The other algorithms are responsible for managing other activities performed by robots (sending robots to the 

charging stations when there are no new transport tasks, etc.). The last algorithm is responsible for creating 

new transport tasks (using lists or time intervals in a random order). The general description of the model is 

shown on the Figure 3. The model has an undirected graph character. The structure of the net on which robots 

move can be freely change by the decision maker. 

The assumptions and results of the obtained experiments are presented in the third chapter. 

3. EXPERIMENTS RESULTS 

The assumptions to the model adopted during the experiments are described below. 

In the developed model, it was assumed that the racks are arranged in rows. There are transport routes 

between the rows. Racks cannot be inserted at the extreme points of the grid. These points are intended for 

transport routes 

Two storage systems were tested. The presented article defines a reference magazine for 200 storage racks. 

The comparison of the magazine in the vertical (Figure 4) and horizontal (Figure 5) is shown in the table 

below (Table 1).  

Table 1 Comparison of warehouse size 

 
Length [m] Wide [m] Warehouse area [m2] 

The number of racks 
[units]  

Horizontal 16 22 352 200 

Vertical 31 12 372 200 

The obtained results indicate that to use the same number of storage racks in the case of a horizontal 

warehouse system, it is necessary to allocate an additional 20 square meters of space in comparison with the 

horizontal system. 

 

Figure 4 Warehouse visualization in a horizontal layout 
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Figure 5 Warehouse visualization in a vertical layout 

In the next step, the method of queuing and transferring orders to robots was established. The developed 

model assumes that orders are queued in accordance with the FIFO principle and subsequent orders are 

transferred to the first free robots. In the performed study, orders were generated (column and row 

corresponding to the position of the storage rack) in accordance with the even distribution. Then the orders 

were placed in the table from which they were collected by the first free transporting robots. The conducted 

experiments are an analysis of the transport of storage racks to the packaging point, with a fixed schedule of 

orders, within 20 minutes. 

In the third step, algorithms for route selection for robots were determined. The model assumes that the rack 

transport will be carried out using the left-hand rule. This action was supposed to reduce the number of 

interactions between robots. For travel to the point containing the storage rack, it is possible to choose one of 

two algorithms: BFS and the rule of the left hand [6]. Both algorithms have been widely described in the 

literature. The importance of choosing the right route planning algorithm for a robot moving without a storage 

rack will be the subject of further considerations in this article. The assumed average speed of the robots is  

v = 0.5 m/s. 

In case the robots meet face-to-face, they expect 20 seconds, their trajectory is changing. If it is possible, the 

robot rotates to the right, goes one space forward and performs a counter clockwise rotation, drives the next 

field forward and then rotates once again to the left, passes the next field forward and rotates to the right. 

Robots do the same at the same time (Figure 6). In the developed model, robots moving in accordance with 

the BFS algorithm can move under storage racks. 

In the case of using the left-hand rule to determine the way of robots, interactions between robots do not occur, 

however, robots cannot use the possibility of travelling under storage racks. In the case of the BFS algorithm, 
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the frequency of interaction depends on the number of robots and the structure of the warehouse. In this work, 

we tested the impact of the route planning algorithm, the number of robots and the structure of the warehouse 

on the achieved system performance. If BFS is used, the average length of the route to the rack will be much 

shorter, while the number of interactions will increase. 

 

Figure 6 Collision removal algorithm  

In subsequent scenarios, the number of robots changed (increment by n = 1). 

The simulation results are presented in the graph below (Figure 7). Objectively better results were obtained 

by the BFS algorithm. This means that the choice of the variant with a shorter route was better than the variant 

without collision. Another interesting observation concerns on average higher results obtained for the 

horizontal system in the case of a lower number of robots, up to 5-6 pieces (in the case of both algorithms). 

The observed dependence changes as a function of the number of robots. 

 

Figure 7 Efficiency in the function of the number of robots and the algorithm used to select the route  
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Further analysis concerned the average number of meters driven by robots depending on the chosen algorithm 

(Table 2) for ten robots. 

Table 2 Comparison of the average distance travelled in the chosen variant 

 Average [m] Standard deviation 

BFS - horizontal 984 33,38 

Left-hand - horizontal 985 32,93 

BFS - vertical 966 27,13 

Left-hand - vertical 1031 25,82 

Based on the obtained results, it can be observed that the vertical system is characterized by a more even 

workload of robots. While the average number of meters travelled by each robot is similar in every topology 

and algorithm, the ratio of the number of meters travelled with the rack to the total number of meters travelled 

is significantly changed (Figure 8). Vehicles using the left hand rule algorithm moved on average about 26 % 

more time without a rack. This directly affects the performance of the tested system. 

 

Figure 8 The ratio of the number of meters travelled with the rack to the total number of meters travelled in 

the function of the number of robots and the algorithm used to select the route 

4. CONCLUSION 

The results of the simulation show the importance of the factors such as: route selection algorithm, number of 

robots and storage topology for the efficiency of the described transport system. The assessment model 

presented in this article is the basis for further research on the factors relevant to the evaluation of such 

systems. 

It is planned to conduct research on the impact of order scheduling on productivity growth. The next stage will 

be the development of the reliability model of individual system components and multi-criteria analysis of the 

results. 
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Abstract 

Industry 4.0 is a concept that means the integration of intelligent machines, systems and introducing changes 

in production processes, aimed at increasing production efficiency and introducing the possibility of flexible 

changes in the assortment of products. Industry 4.0 is focused on continuous improvement of production 

processes. This is a turnaround in the production control methodology, as the growing expectations of 

customers in the modern market cause that along with the increase in production efficiency, the product is 

customized. In this trend, the customer decides about the product, personalizing it as much as possible in the 

best possible way. These are new challenges in the field of inventory management. The aim of the article is to 

present the method of calculating the optimal amount of the cost of a rotating stock in a production enterprise 

with an unevenly distributed demand. 

Keywords: Industry 4.0, inventory management, Economic Size of Order, rotating stock 

1. INTRODUCION 

In a modern, highly competitive production environment, production companies face the challenge of dealing 

with large amounts of data, the need to make quick decisions (even outside the workplace) and the flexibility 

of production processes (personalized product) [1]. The contemporary nature of production is shaped by 

changing the paradigm from mass production to production at the customer's request. Industry 4.0 (naming 

used since 2010). Industry 4.0 marks the fourth industrial revolution in which it is assumed that it is a vision of 

intelligent factories built of intelligent cyber-physical systems. The implementation of this idea should enable 

the development of intelligent production systems which, in addition to the aforementioned autonomy, will have 

the features of self-configuration, self-control and self-education [2]. 

Strong competition and growing customer expectations in the modern market mean that along with the 

increase in production efficiency, product customization takes place, i.e. the production of products in which 

the customer decides about the product. At the same time, the price of the product should be close to the price 

of products produced in mass production. This is exactly what the industry 4.0 concept provides, which 

assumes the creation of a fully integrated system of suppliers, producers and clients creating the so-called. 

cyber-physical CPS systems (Cyber-Physical Systems), which are open sociotechnical systems, capable of 

implementing a number of functions and actions imposed by production, logistics or management. This 

situation brings new challenges in the area of inventory management [7].  

As a result, production speed will increase by around 30 % and productivity by at least 25 %. At the same time, 

complaints will be eliminated and material saving will be noticeable. A characteristic feature of Industry 4.0 will 

be fast and individual production for the customer's needs, not cheap and massive [8].  

Changes in production processes will only be possible if proper tools for rapid redefinition of production are 

guaranteed, for which the company's logistics department must be prepared [6]. 
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Industry 4.0 is changing the way we work across the supply chain. Using AI, sensors and Internet of Things 

(IoT) technology, a smart and data-driven distribution centre can be developed. For example, by cross-

referencing enterprise resource planning (ERP) systems with consumer trends data [7-9]. 

Stocks are one of the components of the analysis of management efficiency in the production process Chyba! 

Nenalezen zdroj odkazů.. One of the most important elements of logistic processes at every stage of 

functioning of production enterprises, i.e. in procurement, production and distribution - are stocks. Thanks to 

them, materials flow in an efficient manner and can also play an important role in situations of risk and 

uncertainty. 

The primary goal of inventory management is the ability to react responsibly to changes in demand, but at the 

same time lowering the maintenance of inflated stocks. It can also be included that, with regard to quality, a 

certain level of customer service, both internal and external, can be provided. Another important goal is to 

avoid excess and bottlenecks in the production process by tracking the current and future demand for all 

necessary goods [8-10]. 

The most important thing in stock management is the ability to make four important decisions. The first one is 

to indicate the materials in which stocks will be maintained. The next decisions are: determining the method 

of inventory control and the size of the batch of deliveries or production, as well as determining how long the 

order will be processed. For such decisions it is very important to distinguish types of demand [11-16]. 

Industry 4.0, referred to as the upcoming future of production, raises the question of what changes companies 

and managers are waiting for?  

The aim of the article is to present the method of calculating the optimal amount of the cost of a rotating stock 

in a production enterprise with an unevenly distributed demand. 

2. MANAGEMENT OF ROTATING STOCK IN UNEVENLY DISTRIBUTED DEMAND - 

METHODOLOGY 

The rotary inventory is primarily associated with regular consumption, as well as with supplies that are intended 

to cover anticipated and current demand. It is renewed on the basis of the information level and periodic review 

[15, 16, 17]. Under the Industry 4.0 concept, enterprises will be forced to dynamically change the size and type 

of the rotating stock. 

The article uses data from an enterprise dealing in production from the automotive industry. Due to the limited 

possibility of publishing the data in the article, the details allowing to identify the examined enterprise were 

omitted. 

The study shows how the cost of the rotating stock will look when the demand is unevenly distributed, what 

happens in the case of customizing the product. The adopted period will be three months, because the planned 

demand is unevenly distributed (every quarter) during the year. Table 1 shows the demand in each quarter. 

Wilson's formula for the Economic Size of the Order was also used in the calculation, but taking into account 

that the adopted period is not a year, but quarters. 

Table 1 Demand distribution throughout the year 

Volume of demand: quarter I 0.15 15 % 

Volume of demand: quarter II 0.2 20 % 

Volume of demand: quarter III 0.3 30 % 

Volume of demand: quarter IV 0.35 35 % 
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The following relationships were used [18]: 

 �b� �  A��¡∗)£y∗Q¡ , (Economical Volume of Order)          (1) 

 ^�� � ��¡¤¥¦ ∗ �Q O �� ∗ � ∗ 0,5 ∗ �b� (The cost of a rotating inventory in a given quarter)     (2) 

where: 

PPk - volume of planned demand in each quarter (k = I, II, II or IV); 

kui - cost connected with order, i.e. one delivery of one assortment  

Ci - unit price of particular assortment,  

∑^��§| O ∑^��§|| O ∑^��§||| O ∑^��§|¨             (3) 

KZR‘= 87922.16 (Total cost) 

^�� � ∑^��| O ∑^��|| O ∑^��||| O ∑^��|¨           (4) 

KZR= 69417.79  

Difference: 18504.36  

When comparing total costs in both cases, it can be noticed that costs in the second situation increased by 

approx. 27 %. 

Figure 1 shows the calculation of the cost of a rotating stock for uneven distributed demand. In contrast, in 

Figure 2 (for comparison) the calculation of the cost of the rotating stock would be presented if unequal 

demand in quarters was omitted. At the same time, the value of the Economic Order Size for individual raw 

materials was assumed for a whole year. 

From the calculations presented it is clear that if the demand is not evenly distributed (which is usually the 

case in production adjustment), the size of the economic order should be calculated for each period so as not 

to incur unnecessary costs associated with the purchase of raw materials and / or maintenance / preservation 

of stocks. 

3. CONCLUSION 

Inventory management is one of the basic logistics functions of a production company, including planning, 

organization, implementation and control of these phases of goods flow. In connection with the customization 

of production that takes place in the Industry 4.0 concept, this type of management must be highly flexible. 

From the analysis of the literature on the subject, it can be concluded that rotating stocks are the most important 

in inventory management. Their validity is due, among other things, to the fact that such stocks are necessary 

for the proper functioning of the company and show regular delivery and sales. The application of the presented 

method of calculating the rotational stock rotation allows for wise management, elimination of unnecessary 

costs - which can be extremely useful in the era of the Industry 4.0 concept and the need to create a smart 

enterprise. 
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Figure 1 Calculation of the cost of rotating stock for uneven distributed demand [own elaboration based on 19] 
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Figure 2 Calculation of the cost of the rotating stock for the same Economic Value of Order  

[own elaboration based on 19] 
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Abstract 

The 21st century is characterised by the unprecedented speed and scope of changes, creating a new external 

environment, where the logistics systems are managed. The crucial role of external environment for the optimal 

performance of logistics systems in economic, environmental and social aspects of sustainability has been 

identified. Methodical consideration of external environment requires innovation in systems thinking, 

represented by the Wholeness Systems Thinking (WST). The wholeness considering of system´s purpose 

represents the innovation in studied system effectiveness assuring significantly higher benefits for the 

performance of the whole studied system than previous innovations in efficiency, managed by reductionism 

considering of system´s purpose, represented by the Reductionism Systems Thinking (RST). The new role of 

a system´s purpose implementing directly the changing external environment into the performance of studied 

system´s parts and interactions is tested in an automotive case study, including the automotive producer 

(OEM) and its supplier. 

Keywords: Wholeness Systems Thinking, Sustainable Logistics Management, Efficiency, Effectiveness  

1. INTRODUCTION 

In order to increase the competitiveness of the logistics systems, it is necessary that the whole studied logistics 

processes proceed effectively, not only efficiently. More effective logistics management is possible through the 

application of the new systems thinking approach. The systems thinking understands the logistics system as 

the whole, the value of which is higher than the sum of the values of each logistics system parts and 

interactions. Another criterion for improving the performance of the logistics management is currently focusing 

on sustainable development consisting of economical, natural environmental and social aspects. 

The article´s aim is to present the comparative case study results from automotive logistics systems. The case 

study compares two approaches, management of efficiency and management of effectiveness in studied 

logistics system.  

2. LITERATURE REVIEW 

After the introduction of GST in 1950s, the main focus of systems thinking development was oriented on 

cybernetics or technical systems [1], [2]. The sociological part of the systems thinking development has 

become relevant starting with the 1990s [3]. Interactions between the parts creating the whole systems are the 

corner stone of the systemic thinking used in social sciences that understands synthesis as a tool to create 

the whole, after taking the system apart through analysis. The original systemic thinking describes the analysis 

as the disassembly of the whole into individual parts, and the synthesis as the composition of the individual 

parts into the functional whole [4]. 
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There are two of the most frequently mentioned concepts that form the basis of SSCM (see e.g. [5, 6]). Firstly, 

SD was introduced in ”Our Common Future“ report (Brundtland report) by the World Commission on 

Environment and Development (Brundtland Commission) in 1987 [7]. Secondly, the triple bottom line (TBL) 

concept was developed by Elkington in 1998 [8]. Brundtland report defined SD as “development that meets 

the needs of the present without compromising the ability of future generations to meet their own needs” and 

presented three dimensions of sustainability: economic growth, environmental protection and social equality. 

TBL attempts to treat all three dimensions of sustainability with equal importance and thus could be considered 

an integrative theory of sustainability [9]. 

3. METHODOLOGY 

3.1. Systems thinking development (efficiency and effectiveness resolution) 

Clear distinction between efficiency and effectiveness is required and is characterised by Wholeness Systems 

Thinking (WST) approach. WST approach is the innovative way evaluating the role of studied systems 

elements (parts, interactions and purpose) in reaching the desired purpose of the studied system (see 

Figure 1). 

 

Figure 1 Systems thinking development [10] 

WST approach follows actual Reductionism System Thinking approach (RST) and Reductionism. RST 

approach recognizes system elements, parts and interactions, which together creates bigger whole, than just 

collection of system parts, known as Reductionism. WST approach recognizes and defines the new role of 

system´s purpose, which systematically interconnects the studied system with superior system, in economical 

systems satisfied customers. It replaces the previous RST approach which couldn´t prevent methodically the 

over-performance of the studied system´s parts and interactions. In RST purpose, the studied systems parts 

and interactions were motivated to maximize its performance, respectively efficiency, so the over-performance 

was not systematically considered. The role of external environment, customer requirements was considered 

in the forecasted volumes. The new, WST approach integrates systematically the superior system - real 

customer requirements into performance of the studied systems parts and interactions. Therefore it eliminates 

systematically the over-performance, resulting from previous insufficient considerations of external 

environment, represented by forecasted volumes. The systematic interconnection of studied and superior 

system is possible due to the new definition of analysis - wholeness analysis (WA) and synthesis - wholeness 

synthesis (WS). WA consists of three steps: 1. Taking a studied system apart (parts and interactions) from the 
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purpose perspective (as defined by WS), 2. Understanding each part taken separately, 3. Aggregating 

understanding of the parts and interactions into understanding of the whole system. WS consists of three 

steps: 1. Identifying the superior system, 2. Understanding the superior system, 3. Identifying the purpose of 

the studied system in the superior system [10]. 

The WST approach enables systematic resolution between efficiency and effectiveness. Based on the RST 

approach, the systems parts and interactions are motivated to maximise the performance, the system purpose, 

customer satisfaction is considered in terms of predicted volumes. Maximal performance is measured by 

efficiency formula, output is divided by input (see Figure 2).  

 
Figure 2 Efficiency and effectiveness visualisation in studied and superior system 

WST approach systematically considers the superior system due to the systems purpose. The purpose of the 

whole system is synthesised from the superior system (representing the external environment) perspective 

through WS. It creates limits for the performance of studied system parts and interactions. The limits define 

Outcome out of Effectiveness formula (Outcome/input). In business systems like companies, parts of the 

logistics systems, are the system´s limits represented by customer´s orders. Therefore the difference between 

studied system Outcome and Output in efficiency and effectiveness formula is system over or under 

performance, which is not effective (but could be efficient). 

3.2. Integrated Kanban System (IKS) 

The IKS system enables effective integration of the entire supply chain. The chain is integrated based on a 

pull principle, production is customer-driven (see Figure 3). 

 

Figure 3 Pull Principle in SCM by IKS [11] 
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The E-Kanban system is very different from most existing systems used in companies. Frequently used 

solution is the use of MRP. The MRP system is not based on the pull principle but only on the anticipated 

prediction of customers requirements. MRP solution could be used for strategical or tactical purposes. It could 

be efficient, but is not effective for operational purposes. In MRP system the supplier does not have an 

overview of the actual consumption and condition of the customer's warehouses and therefore it could be 

planed efficiently but can not be planed effectively, considering the superior system, external environment. 

This issue is addressed by the IKS software, which enables effective communication between chains in the 

supply chain (see Figure 3). 

 

Figure 4 IKS introduction of effective, real consumption information flow 

Each component studied in the logistics system, represented by concrete column on the left part of the 

Figure 4 is visualised in concrete quantities in Order, WIP, Finished goods, Transport and Customer stock, 

visible in right part of the Figure 4 [11]. Pull principle based on the customer production, reflected in the 

customer stock, is followed. The basic building block for IKS is real-time visualization of individual kanban 

movements. In order to achieve this, it is necessary to immediately scan all the movements using barcode 

readers that are directly connected to the IKS system. Once the movement of individual kanbans is recorded, 

it is displayed on the electronic "kanban board (left part of the Figure 4). This innovative report does not only 

show individual kanban cards, it also shows what stage they are in. Individual parties who can view this report 

are immediately aware of any border situations. For example, the customer does not have enough material to 

ensure production, the customer has too much stock material and more. 

4. COMPARATIVE CASE STUDY 

Comparative case study is studying the logistics system consisting of an automotive supplier, which is 

considered as the studied system and an automotive producer, which is considered as the superior system 

(the customer of the producer of the concrete component, which is further assembled into the finished car on 

an assembly line). The automotive supplier is delivering 14 variants of 1 concrete component. Actual situation 

is characterised by RST approach, dividing the studied system into the parts and managing them according to 

the efficiency logic, where the studied systems parts and interactions were motivated to maximize its 

performance, respectively efficiency, without systematic consideration of the superior system requirements 

(see Figure 5). 

The supplier is informed by the producer about the long-term production plan in order to ensure sufficient 

production capacity. These long-term plans are further refined by more specific information of the needed 

quantities in the assembly line. In order to ensure a sufficient amount of components, the means of 

communication between the producer and the supplier is agreed. Particular departments are evaluated by 

their particular KPI´s, which are focused on maximizing its performance by increasing its efficiency.  
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Figure 5 Visualisation of efficiency and effectiveness difference in logistics system consisting of studied 

system and superior system 

The same process was studied in the IKS system. The online visualisation of the studied process is considering 

the real customer requirements. The number of kanbans (containers) of all the 14 variants of the component 

in the process is managed according the Pull principle, rather than the prediction and forecasting. 

The everyday flow of the 14 variants of one component from supplier to producer was studied 3 months. The 

concrete results of variant A of the studied components is visible on the graf, visualised on the left part of the 

Figure 6. It can be seen that the warehouse level in most cases is well above individual expenses. The 

warehouse level never dropped below 20 pallets in this case. The red line represents the average balance in 

the warehouse in pallets, in this case it is 39 pallets. The graph can therefore be inferred that the stock is too 

high. The innovation in efficiency means, that this is the result of recent optimization, which was motivated by 

particular improvement in supplier´s warehouse, without systematic consideration of the producer´s needs. 

The graph, which shows the use of the Pull principle via IKS, has reduced the difference between warehouse 

level and out of stock flows. The warehouse's status never dropped below the five-pallet inventory, so there 

was no threat to the flow of production. The key indicators for the comparison of individual material 

management systems are the red, black and blue axes. The red axis represents the current average 

warehouse status, black is the total number of kanbans (pallets) in circulation, and blue shows the average 

warehouse status when using IKS system. When comparing the current and potential average warehouse 

status, the effectiveness of the new material flow management can be clearly seen. The innovation in 

effectiveness results from systematic consideration of superior system, producer´s requirements. These two 

indicators, in case of wheelhouse A, differ by 21 pallets in favor of the new system. The right part of the 

Figure 6 demonstrates the results of comparison of all 15 variants of component, which were processed in the 

same detail as presented variant A. 

The quantity of containers (kanbans in IKS terminology) needed for the whole studied logistics system 

decreased significantly. The total warehouse level decreased by 33 %. The principle cause of presented 

improvement in studied system performance is systematic consideration of customer (producer) requirements, 

explained by WST. The effectiveness of the whole studied system is derived out of superior system, customer 
requirements. The effectiveness of the whole studied logistics system is not the sum of particular efficiencies 

of studied system parts and interactions. 
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Figure 6 The comparative case study results of 1 variant in detail out of all 14 variants 

5. CONCLUSION 

The article´s aim is the introduction of innovation in effectiveness in studied logistics management system from 

automotive. The new WST approach represents the innovation in effectiveness represented by new system´s 

purpose. The WST introduces the new system´s purpose, which is synthesised from the superior system, 

representing the external environment - the customer satisfaction in economic dimension of Sustainability. The 

new system´s purpose creates limits for the efficient performance of studied system parts and interactions, 

which prevents their under or over performance and influenced significantly the resources needed for the 

performance of the whole system. Innovative system´s purpose, customer satisfaction, replaces the former 

system´s purpose, defined by RST approach (system´s purpose is the sum of system´s parts and interactions). 

The parts and interactions were motivated to maximize the performance, so the increase in efficiency of 

particular parts and interactions is required. IKS enabled to compare the effectiveness of the whole studied 

logistics system according RST approach and innovative WST approach. The 3 months testing period confirms 

that innovation in effectiveness promises significant reduction of total resources needed for the same 

performance of the studied logistics system. The studied logistics system is more productive considering the 

effectiveness of the whole system, not only efficiency of particular parts and interactions. The introduction and 

verification of the innovation in effectiveness was demonstrated in the economic aspect of Sustainability. The 

similar contributions could be expected in the natural environmental and social aspects of Sustainability. 

Therefore the further research in this area is proposed.  
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Abstract 

The fourth industrial revolution (Industry 4.0) sets new challenges not only for the development of 

manufacturing processes but also for logistics processes and supply chains. Logistics in the fourth industrial 

revolution (Logistics 4.0) focuses on increased integration of enterprises within open supply chains, 

development of IT systems supporting management and control processes and automation of logistics 

processes. Point elements of logistics infrastructure requires adaptation to the changing significant parameters 

of the supply chain, the size of the material flows associated with the development of omnichannel sales and 

changes in the labour market. Commonly used solutions - financial analysis and indicator assessment - are 

used to assess operational activity and have limited effectiveness in diagnosing incompatibilities within logistics 

system and recommending improvements to changes in supply chains. The key success factor is the 

development of an effective method of evaluation of the logistics system operating within open supply chain, 

which will allow identifying areas of incompatibilities and propose solutions to increase the operational 

efficiency and economic effectiveness of the supply chain in accordance with the Logistics 4.0 concept. The 

authors of the article will present the author's method of Logistics Audit 9A and its use to assess the efficiency 

of the entire supply chain and its compliance with the Logistics 4.0 concept and will present the results of the 

study of three companies operating in one industry that have implemented different logistics solutions over a 

period of three years. 

Keywords: Industry 4.0, supply chain, warehousing, automation, omnichannel 

1. INTRODUCTION 

Modern customers - final consumers, business, enterprises and public institutions, expect enhanced products 

and customer service. Aiming to satisfy growing expectations and evolving demand, Industry 4.0 was 

introduced as a concept for digital transformation in manufacturing to achieve connected operationally and 

informatively supply chain links [1-3]. 

To fulfil demand for individualised products, confront growing international competition and challenge 

shortened product life cycles [4], companies implements omnichannel sales strategy, which integrate different 

methods of purchasing products. 

Own research indicates that customers' patience in terms of delivery time has been substantially reduced. 

Customers in different sectors requires same day or next day delivery with a maximum lead time of 72 hours. 

Demand transformation and consequent fourth industrial revolution indicates direction of changes that need 

to be implemented in supply chains to meet the requirements of Industry 4.0. and to achieve Logistics 4.0 

Figure 1 presents the roadmap for logistics in Industry 4.0., from classic - human orientated solutions to most 

advanced autonomous and predictive operations within open supply chains. 

The presented logistics 4.0 concept implies progressive integration of actors within supply chains through 

development of IT systems supporting management and control processes to fulfil operations according to 

customer requirements and concentrate on value chain. The significant part of the logistics processes requires 
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the implementation of automation - information or operational. The existing elements of point logistics 

infrastructure, such as warehouses, distribution centres and cross-dockings, require re-adapting to the 

changing parameters of supply chain: material flows and orders structure. Managing logistics costs with lead 

times will be essential to achieve business success as the competitors will continue to push down prices. 

 

Figure 1 Smart logistics and supply chain according to UNITY Consulting and Innovation [5] 

The aim of the paper is to compare methods of assessment of the supply chain and their compliance with the 

requirements of the Logistics 4.0 concept, as the revolution requires new methods of evaluation to identify the 

areas of incompatibilities and propose solutions to increase the operational efficiency and economic 

effectiveness of the supply chain. New method of evaluation of supply chain will be presented with result of 

implementation on supply chain costs. 

2. SUPPLY CHAIN EVALUATION METHODS AND MEASURES 

Literature studies regarding supply chain evaluation methods measures concentrate on evaluating the 

efficiency and effectiveness of logistics based on costs, indicators and measures analysis [6-9]. This approach 

to evaluate supply chain evaluation refers only to the operational activities and has limited effectiveness in the 

identification of malfunctions in supply chains and the assessment of implemented improvements. The more 

recent studies [10] addressing the issue of indicative assessment of the logistics system the authors propose 

9A Logistics Audit method as a complementary to the indicative analysis. The proposed method includes 

performance measurement indicators characterizing the intensity of logistic processes, structure and amount 

of resources used in the logistic system.  

Since no comprehensive studies of methods evaluating the efficiency of the supply chain and their compliance 

with the Logistics 4.0 concepts, this approach has to be considered as a pilot-study. The available studies 

address the Logistics 4.0 challenges faced by modern logistics in the fourth industrial revolution but none 

determine the conditions for compliance of the supply chain to Logistics 4.0 requirements, nor the defined 

purpose of the Logistics 4.0. 
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3. SUPPLY CHAIN ASSESSMENT APPLYING LOGISTICS AUDIT METHOD 9A 

The 9A Logistics Audit is a company's own method of assessing the condition of a company's logistics system, 

including the identification of processes requiring improvement and where unreasonable logistics costs arise. 

The core value of the solution is the evaluation of the major elements, optimization of processes and operating 

costs, taking into account risk management in logistics processes. 

The 9A Logistics Audit covers the analysis of the enterprise's strategic areas: 

 Operating costs - including costs of underinvestment in the logistics system. 

 Technical and organisational conditions of the logistics system. 

 Processes and material flows. 

 Compliance with quality standards - e.g. HACCP, ISO, OHSAS. 

 Level of customer service. 

 Competitiveness of the offer through the application of advanced logistics solutions. 

 Environmental friendliness in processes - ecology and safety precautions. 

 Level of safety, hygiene and ergonomics at work. 

 Innovative potential in logistics processes. 

The process of evaluating a company's logistic system according to the 9A Logistics Audit method involves 

determining the basic parameters and values characterising the logistic system of a particular company by 

taking into account the identification of material flows processed in the supply chain. The key issue for the 

assessment is the identification of the actual physical values of material flows in order to correlate them with 

executed transport and handling processes in the form of a process map. 

 

Figure 2 The 9A Logistics Audit process [own study] 

The process of evaluation of the enterprise using the 9A Logistics Audit method is presented in Figure 2. Due 

to the nature of the study and its intensity, the Decision-makers - Management Board and Owners, expect a 

quick, reliable and comprehensive assessment of the logistic activity of the company, which is not finished with 
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the report with conclusions but with the conceptual design of a new logistic system. The indicator analysis is 

carried out after the determination of the reference values characterizing a specific logistic system at the stage 

of analysis of logistic system parameters. The analysis is used to prepare the final evaluation and simulation 

of processes during the creation of a new supply chain concept. 

The presented evaluation process using the 9A Logistics Audit method presents selected, basic stages and 

processes. It is natural that the process of assessment and evaluation using the 9A Logistics Audit method 

also includes the adaptation of audit procedures and processes to the enterprise's unique features, including: 

 type and extent of the company, 

 level of internationalization of business processes, 

 structure of the company, 

 legal and organisational form, 

 IT systems, 

 degree of automation and robotization of processes, 

 market environment, 

 other security and safety issues. 

4. RESULTS OF EVALUATION OF LOGISTICS SYSTEM USING LOGISTICS AUDIT METHOD 9A 

In 2016, STERLOG Polska conducted a study of three logistics systems of retail companies with logistics 

orientation, operating on the consumer goods market, in the same market segment and being direct 

competitors. The survey was conducted on the basis of marketing materials and industry information published 

by companies and made available to the public. Due to the short period of activity of enterprises, technological 

parameters concerning investments and the flow of goods have been assessed. 

Throughout 2014 - 2016, all three companies were engaged in investment projects involving the construction 

of new storage and distribution facilities with technical and technological equipment, including warehousing 

logistics and distribution of goods. The basic assumption underlying the investments was to ensure that orders 

are delivered in less than 14 days. The basic values characterising the companies are presented in Figure 3. 

The reference value is company A's results. 

The compared logistics systems are technologically differentiated: 

 Company B implemented fully automated warehouse, the most advanced solution. 

 Company C has implemented a classic, mechanized warehouse system, characterized by low added 

value of the processes. 

 Company A has implemented a mixed system that automates the most time-consuming warehouse 
processes and a mechanised system that can be automated in the future depending on the market 

situation. This system has been designed using the 9A Logistics Audit method. 

All investments are characterized by a long period of economic utility of at least 10 years, with different levels 

of maintenance costs and flexibility. Therefore, the authors of the study determined the risk of success of  

a particular investment. Investment in an automated warehouse generates very high risk due to high capital 

consumption, very limited possibilities of increasing flexibility and high maintenance costs. A classic logistics 

system is characterised by medium investment risk due to the low added value of the processes and, 

consequently, the inability to compete with logistics. The mixed system is characterised by low risk due to the 

better adaptation of processes and technologies resulting from a number of additional analyses prior to the 

investment decision and the choice of the optimal storage technology. 
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Figure 3 Logistics systems characteristics [own study] 

Figure 4 shows selected results of a comparative assessment of new logistics systems. The data are 

presented in relative values. Reference values are set by the logistics system of company A. 

 

Figure 4 Comparative assessment of new logistic systems [own study] 

A comparative assessment of three logistics systems of enterprises operating in the same sector reveals that 

the project carried out by company B related to the high automation of logistics processes is characterised by 

limited efficiency. This feature is presented by an indicator of capital expenditures on the required material 

flows. 
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The performance indicators of the automatic and mixed system are at the same level, however the number of 

SKUs and the related offer range should be taken into account. In the mixed system, the capacity of the system 

per employee is almost three times higher.  

The rate of depreciation of investment expenditures with material flows is used to show how much more load 

units need to be moved for the investment to be depreciated within 10 years. The study shows that the 

automatic system will "pay for itself" much longer than other solutions. In the economic analysis of the whole 

project, it should be taken into account that company B will have to add depreciation costs to the price of the 

product or reduce the margin. 

Designing logistic systems and processes in companies with market orientation based on verified logistic data 

only strengthens their potential. Creation of new solutions increasing the competitiveness of the supply chain 

on the basis of the Logistics Audit method 9A allows to achieve optimal performance and the implementation 

of the assumed level of customer service significantly below the assumed 14-day deadline. 

5. CONCLUSION 

The fourth industrial revolution raises new requirements regarding the organization of the supply chains. 

Contemporary logistics structures require technical and technological improvements to fulfil growing customer 

demands and methods for the evaluation of the efficiency and competitiveness of the supply chain. Proposed 

9A Logistics Audit method for assessment improvements in the supply chain may provide  

a framework for developing a method for assessing the compliance of the supply chain with Logistics 4.0 
requirements. 
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Abstract 

Quality is a complex of different parameters. Some of these parameters are subjective, others are objective. 

Both academics and entrepreneurs are of the opinion that the main parameters of quality are defined by the 

customer. The level of the quality of logistic processes is related to changing process requirements and the 

ability thereof to achieve certain goals. The levels and potential range of logistics services are defined in the 

article. The range of logistics services is constantly expanding. Modern logistics processes must be faster, 

more effective, less expensive, and more flexible. The article is focused on selected tools of quality 

management for logistics services providers. The tools of quality management are oriented to HR management 

in the case of logistics service providers. The tools most important for human resources (here in after referred 

to only as HR) usage are defined based on primary research. The companies serving as the object of our 

research are the logistics companies DHL Express CZ and HOPI Inc. Our primary data were collected using 

the method of unstructured interviews. The current requirements for staff and for employers are defined in the 

article, which describes the current situation of HR management in logistics companies. The main result of the 

article is the description of the application of HR management tools as a part of quality management in selected 

companies, as examples of good practice. The illustrative single case studies show us the usage of the main 

tools for the fulfilment of quality requirements as a part of the basics of HR management. The article describes 

how the requirements are transformed within the framework of HR management as a part of logistic services 

development. 

Keywords: Logistics services provider, customer service, KPI (key performance indicators) measurement of  

        fulfilment requirements, staff motivation 

1. INTRODUCTION 

Transporting and logistics companies employed 6.9 % of the economically active population in the Czech 

Republic in 2015, of which 74.1 % were men. One of the most important problems in HR management of 

logistics staff is how to keep the high-quality, well-trained labour force which has proven to be so useful [1]. 

Human capital also brings an emotional aspect to a company. A psychological contract is an emotional 

relationship between an employer and an employee and is a measure of organizational commitment to the 

company [1]. 

1.1. Definition of the term, “Quality”  

Quality management is an essential element in modern logistics. The concept of quality is subjective. However, 

there are certain basic parameters that determine the quality of a service, such as the ability to meet 

expectations and to work long and flawlessly, which, in the case of the quality of services means timeliness, 

accuracy and the fulfilment of customers´ expectations. The key objective of total quality management 

(hereinafter referred to only as TQM) is to change the overall culture of the organization; to eliminate the view 

that errors are inevitable, and that putting out fires instead of preventing them are therefore part of everyday 

life, to create the feeling that everyone in the organization is committed to total and continuous improvement. 

[2]. 
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1.2. The definition of levels in logistics services 

Long-term relationships between service providers and clients have become more common and service 

providers have begun to set up special facilities for some of their clients. Such service providers are called 

third party logistics providers (further referred to only as 3PLs). This and other levels of logistics services are 

presented in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1 The levels of logistics service providers [3] 

In the context of logistics operations, environmentally-related output, referred to in this field as greening 

capability, consists of various logistics service bundles, e.g., freight forwarding and technology-enabled 
services (FTS), value-added logistics services (VAS), procurement and packaging related services (PPS), and 

planning and controlling services (PCS). [4]  

2. METHODOLOGY 

The main aim of article is the performance of the selected tools for HR management in the cases of two 

particular logistics services providers active in the Czech Republic. This main aim can be divided into the 

following sectional aims: 

 The description of the current situation with the logistics staff of the given firms (based on secondary 

sources), 

 The realization of illustrative single case studies of the usage of tools for staff motivation as well as 

effectiveness evaluation in the cases of the logistics services providers DHL Express CZ and Hopi Inc. 

This paper is oriented to the performance of tools for quality management in practice. The case studies are 

focused on tools for education and the motivation of the logistics staff for the achievement of the high quality 

of services and the resulting commercial success. Data collection was primarily carried out with the help of 

non-structured interviews with the companies’ representatives. The main research question was “How do 

logistics providers make use of modern trends in logistics staff HR management?” 

This primary research has a qualitative character having been carried out by means of single studies. A case 

study is an inductive research method. It is usually accompanied by the analysis of qualitative data. [5,6] 
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Typical types of case studies include the so-called illustrative case study, the purpose of which is to illustrate 

(demonstrate) new, innovative practices applied in specific businesses. [5,6] The type of single illustrative case 

study we selected is in accordance with the article’s aims. 

3. THE EXPERIMENTAL PART 

3.1. The description of the current situation with logistics staff  

A suggested solution for the problem of the lack of quality of human resources management  

Entry-level logistical jobs are often less than attractive with their long hours, minimum-wage pay, and less than 

ideal work conditions, all of which are common. [7] Numerous companies fight with the lack of quality human 

resources and look for ways to cover this deficit. Companies often concentrate on human capital as a source 

of new possibilities and innovation. [1]. The mobile nature of the logistics process places limitations on the 

potential for automation. However, to the degree possible, automation can free employees from the more 

mundane, labour-intensive jobs and provide at least a partial solution to the problem. [7]. Many firms have 

successfully experimented with split shifts and unique working hour arrangements to accommodate the special 

needs of women who desire both to raise families and to hold formal positions in the work force. [7] Firms may 

be able to cross-train employees to perform different jobs to achieve improvements in productivity. By training 

employees to do multiple jobs, they can be assigned to facilitate the adoption of new processes. [7] 

Required logistic staff skills 

The dynamics of changes in Industry 4.0 forces entities involved in the integration of production, distribution, 
transport, storage and customer service processes to carry out the tasks entrusted to them in an effective, 

reliable, efficient and quick manner. Therefore, employed people must not only possess professional 

knowledge and specific skills, but above all, constantly learn. [8]. The current requirement of competitiveness 

is increasingly affecting the employment process. Entrepreneurs are looking for people with knowledge, skills 

and competence, allowing for effective operation in the world of economic competition. To have such 

employees available on the market, it is important to prepare them properly. It is important not only to teach 

them, but also let them learn from each other, which is particularly evident in the logistics industry. The 

European Logistics Association (ELA) recognizes competencies and validates logisticians’ levels of 

experience at three (3) different levels: I. EJLog (European Junior Logistics) - Junior level 

(supervisory/operational management level); II. ESLog (European Senior Logistics) - Senior level (Senior 

management level); III. EMLog (European Master level logistics) - Master level (strategic management level). 

The Supervisory/Operational Level comprises two compulsory modules plus two further functional modules 

selected from a suite of five. [9]. The required competencies in the transport management module (optional) 

are as follows: the abilities to contribute to the evaluation of the transport environment, to fulfil transport 

performance objectives, to select an appropriate mode of transport, to manage transport scheduling 

operations, to plan primary transport (trucking) operations to meet objectives, etc. [9] 

Motivating logistics staff 

The modern trends of logistic staff motivation comprise investment in graduate trainee schemes, 

apprenticeships, and employee development programs in order to enable the company to “to grow its own” 

talent, as well as clear career progression plans and flexible benefits alongside an HR information system. 

[10]. The authors of this article [1] carried out their survey oriented to the detection of motivation factor 

preferences in the Czech Republic. The survey results have shown that the most important motivation factors 

for logistics staff in the Czech Republic are the atmosphere in the workplace, the supervisors´ approach, good 

teamwork, job security, a fair basic salary and appraisal system in addition to other factors. [1] 
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3.2. The case study DHL Express CZ  

The main motto of DHL Express has always been "maximum customer focus", so the current 2020 Strategy, 

with the subtitle "Focus - Connect - Grow“ is focused to customer satisfaction and the fulfilment of logistics 

requirements. The priority is the further improvement of the quality of all customer services, an increase in 

productivity using new technologies and the application of new approaches to the enhancement of employees’ 

motivation. 

HR management tools for the fulfilment of quality standards 

CIS (Certified International Specialist) 

The CIS program is an incentive motivation and training program, which received several awards. It enhances 

employees’ knowledge and allows for their further development. Currently, more than 100,000 employees 

have been involved in the CIS program. The global management of DHL Express regularly devotes time to 

personal CIS lessons for employees at all levels around the world. One of the basic slogans of every CIS 

training session is the motto "As One", which is common across all departments with a clear goal - to provide 

service. with the highest quality for customers, so that each shipment is delivered in a safe and timely manner. 

DHL Express has also established other values which it presents to its employees during training. When DHL 

trainers use the term, “Speed” they mean by this to work fast without sacrificing the level of quality. By “Can 

do” they mean a willingness to do the best for the client fulfilling customer requirements while always searching 

for the best possible solution in case there is any problem. By “right the first time” the knowledge of products 
and services and the ability to provide them at the highest-level quality on the first try is meant. By “passion” 

the trainers are referring to doing one´s work with enthusiasm while creating closer relationships among 

colleagues and customers. Quality, perfect delivery and customer satisfaction are clear priorities for DHL 

Express.  

KPI 

Another key area supporting a strong customer focus is the evaluation and rewarding of employees. The wage 

is composed of a fixed and variable part. A part of the variable component wage are KPIs focused on the 

quality of service provided to customers. Each department monitors the KPI. For example, customer service 

monitors areas such as customer line availability, a quick and reasonable response time to customer 

requirements, content quality and the formal perspective on customer communication, the proactive approach 

to finding a solution in a problematic situation, etc. 

NPA (the Net Promoter Approach) 

DHL Express monitors the satisfaction of its customers on a regular basis. DHL employees are in continuous 

contact with their clients to evaluate customers ‘experience with DHL Express services. The NPA is based on 

an internal customer satisfaction survey. At least every three months, customers evaluate their own experience 

with DHL services on a scale of 0 to 10. This survey has shown that customers appreciate the friendly attitude 

of couriers, as well as their neatness or pleasant behaviour. The reliability, service and willingness of DHL's 

customer service providers have been positively evaluated. Based on the results of this survey, customer 

satisfaction is growing, as DHL can improve its services just as clients would like.  

3.3. The case study HOPI Inc. 

The company Hopi Holding offers storage in all temperature regimes (from -25 to +25 °C). In the Czech 

Republic, HOPI provides storage in four distribution centres. The company focuses on providing logistics 

services, such as storage (including dry, refrigerator and freezer storage), packing and assembly services, 

forwarding services and truck rental (e.g. Full Truckload (FTL), Less Than a Truckload (LTL), parcel), the food 
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broker - trading and logistics intermediation between suppliers and store chains, the services of a central 

packaging warehouse, the outsourcing of inventory management, etc. 

Tools for quality development 

The Company applies several tools for the achievement of a high level of the quality of the provided services. 

These tools include, for example, the customization of services, the tracking and operational management of 

forwarding, a multi-level quality control system and augmenting employees’ motivation. The selected tools for 

quality fulfilment and development include, e.g., tailor-made services, an E-driver system (the provision of 

special Class E licences for driving for an employer), a Multi-Step Quality Control System and the HOPI Best 

Driver Competition. 

The HOPI Best Driver Competition in 2018 - a tool for employee motivation 

In the first round of the competition, the following driver parameters were evaluated, e.g. the routine duties of 

the driver within one year, the number of accidents (or other damages) caused by the driver, fuel consumption, 

driver card reading etc. In the semi-final, the following skills were examined: the process of changing tyre on 

the vehicle, first aid, resuscitation, road accident procedures and an economical ride on a racing circuit of 

about 15 km in length. In the final round, the level of driving skills was measured by: reversing the bend + 

colliding with the cones with the rear of the semi-trailer and the front right wheel - all performed with the 

measurement of time. During the Super final, the contenders focused on the accuracy of the estimate. The 

announcement of the winners of the HOPI Best Driver Competition, 2018 is presented in Figure 2. 

 

Figure 2 HOPI Best Driver 2018, announcement of the winners of the competition [11] 

4. RESULTS 

The described tools are primarily geared to the planning and implementation of tailor-made services. Currently, 

the sharing of current information between the service provider and the client is one of the basic requirements 

for the implementation of logistics services. It is a prerequisite for storage and transport services. As the DHL 

Express case study shows, in order to achieve the highest quality of the services provided, it is essential to 

detect and analyse customer satisfaction. In order to achieve a continuously high level of the quality of service, 

according to our case studies, it is necessary to perform self-assessment and quality control during all 
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processes As the HOPI Case Study shows, the range of services and qualitative requirements evolve based 

on customers´ requirements. The prediction of commercial success is therefore based on the continuous 

development of the services portfolio of the given firm. Given the nature of providing logistics services, human 

resources are one of the most important bases for service of the highest quality, which is why the education 

and motivation of employees is one of the basic directions for the achievement of commercial success. Based 

on our case studies, it is possible to state that a friendly approach to customers, together with the motivation 

of employees to efficiently execute the services they provide, are two of the most important tools in ensuring 

the quality of the logistics services provided. 

5. DISCUSSION 

A prerequisite to commercial success is a greater degree of interconnection between the supplier and the 

customer. The supply and provision of logistics services (at higher levels) translates into taking care of the 

client. Thus, the development of service itself depends on tendencies in the development of supply networks 

and on the changing role of providers. Based on the above-mentioned knowledge, the main source of success 

and the main driving force of logistics services is HR. Subsequently, the regular education and motivation of 

staff is an essential element for the efficient provision of logistics services at all levels. 

6. CONCLUSION 

This article presents basic information on levels of (first, second, third, fourth, etc.) party logistics. The basic 

elements of the concept of quality and the related objectives are defined. The case studies include selected 
quality management tools which are used in logistics companies with a focus on the role of staff in logistics 

services. Based on these case studies, we have established that the continuous development of services 

evolves based on changing requirements. The ability to manage unexpected changes during service provision 

is becoming increasingly important. The quality of service and the commercial success of the service provider 

depends primarily on the staff. Modern trends in the HR management of logistics staff are applied in different 

ways (for example, motivation with the help of both financial and non-financial tools, training sessions focused 

on quality standards fulfilment, etc). The current requirements for logistics staff could be fulfilled only with the 

help of long-term HR management and the search for new methods for the motivation and education of 

employees. 
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Abstract 

A sustainable transport is an increasing trend among green consumers. The automobile industry seems to 

contribute to an acceleration of this trend. Green cars offerings and fast development of green solutions has 

been crucial. Eco-friendly transport became an important topic and the consumers are expected to change 

their behavior. This paper aims to present insights in the consumer´s motivations to be green.  

Keywords: Consumers´ attitude, green behavior, green solutions, eco - friendly transport 

1. INTRODUCTION 

The automotive industry and generally the ways of transportation have been one of the most widely discussed 

topics, nowadays. In the context of the personal transport, there are different concepts as car-sharing, 

carpooling, ridesharing and many other. These trends are of high interest among young generation 

representing their lifestyle and worldview. That is a reason why many mobile apps, blogs and influencers’ 

channels are targeted on the youngers and have been dealing with that attitudes [1]. The other trend is growing 

walkability, but it is mainly assumed to incentive of health [2], not in the context of green behavior. The health 

as a main attribute of walking is also confirmed by De Vos, Derudder, Van Acker and Witlox [3], another aspect 

is cheapness. The environmental friendliness is on the third place.  

One significant study aimed on motivation to use cars was conducted by Steg [4], she revealed three basic 

incentives for car use - instrumental, symbolic and affective. Instrumental factors mean flexibility and 

convenience; symbolic provide social status and self-esteem; and affective factors are mainly about pleasure 

of driving. The results are clear - the symbolic and affective functions of a car are much more important for 

consumers. In the detail, affective factor is important mainly for younger generation and low-income group of 

respondents; symbolic aspect is relevant for men, especially if they have higher mileage. Finally, segment with 

positive car attitude motives is very complex - all three functions are significant for these respondents. The 
instrumental factor is determinative for people with negative car attitude [4]. 

De Vos, Derudder, Van Acker and Witlox [3] describe the classic motives for car using - flexibility, reliability, 

comfort, time saving, privacy, safety - all of these factors are instrumental according to Steg [4]. The only one 

mentioned affective function - relax - has the least representation. Steg [4] acknowledges that most studies 

show the instrumental function of car as a main factor. But results are different in her study, because she does 

not aim the research task too apparent, what enables better explanation of the symbolic-affective motives.   

Three functions - instrumental, symbolic and hedonic (the last corresponds to affective) - of car is also used 

by Schuitema, Anable, Skippon and Kinnear [5], but their study is aimed on electric vehicles only. It is confirmed 

that the instrumental factors are important for potential adoption of electric vehicles, but it is just indirect 

relation. The instrumental functions precede the hedonic and symbolic functions, which are directly connected 

to purchasing behavior. It is presented on the example of mileage - full electric vehicles have lower instrumental 

function in this context than plug-in hybrid vehicles, and its finally affects hedonic and symbolic aspects [5]. 

According to some official business documentation electric vehicles have even 500 km mileage. But the real 

tests prove barely half of that. Even there was not used rapid acceleration or inconsistent driving style, but on 

the other hand the air-condition was turned on in the recent test [6]. As well-known from previous tests, the 
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air-conditioning has impact on the mileage and this effect is more visible on the electric vehicles, which have 

shorter mileage than vehicles with internal combustion engines.  

The sustainable consumers´ transport consists from many factors. The main interest of this paper is followed 

by behavior of Czech consumers when they use their cars. The research was focused on frequency of a car 

use followed by the most important motivators and use of the air-conditioner in a car. These factors were 

matched with the level of respondents’ education. The study presents result of the research carried out in the 

Department of Marketing and Management at the SKODA AUTO University in 2018. The research was 

designed to map the green behavior of the Czech population. 

2. CZECH POPULATION AND SUSTAINABLE TRANSPORT 

Sustainable transport is an increasing trend in CSR of business and green consumers, too. Consumers tend 

to share cars, use public transport and be eco-friendly in using cars. Lower emissions, consumption and 

reduction of using a car are the aims of modern consumers. Green aspects in consumers´ life play an important 

role to feel socially responsible and to follow new trends. Following text describes these tendencies in the 

Czech population and communicates new findings about Czech consumers´ green behavior. 

2.1. The methodological bases 

In order to study consumers’ green attitude towards transport, an online survey was employed. It was 

conducted via internet at the beginning of June 2018 through Trendaro, which is an application operated by a 

professional survey company called Behavio Labs, s.r.o. A total of 1,000 respondents were chosen so that a 
representative sample of the Czech population was obtained (i.e. the proportion of women and men in the 

sample is the same as the proportion of women and men in the Czech population; and the same is true for 

other socio-demographic characteristics that were observed. Besides gender these were age, education and 

the size of respondents’ hometown). 

2.2. Results 

In one of the questions the respondents were asked how often they use a car (any type of a car, even if they 

are not driving) with four possible answers: daily (47.3 %), at least once a week 31.1 %), at least once a month 

(11.1 %), less frequently or never (10.5 %). It turns out that the answers are different for people with different 

educational level (p-value of the corresponding Chi-square test is 1.2x10-5). Table 1 summarizes the resulting 

percentages, we can notice that people with basic education tend to use a car less frequently than people with 

higher educational level.  

Table 1 Usage of a car depending on educational level of respondents. 

  
Basic  

Secondary 
(without 

graduation) 

Secondary (with 
graduation) 

Tertiary Altogether 

Daily 33 % 49 % 50 % 43 % 47 % 

Weekly 35 % 23 % 31 % 40 % 31 % 

Monthly 15 % 11 % 11 % 11 % 11 % 

Less frequently 17 % 17 % 8 % 6 % 11 % 

People who answered that they use a car monthly (111 respondents) and people who answered that they use 

a car less frequently (105 respondents) were asked why they do not use a care more often. Out of these 216 

people, 47 (22 %) said that using a car is expensive and they try to save money, 40 (19 %) said that using a 
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car is not ecological and they try to save the environment, and 174 (81 %) said that they have another reason 

why they do not use a car more often. 

Another question asked what are the purposes for using a car and the respondents could pick from the 

following answers: shopping (83 %), picking up children or other family members (40 %), commuting (54 %), 

vacation travelling (54 %), weekend trips (69 %), job (23 %). 

Again, it was studied whether there is any relation between these answers and education level of respondents. 

There seems to be no difference in the answers as far as shopping, commuting and job is concerned (p-values 

of the corresponding Chi-square tests are 0.0728, 0.8558 and 0.0683).  

As for picking up children and other family members there is a significant difference in the answers depending 

on the education level (p-value of the corresponding Chi-square test is 0.00589). Table 2 summarizes the 

resulting percentages, we can notice that the higher education level is the higher the percentage of using a 

car for picking up children and other family members is. 

Table 2 Usage of a car for picking up children and other family members depending on education level of  

  respondents 

  
Basic  

Secondary 
(without 

graduation) 

Secondary (with 
graduation) 

Tertiary Altogether 

Not using 79 % 66 % 58 % 55 % 60 % 

Using 21 % 34 % 42 % 45 % 40 % 

As for vacation travelling there is a significant difference in the answers depending on the education level (p-

value of the corresponding Chi-square test is 1.6x10-7). Table 3 summarizes the resulting percentages, we 

can notice that the higher the education level is the higher the percentage of using a car for vacation travelling 

is. 

Table 3 Usage of a car for vacation travelling depending on the education level of respondents  

  
Basic  

Secondary 
(without 

graduation) 

Secondary 
(with 

graduation) 
Tertiary Altogether 

Not using 63 % 57 % 46 % 32 % 46 % 

Using 37 % 43 % 54 % 68 % 54 % 

As for weekend trips there is also a significant difference in the answers depending on the education level (p-

value of the corresponding Chi-square test is 1.4x10-9). Table 4 summarizes the resulting percentages, we 

can notice that the higher the education level is the higher the percentage of using a car for weekend trips is.  

Table 4 Usage of a car for weekend trips depending on the education level of respondents 

  
Basic  

Secondary 
(without 

graduation) 

Secondary (with 
graduation) 

Tertiary Altogether 

Not using 53 % 42 % 30 % 17 % 31 % 

Using 47 % 58 % 70 % 83 % 69 % 

Another question was how often the respondents use air-conditioner in a car with the following answers: never 

(232, i.e. 26 % of answers), only if I cannot open the window such as on a highway etc. (314, i.e. 35 % of 
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answers), I turn it on whenever it is hot inside a car (309, i.e. 35 % of answers), I do not turn it off, it runs all 

the time (40, 4 % of answers). Note that 105 respondents did not answer this question.  

It turns out that there is a significant difference in the answers depending on education level. (p-value of the 

corresponding Chi-square test is 1.7x10-7). Table 5 summarizes the resulting percentages, we can notice that 

respondents with tertiary education tend to use the AC more often than people with lower level of education.  

Table 5 Usage of AC in a car depending on the education level of respondents  

  
Basic  

Secondary 
(without 

graduation) 

Secondary (with 
graduation) 

Tertiary Altogether 

Never 30 % 31 % 27 % 17 % 26 % 

Occasionally 33 % 33 % 34 % 40 % 35 % 

Sometimes 38 % 34 % 37 % 31 % 35 % 

Always 0 % 2 % 2 % 11 % 4 % 

Respondents who never use air-conditioning in a car (that means 232 respondents) were asked what is their 

reason for not using AC. 56 (24 %) said that using of AC increases consumption and therefore is expensive, 

29 (13 %) said that using of AC is not ecological and they save the environment, and 182 (78 %) said that they 

have another reason. 

Respondents who occasionally use air-conditioning in a car (that means 314 respondents) were asked what 

is their reason for not using AC more often, 172 (55 %) said that using of AC increases consumption and 

therefore is expensive, 97 (31 %) said that using of AC is not ecological and they save the environment, and 

149 (47 %) said that they have another reason. 

2.3. Discussion 

Motivators of car use are instrumental, such as speed, flexibility, and convenience. But there are other motives 

playing an important role. Driver and owner of a car feels the exercising power, and the car supports social 

status [4,7]. Social status is significant for people with higher education. They earn much more money than 

people with lower level of education and they tend to show their power through the car. Education is one of 

the most important background factors affecting behavior [8], including attitudes to the transport. According to 

findings of this study, the lowest percentage of daily car use have respondents with elementary education. 

People with the higher education tend to commute much more than people with lower education. Therefore, 

most of higher educated people drive the car on daily or weekly basis. The use of car is connected to many 

motivators and it is necessary to describe more influences on transport behavior. But, the results of presented 

research show the continuity in the level of education and use of the car. 

People are more environmentally educated and motivated to reduce a car use in short trips [9]. They can 

substitute driving a car in short trips for cycling. Drivers perceive the negative impact of their behavior and tend 

to use a car less frequently in other motivation to travel, too [10,11]. The reasons are price and environmental 

protection accordingly as research results show. The respondents use their car less frequently because that it 

is expensive and the second aspect is the interest to behave more ecological.  

The ecological aspect becomes more and more important. But, the behavior in the context of car use appears 

to be more and more influenced by the lifestyle. Mothers use their car more frequently to pick up the children 

from the school. Picking up children is the motive for driving for 40 % of respondents. The higher education 

the higher percentage of use a car for picking up is. The lifestyle influences commuting and chosen means of 

transport. 54 % of respondents use the car for commuting and the continuity with education was confirmed. 

People with higher education and higher salaries tend to commute by a car. It is necessary to focus on feelings 
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of moral obligation to make a difference. Then it is possible to expect reducing the use a car [12]. The 

governments should communicate the importance of socially responsible and/or eco-friendly behavior, too. 

The main motive for driving is shopping. 83 % of respondents use a car for shopping. There is the tendency 

to do week-shopping in supermarkets or hypermarkets in the Czech Republic. The need for use a car is 

significant. Vacation travelling or weekend trip is frequently stated motives for driving. Presented results 

confirmed the continuity between education and use a car for travelling.  

Higher educated people use air-conditioning much more than people with basic education. The reason not to 

use AC is higher fuel consumption. People with lower education tend to save money and to think much more 

about the fuel consumption. Generally, the higher the education is the more frequent use of a car or AC is. 

3. CONCLUSIONS 

The paper presents the result of the research focused on green behavior of the Czech consumers with the aim 

to reveal motivation for a car use. The main area of interest was to find out why and when respondents are 

using their cars and if they use air-conditioning in the cars. These two aspects are the most important factors 

influencing the air pollution. Obviously, the frequency of car use and air-conditioning of car interior are the main 

air-polluters. 

We have found that most of respondents use their cars on weekly or daily bases. The continuity between 

frequency of car use and education was confirmed as only 33 % of low educated people used a car daily, 

higher educated population did it more often. The found that reasons for not using car were mainly costs not 
the environmental protection.  

The most noticeable motive for driving was shopping as 83 % of respondents used the car for their shopping. 

The shopping was followed by weekend trips (69 %), commuting and vacation travelling (54 %). The findings 

confirm the continuity between education and the motivation as the level of education correlates with frequency 

of driving intensity.  

Another observed aspect was the use of air-conditioning. Responses were contingent on education, too. 

People with lower level of education tended more not to use AC ever. The reason why was higher fuel 

consumption and related costs not environmental respectfulness.  

To conclude, our findings confirmed that higher, even the highest, education does not mean greener behavior 

automatically. Our previous research [13] showed that highly educated people separate waste, buy green 

products, think about sustainable packaging etc. more often because they are well informed about 

environmental protection. Nevertheless, in their driving behavior they did show inferior preparedness for being 

green. They drive on daily or weekly basis, they use their cars for frequent shopping, weekend trips, commuting 

or vacation trips, and switch on the air-conditioning more often than other respondents´ groups. They need 

individual transport because of their jobs and lifestyle. This group of people shows enormous potential for 

being green even in their “driving life”. Their level of education promises that they are among innovators or 

early adopters. Even now, they are buying new more ecological cars and are prepared to buy electric cars in 

the near future. 
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Abstract  

In this article an application of datamining algorithms for early detection of the delays in the process is 

presented. We used data of the real-world process of customer order fulfillment for industrial robots 

replacement parts in a multi-branch environment extracted from SAP system event log. Four different 

algorithms were tested: C&RT, boosted tree, random forest and artificial neural network in order to check their 

ability to detect if the whole process lasts longer than a specified time. 

Keywords: BPM, process mining, data mining, machine learning, logistics process 

1. INTRODUCTION 

At present, there is a growing interest in the possibilities of modern IT tools in analyzing, monitoring and 

improving business processes. New solutions are created based on a process approach to the organization 

using data generated by the organization's information systems as a source of useful knowledge. Exploration 

of business processes (process mining) is now more often (apart from data mining) the technique used to 

discover knowledge about inflows of information (including those accompanying material flows) in enterprises 

[1]. This information enables optimization of business processes by means of static analysis of actually realized 

flows or as a source for systems of predictive monitoring of business processes [2]. Operating on data related 

to actual system events (event logs) is free from, above all, errors of subjective evaluation of what processes 

are being carried out. Machine learning methods are very often combined with the technique of process mining 

as its complement [1,3]. Therefore, the use of data mining techniques in the era of widespread computerization 

seems to be justified. 

The article presents process exploration research carried out with the use of data gathered from an integrated 

IT system. The aim of the work is to assess the suitability of the data mining environment for the analysis of a 

selected logistics process. 

2. METHODOLOGY 

Here we simply describe our approach. For particular events extracted from event logs exported from ERP 

system we try to predict if the whole process is going to be delayed. So the response variable is binary 

categorical variable with two values: delayed and not delayed. As predictor variables we take diferencess 

between event dates (expressed as number of days between events) extracted from system event logs. Some 

data are treated as “historical” and are used to train the classification models. 

2.1. DESCRIPTION OF THE DATA 

In the research we used data collected in the SAP IT system of industrial robot distribution companies from 

01-01-2016 to 31-05-2017. The generated report covers the course of the client's order for new spare parts. 

The process supported by the system integrated with the common database of the course includes in particular 
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the branch of the enterprise in Poland and the headquarters in Germany. The data structure contains 

information about 9 system events for each of 532 cases in the form of a time stamp (timestamp) of its 

completion. 

Table 1 Types of tasks and their description in the process of fulfillment order [own study] 

Task Description of the activity 

Order creation Date of placing the order by the customer 

GM - order to transfer Date of the internal order 

Service unit Date of issue Packing List. 

Transport  Date of issue of the consignment note 

DM editions Mat Date of the internal external issue 

Confirmation of the service Date of selection in the system of completion of the contract 

Internal settlement  Date of invoice issue between branches 

VAT invoice Date of issuing the final invoice for the customer 

Ending the order Date of closing the order in the system 

The description of system events describes the activities carried out in the process. The data does not contain 

precise information about the order of operations or the relationships between them. In total, the data contains 

information about the end of the duration of individual activities divided into individual instances of the process 

(cases) by numbers of subsequent documents generated from the SD (Sales and Distribution) module of the 

SAP system. Data prepared in this way, arranged in the form of a spreadsheet, constitutes the entry base for 

process exploration. 

As predictors we used 6 variables representing the time differences between event dates and the date of the 

initial event "Order creation". The last event "Ending the order" was excluded from the calculation due to the 

possibility of calculating the duration of the process in a deterministic way. The "Confirmation of the service" 

event has been removed from the predictors due to lack of variation. 

Table 2 Basic statistics of predictors [own study]  

 
Variable name Type Role Mean 

Standard 
deviation 

Skewness Kurtosis 
Observed 
minimum 

Observed 
maximum 

1 act_gm_zlec_przen Continuous Input 5.2841 16.8501 4.8463041 28.88297 0 147 

2 act_jedn_obs Continuous Input 0.0795 0.53315 11.192883 149.5506 0 8 

3 act_transport Continuous Input 0.017 0.18411 13.493653 203.7437 0 3 

4 act_dm_wyd_mat Continuous Input 0.0284 0.24873 10.453035 117.749 0 3 

5 act_roz_wew Continuous Input 2.2045 0.96856 7.924568 89.58153 1 15 

6 act_faktura_vat Continuous Input 6.7869 5.07129 0.8201166 0.567946 0 26 

7 y Categorical Target 
      

All collected data was divided into two sets: training and test. The first dataset (352 cases) was used to train 

the chosen models and optimize their parameters. The test data set was completely disabled during the 

training phase and was used to assess the quality of the final model. 
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2.2. TRAINING AND EVALUATING 

As the first model we tested Classification and regression tree algorithm. Classification and regression tree 

(C&RT) are used to determine the affiliation of cases or objects to the qualitative classes of a dependent 

variable based on measurements of one or more explanatory variables (predictors). Analysis of classification 

trees is one of the basic techniques used in the data mining [4]. Table 3 presents the results of the model in 

the training stage: from the total number of cases of 352 instances of the process in the training group the 

C&RT model made one false-positive prediction (detected lateness when it was not there) and four times it did 

not detect the actual delay. 

Table 3 Summary Frequency Table (Prediction) C&RT [own study]  

 y Prediction (FALSE) Prediction (TRUE) Row (Totals) 

Count FALSE 318 1 319 

Column Percent   98.76 % 3.33 % 
 

Row Percent   99.69 % 0.31 % 
 

Total Percent   90.34 % 0.28 % 90.63 % 

Count TRUE 4 29 33 

Column Percent   1.24 % 96.67 % 
 

Row Percent   12.12 % 87.88 % 
 

Total Percent   1.14 % 8.24 % 9.38 % 

Count All Grps 322 30 352 

Total Percent   91.48 % 8.52 % 
 

Second algorithm was Random forest. It is a model that consists of a collection of voting trees generated 

through random selection of input variables [5]. Table 4 presents the results of the model in the training stage: 

from the total number of 352 instances of the process in the training group the C&RT model made no false-

positive prediction but in five cases it did not recognize the actual delays. 

Table 4 Summary Frequency Table (Prediction) Random Forest [own study]  

 y Prediction (FALSE) Prediction (TRUE) Row (Totals) 

Count FALSE 319 0 319 

Column Percent   98.46 % 0.00 % 
 

Row Percent   100.00 % 0.00 % 
 

Total Percent   90.63 % 0.00 % 90.63 % 

Count TRUE 5 28 33 

Column Percent   1.54 % 100.00 % 
 

Row Percent   15.15 % 84.85 % 
 

Total Percent   1.42 % 7.95 % 9.38 % 

Count All Grps 324 28 352 

Total Percent   92.05 % 7.95 % 
 

The third tested algorithm was boosted trees, which was developed as an application of reinforcement 

methods to regression trees. The main idea is to create a sequence of simple trees, each of which is built to 
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predict the rest generated by the previous ones [4]. Figure 1 shows the optimal number of trees obtained 

during training phase. After about 80 number of trees model starts to show an excessive fit to the data and its 

prediction accuracy decreases. 

Summary of Boosted Trees
Response: y

Optimal number of trees: 76; Maximum tree size: 13

 Train data
 Test data
 Optimal number
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Figure 1 Average Multinominal deviance to number of Trees [own study] 

Table 5 presents the results of the boosted trees model in the training stage: from the total number of 352 

cases of the process in the training group the model made one false-positive prediction and missed one actual 

delay. 

Table 5 Summary Frequency Table (Prediction) Boosted trees [own study]  

 y Prediction (FALSE) Prediction 
(TRUE) 

Row (Totals) 

Count FALSE 318 1 319 

Column Percent   99.69 % 3.03 % 
 

Row Percent   99.69 % 0.31 % 
 

Total Percent   90.34 % 0.28 % 90.63 % 

Count TRUE 1 32 33 

Column Percent   0.31 % 96.97 % 
 

Row Percent   3.03 % 96.97 % 
 

Total Percent   0.28 % 9.09 % 9.38 % 

Count All Grps 319 33 352 

Total Percent   90.63 % 9.38 % 
 

The last machine learning method that we tested on our data is artificial neural network (we used a classic 

MLP networks with hidden layers from 3 to 10). Table 6 presents the results of the model in the training stage: 
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from the total number of 352 instances of the process in the training group the model made zero false-positive 

prediction but in nine cases it falsely predicted the delay. 

Table 7 presents the summary of all models training errors. From the four tested algorithms the boosted trees 

was the best achieving 99,43 % accuracy (0,57 % error). The lift chart [6] of the models is shown in Figure 2. 

Table 6 Summary Frequency Table (Prediction) Artificial neural network [own study]  

 y Prediction 
(FALSE) 

Prediction 
(TRUE) 

Row (Totals) 

Count FALSE 319 0 319 

Column Percent   97.26 % 0.00 % 
 

Row Percent   100.00 % 0.00 % 
 

Total Percent   90.63 % 0.00 % 90.63 % 

Count TRUE 9 24 33 

Column Percent   2.74 % 100.00 % 
 

Row Percent   27.27 % 72.73 % 
 

Total Percent   2.56 % 6.82 % 9.38 % 

Count All Grps 328 24 352 

Total Percent   93.18 % 6.82 % 
 

Table 7 Error of the models [own study] 

Model ID Name Training error (%) 

3 Boosted trees 0.57 

2 Random forest 1.42 

1 C&RT 1.42 

4 Neural network 2.27 

Lift Chart - Lift value
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Figure 2 Lift chart graph comparing the tested algorithms [own study] 
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After completing the comparison of the algorithms, the boosted trees model was selected for final evaluation 

on the test dataset. From the total number of 171 cases it achieved an error rate of 1,16 % (two mistakes were 

made: one false-positive and one false-negative). 

3. DISCUSSION AND RELATED WORK 

From the four tested algorithms it was the boosted trees that scored the best, achieving 0,57 % error rate on 

train dataset, and 1,16 % on test dataset. It is worth to mention that these results were obtained without any 

deepened data exploration or preparation, with the exception of removing one variable with minimum variance. 

Proper exploratory analysis conducted before the training phase could further improve the results [7].  

Similar approaches but with different algorithms can be found in the literature. Clustering methods were used 

by Folino et al. [8] to predict violations in service level agreement terms and by Kang et. al. [9] to detect 

abnormal termination. Metzger et al. compared three technics: neural networks, constraint satisfaction and 

Quality-of-Service aggregation in order to predict process outcome [10]. Their results suggest that various 

prediction techniques can combined in order to improve specific metric (e.g. to minimize false-negative 

prediction rate). Taking this into consideration it can be concluded, that the performance of different algorithms 

is strongly dependant on the modelled process and its data. 

4. CONCLUSION 

The aim of the article was to check the suitability of the data mining environment for the analysis of logistics 

process. We tested four data mining algorithms in order to assess their ability to detect process delay based 
on the historical data. The adopted approach assumed dividing the dataset into training and testing datasets - 

in order to "simulate" the historical and future cases. The results indicate that all four tested models have very 

low (below 3 %) training error. The best algorithm during the training phase turned out to be boosted trees and 

it was selected for the evaluation phase, where it obtained the result of 1.16 % error rate. It should be noted 

that the data used in the research were extracted from an ERP system and described a real-world process of 

clients ordering new spare parts from an industrial robot distribution companies. 

The conducted research suggests that data mining classification algorithms are suitable for the analysis of 

logistics process and they can achieve very high accuracy in process delay detection. The results also show 

that the best algorithm is strictly dependent on the data - different models can be more appropriate in some 

cases, but less efficient in others. Choosing the best algorithm requires a proper approach. 
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Abstract 

The logistics services market is constantly evolving and changing. Logistics companies try to design new 

services to meet the expectations of their customers. The issue of logistics services has also become the 

subject of many scientific publications.  

The main aim of this article is to analyse of research into the issue of logistics services as well as to identify 

the major research areas connected with this field. A literature systematic review method was used. In the 

paper presents the result of analysis of English-language articles published in the Ebsco, Elsewier, Emerald, 

Scopus and Web of Science databases in 2000-2018. The research methodology was conducted according 

to the following seven stages: (1) determining the purpose of the study, (2) selecting and selection of basic 

literature, (3) selection of publications, (4) preparation of the publication database, (5) content analysis and (6) 

report preparation. The result of the conducted research was the identification of four major research areas 

that provided basis for discussions on logistics services in the years 2000-2018. These are: (1) selection of 

logistics service providers (LSPs), (2) evaluation of the logistics service quality (LSQ), (3) analysis of the impact 

of logistics service quality on customer‘s satisfaction, (4) indication of innovations in the area of logistics 

services. 

Keywords: Logistics services, logistics service definition, systematic review of literature 

1. INTRODUCTION 

In recent years literature sources in the field of management have devoted considerable attention towards the 

issue of logistics services. This is associated with e.g. changes in the approach adopted by enterprises with 

regard to supply and distribution management. Enterprises - conscious of the fact that logistics excellence has 

a significant impact on revenue and profitability [1] - have noticed the need for specialisation on professional 

customer care. Therefore, the number of logistics services providers (LSPs) offering specialised logistics 

services all across the world has increased in recent years. In the sector of logistics services there function 

logistics operators that offer complex supply services, including e.g.: transport, storage, stock management 

and return policy.  

This paper focuses on the analysis of research into the issue of logistics services as well as the identification 

of major research areas connected with this subject matter. The article was written on the basis of, among 

other things, a systematic literature review that involved the identification of basic literature sources, selection 

of publications as well as content analysis. 

2. LOGISTICS SERVICE DEFINITION 

The subject literature offers no universal definition of a logistics service which has evolved together with the 

development of the logistics services sector. Already until the late eighties there functioned a traditional 

transport sector divided into transport as well as forwarding and mail branches. In the ninety’s operators began 

to create the so-called logistics services packages, where they offered storage services, stock management 

and additional services, them being packaging or labelling. At the end of the nineties there developed a concept 

of managing and optimising supply chains as well as supply networks based on close-knit cooperation of 

logistics operators with manufacturing and trading enterprises, which involved transforming logistics services 

into customised logistics solutions [2].  
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A logistics service is defined as organising commodity transport and storage together with formal and legal 

service provision by a given company [3]. The scope of logistics services connoted within the definition can be 

wider and may include forwarding services, other related services as well as those supporting the process of 

transporting goods among specific foci of the supply chain [4] or service provision within packaging, customer 

care and order handling [5]. Moreover, logistics services may comprise two categories: resource-driven - 

physical services within transport and storage, as well as skill-based - involving planning and organising [4]. 

Hence, a logistics service denotes physical activities e.g. transport, storage, as well as non-physical activities 

e.g. supply chain design, selection of contractors, freightage negotiations and ICT enabled tracking and tracing 

[6]. The latter approach was also reflected in a different definition of a logistics service, where it is interpreted 

as a service involved in the processes related to planning, implementing and controlling the flow of materials / 

goods, services, information and funds between the initial and ultimate points in order to meet customer 

requirements in an effective and efficient manner [7].  

3. SYSTEMATIC LITERATURE REVIEW - MAJOR RESEARCH AREAS ASSOCIATED WITH THE 

ISSUE OF LOGISTICS SERVICES 

The aim of this article is to identify theoretical and empirical achievements in the field of logistics services in 

global literature. The author of the publication applied a method of systematic literature review. The procedure 

of systematic literature review entailed the following stages [8]: determining the aim of the research, 

identification and selection of basic literature, selection of publications, developing the publication database, 
content analysis and repot drafting. The author resigned from a bibliometric analysis due to limitations with 

regard to the article’s volume. 

The first stage of the research involved a selection of databases in order to search for scientific articles. Five 

databases were chosen: Ebsco, Elsewier, Emerald, Scopus and Web of Science. The author subsequently 

identified catalogues of articles on the basis of the expression service and logistics service in the title, abstract 

and keywords. The next stage involved the identification of articles including logistics service only in the 

keywords and only in the title. In order to determine the ultimate set of full-text publications being the subject 

of further review, the author verified abstracts, titles and keywords as well as deleted duplicating items. The 

literature under study involved the years 2000-2018. Table 1 illustrates the course of creating the literature 

database.  

Table 1 The course of creating the literature database [own study]  

Search criteria EBSCO Elsevier Emerald Scopus 
Web of 
Science 

“Service” in the title, abstract and keywords 1 197 132 127 643 27535 1 386 971 no data 

“Logistics service” in the title, abstract and 
keywords 

1036 274 196 4 298 no data 

“Logistics service” in the keywords no data no data 55 1371 no data 

“Logistics service” in the title 381 90 no data 918 643 

Publications in the field of management and 
business 

no data no data no data 408 275 

Full-text publications reviewed from the years 
2000-2016 

91 14 20 11 16 

After verification of abstracts, titles and 
keywords 

69 12 17 10 13 

After deleting duplicate publications 73 
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In the Table 1, in some cases, “no data” was entered, because in the analysed databases there was not always 

possible to determine the number of publications due to the adopted criteria.  

The group of 73 articles selected in such a manner was used for identifying research problems associated with 

logistics services. Upon the content analysis of selected publications, the author identified 4 major research 

areas that provided basis for discussions on logistics services in the years 2000-2018. These are: 

(1) selection of logistics service providers (LSPs),  

(2) evaluation of the logistics service quality (LSQ),  

(3) analysis of the impact of logistics service quality on customer‘s satisfaction, 

(4) indication of innovations in the area of logistics services.  

One of the main research subjects associated with logistics services is the selection of logistics service 

providers (LSPs). Literature offers considerations for various assessment criteria towards LSPs, their 

classification entailing diverse research methods. The publication [9], using the AHP method, devises a 

classification system of selection criteria in view of the requirements of the external environment and an 

evaluation by the experts from the logistics field. It involves four categories of criteria, where the most 

significant ones include: costs, information technology capability, accurate delivery time and strategic 

partnerships. The AHP method was applied to evaluate selection process of 3PL service providers in the 

pharmaceutical industry [10]. According to the author, among the 12 criteria classified into 4 groups - cost, 

quality, reputation and service level, experience is the most important criterion in the pharmaceutical industry. 
A method of evaluating logistics services providers is also presented in the paper [11]. The authors established 

an evaluation index system for the reverse logistics service provider selection. They also proposed a new 

multiple attributes decision-making method, GI-TOPSIS, based on combinational weight determination. The 

evaluation index system is based on value recovery rate, processing speed, environmental effects and 

recessive cost. A TOPSIS technique was also used in the selection and ranking of the 3PL service provider 

[12].  

Literature also undertakes the issue of evaluating logistics service quality (LSQ), which has become the 

principal criterion for evaluating the competencies of LSPs. The reasonable and effective LSQ evaluation can 

help enterprises to improve the logistics service level and enhance their market competitiveness [13]. 

Furthermore, the quality supervision and coordination is an important approach that can ensure an effective 

operation of the logistics service supply chain and obtain more customers [14]. The conducted literature study 

leads to the observation that there exists no complete and scientific theoretical system or a single universal 

method, tool or set of criteria for evaluating LSQ. This is related to the fact that scientists aim to discover many 

differentiated aspects of service quality [15]. Hence, researchers apply various models and methods of 

measuring service quality [16]. The quality of services is often evaluated with the use of the SERVQUAL 

method. The study focused on such areas as: materiality, reliability, promptness, competency and empathy 

[17]; tangibles, reliability, responsiveness, assurance, empathy [18]. In another research logistics service 

quality was analysed by using confirmatory factor analysis, ANOVA and linear regression. The authors focused 

on two dimensions: relational LSQ and operational LSQ [19]. Still, a different approach to the evaluation of 

services quality is proposed in the paper [20]. The research entailed the following LSQ dimensions: word-of-

mouth, repurchase intentions, order condition, timeliness, order accuracy, product availability, discrepancy 

handling, information quality, contact quality and procedural quality. Researcher Li Q. proposed a method for 

quantitative evaluation of e-commerce logistics service quality based on extenics theory. His logistics service 

evaluation index system takes into consideration 5 evaluation criteria: transparency, completeness, staff 

reliability, timeliness and economy [21]. A logistics service quality index was also proposed by Jang P. et.al. 

[22]. On the basis of literature review, researchers determined 6 dimensions of LSQ: timeliness, accuracy, 

availability, reliability, visibility and valuability. Another group of scientists identified nine potentially important 

components of LSQ: personnel contact quality, order release quantities, information quality, ordering 

procedures, order accuracy, order condition, order quality, order discrepancy handling and timeliness [1]. 
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The most numerous group of publications is comprised of research works aimed at analysing relations between 

the quality of rendered logistics services and customer loyalty and satisfaction. A high level of customer service 

allows not only for being distinguished among other competitors, but also increasing customer satisfaction, 

which involves gaining their loyalty. Research on the impact of the quality of logistics services on the level of 

customer satisfaction was conducted both from the perspective of individual as well as institutional customers 

[23, 24]. Frequently, its objective was to distinguish elements contributing to satisfaction. For a high level of 

customer satisfaction, the following elements are the most important: the speed in order delivery, adaptability 

to customer requirements [25], costs [26], convenience of placing orders, timely and flexible deliveries [27], 

corporate reputation [28], prices and quality of service [29]. Moreover, logistics accountability, financial 

accountability, marketing accountability [30] as well as transparency and ethical behaviour [31] have positive 

effect on the buyer’s trust. Nowadays, the problem of trust is commonplace because its decrease can be 

observed in all areas of human life, including among the participants of supply chains [32]. Literature also 

undertakes the issue of customising logistics services. The conducted research indicates that customised 

logistics services (CLS) affect the level of customer satisfaction [33]. Furthermore, the improvement of 

customisation degree can contribute to enhancing customer satisfaction and further increase in customer 

demand [34]. 

Current literature investigations also focus on innovation in the area of logistics services which - as Bajec P. 

claims - is are longer a luxury for logistics services providers or their customers, but rather a necessity [35]. 
Among other aspects, they concern such technological innovations as: information and communication 

technology (ICT) [36, 37] and Intelligent Transport System (ITS) [38]. Theoretical considerations and the 

presented results of empirical studies concentrate on innovative strategies of supply chain management. 

Works in this scope concerned, among other things, supply chain disruptions of third-party logistics service 

management [39], performance [40] and cost management [41]. The roles of LSPs as supply chain integrators 

[42, 43] were also discussed. 

Apart from the described major research trends, as identified in literature, much concern is also devoted to 

issues associated with e.g. productivity and effectiveness of LSPs, LSP management as well as improving and 

designing logistics services. Among the analysed articles the database also included such papers that focused 

on the aspect of environmental protection in the context of LSPs activity.  

4. CONCLUSION 

In the light of the above considerations it can be stated that the issue of logistics services constitutes a current 

and vast research trend in global literature. The conducted systematic literature review leads to the observation 

that the most analysed research areas involved issues associated with the selection of LSPs, QLS, customer 

satisfaction from the level of services quality as well as innovations in logistics services. The author concludes 

that most publications present the results of quantitative research. In recent years these articles have growingly 

applied a method of structural equation modelling [20, 26]. However, not much concern is devoted to 

theoretical aspects. No common definitions of a logistics service or logistics services quality have been devised 

either. According to the author, the current state of the art with regard to the subject under study requires more 

precision and transparency.  
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Abstract 

With high price competition, it is no longer important for enterprises to achieve merely the lowest price but 

predominantly to gain a competitive advantage using non-financial indicators that include quality distribution, 

reliability and delivery quality, or cohere supply relationships. The article focuses on introducing the Automated 

Truck Loading System and its use in the process of loading finished products in a selected industrial enterprise. 

Further there are mentioned the reasons supporting the decisions about the Automated Truck Loading System. 

The authors of the article analysed the current state of the process of loading the finished products into trucks 

and based on the identified deficiencies and requirements of the enterprise; the authors proposed a solution 

to improve the efficiency of the selected logistics process. As the automation currently plays a key role in 

logistics, the authors used intelligent/smart technologies that are part of Industry 4.0 in designing the solution. 
Subsequently, the authors of the paper verified the suitability of the selected solution to the mentioned problem 

using the Analytic Hierarchy Process method. For multicriteria decision-making, the authors applied Expert 

Choice software. 

Keywords: Automated Truck Loading System, logistics, loading of goods, industrial enterprise, multicriteria  

       decision making, Analytic Hierarchy Process 

1. AUTOMATED TRUCK LOADING SYSTEM 

The use of advanced technology in the field of logistics provides space for improvement of business logistics 

processes and thus secures competition of the enterprise‘s logistics capability. 

Intelligent/smart technology in industry and logistics is a relatively new concept that entered the market in the 

last few years. The impact of new trends on the logistics market in Slovakia is evident [1]. The part of 

intelligent/smart technologies is also Automated Truck Loading and Unloading System which plays a key role 

in the field of the warehouse - loading and unloading areas, transport and contributes to the optimisation of the 

logistics supply chain.  

Time losses that occur during loading or unloading of the goods cannot be regained on the road. The solution 

is the Automated Truck Loading System (ATLS), which can significantly save time on the loading ramps [2, 3].  

The ATLS is closely related to the handling of material or finished products in industrial enterprises. The ATLS 

is designed to automate the loading or unloading of finished products by using or without the use of handling 

units in trucks or trailers. Using several different types of automatically managed equipment or modified belt 

conveyors that are integrated into lorries [4]. 

The use of the ATLS brings several benefits to businesses; for instance, it reduces the loading and unloading 

time, eliminates the truck drivers’ need for the help with loading and unloading, reduces the risk of damage to 

the handled goods and materials, and has a positive impact on ergonomics and safety.   
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Like any technology/system, the ATLS also has some drawbacks. The disadvantage of these systems is a 

higher investment in the introduction of the ATLS, however with a fast return of the investment in applications 

with high volumes and short driving times, including the need of the trucks and docks’ modification [3, 5].  

The ATLS consists of two components - the trailer system in the truck trailer and the dock system at the loading 

ramp [3]. Both systems are shown in Figure 1. 

 

Figure 1 A system in the trailer and system inside the dock [5] 

2. STATE-OF-THE-ART ANALYSIS OF THE LOADING PROCESS OF THE GOODS IN A SELECTED 

INDUSTRIAL ENTERPRISE 

The state-of-the-art analysis of the preparation process and the loading of the finished products was carried 

out in an enterprise in the rubber industry, based on observations and interviews with an enterprise employee. 

The process of preparation and loading of the finished products in the selected enterprise is a process that is 

based on customer requirements that are transferred to the Warehouse Management System. A forklift 

operator accepts a request for a specific metal column pallet (KSP), which he removes from the warehouse 

and consequently transfers it to the expedition zone where he unloads the KSP. Another forklift operator with 

a particular tick grip initially removes the first tires from the KSP, then he places them on the marked area in 

the dispatch zone, and places the other tires on the first tires to form a CVT chimney (CVT is a type of truck 

tire). 

Stacked CVTs are prepared for the loading process. Loading of the products that will be dispatched shall be 

carried out from the back side into an in advance prepared lorry. The loading process takes approximately 1.5 

to 2 hours. The tire chimney is not sufficiently stable. Therefore, it requires the expertise and experience of the 

forklift operator. When the forklift truck enters the lorry, the chimney swings. Therefore, the low speed of the 

forklift truck is necessary to avoid a chimney fall and related increase of the time load or damage to the goods. 

Other negative factors that operate between the shipping ramp and the truck and affect the loading process in 

an enterprise include the following: 

 Height divergence between the ramp and the lorry. 

 Distance divergence between the ramp and the lorry. 
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 Suspension and instability of the lorry. 

 The weight of the forklift truck. 

The enterprise expects increased production and demand for products in the future. Based on the above, the 

enterprise, like many enterprises, is currently looking for ways to optimise selected aspects of the logistics 

system, mainly focusing on the Smart Connected System Logistics. Smart Connected System Logistics is 

formed by the implementation of intelligent/smart technologies, ideas, and concepts in logistics processes. 

Smart Connected System Logistics is a smartly connected product (e.g. Automated Guided Vehicles, 

Automated Storage Equipment, etc.) that is organised through the cloud, while the cloud-based solution 

additionally provides access to information from other factory data sources, such as system planning and 

management, external logistics etc. [6]. The enterprise intends to introduce Automated Guided Vehicles 

(AGVs) in the product handling process as a part of the optimisation of logistics processes. 

3. IMPLEMENTATION OF AUTOMATED TRUCK LOADING AND UNLOADING SYSTEM IN THE 

SELECTED INDUSTRIAL ENTERPRISE 

The proposed ATLS technology is an appropriate solution for shuttle transport because it allows a several 

times speed increase of the truck's revolution, for the reduction of the number and operation of a forklift, and 

also for a reduction of the number of the employees who work on the loading ramp. The hydraulic equipment 

for the Automatic Truck Loading System consists of the following parts:  

1) Chain drive units system. 

2) An electric motor that provides chain drive. 

3) A place that is intended for unloading of the KSP. 

The introduction of the ATLS builds on the introduction mentioned above of the AGVs in the handling of finished 

products in the enterprise because the combination of these technologies/systems contributes to maximising 

of the saved costs. 

The proposed ATLS operation process will be as follows: using the AGV, a full KSP load will be executed on 

the hydraulic device by placing the selected number of KSPs in the first position. Subsequently, the steel chain 

will ensure the shift of the KSP to the second position and the first position will be released for the next KSP. 

After loading the AGV with the total capacity of the trucks, the loading process that uses automated hydraulic 

equipment can be started. 

Upon entering the premises of the enterprise, a driver of the truck reverses the truck to the loading ramp. The 

truck's driver is alerted about the freehand/ramp by a light signalling. The security equipment ensures the 

precision that is necessary for the task. The loading process itself can begin following the truck aligning and 

its subsequent link to the automatic loading system. 

The process of the proposed automated loading requires a specific modification of the truck semitrailers. It 

involves the installation of a particular steel floor with drains that are designed to navigate hydraulic forks. 

After starting the loading process, the KSP will be driven forward to the waiting lorry. During the loading 

process, the trailers of lorries will be equipped with steel drains with entering hydraulic forks that are raised 

and inflated through an airbag - a system that is located inside the hydraulic forks (Figure 2). 

The KSP that is stored on the conveyor will be transported to the trailer using the electric motor. After the 

transport of all KSPs in the semi-trailer, the air from the airbags inside the hydraulic forks will be released, and 

the KSP will be lowered to the floor of the semi-trailer. Subsequently, the hydraulic forks will be pulled back to 

the conveyor via an electric motor. 
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Figure 2 Airbag system inside hydraulic forks [7] 

4. THE SELECTION OF THE SOLUTION BASED ON THE AHP METHOD 

As mentioned before, the authors of the paper verified the suitability of problem solution based on the AHP 

method application. Application of the AHP method can be solved in two ways, numerically and using by 

software. The Expert Choice software (EC software) was used to select the appropriate solution. 

The AHP method allows to make an effective decisions in complex situations, simplify and accelerate the 

natural decision-making process. AHP provides a complete and logical concept for structuring the problem, 

quantitating its components that are related to the final goals and for evaluating alternative solutions [10, 11]. 

Decision making within the AHP method is based on three principles of analytical thinking [9]: 

• the principle of structuring the hierarchy 

• the priority setting principle 

• the principle of logical consistency. 

 

Figure 3 Hierarchical structure 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

518 

Before the method application, it is necessary to create a hierarchical structure of the problem, which consists 

of the following elements: 

1) To define the goal of the decision problem: The selection of the appropriate solution (appropriate 

technology) 

2) To identify the possible solutions variants of the problem. The authors included the current state of the 

art to the shortlist of the possible solutions variants (1. the use of forklifts, 2. the implementation of the 

AGV forklifts and 3. implementation of the ATLS)  

3) To determine the criteria for evaluation of the solution variants.  

4) To establish the relationships among the goal, variants a criteria and to compile the hierarchical 

structure (Figure 3). 

The procedure of the problem solution by using the EC software is as follows: 

1) Determination and writing the goal, criteria and variants of the problem. 

2) Assignment of weight to individual criteria by pairing comparison of the criteria. 

The EC software calculated the weight of the individual criteria (Figure 4) based on the pair comparison. The 

most important criterion is the loading/unloading time and the least important criterion is the availability of 

technology on the market. 

 

Figure 4 Determination of the criterion weight 

The EC software displays decimal numbers by using rows, not the points as it is usual in English. The EC 

software does not display decimal numbers in the form of 0.XYZ, but it only displays the numbers following the 

decimal comma, i.e. without displaying a number zero. 

3) Evaluation of the variants based on the pair comparison of the individual criteria. 

4) The resulting (synthetic) evaluation of individual variants  
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The order of the individual solution variants of the given problem was obtained based on the AHP method 

application. The most appropriate solution according to the criteria is the implementation of the ATLS 

(Figure 5). 

 

Figure 5 The resulting order of the proposed solution variants 

5. CONCLUSION 

The implementation of the hydraulic automated loading and unloading equipment will optimise selected 

logistics processes in the enterprise. 

For better clarity, Table 1 summaries specific examples of strengths, weaknesses, opportunities and threats 

of the ATLS implementation in the enterprise. 

Table 1 Summary of the strengths and weaknesses, including ATLS opportunities and threats [8] 

Strengths Weaknesses 

Time reduction required for the loading and unloading 
process  

Higher investment in the implementation of the ATLS 

Reduction of the number of the employees who may be 
employed in other jobs 

Required warehouse floor modification 

Liberation of the space on the loading ramp for other use The need for newly qualified staff 

Minimum semi-trailer adjustment Increased power consumption 

Simple management  

Security of the stability of the goods (elimination of the 
instability of stacked products) 

 

The functional existing loading system  

Opportunities Threats 

The possibility of increased production A power cut 

Compatibility with other types of automation in the future Electricity expenses increase 

The possibility of obtaining the new customers ATLS Services 

 Extended implementation time 
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The most significant benefits of ATLS implementation include the reduction of the loading and unloading time 

that is proven by the following calculation. Based on the protection of sensitive business data, the specific 

numbers are not used in the calculations. 

Decreasing the loading time at full truck capacity is calculated by subtracting the original value from the 

scheduled loading time. The loading time is reduced by approximately 16 minutes. 

The implementation of the proposal to introduce the ATLS into practice will also result in a reduction of the 

economic costs, for instance by reducing the number of fork-lift trucks that can be sold. Based on the expected 

cost savings and a specific bid for the introduction of the ATLS in an enterprise, the estimated return of the 

investment is 3.5 years. 

The authors of the paper confirmed the appropriateness of ATLS implementation as a solution to problems 

related to the cost effectiveness of the loading goods in the selected enterprise. The authors used for selection 

and confirmation of the most appropriate solution the multi-criteria optimization method - the AHP method.  
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Abstract 

This paper describes the design of a simple model and its practical application to predict the need for a spare 

part. Such a proposed model can be a part of the purchase planning of spare parts within the company's 

logistics system. The described model was designed for a small enterprise performing service and distributing 

spare parts. That is why the material flow of spare parts is dominant element in terms of logistics costs in this 

enterprise. Its management is therefore important for cost optimization, customer satisfaction and market 

sustainability in a competitive environment. The paper, in its introductory part, provides an overview of similar 

practical solutions within the research of this topic, but many models are designed to be applied in a global 

market environment and predict the amount of spare parts needed in different industries. However, these 

models are difficult to use for the needs of this small enterprise, as the main problem lies in the time of a spare 

part need rather than its quantity. If there is a need for a specific spare part, which costs several hundred or 

thousands of euros, but the consumption is only a few pieces per year or more than a year, the time prediction 

of required spare parts is therefore crucial. 

Keywords: Spare parts, prediction, model, forecast methods 

1. INTRODUCTION 

One of the major logistical challenges in many manufacturing but also in non-manufacturing enterprises is the 

management of spare parts stock of mechatronic equipment. The problem lies in the great stochasticity of the 

need for spare parts, and therefore setting the optimal level of these stocks requires a scientific approach. In 

many cases, it is essential to decide whether it is necessary to keep spare parts in a stock at all or when they 

are needed and to prepare and store them at right time. 

Consumption of spare parts is very specific from a statistical point of view. Time series are characterized by a 

high proportion of zero values, which causes problems in the calculations and inaccuracies in solutions. This 

paper presents the predictive model that has been designed for a particular service company of power motion 

units. The proposed model thus points to a possible solution for a spare parts stock management. 

This topic is relatively widespread, and many spare part prediction solutions have been worked out in the 

world. In the paper from Dyntar and Gros [1], there is introduced a system of spare part distribution 

management using simulation, including a predictive model of inventory management with regard to the cost 

of stockpiles of spare parts. Compared to forecasting methods, it has acceptable outcomes and reduced the 

high commitment of funds. However, this model is limited in situations when the total demanded quantity in all 

simulated periods is extremely high which may cause unbearable time consumption spent on the simulation 

run. Thus the simulation run has to be substantially accelerated. The simulation itself is also not able to take 

into account unexpected and rapid demand changes in a way leading to the risk reduction connected with the 

stock keeping of such item [1]. 

In the paper from authors Wang J., Pan, Wang L., Wei, there is introduced the prediction model of aerospace 

spare parts management for the aerospace industry based on the known forecasting methods, the accuracy 
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of the model is evaluated by using so called the grey comprehensive correlation degree [2]. The results show 

that different situations influence the accuracy of individual methods, but the universality of the solution is 

missing. 

There are many similar works using the ARIMA and ANN methodologies. Despite these sophisticated 

methods, which are linked to the concept of high reliability and accuracy, error indicators such as MSE (Mean 

Square Error) and MAPE (Mean Absolute Percentage Error) show relatively high values. It means that the 

accuracy of the results is still not sufficient to predict events such as the need or consumption of spare parts. 

Probably, this has led authors Qian, Shenyang, Zhijie and Chen to create the predictive model of spare parts 

consumption using Engineering Analysis Methods [3]. This includes methods such as FMEA (Failure Mode 

Effect Analysis), FTA (Fault Tree Analysis), FMFRA (Failure Mode Frequency Ratio Analysis) and UFRC (Unit 

Failure Rate Calculation). However, the calculated results of the accuracy of this model are not known. 

Nevertheless, the predictive model thus constructed may indicate the direction of creating similar models that 

are no longer fully mathematical - statistical models. The combination of such solutions with the addition of 

heuristics satisfies the assumptions of the correct foundations of logistic systems [4-7]. 

2. THE CASE STUDY DEFINITION 

Management of the enterprise, which deals with servicing of specific equipment, distribution and also the 

procurement of parts, faces the challenge of fast responding to a customer's request. This also requires the 

management of flow of parts and components (Figure 1). This flow is affected by two factors: the length of 
delivery times and the cost of spare parts. If spare parts orders are sent to a supplier at the moment of need, 

it extends the time of customer's order releasing. On the other hand, if the parts are ordered on the basis of 

keeping the stock level or by the PUSH system, the company's funds are bound to a particular spare part 

stock. In addition, the release time of a spare part is not known in advance (because of irregularity). This is the 

core of the biggest problem in the concerned company Motor Drive s.r.o. (the name is intentionally altered) 

that the lead-time of the required spare parts delivery is too long because of the long-time cycle order to a 

supplier - delivery from a supplier. Selected types of spare parts are ordered by the company, as a subsidiary, 

from the Austrian company Watt Drive GmbH, which produces these parts in its own factory overhead. Due to 

the time of the parent company's procurement, the process of supplying spare parts is relatively time-

consuming. This represents a prolongation of the procurement process for the concerned company [8]. 

The need of a 
spare part

Purchasing

The production of 
a spare part

Waiting

The reception of a 
spare part

Assembling -  
servising
(completing)

 

Figure 1 The process of a spare part order releasing [8] 

The solution of the aforesaid problem is in the creation of the model for forecasting of selected groups of spare 

parts needs, and then in use of these results to manage spare part stocks. The result of the forecast is the 

time of anticipated need for a spare part. By subtracting the time of production of order in the parent company, 

the concerned company will acquire the time of issuing the order for a spare part. This will enable to shorten 

the process of spare part order releasing in the concerned company, which would add a value to a customer 

and increase the competitiveness of the concerned company. 

3. CREATION AND DESCRIBTION OF THE FORECAST MODEL 

The concerned company Motor Drive s.r.o. mediates spare parts but the company itself consumes many kinds 

of spare parts. Therefore, it is impossible to provide a comprehensive overview of the prediction of all spare 
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parts needs. In particular, the company needed to apply the proposed model for selected spare parts items 

that are critical in terms of order, consumption, or price. The basis for the forecast calculation is the data on 

the need occurrence of particular spare parts from previous years. 

The drive units, in which the company services maintenance or repairs, consist of an electric motor and a 

gearbox. That is why the spare parts consist of two main groups. Further, these parts are classified according 

to the type groups (e.g. depending on motor power). Finally, there is a selection of two specific spare parts 

from the two main groups on which the proposed forecasting model will be presented. There are selected 

spare parts and their consumption in the years 2014-2017 in Table 1. 

Table 1 Consumption of the selected spare parts in 2014 - 2017 [8] 
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After the transformation of these events for the need of a spare part according to the time elapsed between 

the two nonzero requirements, new time series will be created (Table 2). These are the subject of forecasting, 

the result of which is the period of assumption of the demand occurrence for a particular spare part (SP). 

Table 2 Elapsed time (in months) between two consecutive periods of a SP need 
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Average quantity 
per occurrence: Nr. of occurrence 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30    

Gearwheel - - - - - - - - - - - - - - - Gearwheel 1 

Shaft 2 1 1 1 2 1 1 2 2 1 1 1 1 2 2 Shaft 1, recommended: 2 
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Because the spare parts requirements are stochastic, the choice of forecasting methods will be taken towards 

the methods that have the character of smoothing of acquired data interval for the occurrence of spare part 

requirements except ARIMA - this method was chosen according to the general accuracy. For this reason, 

these forecast methods were chosen: regression analysis, Holt method and ARIMA. The forecast will be 

carried out in two ways: 

1. From the 2014-2016 data and forecast for 2017 and then the MAPE accuracy indicator and the 

correlation coefficient will be calculated. 

2. From the 2014-2017 data and forecast for 2018. Because the actual values from year 2018 are not 

known, the MAPE accuracy indicator or the correlation coefficient will be calculated from years 2014-

2017. 

3.1. Forecast 2017 

There was also calculated Total forecast from the three aforementioned forecast methods by weighted average 

(WA). There were used weights according to the MAPE indicator in indirect form. For example: the ARIMA 

method has the highest accuracy (the lowest MAPE), it means the higher weights at WA calculations. The 

weights were calculated proportionally and the sum is equal to 1. The forecast results are in the following 

diagrams and table (Figure 2 and Table 3). 

Electromotor power category “90” 

 

Gearbox power category “66” 

 

Figure 2 Diagrams of spare parts occurrence forecast of year 2017 

The total forecast is rounded to integral numbers. If the predicted occurrence was earlier than real demand, 

a spare part remains on stock and the next predicted period is ignored until the real demand occurs. If the 

predicted period was later than real demand, order for a spare part is sent immediately and forecast may be 

corrected. 
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Table 3 MAPE indicator of accuracy 

Model (method) Spare p. MAPE Spare p. MAPE Spare p. MAPE Spare p. MAPE 

Nonlinear regression 
Shaft 
(rotor) 

89.85 % Windings 49.78 % Gearwheel 88.65 % Shaft 40.79 % 

Holt 
Shaft 
(rotor) 

72.79 % Windings 47.60 % Gearwheel 136.65 % Shaft 57.45 % 

ARIMA 
Shaft 
(rotor) 

38.69 % Windings 34.11 % Gearwheel 67.34 % Shaft 42.80 % 

Total forecast 
Shaft 
(rotor) 

53.70 % Windings 45.68 % Gearwheel 75.92 % Shaft 40.80 % 

3.2. Forecast 2018 

The rule for total forecast calculation was the same as in the previous case. The forecast results are in the 

following diagrams and table (Figure 3 and Table 4). 

 

Figure 3 Diagrams of spare parts occurrence forecast of year 2018 

The same rule of stock management was applied for the year 2018. In case of predicted occurrence, 

determined quantity, from the Table 2, was ordered to satisfy customer demand. 

Table 4 MAPE indicator of accuracy 

Model (method) Spare p. MAPE Spare p. MAPE Spare p. MAPE Spare p. MAPE 

Nonlinear regression Shaft (rotor) 79.32 % Windings 45.89 % Gearwheel 97.26 % Shaft 43.06 % 

Holt Shaft (rotor) 72.89 % Windings 48.10 % Gearwheel 136.79 % Shaft 47.46 % 

ARIMA Shaft (rotor) 34.47 % Windings 40.12 % Gearwheel 77.67 % Shaft 38.59 % 

Total forecast Shaft (rotor) 40.82 % Windings 44.44 % Gearwheel 96.30 % Shaft 41.84 % 
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4. CONCLUSION 

Although the MAPE error indicators are relatively high at first sight, it is necessary to emphasise the fact that 

the consumption of the spare part in the company's conditions is almost random, which reflects the 

randomness of the failures of many devices operating in different operations under different conditions. 

Therefore, it is almost impossible to find any dependencies linked to past demand for spare parts in the 

obtained data. If it is possible to map the situation at individual devices at individual customers who need to 

replace a particular part from time to time, this randomness of the demand could be reduced, by supposing 

that the regular weariness of the certain part occurs. However, the evidence of spare parts demands for a 

particular customer to a specific machine needs to be established, but the company does not have this record. 

Despite the mentioned randomness of demand for spare parts, ARIMA showed the most accurate results from 

the demand forecast, of selected spare parts in both groups, in average. It has been suggested that the results 

of this method are considered with high priority for the company. 

According to the latest information, this model has brought shorter order release times of spare parts up to 

37 %, which the company considers to be a success. However, the concerned company did not bring any 

information about the amount of financial savings of that model. 
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Abstract 

Decision making processes in modern industrial management benefit from big data processing. This paper 

presents selected tools for processing huge amounts of data, which can support decision makers in following 

areas: process control, industrial logistics, and urban public transportation planning. We begin with the 

Statistical Process Control (SPC) tools which can be used to control the entire production or service process. 

Dealing with the variability of large systems requires using statistical approach to prevent errors and to evaluate 

the quality of system performance. In the second part we concentrate on logistic flow planning, especially on 

tools for lot sizing and scheduling, which enable transforming aggregated data on the total demand into feasible 

and operable production schedules. It is an important aspect of manufacturing control and production 

management, as it can result in minimizing the total cost of set-up and processing and the total inventory cost. 

Finally, we focus on transport planning and management which plays a critical role in the development of 

modern cities and industry. We review the most popular approaches and tools for the transfer synchronization 
and the interval synchronization, and we discuss their capability to process big data. This paper contributes 

with the review of analytical methods conducted from the perspective of their usefulness for big data analysis. 

We show that tools commonly used in managerial practice in process control, industrial logistics, and urban 

public transportation planning can support decision making process. 

Keywords: Big Data, decision making, scheduling, industrial logistics 

INTRODUCTION 

Nowadays, decision making processes in modern industrial management benefits strongly from processing 

huge amounts of data generated by devices used in manufacturing and logistics, for example smart 

manufacturing is a data-driven approach to real-time decision making support [1]. Recent advances in the 

information and measurement technologies result in higher and higher precision of sensors, which can 

communicate with each other and create the Internet of Things (IoT) in the industry. Because of the exponential 

growth of the amount of data generated within the IoT decision makers in manufacturing and logistics need to 

use so-called Big Data as a source of information on which decision making processes are based. This paper 

presents selected traditional tools for processing huge amounts of data in order to formulate recommendations 

for decision makers in three areas: process control, lot sizing and scheduling, and urban public transportation 

planning and management. 

The term ‘Big Data’ is used for large sets of heterogeneous data: structured data, unstructured data, and semi-

structured data [2]. Definitions of Big Data usually include 3 main features (3Vs): volume, velocity, and variety 

[3]. Volume refers to huge amount of data continuously generated by devices and applications. The amount 

of generated, replicated and used data was estimated to be to ca. 8 ZB in 2015 [4] and in 2020 it is supposed 

to increase to ca. 40 ZB [5]. Velocity is the speed of data generating, processing, and analyzing, so that they 

can provide useful information [2]. Variety of data results from the variety of their sources (public or private, 
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complete or partial, centralized or distributed, and of different forms - e.g. movies, documents, notes, signals, 

etc.) and the ways how they are generated (structured and unstructured). 

The remainder of this paper is as follows. In Section 2 we focus on the Big Data in manufacturing, where they 

are especially useful in process control and quality management. We show how we can use Statistical Process 

Control for dealing with Big Data processing. Section 3 is devoted to the lot-sizing and scheduling problems. 

The next section reviews combinatorial optimization oriented methods for transportation planning and 

management. The main contribution of this paper is the review of selected analytical methods, which are 

commonly used in practice and discussion of their usability for the Big Data analysis from the perspective of 

support decision making. 

1. BIG DATA IN QUALITY MANAGEMENT 

In manufacturing industry all the decision making processes have to be based on hard facts, hence control 

and monitoring of the selected features of products and processes have always been the key issue of the 

quality management. Recent technological advances made data collection less expensive and time consuming 

and in the era of the Internet of Things this process demands minimal effort [1]. In every type of organization 

we can observe growing tendency of applying approaches which originate from the Total Quality Management 

(TQM). As a consequence Statistical Process Control (SPC) - well-known approach to quality management 

[6-8] - becomes more and more popular as a method supporting processes management in the high series 

manufacturing. The usefulness of the SPC and its applicability in practice are described in [9]: „…there is 
variation in the characteristics of manufactured articles.... If this variability is considerable it is impossible to 

predict the value of the characteristic of any single item. Using statistical methods, however, it is possible to 

take meager knowledge of individual items and turn it into meaningful statements which may then be used to 

make decisions about the process or batch of products.” 

Each real process is variable, so it is necessary to use statistical tools to simulate and predict how specific 

features of a product may behave in time. The SPC tools enable us to monitor particular characteristics of both 

the process and the product (or the service) and obtained data are used to control the course of the process 

[9]. The objective is to monitor the variability of the process, so that errors in manufacturing can be avoided 

and the number of eliminated faults and defects can be reduced. The reason for avoiding defects in high series 

manufacturing is an exponential dependence between the moment of fault detecting and the costs of its 

rectification. The costs of elimination of faults and defects can vary depending on the moment when total 

inspection or skip-lot control was conducted. The costs can differ by 10-100 times [10]. 

From the Big Data perspective SPC - and in consequence smart manufacturing - benefits from data gathering, 

since this methodology provide tools for detecting discrepancies from accepted values of variability factors 

quickly and easily. We should remember that these discrepancies are not always caused by worsening of 

monitored factors; sometimes they may result from improvements or other changes to which an enterprise 

needs to react. Once we use SPC to analyze bigger and bigger amounts of data, we can understand better 

variability of the main processes and improve control. Moreover, we can figure out what factors influence 

mostly the main processes and the entire enterprise. The challenges faced in the enterprise during adapting 

the SPC to operate on the Big Data are the same as in case of any other tool. A great advantage of the SPC 

are both the existing infrastructure and popularity and well-understanding of the SPC rules among employees 

of manufacturing companies. 

2. BIG DATA IN INDUSTRIAL LOGISTICS 

The keys to success in industrial logistics and management are planning and scheduling of supply deliveries 

and shipping of final products. Nowadays, manufacturers constantly receive a great number of highly 

customized orders; hence it is necessary to gather a huge amount of data and to process information quickly, 
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so that enterprises can quickly react to new orders and breakdowns by adjusting schedules to new conditions. 

Setting delivery and shipment dates depends mostly on the production schedule, which defines dates and 

order volumes of each material and semi-manufactured product and also due dates for each production stage. 

Industrial logistics includes lot-sizing and scheduling, since it provides lot sizes of each product as well as 

setup and processing times. The objective of the lot-sizing and scheduling problem is to minimize the total 

production costs, which includes the cost of generating production lots and inventory costs. When lots are 

relatively big, their number is reduced, so the setup cost is also reduced, but inventory costs increase. In 

contrary, small-sized lots result in the decrease of the inventory costs, but in the same time the setup costs 

and the costs of generating production lots increase. When solving the lot-sizing and scheduling problems we 

try to find the trade-off between these two types of costs. 

The lot-sizing and scheduling problems origin from the order quantity planning problems; however similarity 

between them is gone as we include more and more detailed requirements of planning. Both the order quantity 

planning problems and for the lot-sizing and scheduling ones are solved using exact methods (based on mixed-

integer programming) and heuristics. The most important issue to overcome is the variability of demand. From 

the very beginning of the research on this issue [11], planners tried to include demand fluctuations. The very 

first model, Economic Order Quantity (EOQ), assumes that demand can differ between planning periods, but 

in a given planning period is fixed [11]. The same assumption is adopted in a simple heuristics (Silver-Meal 

heuristic) [12] and an exact method based on the dynamic programming (Wagner-Within algorithm) [13]. All 
the aforementioned methods have significant limitation, but their huge advantage is to deal with lot-sizing and 

scheduling in relatively short time, hence they were used to prepare initial production schedules as well as to 

re-schedule production in case of an unexpected event. 

Technological advances made it possible to solve complex lot-sizing and scheduling problems with 

heterogonous machines and products. However, we still need to include lot order, setup and processing times, 

demands at each planning period as well as the availability of machines and staff [14-17]. Due to constantly 

received orders, planning periods become shorter and shorter, so the shift from deterministic lot-sizing and 

scheduling methods towards dynamic ones is needed. Lot-sizing and scheduling problems are NP-hard [18], 

so computing time for exact methods increases exponentially with the size of instances. Newly-developed 

heuristics, which are capable to use the Big Data and generate feasible solution in real time [16,19,20] are 

highly desirable assets for smart manufacturing. 

3. BIG DATA IN TRANSPORTATION PLANNING AND MANAGEMENT 

Robustness of a transportation system is assessed with different criteria, therefore a multi-criteria analysis 

based on the Big Data provides a powerful supporting tool for decision making in transport planning and 

management. Strategic and operational planning and timetabling is based on exact methods applied to 

deterministic problems [21-23]. For instance, in public transportation planning deterministic travel times over a 

given period of the day are considered - it may be minimal or average travel times between two subsequent 

nodes in a route in a given period of the day. Such an approach results in reducing computation time; however, 

fixed travel times may affect synchronization. Detailed reviews of works dedicated to public transport system 

planning and management are presented in [24-26].  

As far as utilization of the Big Data in transportation planning and management is concerned, the main issues 

of its applicability are the objective of synchronization and solving methods used. The most popular 

optimization criteria for synchronization problems are: minimizing the average waiting time [e.g. 27-30], 

minimizing the total travel time [e.g. 31], maximizing the total number of synchronizations [e.g. 25, 32-35], 

maximizing the number of direct transfers [30], or minimizing the coefficient of variation of intervals between 

subsequent arrivals [36]. Among frequently used exact methods can be listed: non-linear programming [27], 

mixed-integer programming [28,29,32], mixed-integer linear programming [25,33-35], integer linear 

programming [32], mixed non-linear programming [31], and multi-criteria linear programming [36]. In order to 
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deal with the computational complexity of exact models heuristic methods of different types are developed, 

e.g. genetic algorithms [27, 31], Lagrangian based heuristics [29], constructive heuristics [33], local search 

algorithms [34], or multi-start variable neighborhood search algorithms [35]. 

Exact methods proposed for transportation planning and management are based on combinatorial 

optimization, where computational complexity is a significant issue and it is correlated with the size instances. 

In other words, computation time increases with the number of trips to be synchronized and it is long even for 

relatively small instances. It is acceptable, because synchronization is included in timetable generating process 

and long-term timetables are not prepared every day, so planners can wait for optimal solutions. Nowadays, 

in public transportation systems and logistics there is a need to adapt schedules dynamically to current 

conditions, e.g. traffic jams, road accidents, or vehicle breakdowns. It can be possible only if huge amounts of 

data are collected from the system (which already happens) and are processed in real time, so that they can 

be used by decision making tools. Therefore, both exact methods and heuristics for generating timetables are 

developed. There are several approaches to the reduction of computation time. For instance, planning horizons 

are divided into small planning periods, so that generated instances are solvable with available computing 

power and memory [36]. Another approach is to develop and implement valid inequalities for timetabling 

problems [34]. Moreover, metaheuristics for interval synchronization problems are being developed, so that 

timetables can be re-scheduled on-the-fly [e.g. 33,34]. 

4. CONCLUSION 

In this paper selected tools and methods used commonly in the industry are reviewed from the perspective of 

possible utilization for the Big Data processing. Nowadays, decision making in the industry more and more 

frequently faces the problem of processing and analyzing huge amounts of data obtained from process 

monitoring. We should remember that multithreading and complexity of the problems determine the choice of 

methods and tools supporting decision making processes, both operational and strategic ones.  

Dealing with variability of each large system requires using statistical approach to prevent and monitor errors 

as well as to evaluate the quality of system performance. Using the Statistical Process Control (SPC) tools we 

can monitor a single product or a service, but obtained information can be used to control the entire production 

chain. These tools are commonly used in practice, but in this paper we concentrate on their usefulness for Big 

Data processing. 

Logistic flow planning is an important aspect of manufacturing control and production management, which 

needs to take into account the dates of material supply and re-supply, the earliest possible dates of parts and 

final products to be ready, and the due-dates of orders. As logistics flow planning includes re-scheduling and 

adjusting to the up-to-date conditions it requires processing huge amount of data, so that production schedules 

can be optimized. Tools used for lot-sizing and scheduling enables us to transform aggregated data on the 

total demand into a feasible and operable production schedule. The objective is to minimize the total cost of 

set-up and processing and the total inventory cost. In this paper we review the most popular tools for lot-sizing 

and scheduling from the perspective of their effectiveness in the Big Data processing. 

Public transport plays a critical role in the development of modern cities. Urban public transport planning and 

management includes route and line planning, generating timetables, vehicle scheduling, and crew rostering. 

In this paper we focus on analytical methods used for decision support in timetabling synchronization process. 

We review the most popular approaches and tools for the transfer synchronization and the interval 

synchronization, and we discuss their capability to process the Big Data and to act as effective tools for support 

decision making in this area. 

The majority of models and methods for transportation planning and management are deterministic, however 

nowadays a strong tendency to shorten planning periods is observed. In transportation and logistics the Big 

Data processing can contribute to the robustness of transportation service. Basing on the output of the Big 
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Data processing traffic dispatchers can adjust bus speed to current traffic conditions, so that the timetable can 

be executed without delays. In case of rescheduling necessity, new timetable can be generated in real-time 

and both bus drivers and passengers can be kept updated via the Internet and mobile devices and electronic 

displays at bus stops. 
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Abstract 

Restrictive environmental regulations related to the entry into force of Directive 2012/33 / EU of the European 

Parliament and of the Council encourage the search for alternative energy sources for currently used fuels by 

ships. An alternative to the traditional fuel is the use of LNG - liquefied natural gas. LNG is determined as the 

fuel of the future and is gaining in popularity among shipowners as shipping fuel. An important aspect for using 

LNG as shipping fuel is the economic aspect. The aim of this article is to analyze and evaluate the potential of 

using LNG liquefied natural gas as fuel in propulsion of the ships. The article discusses the challenges posed 

by the use of LNG in ship propulsion systems other than tankers. Highly advanced solutions of innovative ships 

using LNG propulsion were presented - projects completed as well as those in the development phase. The 

solutions concern projects from the world market and the Polish market. Also described activities carried out 

in seaports of the Baltic Sea aimed at developing a network of terminals and LNG bunker stations. The sources 

of changes and market needs were also presented and the sources of regulations for LNG-powered vessels 

were focused on.  

Keywords: SECA, Sulphur Directive, LNG-fuelled vessel, marine fuels 

1. INTRODUCTION 

An important reason for the development of the LNG - fuelled fleet was the introduction of the Sulphur Directive, 
which adapts EU law to the new regulations of the International Maritime Organisation IMO. According to the 

MARPOL Convention, the sulphur content of marine fuels is to be 3.5 % by 2020 and 0.5 % after 2020. Sulphur 

Directive 2012/33/EU (the amendment to Directive 1999/32/EC concerned Annex IV to MARPOL, which sets 

a maximum permissible standard for the sulphur content of bunker fuels) from 1 January 2015 imposed on 

shipowners the obligation to reduce the sulphur content to 0.1 % of fuels used by ships sailing in the Baltic 

Sea, North Sea and English Channel, the North Coast and the areas of the United States of the Caribbean 

Sea - SECA's (Sulphur Emission Control Areas) as you can see on Figure 1. From 2020, the zone will extend 

to the Irish Sea. The aim of this article is to present the rationale and challenges of implementing LNG as a 

marine fuel in the SECA zone and to indicate the state of development of an innovative fleet of LNG-fuelled 

vessels [1,2].  

 

Figure 1 Sulphur limit (%) [own study based on 1,2] 
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2. SOLUTIONS FOR REDUCING EMISSIONS NOx AND SOx IN THE CONTEXT OF 

IMPLEMENTATION SULPHUR DIRECTIVE 

Shipowners choose different solutions to meet the new constraints, but they also have to choose the most 

cost-effective method. The most frequently considered alternatives to the fuels used so far are: 

 use of fuels with lower sulphur content, i.e. Marine Gas Oil or sulphur-free fuels, 

 installation of fuel purification technologies - scrubbers, which desulphurise fuel fumes, 

 investment in new LNG-fuelled vessels or LNG-fuel system installation on existing vessels,  

 investment in hybrid vessels.  

Each of the above solutions has advantages and disadvantages, and the choice of the right one depends on 

factors such as: 

 ship size, 

 swimming area of the vessel, 

 type of the work carried out by the vessel, 

 possibility of modernization of the vessel, 

 the distance between ports to be covered by the vessel, 

 return on investment (ROI).  

It is also worth explaining the costs of implementing the above solutions (Table 1). 

Table 1 Costs of alternative solutions [3] 

Solution Cost 

Sulphur-free fuels About 220 €/MT 

Scrubber 5 milion € 

New LNG-fuelled vessels 270 milion € 

Hybrid vessels 14 milion € 

There are at least three alternative approaches to meeting MARPOL Annex VI requirements but particularly 

attractive alternative seems to be the use of LNG propulsion, not only because it allows to achieve the required 

reduction in emissions, but also turns out to be the cheapest solution in the long term. Despite the fact that 

LNG transport has been taking place for many years, LNG-fuelled ships are quite a new concept and the scale 

of investments in LNG technologies is already in initial state. 

 The choice of low sulphur fuel brings with it a number of costs, related not only to the cost of fuel itself, 

but also to the modification of existing fuel systems on ships. One of the possibilities of adapting marine 

engines to meet the standards of the Sulphur Directive is to supply the ship's engine with light fuel oil 

(MGO - Marine Gas Oil) instead of MDO (Marine Diesel Oil). However, fuel prices are not the only 

problem. Changing from heavy, high-sulphur fuels to low-sulphur fuels is also a challenge for marine 

equipment. Equipment such as engines and boilers must be modernised. The use of low-sulphur fuels 

requires the use of new types of engine lubricating oils in accordance with the manufacturer's 

specifications, which generates further costs for shipowners [4]. 

 In the context of implementation of Sulphur Directive shipowners are looking for ways to reduce sulphur 
emissions from ships and to be able to use cheaper traditional fuel by installing scrubbers. Scrubber is 

a fuel purification technology that works on the same principle as catalytic converters in cars. Ships 

installed with scrubbers can burn bunker fuel with high sulphur content. The use of scrubbers eliminates 

almost all harmful emissions from ships. The main producers of scrubbers are Alfa Laval, DuPont and 

Wärtsilä. Scrubbers are equipped with systems eliminating 97-98 % sulphur oxides (SOx) and 70-80 % 

particulate matter (PM) [4,5]. 
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 Third alternative - investment in new LNG-fuelled vessels will be describe below. 

3. ANALYSIS OF LNG POTENTIAL AS A FUEL FOR VESSELS 

For several years, the number of vessels using LNG as a fuel is growing rapidly and further infrastructure 

projects are planned in ports serving LNG powered vessels. The use of liquefied gas in ship propulsion has 

been known since the 1960‘s. For many years now, tankers also known as LNG carriers adapted for 

transporting LNG, have been using the steam generated from the transported cargo in order to supply the 

main propulsion system, burning and using them as fuel. On the other hand, the use of LNG as a fuel on ships 

other than LNG carriers has a much shorter history. Liquefied natural gas is a clean, odourless and colourless 

fuel, non-toxic and non-corrosive. After the liquefaction process, the LNG contains a small amount of heavy 

metals, such as mercury, lead, cobalt and sulphur - it is an unquestionable advantage, harmful sulphur oxides, 

dust or soot are not formed during combustion [6]. An LNG fulled ship reduces the emission of NOx by 85 - 

90 %, SOx close to 100 % and 15 - 20 % reduction in net GHG emissions. The main producers of marine 

engines using LNG fuel are Wärtsilä, Rolls-Royce, MAN Diesel and Mitsubishi. There are two types of engines 

available on the market - mono- and dual-fuel configuration. Mono-fuel engines are characterised by spark 

ignition and are powered only by natural gas. Dual-fuel engines use natural gas as the main fuel and diesel 

for ignition. A dual-fuel engine is a more complicated solution and particularly suitable for areas not covered 

by sulphur restrictions [7]. In addition, the economic aspect of LNG as a shipping fuel is very important for 

shipowners. The use of LNG due to the higher calorific value of approximately 50 kJ/kg by comparison to 

heavy IFO 180 fuels (approximately 42 kJ/kg) is related with lower fuel consumption. Another advantage 

argument for LNG is the price, which is currently lower than traditional fuels [8]. In Rotterdam, the price of IFO 

180 fuel is 527 USD/MT, while MGO is 682 USD/MT. On the other hand, LNG prices in Europe range from 

9.39 USD/MMBtu in Spain to 10.75 USD/MMBtu in Belgium, which means that the price of LNG ranges from 

456.35 to 522.45 USD/MT [9,10]. The Table 2 shows the fuel prices in Europe 30.10.2018.  

Table 2 Marine fuel prices in Europe 30.10.2018 [own study based on 9,10] 

Type of fuel Price 

IFO 380 468.5 $/MT 

IFO 180 527 $/MT 

MGO 682 $/MT 

LSMGO 674.5 $/MT 

ULSFO 656 $/MT 

LNG 10.75 $/MMBtu = 522.45 $/MT 

Unfortunately, it is difficult to estimate how LNG prices will develop in the future, but according to DNV research 

the operating costs of an LNG-fuelled vessel may be 35 % lower than the operating costs of an MGO-fuelled 

vessel over a 10-year horizon. However, over the next 20 years the costs of an LNG- fuelled vessel may 

decrease by as much as 45 % when using MGO or by 22 % in comparison to heavy HFO fuels using scrubbers. 

Research show that the high costs related with the construction of LNG-fuelled vessels can quickly return 

through savings in fuel consumption [5]. 

4. DEVELOPMENT OF THE MARITIME FLEET USING LNG FUEL 

Since 1 May 2018, the fleet of LNG- fuelled vessels has 253 vessels, including 121 vessels in operation and 

132 vessels ordered. Among LNG vessels are 4 segments - tankers and bulkers, container and cargo, 
passenger and supply ships and services vessels. Over the last year the order book for LNG-fuelled ships has 

increased by 36 %. Most of the vessels ordered are large size vessels with bunker tanks of unprecedented 
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size. The most dynamic segment in last year was tankers and bulk carriers. Orders related Aframax and 

Suezmax tankers of 110 000 DWT and above. In the segment of passenger and container vessels orders were 

also for large size vessels. In the last year most of the cruise ships ordered were dual-fuel ships. Changing 

the requirements for LNG fuel accelerates the development of bunkering infrastructure around the world. 

Investments are carried out on ships, LNG fuelling depots and the adaptation of existing LNG receiving 

terminals [11].  

An example of innovation LNF-fuelled vessel from the world market is AIDANova. That is the world's first cruise 

ship powered only by liquefied natural gas. Ship was built by the German shipyard Meyer Werft in Papenburg. 

The ship was built to order for the Aida Cruises cruise line owned by Carnival Corporation. As a pioneer in the 

cruise industry, AIDA Cruises is an example of environmental protection through its advanced project “Green 

Cruising”. AIDA will be the first cruise line in the world to operate new fleet of ships with 100 % LNG. The 

German shipyard Meyer Werft plans to build two more liquefied natural gas cruise ships for the Aida Cruises 

cruise line by 2023. The innovative ship is 337 m long and 42 m wide and can hold up to 6,600 passengers on 

22 decks. Ship was launched on 21 August 2018 and on 18 October 2018 the first bunkering of the vessel 

AIDAnova with liquefied natural gas LNG took place. The operation was carried out in Eemshaven, the 

Netherlands, using the Cardissa bunker, operated by Shell. Three liquefied natural gas tanks are installed on 

the AIDAnova ship - two of them are tanks with a diameter of 8 m and about 35 m in length, each of them 

additionally holds 1.5 thousand m3 of LNG. The third tank is smaller than the others, reaches 5 m in diameter 
and 28 m in length and 520 m3 capacity. The ship is expected to arrive at the Hamburg Steinwerder Terminal 

on 1 December. AIDANova will sails on maiden voyage to the Canary Islands on 2nd December [12,13]. 

Another example of using LNG as a fuel is the fleet of ships built in Poland. 4 ferries powered by LNG - 

Moldefjord, Fannefjord, Romsdalsfjord, Korsfjord, belonging to the shipowner Fjord1 - were built in the Gdańsk 

Shipyard Remontowa Shipbuilding S. A. Shipyard started built the construction of LNG-powered ferries 9 years 

ago. On 27th February 2009 the hull of the two-way passenger-car ferry Moldefjord was launched. The vessel 

was built for the Norwegian shipowner Fjord1 and was the first in a series of ferries powered by LNG. The ship 

was a success. Constructors won the Green Ship Technology Awards from Informa Maritime Events of 

Informa, the publisher of one of the world's most important marine journals, the Lloyd's List. This fact proves 

the position of the Gdańsk shipyard in the elite group of shipyards building not only innovative but also 

prestigious ships. Sister ships of the Moldefjord - also powered by liquefied natural gas are: Fannefjord, 

Romsdalfjord and Korsfjord. Ships were placed in service between 2009 and 2010. Each ferry is equipped 

with one medium-speed diesel generator and two internal combustion engines powered by LNG. They 

generate electricity for main propulsion as well as for all other ship's systems and receivers. The ferry 

Moldefjord is more than 122 m long and can hold up 390 passengers, 128 cars or 12 truck combinations with 

semi-trailers and 55 cars on two decks. Moldefjord, like the 3 twin structures is characterized by a symmetrical 

hull and during the cruise passengers have a specially separated rest area. Shipyard Remontowa Shipbuilding 

S. A. is one of the largest European manufacturers of offshore vessels and passenger-car ferries with various 

types of modern propulsion systems. On the American market Remontowa Shipbuilding competes mainly with 

Chinese shipyards and Norwegian shipyards in Europe [14,15]. 

5. INVESTMENTS IN LNG TERMINALS AND BUNKER STATIONS IN THE BALTIC SEA 

The develop of maritime transport using LNG as a marine fuel requires appriopriate fleet and also well-

established network of terminals and bunker stations. Currently there are more than 100 LNG terminals in the 

world - in Europe are 23 LNG terminals. On 19 August 2008 Council of Ministers adopted a resolution to build 

LNG terminal in Świnoujście. It was recognized as a strategic investment for the interest of Poland because 

terminal guarantee Poland's energy security. The terminal in Świnoujście enables the off-take of liquefied 

natural gas from any direction in the world. The current technical regasification capabilities of the LNG Terminal 

at the level of 5 billion m3 of gas make it possible to satisfy 1/3 of the needs of the Polish economy. The 
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operators authorised to call at the LNG Terminal in Świnoujście are shipowners such as Shell Trading and 

Shipping Company, Blue Ocean Marine, K Line LNG Shipping [8,16].  

Port of Gdynia Authority S. A. signed an agreement with PGNiG Obrót Detaliczny Sp. z o. o. and Gas-Trading 

S. A. on the use of LNG fuel. The agreement assumes, among other things, the construction of a barge adapted 

to bunkering other ships with LNG. The project will be implemented within the framework of the National Centre 

for Research and Development - INNOSHIP programme. According to the Sulphur Directive, by the end of 

2025 at the latest, a sufficient number of LNG bunkering points will be established in seaports. Bunkering 

points will allow inland waterway vessels or LNG-powered seagoing vessels to travel across the entire TEN-T 

core network. In the case of Poland, it will be polish port: Gdynia, Gdańsk and Szczecin and Świnoujście. The 

possibility of bunkering LNG fuel in the Port of Gdynia is another example that ports must constantly invest 

and create such port infrastructure that will satisfy the requirements of shipowners and individual terminals. 

The Port of Gdynia recognizes the growing demand from shipowners to use more LNG fuel. Through the 

development of ecological fuel bunkering technology, the Port of Gdynia Authority S. A. wants to build 

competitiveness on the international arena [17]. 

6. CONCLUSION 

Certainly, this article does not exhaust the subject, but it is only a contribution to further discussion about LNG 

as an innovative method of ship propulsion. Innovative technology for propelling seagoing vessels with LNG 

fuel is currently in the implementation phase. This is confirmed by the significant increase in the number of 
orders for modern LNG-fuelled vessels, as well as further highly advanced LNG terminal projects in world and 

Baltic ports. The use of LNG is such a versatile solution that it can be used in many areas of the economy, 

including ship propulsion. The Figure 2 printed beneath shows the SWOT analysis for the use of LNG fuel as 

an alternative to the heavy fuels used so far.  

 

Figure 2 SWOT analysis for the use of LNG fuel as an alternative to the heavy fuels [own study] 
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Abstract 

This paper presents a simulation model dedicated to resources planning in the security control process at the 

airport terminal. The developed model may be applied at any airport using centralised security checkpoint. 

This article presents a stochastic model that allow for measurment the degree of schedule adjustment for the 

fulfillment of the level of service assumptions according to the IATA standards as output data. This model has 

been developed as user-friendly, which automatically takes into account IATA standards. It has not been 

combined yet. In the models, only the waiting time was determined without reference to the required standards. 

A simulation model uses the Monte-Carlo method, basing on the universal characteristics of passenger reports 

to the security checkpoint. The simulation model obtains information on the degree of schedule adjustment for 

security lanes to the C level of the service category according to the IATA standards. The application of the 

simulation model may be applied in the management of the security control process in order to avoid an 

overestimation or underestimation of the service work lanes schedules.  

Keywords: Airport, security checkpoint, simulation model 

1. INTRODUCTION 

The airport is a point element of air transport infrastructure. Ground handling plays a key role in the reliability 

of this type of transportation system. Reliability of transportation systems is extremely important to carry out 

tasks on time. This is evidenced by the number of scientific papers dedicated to these issues. The reliability of 

air transport systems has been mentioned, inter alia, in [1-4]. The significance of this issue is also mentioned 

in the work that concerns the remaining means of transport [5-13].  

However, with regard to air transport, it is important to consider the implementation of processes on time. Air 

transport delays have twofold consequences. The first of them concern air carriers. They must pay 

compensation to passengers in accordance with the EU regulation [14]. Air carriers are exposed to financial 

losses in this case. The second consequences concern airports and business entities who run their services 

at the terminal. The research, which was presented in [15], shows that passengers who are not satisfied with 

the quality of the transport service spend less money in commercial areas at the airport. While airport earnings 

are up to 40 % [16] revenues from non-aeronautical activity. 

This article considers the process management due to passenger satisfaction, because the happier 

passengers are, they spend more money. The airport generates greater profits then. The largest profits from 

non-aeronautical activities are generated in duty-free zones. To increase them, special attention should be 

paid to passenger service processes. 

In the scientific literature it is in vain to look for articles that show models for passenger handling management 

in the aspect of level of service (LoS). LoS is often considered [17,18], but mainly to evaluate a system 

functioning. LoS is not used for future process management and decision making. 

There is already a huge knowledge base in the scientific literature on the efficiency of passenger service 

processes. State of art for applied models can be found in [19,20]. These articles usually focus on the waiting 
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time in queues, process times, etc. There is no link between these indicators and the requirements that apply 

to LoS. Especially no one refers to the requirements of the International Air Transport Association (IATA). 

This article will present a simulation model that enables the user to plan technical resources to implement the 

airport security screening process. This simulation model allows to evaluate the fulfillment of IATA 

requirements with given input data. 

2. STRUCTURE OF THE SIMULATION MODEL 

The security screening process can be carried out in various areas of the air terminal: at the entrance to the 

terminal, at the access point to the restricted area, at the departure gate. This simulation model is directly 

dedicated to the centralized structure (security checkpoint at the access point to the restricted area). However, 

it can always be modified and used for other security checkpoints. A centralized structure means that the 

passenger waits in queue for the access point. The boarding card is checked at the access point. Then the 

passenger enters directly into the security control lane. Security checkpoint is composed of several parallel 

security control lanes and access points and one queue system. The example structure of the system is shown 

in Figure 1. 

 

Figure 1 Security checkpoint structure with 1 access point and 3 security control lanes 

2.1  Input data 

The passenger arrives at the security checkpoint at the time of his choice. However, the reporting time is within 

a certain time frame. It will be referenced to the departure time. A probability density function (pdf) f(trep) should 

therefore be determined for the time of report prior to departure.  

The passenger enters the queuing system in front of the access point and follows the passengers in the queue 

ahead of him. If the passenger is first in queue and the service desk at the access point is empty, the passenger 
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is served. This is a random process because there is a human factor both from the passenger side and the 

process operator. It is therefore necessary to set a pdf f(taps) of service time in the access point as an input 

variable. 

Then if one of the security lanes has an available place, the passenger passes to that lane and the service 

begins. The passenger handling process in security control lane is complex. There are a number of subsequent 

activities such as: preparation of items for X-ray control, examination of items by X-ray device, control of the 

passenger by metal detector, manual control of baggage and passenger, detection of trace amounts of 

explosives, etc. These activities are modeled in detail when the performance of the security checkpoint is 

analyzed and the process is to be optimized. This model is used for management, so in this case the pdf f(tscls) 

of service time on the security control lane will be designated as the input variable. This will facilitate the 

collection of input data and speed up the implementation of simulation experiments. After service, the 

passenger leaves the system. There is the possibility of servicing several passengers at the same time. It is 

therefore necessary to define the security control lane capacity lc. 

2.2  Output data 

IATA [21] directly defines that the structure of the service system can be over designed, optimal and 

suboptimal. These categories were compiled directly to the waiting time in the queue tq. IATA has defined 

separate standards for each of the passenger service subsystems. For security checkpoint, the conditions for 

belonging to these states S are presented in formula (1). 

© � ª©�«h� �h&�gBh�  ¬�� * U 5 ©�} ���R  ¬�� 5 , * , 10©&Q®�} ���R  ¬�� * ¯ 10     (1) 

This article proposes an assessment of the system by determining the probability Ps of a system being in a 

given state (2). For this purpose, the simulation model will check the waiting time in the queue for each 

passenger and determine the probability of the system being in a given state. 

P± � ²P±³´µ¶ ·µ¸¹º»µ·P±³¼½¹¾¿À        P±¸ÁÂ³¼½¹¾¿À    (2) 

For practical purposes, this model also allows you to develop a graphical summary of results (occurrence of 

a given state as a function of time). Examples will be presented in Chapter 3. 

2.3  Simulation model structure 

To sum up the assumptions presented in chapters 2.1 and 2.2, the basic structure of the model is shown in 

Figure 2. There are 2 types of input variables in the computer program. The first type data is entered once to 

configure the simulation model. The first type is the passengers flow characteristics. The first type is also the 

system structure (number of parallel access points, security lanes, capacity for each areas). During everyday 

work with the simulation model, the user introduces flight schedule and schedule for security lanes. This is the 

second type of input variables that must be entered into the experiment each time. 

 

Figure 2 Model structure 
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Movement of the passenger through the system is described by the algorithm shown in Figure 3. At the 

beginning, the random time is calculated when the passenger (pax) enters the queue. The moment is stored 

in the variable tri, where i denotes the index of the next passenger. The passenger is placed at the end of the 

queue and stands there until he is first and one of the positions in the access point is free. Then the boarding 

card with random time from f(taps) is checked. Then, if the security checkpoint is free, the waiting time for the 

security check ends. Then the waiting time twi is calculated as the difference between the current time tc and 

the tri time. The assessment indicators Ps are updated. The passenger moves to the lane. The process is 

carried out in accordance with the time f(tscls). The passenger leaves the system. 

 

Figure 3 Operating algorithm for one passenger 

3. MODEL VALIDATION 

The model has been validated on the example of a security control checkpoint at the Wrocław Airport. The 

system is equipped with 2 parallel access points with capacity of 1 and 5 parallel security control lanes with 

capacity of 11. The tests were performed on the real system and input data (3-5) was determined. These 

functions have been tested by the Kolmogorov-Smirnov test at the significance level of α = 0.05. 

f�*�h}� � Ä.�	5Å.Æ Ç  ÈZ[	5Å.ÆÉA.� �+. Ê� Ç  ÈZ[	5Å.ÆÉÄ.�Ë �c�f� (3) 

f�*�}&� � A.Ä5.	A Ç Ì[w�5.	5.	A É	,Ä Ê1 O Ç Ì[w�5.	5.	A ÉA.ÄË�A �c�f� (4) 

f�*&Í&! � � wÎw�5.ÏG!Ð5.ÄÑÒÓ�Æ! �+.���*&Í& � 0.78!/0.36! �c�f� (5) 

 

Figure 4 CDF functions for the queue waiting times obtained from the actual system  

and the simulation model 
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Waiting times in the queue were checked in the real system. Then they were compared with those shown in 

the simulation model (Figure 4). Here too, the compliance Kolmogorov-Smirnov test was carried out on a 

significance level of α = 0.05. The obtained test result allows to assume that the model works properly.  

 

Figure 5 Share of system states along the day 

Figure 5 shows the sample results obtained from the simulation model. This data presentation is useful. It is 

possible to check in what states the system was located along the day for a given schedule of security control 

lanes. The probabilities of passengers waiting times in the queue in this case were: 


Õ � ²
Õ¡ÖZÈ ×ZwoØ7Z× � 0.80
Õ¡[ÙoÚÌÛ � 0.20  
Õw£Ü¡[ÙoÚÌÛ � 0    (6) 

The illustrated example is a reflection of a properly selected schedule in terms of service quality because 

waiting times of less than 10 minutes have been achieved. The suboptimal state did not occur in the case of 

this analysis. 

4. CONCLUSION 

This article presents a user friendly simulation model that is dedicated to managing the security checkpoint at 

the airport. The model focuses on the assessment of the system in terms of service quality. The model takes 

into account the quality standards set by IATA. The use of the model allows to check whether the IATA 

standards will be met for the assumed schedule of security control lanes. Numerous configurations can be 

checked. These options will allow to choose the most optimal option for the process manager. The model has 

been developed on a macroscopic scale. It does not require the collection of detailed data that pertains to 

subsequent inspection activities. This makes it easy to implement it at any airport with a centralized structure. 

This model will be further developed to search for the best schedule autonomously. 
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Abstract 

The main purpose of this paper is to identify and evaluate the economic and political conditions for the 

development of intermodal freight transport in cross-border area, based on example of European grouping of 

territorial cooperation TRITIA, Ltd. The decision to establish EGTC TRITIA was made by the leaders of the 

four regional governments of Moravian - Silesian Region (CZ), Opole Voivodeship (PL), Silesian Voivodeship 

(PL) and Žilina Self - governing Region (SK). Vision of TRITIA is maximising the use of the geographical 

position of the partner regions for their economic development supported by appropriate development of cross-

border transport infrastructure and transport using endogenous potential of the cooperating regions and taking 

into account the needs of transport accessibility and safety, while respecting friendly approach towards the 

environment. The PESTEL method was used to study economic and political conditions. The analysis was 

based on the analysis of strategic documents, regulations and sectoral reports. In addition, several interviews 

were conducted with key stakeholders involved in the development of intermodal transport. The research is 

part of a project to create a strategy for the development of intermodal transport for the TRITIA area, 

implemented as part of the TransTritia project.  

Keywords: Cross-border region, freight transport, macroeconomic conditions, PESTEL analysis 

1. INTRODUCTION 

Negative effects of transport such as pollution, climate changes, noise, congestion on roads and accidents are 

problems for the economy, health and prosperity of the European citizens. Within the next decade, it is 

expected that the road cargo transport will increase by ca. 40 % [1]. Now, the EU transport policy is oriented 

at reduction of road transport towards less polluting and more energy-efficient means of transportation. 

Significant support of intermodal transport development is key in this case. Note that, gradual removal of 

barriers, unnecessary differences related technical and administrative standards as well as competition 

obstacles, such as price policy, taxes and charges, are the part of the process of creating the actual European 

transport area, covering all types of transport [2]. National government and local self-governments play an 

essential role in these operations. However, challenges related to cargo transport in Europe depend not only 

on consistent policy of individual countries but also on specific projects and regulations of cross-border regions. 

In order to respond to such challenges, the European Grouping of Territorial Cooperation [3,4] TRITIA initiated 

the preparation of the intermodal transport development strategy for the cross-border region of Czech 

Republic, Poland and Slovakia. One of the first stages is evaluation of conditions affecting this type of transport. 

The main objective of the paper is the analysis of political and economic aspects affecting development of 

intermodal transport within TRITIA area. The studies partially included the PESTEL method that evaluates 

political, economic, social technological, ecological and legal aspects. Narrowing down the study subject is a 

result of wide range of operations that go beyond the volume of a single paper. Separate paper presents 

analyses of social, ecological and technological areas as a partial result of project analysis concerning 

intermodal transport development strategy within TRITIA area. 
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2. DEVELOPMENT OF INTERMODAL TRANSPORT WITH CROSS-BORDER REGIONS 

The European Commission assumes, in the White Paper on transport system within the European Union to 

2050, a transfer of up to 30 % of road cargo transport to 2030 and over 50 % to 2050 to railway or water 

transport [5]. Dynamic development of intermodal / combined transport is to assist in this matter. Advantages 

of intermodal transport are unquestionable. As you may read in the literature concerning the subject, 

intermodal / combined transport makes possible to [6,7,8,9]: reduce transport costs, especially fast and on 

time delivery of cargo, particularly within international haulage, reduce cargo damage risk, increase of options 

related to one time delivery of larger batch of cargo, more availability and better quality of transport services, 

increase of available number of transport options, apply different forms of loading and unloading, limit 

environment pollution through reduction of exhaust gases emission, reduce noise, etc. However, we need to 

realize that things perceived as optimum from the system standpoint do not necessarily satisfy companies 

operating on such market, especially those engaged with road transport. That is why, the following elements 

have key impact on development of this kind of transport within most of the EU countries: 

 road traffic law, which is more restrictive against drivers and trucks within safety, ecology, time of drivers 
work,  

 preferences of forwarders and operators within international transport contracts,  
 scope of assistance provided by the state for undertakings related to development of combined / 

intermodal transport. 

The paper focuses on the assessment of intermodal transport development options within cross-border areas. 

Wide development of European transport corridors necessitates not only the coexistence and cooperation of 

various transport sectors but also international cooperation, the essential objective of which is the elimination 

of restrictions resulting from the existence of national borders. This means a wide spectrum of international 

activities of the administration and self-governments within the scope of cross-border cooperation. Such 

cooperation is aimed at common projects developing transport infrastructure, eliminating bottle-necks, 

especially on borders, coherent regulations and rules facilitating smooth flow of cargo, etc. Cross-border 

cooperation is based on overcoming national borders as social, economic, infrastructural and cultural barriers. 

It is assumed that cross-border and inter-regional cooperation not only improves flow of cargo or unifies 

regulations but also strengthens good-neighbourly relationships between the countries, reinforces stability and 

assures partnership and sustainable social and economic development [10,11]. From this perspective, the 

cross-border region, from the institutional standpoint, is treated as an organization (entity), that has: specified 

functioning grounds (political, legal, economic, social and cultural, etc.), defined objective, organizational 

structure, decision making system, seat and uniformly defined limits, separating the region from the 

surrounding. In turn, subjective scope of the regions is most often related to characteristics of the geopolitical 

region, the essence of which consists in the existence of bonds of objective character - international and 

transnational, concerning the political, economic, social and cultural issues. Geopolitical region is constituted 

also by relations of subjective character, related to the will of the interested countries and societies to undertake 

cooperation. Regional cooperation of the countries shows specified dynamics, it may also take the form of 
international legal and institutional frameworks. One of institutional examples created in Europe is the 

European Grouping of Territorial Cooperation (EGTC) that has been established in order to facilitate cross-

border, supranational and interregional cooperation between member states and their administrations at the 

regional and local level. EGTC allows the partners to implement common projects, exchange experience and 

improve coordination of spatial planning. 

3. SUBJECT, OBJECT AND METHOD OF STUDIES  

The subject of the study is evaluation of political and economic conditions affecting intermodal cargo transport 

development within cross-border region. The study covered the cross-border area of Poland Czech Republic 

and Slovakia, concentrated within the European Grouping of Territorial Cooperation - TRITIA. The European 
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Grouping of Territorial Cooperation (TRITIA (EGTC TRITIA) has been established on 25 February 2013 by the 

decision of the Minister of Foreign Affairs of Poland No. 1 / 2013 on EGTC TRITIA and entered to the European 

register of territorial cooperation groupings kept by the Ministry of Foreign Affairs. Decision concerning 

establishment of EGTC TRITIA has been made in 2009 by the leaders of the following self-governments: 

Moravian-Silesian Region (CZ), Opole Province (PL), Silesian Province (PL) and Zlin region self-government 

(SK), based on which the one took steps to establish the Grouping. Decision of the leaders was based on 

positive experience related to cross-border and interregional cooperation as well as impact of this cooperation 

on the quality of life of cross-border regions citizens. 

The PESTEL method was used for the studies. The analysis is aimed at evaluation of macroeconomic 

environment of organization, including Political, Economic, Social, Technological, Environmental, Legal 

aspects [12]. The paper is focused on political, legal and economic aspects that affect intermodal transport 

development in a special way. Without specified policy, legal stipulations and economic solutions, development 

of intermodal transport would be impossible. The study consisted of three stages: 

 Characteristics of political, legal and economic aspects within TRITIA area based on statistical data, 
legal acts, policy and strategies at the European, national, regional and local level, reports; 

 Identification of major opportunities and threats within political and economic field concerning TRITIA 

areas in the context of intermodal transport development;  

 Discussion of the results based on forces field analysis. 

The study was based on broad analysis of strategic documents, regulations and reports. Within the second 

and third stage, one performed an identification and expert's evaluation, which were verified during two 

workshops with partners from Czech Republic, Poland and Slovakia.  

4. POLITICAL AND ECONOMIC CONDITIONS RELATED TO INTERMODAL TRANSPORT 
DEVELOPMENT WITHIN TRITIA AREA 

4.1. Economic conditions 

The first aspect of the studies is the economic aspect. The most often analysed issues in this case are: inflation, 

interest rates, economic growth, unemployment rate, employment policy and business cycle of the state.  

The transport sector is the impulse for economic growth and significantly contributes to functioning of 

economies of all countries, including the cross-border region - TRITIA. The expected GDP growth (from 4-5 % 

per annum) is driven mostly by a consumption (fixed growth factor), investment (impact conditioned by political 

situation) and export, as well as impact of the European funds (up to 2020) [13]. This increase has a positive 

impact on development of cargo transport. However, within all TRITIA countries, it is necessary to increase 

GDP expenditures on construction and modernization of transport infrastructure with particular emphasis on 

railway and inland navigation. Within the analysed region, both within recent years and in the forecasts 

included in strategic documents, one may notice development of transport infrastructure with consideration of 

its various branches (the greatest current increase was related however to inland road infrastructure). These 

investments are supported from many sources; national and regional to less extent whereas the major 

resources are provided by the Union funds. In Poland, the Operational Programme Infrastructure and 

Environment (2014-2020) [14] uses mostly the Cohesion Fund and supports key infrastructure elements 

(roads, railway lines and water routes) located along the TEN-T corridors. Within the priority axis 3, it supports 

road and air transport within TEN-T networks as well as solutions related to sea, inland water and intermodal 

transport and within axis 4 - within cities, axis 5 - railway transport. In case of regional infrastructure, the 

Regional Operational Programmes using the resources of the European Fund for Regional Development are 

the most important. The Connecting Europe Facility (CEF), which is to support investments in construction of 

new or restoration and modernization of the existing infrastructure, is an important source of funds used for 
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implementation of the European policy within the scope of transport infrastructure. With reference to sources 

of funding in Poland, common ground of public financial support for infrastructure is the National Road Fund 

and Railway Fund. The investment development can also be affected by the public and private partnership 

projects, if proper cooperation policy between public entities and private partners can be provided. Now, we 

need to underline that the risk related to financial support of this type of investment is significant, especially 

when it comes to long-term perspectives.  

Support for transport within the scope of cross-border cooperation is also financed from Interreg programs 

(mostly in order to ensure proper cooperation without direct support for transport infrastructure [15]) and 

Central Europe (to improve planning and coordination of regional passenger transport systems for 

better connections to national and European transport networks; to improve coordination among freight 

transport stakeholders for increasing multimodal environmentally-friendly freight solutions [16]). The Transport 

Policy is the financial support source for regional projects related to transport in Czech Republic [17]. In 

Slovakia, the Operating Programme Integrated Infrastructure provides the financial support source for regional 

projects related to transport [18]. 

The issue of taxes is also an element that shapes the economic aspect. Current and predicted tax policy, 

customs and road charges are an obstacle to some extent in the development of cargo transport, mostly due 

to various charges that are imposed on companies. On the other hand, the expected charges imposed on 

inland road transport suggest positive impact on intermodal transport development. Fuel tax and road charges 
(for transfer) represent a significant part of operational costs of companies within the TSL sector. Depending 

on the company profile, type of fleet as well as territorial coverage, share of fuel in costs is variable and 

represents 60 % to 30 %.  

The issue related to impose charges for road infrastructure is regulated in the Directive 1999/62/EC of the 

European Parliament and Council, changed by the Directive 2006/38/EC [19]. It permits the road charges 

system the rate of which is based on infrastructure costs (construction, operation, maintenance and 

development) and does not allow to consider external costs in the charges for transfer (congestion; change of 

climate; noise; accidents; pollution of air, water, soil; land occupancy). Costs of haulage companies operations 

within the investigated countries, especially in Poland, may also increase based on the planned introduction 

of emission customs (imposed on all fuels - petrol, Diesel oil), which, by supporting the budget, are to be used 

to fight smog and develop low-emission transport.  

Costs of haulage companies operations increase also remunerations of employees, due to the so called 

employee market. Remunerations within the TSL sector have increased within the last 5 years. There still is 

not enough logistics specialists and there is clear employee market, similar to the one in the IT sector. Due to 

increasing meaning of the TSL sector within the studied economies, it is expected that this growth tendency 

will be maintained. Now, trends suggest that within a few years, the transport and logistics sector will struggle 

with shortage of qualified and non-qualified labour force, which fact may weaken its efficiency. 

The rate of motorization rate is also associated with the progress of road transport and individual road 

transport, which shows yearly growth trends in every European country. Automotive offensive in Poland 

caused that our country grew into the leader of Central and Eastern Europe (539 cars per 1000 inhabitants, 

while in the Czech Republic - 450, and in Slovakia - 375). 

4.2. Political conditions 

The second studied aspect is the political and legal aspect. The following aspects are most commonly studied 
ones within this area: scope of policy, strategy and regulations; evaluation of government intervention level; 

range of support for business; protection against unfair competition, etc. 

Within recent years, transport represented a significant area within the created development policy of Europe. 

It was one of the first domains covered by the common EU policy. The basic normative document is "White 
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Paper" published by the European Commission on 28.03.2011 (previous revisions were developed in: 1985, 

1992, 1998, 2001) [5]. Program, defined in the document, is an element of the "Europe 2020" strategy. The 

premise to publish the White Paper is "establishment of uniform European transport area - a strive to attain 

competitive and resource-saving transport system". The document includes 10 objectives aimed at creating 

competitive and resource-saving transport system, formulated within three areas [5]: development and 

introduction of new fuels and driving systems in conformity with the principle of sustainable development; 

optimization of operations of multimodal logistic chains, i.e. through better utilization of energy-saving means 

of transportation; increase of effectiveness of transport and infrastructure utilization through information 

systems and market incentives. 

The vision of the transport system included in the White Paper shows the increase of public authorities interest 

in this economy sector regulations. This is even more important because based on the mid-term review of the 

White Paper in 2015, it is found that the objectives of the White Paper are very ambitious such that some of 

them seem to be unreal. At the same time, one emphasized that the pace of their implementation, especially 

by member states, is not satisfactory and with reference to the studied cross-border regions, not coherent 

enough.  

Policies and strategies of TRITIA member states concerning transport development, including intermodal 

transport are on similar level. Guidelines of Polish transport policy go hand in hand with the EU transport policy. 

The main documents presenting the most important problems and directions of development: Transport 
development strategy 2020 (with the perspective to 2030) [20] and Strategy for Responsible Development 

[21]. 

Except for the mentioned documents, one emphasizes a series of additional papers that include a diagnosis 

and directions of transport development. Unfortunately, multitude of strategic documents cause hindrances 

with coherence of the proposed operations and their hierarchization and integration.  

Similar situation can be observed in Czech Republic and Slovakia. A document of the Ministry of Transport of 

the Czech Republic - The Czech Republic's Freight Transport Concept for the period 2017 - 2023 with a view 

to 2050 is currently considered a basic shift. The document deals with the transition to alternative fuels, creating 

a fairer market environment, improving the technical condition of the infrastructure, etc. It is comprehensively 

conceived material with a list of all the problems that need to be addressed. However, the deadlines are usually 

set for the development of follow-up documents and measures, for example, in the area of public logistics 

centres, a robust shift can’t be predicted. With the view to 2030, it is only possible to assume the completion 

of some sub-projects and document processing, not a major shift in the quality of the infrastructure on some 

of the cohesive strokes. As an example, it is possible to mention in the TRITIA area the Ostrava railway node, 

which has been projected since 2013 and the project documentation has not yet been completed. In Slovakia 

the main strategic document is Strategic Transport Development Plan of the Slovak Republic up to 2030.  

Unfortunately, in spite of the EU transport policy stipulations, there still was a dynamic development of road 

transport within TRITIA area. This is also related to omission of inland water routes (except for small fragments 

of lower sections on Vistula and Oder Rivers) in the European transport network TEN-T. Analysis of transport 

operations implemented on Czech, Polish and Slovakian markets shows that despite the undertaken 

endeavours, there is still missing coherent and efficiently functioning transport system integrated with the 

European and global system in these countries. Frequent lack of consequence related to implemented task, 

lack of clearly detailed priorities and selective implementation of the EU demands is still emphasized, which 

fact causes that the TRITIA regions distance in relation to the EU is significant within many fields of transport 

and the directions of development presented in the White Paper are implemented rather selectively. The Polish 

transport policy underlines mostly the errors related to delays in implementation of the program, lack of 

consequence, scattering of financial resources, low financial support, reduction of the planned range of 

remuneration and application of substitute and temporary solutions. Czech Republic and Slovakia underline 
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missing documents and complementary activities, i.e. legislative process schedule, target level of infrastructure 

capacity or schedule related to implementation of investment. 

Analysis of strategic documents on the regional level showed that the objectives are focused around: 

transportation availability, transport competitiveness and transport sustainability [22]. However, the attitude 

towards individual objectives is very different - the first issue is usually discussed in every detail with 

identification of investment plans, however the second and third are discussed in general or sometimes even 

not included in documents at all. Unfortunately, it is difficult to see solutions satisfying the challenges of 

intermodal transport within TRITIA cross-border area in these policies. The implemented studies show 

significant discrepancy not only between strategic goals (despite of similarities in the wording), but also 

between information that is collected in order to evaluate cargo transport development.  

Development of assistance programs supporting intermodal transport is a positive accent. As highlighted by 

the studies, development of transport system according to the principles of sustainable development and 

sustainable movement within the studied cross-border region, is possible by introducing comprehensive 

means supporting and promoting intermodal transport development. Until full internalization of external costs 

(transport), strategic links within the transport system should be financially supported by the state. It is desirable 

and reasonable to create complete and cohesive packages, covering organizational, legal, administrative as 

well as financial and economic instruments that would strengthen intermodal transport development Examples 

from Austria, Germany or France provide a wide range of tools that can be used [23]. There are four operations 
supporting better utilization of intermodal solutions at the EU level: 

 Internalization of external costs within all types of transport. Social and environmental costs of transport 

should be paid according to the principle "party that pollutes - pays". 

 Investments oriented at physical infrastructure in order to provide better links between individual modal 

networks. 

 Improvement in gathering and using information (concerning traffic, capacity, infrastructure availability, 
location of cargo and vehicles). 

 Direct support for intermodal transport, according to the directive on combined transport (Council 

Directive 92/106/EEC) which is to increase competitiveness of combined transport. 

In Poland and Czech Republic, support for intermodal transport is related first and foremost to: 

 Construction and modernization of intermodal terminal infrastructure, including terminals located at 
logistic centres and sea ports together with dedicated railway and road infrastructure; 

 Purchase and modernization of devices necessary to operate the intermodal terminals; 

 Purchase or modernization of telematic and satellite systems (hardware and software) related to 

intermodal transport including implementation expenditures; 

 Purchase or modernization of railway stock including traction locomotives and special wagons used for 
intermodal transport (flatbeds). 

In Slovakia, the scope of support is not regulated. 

Another element of intermodal transport development is development of cooperation [24]. The example can 

be European groupings for territorial cooperation established based on the decision (EC) No. 1082/2006 of 

the European Parliament and Council of 5 July 2006 on the European Grouping of Territorial Cooperation 

(EGTC) and decision (UE) No. 1302/2013 of the European Parliament and Council of 17 December 2013 

changing the decision (EC) No. 1082/2006 on EGTC with reference to explanation, simplification and 

improvement within creating and functioning of this type of groupings. Example of such cooperation is EGTC 

TRITIA, of area 24 566.09 km² and almost 6.5 million citizens. The territory of the grouping consists of two 

cities with over 300 thousand citizens - Katowice (PL) and Ostrava (CZ). Two large areas of urban 

agglomerations in cooperation with Zlin (SK) are bound by intensive cooperation at the economic and social 

level. Location of EGTC TRITIA along the transport corridor Baltic - Adriatic opens new opportunities for 
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investing and creating interregional bonds. The grouping area includes seven universities, highly developed 

higher education as well as environment fostering innovativeness as well as research and development 

activities. Due to relationships between different entities operating within EGTC TRITIA as well as due to 

common challenges, there is a major potential to increase intensity, systematization and multilateral 

cooperation of partner regions. The main objective of the grouping within the transport area is related to 

maximum utilization of geographic location of partner regions for their economic development, supported by 

proper development of cross-border transport infrastructure and transport, using endogenous potential, 

potential of the cooperating regions and considering the need of availability and safety with simultaneous 

consideration and friendly approach to natural environment. The EGTC TRITIA assumptions seem to be noble, 

however, in practice, individual regions (even though they are the grouping partners) do not show such 

intensive activity. Development of intermodal transport development strategy within the EGTC TRITIA project 

is the first large project, but participation of regional and national authorities is poor. The largest activity within 

this scope is manifested by national and regional authorities of Czech Republic.       

5. RESULTS AND DISCUSSION 

Analysis of economic and political conditions affecting intermodal transport development within the cross-

border TRITIA region allowed for identifying major opportunities and threats emerging from this area. Synthesis 

(see Table 1) first and foremost underlines these conditions which are common for the investigated countries 

and cross-border regions of Czech Republic, Poland and Slovakia.   

Table 1 Opportunities and threats for intermodal transport development in TRTIA area  

 Political factors Economical factors 

Opportunities  Stability of the EU politics (security, duty-free 
union) 

 Development of cooperation within the studied 
cross-border area (intensification of 
cooperation of entities in the TRITIA cross-
border area)  

 An integrated transport policy of the European 
Union that includes intermodal transport 

 Economic growth (GDP growth)  

 High fuel price (opportunities for more 
ecologic modes) 

 New investors and investments 

 Taxes and fees (for roads and HGVs) 

 Support programs 

 The reduction of external transport costs 

Threats   Lack transparent-ness political  

 Legislative restrictions and high bureaucratic 
duties  

 Lack of a unified transport policy in the studied 
area  

 High fuel price (increasing of road freight 
transport costs) 

 Lack of specialists on the market 

 Increase of motorisation rate 

Source: own elaboration.  

Factors given in the table has been evaluated during expert's workshops shared by researchers from 

universities, representatives of business surrounding institutions from Poland, Czech Republic and Slovakia 

as well as two representatives of TRITIA grouping. Based on the force field analysis, one performed an 

evaluation of forces fostering and limiting intermodal transport development within the given area (see 

Figure 1). One also adopted a 0 - 3 scale, where 3 is the greatest impact, 2 - average impact, 1 low impact, 0 

- no impact. 

Important forces fostering (evaluation 2, 3) intermodal transport within TRITIA region include: general 

economic growth, thus the increase in transported cargo and new investments; stability of the European policy 

and transport development strategies at the European and national level as well as development of 

cooperation within the studied cross-border area. The issue of cross-border cooperation with the Czech 
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Republic and Slovakia is discussed in the strategic documents of the Śląskie Province. Unfortunately the cross-

border approach to the development of the transport system is weakly emphasized. The issue of integration 

of transport systems in border areas, including the competitiveness of these systems and sustainable mobility 

and transport, is tackled to a low degree. It seems that this is the result of strategy building in a hierarchical 

way, which leads to polarization of regional strategies in the national direction, while local and regional 

transport initiatives are marginalized.  

 

Figure 1 Force field analysis of economic and political factors (own elaboration) 

It is also necessary to show the limiting forces in the form of missing common programs and projects, especially 

on regional level that develop cross-border cooperation. Regulations on the Union level (average positive 

impact) cannot be translated to standards and unified regulations applicable in neighbouring countries (high 

decelerating impact). Taxes and other external costs have both positive and negative impact on intermodal 

transport development; positive because the rate of charges inspires to using different types of transport and 

negative because most of the charges is related to road transport, which is part of intermodal transport. The 

support programs have a definitely positive effect on the development of intermodal transport. 

Missing specialists on the market represents major negative impact on intermodal transport development. 

Unfortunately, this factor will intensify in time.   

6. CONCLUSION 

According to PESTEL analysis and force filed assumptions, it is necessary to present operations that use 

opportunities and driving forces and to limit or reduce threats or decelerating forces. The key solution with 

reference to intermodal transport development within the given TRITIA regions is cooperation both on sector 

level (between TSL companies) and between cross-border regions and the state administration. Cooperation 
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of the first ones depends to high extent on development of the European policy, which is relatively stable and 

on the national and regional policy, which is unfortunately not coherent. Cooperation on strategic and 

administrative, institutional and organizational level is key in this case, and would allow for preparing and 

implementing unified regulations and infrastructural projects. The first problem is lack of specialists. It is 

necessary to develop vocational schools and faculties on universities. This is another scope of cooperation 

which the regional authorities are mostly responsible for.  

As the partial PESTEL analyses showed, the future of intermodal transport depends to high extent on 

operations of regions, and in this example, on cross-border regions supported by national policies. The 

remaining conditions form a complete image of forces driving and decelerating development of this transport 

and represent grounds for future works over intermodal transport development strategy within TRITIA region.  
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Abstract  

In order to maintain their position on the market, enterprises are forced to constantly improve every sphere of their 

activity. The aim of this work was to identify and analyze the needs of improvement, perceived from the perspective of 

superiors and employees directly involved in the processes of providing services in a selected distribution center. It 

allows to identify areas affecting distribution processes and to determine on this basis the model of initiating improvement 

actions. The implementation of the work objective was based on surveys conducted in a purposely selected distribution 

unit. In order to identify places requiring improvement, a process map was created and the SERVQUAL method was 

used to assess the quality of services provided. The results of the research allowed to determine the occurrence of 

possible disturbances of the process in its individual stages and enabled the identification of areas requiring the 

development of new standards. 

Keywords: Improvement, distribution center, SERVQUAL 

1. INTRODUCTION 

In view of the significant role and growing demand for logistic services in the economy, as well as the increasing 

competition in the market, the level of quality of processes carried out is gaining an increasing importance. 

Creating a value in supply chains involves a high quality of rendered services, assuring customers' loyalty and 

acquiring and maintaining the competitive advantage. So defined goal require the creation of conditions for the 

efficient flow of goods, which will assure the reliability of deliveries and the shortening of the cycle [1,2].  

The increased intensity of the goods stream flow, the progressing work specialization, the need for enhancing 

the customer service level and the price pressure, are basic market phenomena that provide a basis for 

establishing logistic centres. The distribution zone, in particular, is the determinant of the effectiveness of 

supply chains. Using a centralized distribution model that involves sending products from production plants, 

through logistic facilities, to retail sale outlets served by a specific distribution centre, allows an enhancement 

of the customer service level and a cost reduction [3,4]. In line with the main objective of the distribution centre, 

which is the performance of the integration function that enables the synchronized flow of resources and 

related information, its basic aim is to enhance the the effectiveness of processes and to create a value within 

the supply chain [5]. A significant role in achieving so formulated goal is played by the measurement and 

assessment processes being carried out. Information obtained from individuals directly involved in the 

processes and engaged in creating values for the customer may provide a starting point for undertaking 

activities to enhance the quality of provided services [6-8].  

The purpose of this study was to identify and analyze the need for improvement, as seen from the perspective 

of supervisors and employees directly involved in service provision processes in a selected distribution centre. 

The article has made an attempt to isolate factors that, in the view of the workers (supervisors and employees) 

should be covered by improvement actions. The research was carried out in one of the seven distribution 

centres belonging to an international corporation that serves 2200 retail sale shops offering house and garden 

equipment articles to customers. 
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2. IDENTIFICATION OF PROCESS IMPROVEMENT NEEDS 

The need for improvement in various sections of an organization usually differs; the same process may be 

assessed differently from the outside (the perspective of customers or other stakeholders), and differently from 

the inside (the assessment by workers being executive or auxiliary links of the process). These two types of 

entities (external and internal) can indicate the need for improving other areas of a given process or propose 

a different scope for them. Therefore, the assessment of a specific process/area of functioning of an enterprise 

needs to be made from two perspectives (employees and supervisors). Only such an approach does allow the 

implementation of improvements that actually enhance the quality of effectiveness of a given process/area of 

functioning of an enterprise. To investigate which factors of the examined process determine the effectiveness 

of processes occurring in the organization (Distribution Centre), a survey was carried out to find the opinions 

of respondents from individual inquiry groups on the functioning of processes and the need for, and feasibility 

of their improvement. As respondents, individuals were selected, who were directly involved in the processes 

taking place in the examined Distribution Centre, because, being aware of the distribution system's problems, 

they could give a reliable response [cf. 9, 10].  

To identify the areas, where there was a need for changes, at the first stage of the study, a simplified map of 

processes occurring in the examined Distribution Centre was developed based on the workers' survey, with 

the determined directions of goods and information flows between processes and the identified locations, 

where errors are most often made (Figure 1). 

 

Figure 1 A simplified map of processes in the Distribution Centre under study; Source: [11] 

The developed process maps was used for isolating areas which, in the workers' view, require the 

implementation of improving actions. From the survey carried out, 250 questionnaires were obtained, including 

203 from workers of the so-called lower level and 47 from their superiors (the managerial level and above). 

The survey was based on ranking evaluation. To obtain their opinion on the examined process, the 

respondents were asked which one of the listed factors was in their view the most important from the point of 

view of the need for process improvement. As a result, the following distribution process areas requiring 

improvement were distinguished: delivery timeliness (TK), distribution process efficiency (WP), information 
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flow between individual process participants (PI), information technology effectiveness (IT), supply chain 

effectiveness (ED), resources control effectiveness (ES), equipment utilization (UT). The need for 

implementing improvements in respective areas was determined by using scores from 1 to 7, respectively, 

from no need for introducing any change (improvement), to a paramount need for introducing an improvement. 

The results, expressed in percentage terms, are shown in Table 1. 

Table 1 The structure of ratings [%] of the importance of needs for making improvements in a selected  

  distribution  

Inquiry group Rating 
Denotation of factors 

TD WP PI JT ED ES UT 

E
m

p
lo

y
ee

s 

1 0.0 7.7 0.0 26.9 23.1 0.0 42.3 

2 0.0 11.5 3.8 30.8 34.6 0.0 19.2 

3 7.7 7.7 0.0 30.8 26.9 0.0 26.9 

4 3.8 26.9 15.4 7.7 11.5 23.1 11.5 

5 23.1 15.4 34.6 3.8 0.0 23.1 0.0 

6 34.6 11.5 26.9 0.0 3.8 23.1 0.0 

7 30.8 19.2 19.2 0.0 0.0 30.8 0.0 

S
u

p
e

ri
o

rs
 

1 0.0 0.0 0.0 18.2 27.3 9.1 45.5 

2 9.1 18.2 9.1 0.0 36.4 9.1 18.2 

3 9.1 27.3 18.2 0.0 0.0 36.4 9.1 

4 18.2 0.0 9.1 27.3 27.3 18.2 0.0 

5 9.1 9.1 45.5 9.1 9.1 18.2 0.0 

6 9.1 18.2 9.1 36.4 0.0 0.0 27.3 

7 45.5 27.3 9.1 9.1 0.0 9.1 0.0 

When examining Table 1, the most frequent ratings can be indicated, which were chosen for particular factors. 

These are shaded in the table. Moreover, the percentage results show that important in determining the needs 

for improvement are, in the opinion of the Distribution Centre's workers, two factors: delivery timeliness (TK), 

and resources control effectiveness (ES). For they obtained 30.8 % of the respondents' votes for the highest 

rating "7", each. However, if we consider the total indications for the ratings 6 and 7 (denoting, respectively, a 

very great and great need for changes), the largest fraction of responses (65 %) falls to the factor delivery 

timeliness (TK). The next important factor is the information flow between individual process participants (PI), 

with 34.6 % of votes given to rating 4. At the same time, the delivery timeliness (TK) and information flow (PI) 

are the factors that obtained the largest number of votes also among supervisors, namely, 45 % for rating 7 

and 45 % for rating 5. It should also be added that the respondents were of one mind in their assessment of 

the equipment utilization (UT) factor. In all inquiry groups, this factor obtained the largest number of ratings 

"1".  

An important element contributing to making decisions on the development of the examined Distribution Centre 

is a conducted survey of the quality of provided services. In that case, quality is regarded as the difference 

between the expectation and experience of workers directly involved in the processes carried out within the 

framework of service provision. The survey used a set 22 of factors included in the SERVQUAL method, which 

were classified into five respective groups of determinants, namely: material service infrastructure, service 

reliability, service providers' sensitivity, service assurance, and customer need awareness [12,13]. The 

developed survey was based on ranking evaluation. The results for five examined areas of the SERVQUAL 

method, broken down into supervisors and employees, are illustrated in Figure 2. 
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Figure 2 Arithmetic mean results for five surveyed areas of the SERVQUAL method 

The obtained survey results enabled the identification of those areas and factors which, in the worker's view, 

require improvement. In addition to the general assessment of the quality level of provided services, they also 

identified the service areas that are the most important to the worker. They showed also some shortcomings 

in the service provision process, which need to be addressed by the organization under study. The highest 

level of satisfaction was obtained in the material infrastructure area (furnishing with modern equipment). This 

shows that the examined Distribution Centre knows and understands both their needs and the market 

requirements. Constant technological changes towards the optimization of processes require investments in 

the appropriate base and modern technologies, which are being implemented by the Distribution Centre. In 

view of the diversity of stored goods, ranging from very small to large-sized ones, the Distribution Centre 

implemented equipment to assist in the order completion process. For example, by introducing special 

pneumatic suction cups it was possible to take an appropriate number of packages from the store and to place 

them on a pallet on an internal transport means, practically without any effort from the warehouse worker. 

Installed warehouse operation-aiding devices contributed to enhancing both the productivity and quality of the 

personnel's work, and, to some extent, to preventing possible delays due to goods completion. This area was 

highly assessed by both the employees and their superiors at, respectively, 1.35 and 1.42. The lowest 

satisfaction, also in both inquiry groups, was obtained in two areas, i.e. speed and reliability. In these areas, 

the least significant factor, whose improvement will considerably contribute to the efficient organization of the 

distribution system, is, in the respondents' opinion, the delivery timeliness. In this case, increasing the number 

of logistic operators, both in the distribution centres and in the organization's sales network outlets, would 

considerably contribute to an improvement in the efficiency and timeliness of deliveries. An important 

distribution process area which, according to the inquired workers, requires improvement, is the flow of 

information between process participants. With that large number of orders being carried out, the proper flow 

if information between supply chain links should be assured. The respondents pointed out to the unawareness 

of the importance of the flow of information on the time and place of unloading among the logistic operators, 

which generates problems with delivering goods to the appropriate place at the appropriate time. Due to the 

delay in transport, the completed orders are waiting to be loaded onto external transport means on specially 

designated depository lines. Clogged depository lines generate problems in the utilization of storage area and 

the tardiness of deliveries. Therefore, by placing great emphasis on these factors it will be possible to prevent 

delays in planning, supervising and carrying out orders, which, as a result, will improve the reliability of provided 

services. By contrast, as far as the empathy area is concerned, the situation is different; here, the arithmetic 

means of service satisfaction among the employees is around 0.45, while among the supervisors it is at 1.45. 

This means that it would be good to take some measures to increase the employee satisfaction. A similar 
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situation is for the expertise area. It is therefore advisable that the organization, suggested by the above results, 

should work on improvement actions in the area of organizational culture, in a broad sense. To sum up, its 

should only be emphasized that the general level of service satisfaction is satisfactory, as evidenced by the 

absence of negative results for the calculated averages. Actions towards the improvement in worker 

satisfaction will help even more reinforce the position of the organization under study [14,15]. 

3. CONCLUSION 

The main role in the identification of improvement needs is played by a detailed identification of the course of 

processes that create a value for the customer. The analysis of the processes and the assessment of the 

factors that determine them to the greatest extent provide the basis for the identification of areas which are the 

most important from the point of view of undertaken improvement actions. The identification of the factors 

requiring improvement in individual areas provides the basis for undertaking corrective actions. Among the 

seven factors considered in the study, the most important for the examined organization from the point of view 

of improvement needs have turned out to be the delivery timeliness and the resources control effectiveness. 

The next important factor is the flow of information between individual process participants. Its should also be 

emphasized that improvement needs in this area have obtained a similar ranking, both for the workers and for 

their superiors. In the surveyed groups of workers, the improvement need in the technical equipment area has 

been ranked the lowest, due to the high level of equipment used in the examined organization and technical 

solutions implemented systematically to streamline the conducted processes. 

The analysis made by the SERVQUAL method, on the other hand, constitutes a complement to the results of 

the survey of improvement needs for individual areas. For it contains the results of the evaluation of the workers 

and their superiors, being the difference between the expectation and the experience of workers involved in 

carrying out processes in the areas of speed, reliability, material infrastructure, expertise and empathy. The 

obtained results largely correlate with the results obtained from the assessment of improvement needs. 

Its should be underlined, at the same time, that the attempt made in the study to identify the improvement 

needs, has been carried out based on external sources of improvement. Therefore, it does not show the 

process improvement areas and capabilities in a complete manner. An important aspect is extending the study 

to obtain information from external improvement sources that contain the opinions and assessments of 

customers, whom the services are provided. 
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Abstract 

The article aims at presenting competences of the cross-organizational project teams managers in supply 

chains, that is such teams whose members are employees of at least two companies in the supply chain. This 

article presents the results of the survey carried out in 56 entities which are the links of the supply chains 

located in Polish. Among the studied entities, 11 cases of cross-organizational project teams were identified 

and the authors concentrated on this group of companies in the article, which is reflected in the second part of 

the paper. 

Keywords: Project teams, cross-organizational project, project manager, competences 

1. INTRODUCTION 

The success of supply chains is primarily dependent on the ability to integrate and coordinate the activities of 

the network participants, in particular the flow processes of product, information and financial resources from 

the acquisition of raw materials, to the places of consumption, which (as is stressed in the literature of the 

subject) contributes to the creation of a competitive edge of a supply chain and its customers. The 

interoperability of the various actors in the supply chain is based primarily on the variety of standardized 

processes, but more and more often also on projects. The research conducted by the authors show that the 

tool for merging and joining operations of supply chain entities is setting up and the maintaining the operation 

of cross-functional and above all cross-organizational project teams therein. 

The success of the project depends on several key factors for success. One of them is a competent manager 

(leader) of the project team [1-3]. The project can be well thought, the people committed to its execution can 

be high class specialists with experience in the implementation of other projects, but if the efforts of all 

participants and the coordination of resources are not effectively managed, the project may exceed the budget, 

go beyond the planned schedule, do not provide the expected quality in the execution of tasks. An 

unambiguous definition of the project manager does not exist in the literature. The literature review also causes 

difficulty in extracting the universal obligations and the expected competencies of a project manager, also 

there are not any studies demonstrating the role and characteristics of the project leader in the supply chain. 

Therefore, the aim of the article is to present the competences of managers managing cross-organizational 

project teams in supply chains. 

2. LITERATURE REVIEW 

The question of the integration of the individual links in the supply chains in relevant literature is widely 

discussed and the theoretical papers are abundant with the structured lists of integration tools, developed on 

the basis of various criteria for their classification. In most cases, their common feature are joint activities of 

various actors in the supply chain, understood as the range of expansion of the organization boundaries in 

order to spread them over the partner. One of the tools that allow to merge and join the operations of supply 

chain is setting up and the maintaining the operation of project teams therein whose business relate to at least 

two companies in the supply chain. In the literature it is stressed that the most effective internal integration tool 
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in the company is setting up cross-functional teams [4-6] in order to build bonds between people representing 

different organizational units. Sometimes it happens, that team members are the representatives of suppliers 

or customers, then the cross-organizational team becomes a tool for the external integration, and thus the 

team work can promote both the development of vertical and horizontal links in the supply chain. Setting up 

the cross-organizational project teams in a supply chain is the higher level of integration Thanks to this solution, 

in addition to the integration of the individual functional areas within the supply chain, the transfer and the 

diffusion of knowledge are ensured to the places where there are actually carried out individual tasks of the 

project. In addition, this option allows a more accurate selection of the project team members from in terms of 

their knowledge and competences - there is a range of specialists from many, not a single organization. 

Importantly, individual organizations (links) of a supply chain will more easily accept decisions/ solutions 

developed within the project team in which their representative participates (due to the representation of their 

interests). [7] 

As is has been already emphasized in the introduction, the success of the project teams depends on the 

competence and commitment of the project manager. It should be noted that unlike line managers, performing 

their tasks in a functional organizational structure, the project manager faces other challenges. They include, 

in the first place, providing leadership, often without any documented formal power and in the heterarchical 

environment. The position of the project manager has a temporary nature, without a precise assignment of 

duties, powers and responsibilities that change dynamically and which smoothly adapt to the developing 
situation and needs - the person appointed to the role of a leader in the implementation of the project has only 

generally specified area of activity, within which he organizes his duties independently [8].This causes 

difficulties at the attempt of identification of group of characteristics and skills necessary for a project manager. 

The analysis of literature does not give a definite answer to the question which competences of the project 

manager determine the success of the project. The results of the analysis are presented by the authors in 

Table 1, with an attempt to identify the main categories of necessary competences of the project team leader. 

Table 1 The competences of a project manager 

Category of 
competence 

Soft competence Hard competence 

Social and managerial competences Specialized competences 

Personal Business 
Project management 

processes 
Technical 

Competences 

Flexibility, leadership, 
team building, conflict 
resolution, creativity, 

negotiation, emotional 
intelligence, reliability, 
delegation, conceptual 

thinking, ability to 
communicate, verbal and 

written skills, attitude, 
ability to deal with 

ambiguity and change, 
dynamics, problem 

solving, trustworthiness. 

HRM skills, strategic 
alignement, 

communication 
management, risk 

management, project 
order management, 

customer 
relationship, quality 

management, 
customer 

satisfaction, finance, 
understanding the 
corporate culture. 

Project integration 
management, project 
scope management, 

project time 
management, project 

cost management, 
planning, organizing, a 

strong orientation 
towards the objective, 
the ability to perceive 
the project as a whole 

General technical 
overview, technical 

challenges, technical 
vocabulary, and search 
for innovative technical 
solution, the expertise 

and the use of the 
procedures, techniques 
and tools related to the 
subject (the industry) of 

a given project, 
experience in the 

industry 

References [9-14], [18] [9], [14-16], [18] [9], [15] [9], [15], [17] 

The selection of the most relevant competences with regard to the success of the project was the basis of 

several studies, which need to be referred to at this point. El-Sabaa [9] conducted a self-assessment 

questionnaire, identifying the features and skills of successful project managers. 126 respondents indicated 

that the most important group of competences are personal characteristics (85.3 % of responses). The second 
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one were the conceptual and organizational skills (79.6 % of responses) concerning project management, the 

least important (50.46 % of responses) were technical skills. In turn, the focus of research of Stevenson and 

Starkweather [13] was to identify and evaluate those competences that IT managers and executives value in 

their search for successful project managers. The results indicated that executives valued six critical core 

competencies: leadership, the ability to communicate at multiple levels, verbal and written skills, attitude and 

ability to deal with ambiguity and change, that is, the competences belonging to the group of soft skills. Similar 

test results were obtained by Belzer [18] - he specifies the following soft skills as critical this successful project 

management: understanding the corporate culture, dynamics, leadership, problem solving and decision 

making, team building, flexibility, creativity and trustworthiness. Also Skulmowski and Hartman [12] and Muller 

and Turner [19] indicate soft skills of a manager as the success factor of a project. 

3. RESEARCH METHODOLOGY AND GENERAL CHARACTERISTICS OF THE STUDIED 

COMPANIES 

The collection of research material was conducted between 2016-2018 using a research tool in the form of a 

questionnaire, consisting of two parts. The main focus of the research was to identify the structural layout of 

the project teams in the supply chain in order to discover which kind of integration they serve. 

As for the general structure of the questionnaire is concerned, its first part concentrated on the general aspects 

of the operation of project teams in the analyzed companies. The second one - the activities of a project team 

members composed of employees of various organizations (links) of the supply chain within which the 
company being researched operates (so-called inter-organizational teams, cross-organizational project 

teams). One of the research areas in this section concerned the competence of managers (leaders) of these 

teams. Detailed results in this respect will be presented in the next part of the paper. 

Questionnaires were sent to 56 selected companies by e-mail or given directly to members of project teams. 

Thus, research entities were deliberately chosen enterprises - the links of supply chains; the criterion of their 

selection was initially obtained information available in the public data on the company that within the structure 

of the enterprise occur project teams. The analysis of the results was performed using an Excel spreadsheet. 

In this group of entities large enterprises predominated, i.e. with more than 250 employees (28 entities), of 

manufacturing profile of activity - 28 entities and without the participation of foreign capital (36 entities). 

In the group characterized herein above 11 entities were identified, in which cross-organizational project teams 

are appointed, consisting of members - employees of suppliers and/or recipients. The basic data on the 

surveyed entities in which cross-organizational project teams are established are presented in Figure 1. 

 

Figure 1 Characteristics of the researched entities in which exist cross-organizational project teams 

It is worth emphasizing that the selected companies represent various industries, including automotive, 

construction, IT, FMCG, furniture, TSL and biotechnology. In addition, it should be noted that among the 

• big‐ 7 (entities)

• mid‐sized‐ 3

• small‐ 1

• micro‐ 0

SIZE OF THE 
ENTRPRISE

• manufacturing‐ 6 
(entities)

• commercial‐ 1

• service‐ 4

PROFILE OF ACTIVITY

•no foreign capital 6 
(entities)

•share up to 50 % ‐ 0

•share above 50 % ‐ 5

FOREIGN CAPITAL 
SHARE
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analyzed entities, in addition to companies with the Polish capital, there are also companies with German, 

American, and combined French-American capital. 

4. THE RESULTS OF THE RESEARCH IN THE FIELD OF PROJECT TEAM MANAGERS 

COMPETENCES 

In the cases in which the project team includes the participation of employees of various supply chain 

organizations, the teams usually consist of minimum of 4 people and operate between 6 and 12 months. In 7 

out of 11 cases the team is interdisciplinary, namely bringing together members of suppliers or recipients of 

various specializations (the representatives of various fields, such as marketing, information technology, 

finance and accounting). The responses obtained for this group of entities also show that team managers: 

 are usually also directors of permanently separate organizational unit within the structure of the 
company, for example, a department, a faculty or a unit 

 in terms of the location of the team in the organizational hierarchy of the entity, they usually report 

directly to the CEO (6 responses) or the Director of the Division/Department(4 responses). 

In the area concerning the competences of the discussed project teams managers, the respondents made 48 

choices for the defined 13 responses. The most common answers concerned the following competences: 

 the division of responsibilities between participants of the team - 7 responses, 

 current supervision of the execution of the project - 7 responses 

 determination of the main objectives of the project (task) - 6 responses. 

In turn, the smallest number of responses refers to the competencies regarding the selection of participants 

(members) of the team (2 responses), and determining the salaries (1 response). In none of the cases the 

competence regarding rewarding or granting bonuses to team members was selected. A detailed list of 

quantities of competences presents Figure 2. 

 
Figure 2 The number of responses within the competence of the cross-organizational project teams 

managers (the total number of responses= 48 *). 

* There was a possibility to choose more than one answer. 
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It is worth to emphasize here that the competences proposed in the questionnaire can be divided into two 

thematic groups: 

1) the social and managerial competences are: the division of responsibilities between participants, the 

current supervision of the execution of the project, specifying the main objectives of the project, 

negotiations with the environment, the determination of the size of the team, the selection of team 

participants, specifying wage, reward and rewarding team participants. 

2) specialized competences, which include: the selection of work methods and tools, defining the time 

frame (schedule), determining the budget for the project, final settlement of the project. 

Having aggregated the responses for competences in each group, it is possible to notice that the greater 

number of them refers to social and managerial ones (32 responses). However, given the uneven number of 

competences in each group, the more authoritative point of reference will be the analysis in terms of the 

intensity of the presence of the indications in the group, calculated as the relation of the number of indications 

(A) to the number of competences (B) (Table 2). 

Table 2 The analysis of selection intensity for individual groups of the competences of cross-organizational  

  project team managers 

Groups of competences 
Social and managerial 

competences 
Specialized  

Competences 

A. The number of responses 32 16 

B. The number of competencies 9 4 

C. Intensity indicator C = (A / B) 3.56 4.00 

Intensity indices calculated for the collected data indicate that higher intensity is characteristic for the group of 

specialist competencies, where on average 4 responses fall into one competence category. In the case of 

social and managerial competencies, this indicator is lower and amounts to 3.56. This proves that in the studied 

group of cross-organizational project teams the specialized competencies are relatively more important from 

the point of view of managing the discussed project groups. 

5. CONCLUSION 

The literature review presented in the article shows the importance of the appointment of the cross-

organizational project teams in supply chains within the context of its integration. Thanks to this solution, in 

addition to the integration of the individual functional areas within the supply chain, the transfer and the diffusion 

of knowledge to the places where there are actually carried out individual tasks of the project, are ensured. 

The article emphasized the important role of the project manager in the context of the success of such 

enterprises as the project. The analysis of literature referring to the desirable characteristics of a team leader, 

leads to the conclusion that there is no universal set of competences that characterizes an effective project 

manager. However, there are certain groups that according to the authors belong to social and managerial 

competences (soft competences) and specialized ones (hard competences). English literature based on 

empirical studies, with regard to the success of the project, points to the particular importance of competences 

with a special emphasis on the personal characteristics of the project manager. From the studies carried out 

by the authors it can be concluded, in turn, that in Poland hard competences are mostly appreciated. 
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Abstract 

This paper focuses on the issue of digitization in logistics and its processes, in relation to its effects on the 

shape and functionality of the labor market and the trends that affect it. Digitization as such brings and will 

bring in the future a number of new possibilities, which are expected to improve processes, we can say, in all 

areas of the modern world. But it is also a huge challenge that brings a number of unknowns. In the first part 

of the presented article, the digitization concept is briefly presented and the current trends that move the labor 

market and their impact in the short term are described. In the second part, these trends are considered in the 

long term horizon, in connection with the involvement of digitization. 

Keywords: Digitization, flexibility, labor market, logistics 

1. INTRODUCTION 

The purpose of this paper is to have a look at digitization as a phenomenon of the today’s world. Digitization 

is a part of almost all areas and the aim of presented article is to focus on influence of the digitization on labor 

market. As in every area, different trends are appearing, the same goes also for labor market. These trends 

determine and will determine its further direction and functions. The intensity and reach of these trends 
depends on the performance of the economy. And even in the context of digitization, the idea of its share on 

the transformation of the labor market functionality is appearing. That is because digitization brings many new 

possibilities which have the potential to support and improve the functionality of the market with manpower. In 

short, the objective of this paper is also to have a look on the way how could digitization help to implement into 

the real life currently discussed trend - possibility of shortening working hours. 

2. DIGITIZATION 

Nowadays digitization is no longer an unknown word, it represents a significant milestone in technological 

development, we meet it at every step of our ordinary lives, because in fact it affects the development of 

everything we can imagine. It is undoubtedly clear that digitization will guide us into the future and will gain 

increasing and greater influence, even in areas where we could not even imagine it before. 

First of all just for setting in order let us have a look at a brief overview what exactly digitization is, what is its 

history, principle etc. What can we imagine under the term digitization? We can simply say that it is the transfer 

of data into such a way that these data and information are readable by computers. 

3. DIGITIZATION AS AN INDUSTRIAL REVOLUTION 

Nowadays digitization is often associated with the latest industrial revolution, whose core lies in the use of 

computer and network technologies. This latest revolution is characterized by usage of cyber-physical systems 

and a crucial role plays here so-called Internet of things (IoT for short). IoT represents the possibility of 

communication among many objects. In our home environment it is for example the communication among 

home appliances (fridges, washing machines, coffee makers, lights etc.) themselves, or with computers, smart 

phones, smart watches and other technologies via wireless connection (Wi-Fi). The same principles work or 
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should work also among the machines, vehicles etc. inside the factories. All the components of the factory are 

able to communicate among themselves, collect, forward data and information, alert problems, missing 

material etc.  

It is obvious that the results of this communication way are and will be huge amount of data, which we can 

barely imagine. New term for this giant amount of data and information and as well one of basic principles of 

the digitization is so called big data. According to a study performed by DHL [1] the most important part of 

digitization is considered the big data, see the descending order below for more details. The items in the 

Table 1 are sorted by amount of companies which marked each of them as “very important” or “extremely 

important”. 

Table 1 Importance of the technologies within the digitization [1] 

Order  Technology 

1 Big data analytics 

2 Cloud-based applications 

3 Internet of Things 

4 Blockchain 

5 Cognitive analytics 

6 Sharing economic 
platforms 

If we think about the amount of produced data, it is not enough talk about giga- or terabytes, here we speak 

about so called zettabytes which are saved on cloud-based applications etc. Just for illustration, 1 zettabyte 
represents one thousand milliards gigabytes that seems unbelievable. However the amount of saved 

information on computers or in the cloud reached 4,4 zettabyte in 2013, in 2020 it should be 44 zettabytes, 

according IDC‘s Study “The Digital Universe in 2020” [2]. Just for imagination by this amount of data, more 

than 5 gigabytes of data would come to each person on the world in 2020 [3]. According another IDC’s study 

[4] it should reach 163 zettabytes in 2025! It is obvious that the expected increase of data stored has and will 

definitely have exponential trend, as the Figure 1 shows. 

 

Figure 1 Size of the global datasphere in 2013, 2020 and 2025 [2,4] 

Storing those huge amounts of data and their careful analysis will help to better analyze the customer’s needs 

and afterwards satisfy them and their needs better than the competitors. This plays a significant role if we 

speak about the competitive advantage, which is always a key element for the company’s success on the 
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market. Digitization enables the move from mass or serial manufacturing to the individual one, where the 

products and services will completely fulfil customer’s expectation.  

Nowadays many factories try to fully apply the principles of the new industrial revolution which has its origins 

in Germany. Let us have a look on one example of these so-called smart factories. One of the first and most 

famous manufacturing plants using these principles is German enterprise EWA (Electronikwerk in Amberk) 

based in Amberg covered by company Siemens. EWA is focused on manufacturing of so-called programmable 

logic controls, you can imagine under this term small industrial computers whose task is to automatize the 

processes and that all in real time. These units find their use in many various branches. The manufacturing 

here is in two thirds automatized by computers and machines, the remaining third is still ensured by workers. 

4. DIGITIZATION IN LOGISTICS 

Nowadays digitization finds its use in any branch, the logistics is no exception. If we have a look on this branch, 

we can find many examples of digitization usage. The principles of modern (digital) logistics were applied for 

example by one of the most famous Czech enterprises, car maker Škoda Auto. Škoda Auto uses for 

transportation of material more than 100 autonomous carts which are navigated via magnetic tapes in the floor. 

In the future this technology should be replaced by laser navigation. By using these carts, the material is 

possible to transport from the palette delivered by supplier up to the assembly line, that all without direct human 

interaction. [5] 

At Brose, one of top producers of components for car industry, there is used automatized palette storage. This 
storage is able not only store the palettes with material according to their turnover rate, but also can optimize 

layout of the material as it would be possible to remove it from storage as quickly as possible in the next shifts. 

[6] 

It is obvious that all these technologies have and will definitely have considerable influence on usage of human 

work, as one of the key production factors. Let us see now how the digitization influences and could influence 

in the future the labor market and its function. [7] 

5. LABOR MARKET TREND 

One of the trends in the labor market, which gains popularity in the trade unions in many European countries, 

is short working hours. In many countries 8 hour working time is common, if we talk about the full-time job. 

This boom has many positive aspects not only for employees but also for employers. 

6. PROC AND CONS OF SHORTENING WORKING HOURS - MODEL CASE 

This trend stems from the fact that people are not machines, they have their own personal lives, families, they 

want to spend more time with them, they could feel happier, less stressed there, which could then positively 

affect their working productivity, because they may enjoy their job. These statements are confirmed for 

example by an experiment in Gothenburg in Sweden, where a group of 80 retirement-home workers was 

changed their weekly amount of working hours, decrease by 10 hours per week, from 40 to 30 hours [8]. The 

idea of spending a third of a day does not necessarily have to yield the desired results in the form of higher 

working productivity, even here it is true that less often means more.  

Although it looks like a perfect state, we cannot expect that this working model is appropriate for every 

company. If we think about the job the workers do in the example above it is obvious that even if we reduce 

the number of working hours, the amount of work the worker did earlier will stay the same. It is necessary to 

employ someone who will do this work. At the end this solution whose base lies in reducing amount of working 

hours is supposed to be more expensive for the company, because it has to employ the another workers who 

will cope with the work which the first worker did not manage or could not do during his or her shortened shift. 
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This was also the reason why the above mentioned company reached the decision to return to the standard 

shift with 8 hours. Although the company may want the best conditions, satisfaction and happiness for its 

employees, it always follows its primary goal which is maximizing profit in short-term horizon and maximization 

of market value in the long-term horizon.  

7. IMPACT OF DIGITIZATION ON LABOR MARKET 

Sometimes it can look like there is no space for human work, in view of the fact that the machines are able to 

communicate and transfer data among themselves without human cooperation. We can often hear the opinions 

that because of the digitization and automatization in all the areas, chiefly in industrial branches, the people 

lose their job, the unemployment will increase etc.  

The truth is a little bit different. It is evident that many job positions have lost their usage and many of position 

will await the same fate in the future, but it is true that when something old disappeared, something new is 

emerging, the same goes also for job positions. Because this paper is focused on logistics let me demonstrate 

it on this area, namely internal logistics. The transportation of materials and products is ensured in a plant by 

milk-runs and fork-lifts, which are served by the drivers (human resources). If we take into consideration the 

current trends whose base lies in wide usage of computing, networking and digitization, nowadays it is not a 

rarity in many companies that the materials and products are transported through the plant or rather among 

the assembly lines (workplaces) and stores by autonomous carts, which means that their drivers lost their jobs.  

Let us look at the whole situation from the other side. New technologies have to be designed, programmed, 
and last but not least, someone has to take care of their maintenance, as in many cases it is a very precise 

job. This creates space for creation of new jobs, but we have to take into account the fact, that many of these 

new jobs require deepening of present knowledges and gain new ones, which can be achieved by using 

different methods such as trainings or retrainings. Similarly, it works in other sectors. It is obvious that the new 

changes bring some discomfort in the form of short-term unemployment, but after a certain period of time it 

will return to its original value. 

We have now made it clear that, although digitization has and will have a share in the disappearance of some 

jobs, there is still space for creating new ones. Let us now have a look at what benefits which can digitization 

bring to people, in terms of working time. From the above mentioned example (Chapter 6) it is clear that 

shortening of working hours is not well applicable in all the sectors, mainly if we take into consideration the 

fact that the company wants to reach their short-term goal, maximizing profit. Let have a look on a bit different 

sector - manufacturing and internal logistics. We spoke about the digitization and right here it can find its usage. 

In comparison to the mentioned example there is much easier to replace (fully or partly) human work by 

machine or vehicle. And this is exactly what we can take into consideration if we talk about the possibility of 

shortening working hours and affecting the labor market. 

A widespread trend are the part-time jobs, people can choose if they want to work full- or part-time, the reasons 

why they use this possibility (working less than 40 hours per week) are not unpredictable - more time for family, 

friends, social life at all. In 2002, even the Tony Blair’s government in the UK presented a document that gives 

people the right to apply for shorter working hours, its purpose was to help parents with small children [9]. Well, 

people have this possibility for long time, but now we have to take into account the digitization. As we work 

part-time, it is obvious that the less hours we work the less money we get than if we work full-time.  

As we mentioned the digitization enables in specific cases to replace sometimes fully and sometimes partly 

the human work by machines etc. This can bring many variable opportunities for both employers and 

employees. If human labor is not strictly necessary for the whole (an eight-hour or twelve-hour) shift, there is 

an opportunity to shorten working hours for workers from the original 8 or 12 hours, for example by one fourth, 

namely: to 6 or 9 hours per one shift. However, such a worker would still be employed as a full-time worker, 

would receive the same salary but would have worked less hours for the shift. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

571 

Due to the fact that the machines can work partly without a worker, it would not be necessary to hire additional 

workers to cover the time when the first worker does not serve the machine, because the machine can work 

independently. For example, this partial independence of machines could cause in a three-shift operation the 

situation, that the machines would still work for three shifts, but the workers only for two shifts, the night shift 

could disappear for the workers, which is in itself not natural for humans.  

It is obvious that getting into this state is not and will not be easy, most businesses still do not use all the 

principles of digitization or do not fully use all the technologies brought by digitization. The DHL survey shown 

that 95 % of companies still does not fully use the benefits and possibilities which the usage of informational 

and hardware technologies and analytical tools brings to them [1], therefore the digitization is still not at such 

a level that the companies could fully apply for example these solutions related to working conditions. 

CONCLUSION 

This paper was focused on the digitization and its impact on the labor market, namely on the possibilities which 

can bring to workers and employers. It is clear that the digitization opens wide possibilities in many areas, as 

I mentioned the same goes for working conditions, or rather amount of working hours etc. It is obvious that the 

digitization has an influence on jobs structure it affects the employment, at the beginning it can cause a certain 

disbalance on labor market, but these changes will finally return to standard values. The digitization in industrial 

areas brings many possibilities for working hours arrangement and therefore gives people the chance to make 

their lives more flexible, gives more time to their families, friends and hobby, this all can result in their higher 
satisfaction and finally also higher productivity at work, so both the employer and the employee can benefit 

from that.  

It is important to look at everything from the other side, too. Let us be honest, to get into the state when the 

workers work less hours thanks to the perfect use of digitization can take some time and definitely will last few 

years, but thanks to the technologies this vision does not stay only an impossible wish, but in the future it can 

become a reality. 
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Abstract 

Arrangement of cargo tracks in the form of a railway siding system is one of key elements of intermodal 

terminals infrastructure, no matter whether it is connected to maritime or inland terminals. Several studies were 

presented in the literature review connected to the aspect of mentioned railway siding system. Authors of the 

paper present new approach to the problem with taking into account multisets which are modification of the 

concept of sets, well known from sets theory. The paper consists of literature review and references to literature 

that have made the realistic conditions of the analytical model. The paper also contains the analytical model 

and its description (this is the significant part of this paper), a brief reference to the implementation of analytical 

model into software and a computing example with use of mentioned software. 

Keywords: Intermodal terminal, multiset, analytical model 

1. INTRODUCTION 

Intermodal terminals are believed to be one of last-mile infrastructure types. All of these types according to [1] 

are: private and public sidings, rail logistics centres and at least intermodal terminals which actually consists 

of inter alia track system with cargo lanes (railway sidings as such). Intermodal terminals, according to [1], are 

designed for transhipment of standardized loading units called as intermodal loading units which are operated 
between at least two modes of transport (intermodal - „involving two or more different modes of transport in 

conveying goods”, terminal - „the end of a railway or other transport route, or a station at such a point”, both 

quotes: [2,3]). Within standardised loading units e.g. containers, swap bodies and trailers are highlighted. From 

the railway infrastructure perspective intermodal terminals consist of: 

 a transhipment area with loading tracks, loading/driving lanes for railroad means of transport (such as 

trucks) and areas for short term storage of intermodal loading units, 

 tracks for rail operation (train arrival/departure, train splitting/composing, wagon parking etc.). 

Intermodal terminals are sometimes treated as private sidings [1]. „Private sidings are privately owned and 

operated pieces of rail infrastructure, connecting loading facilities (which are not part of the rail infrastructure) 

to the public rail network”, [1]. On the contrary, „public siding category contains public accessible loading 

tracks, mostly located directly in public railway stations and owned by the respective infrastructure manager”, 

[1]. The infrastructure of public ones in most of cases represents historical status - it consists of short tracks 

rather the long ones, it is designed mostly for single wagon traffic, enriched by a loading lane and a side or 

a head ramp [1]. This kind of public tracks are very rare nowadays. In general, railway siding according to [4] 

is „a railway track designated by the infrastructure manager, connected directly or indirectly to the railway line, 

used to perform loading, maintenance or parking of railway vehicles or to move and incorporate railway 

vehicles into traffic on the railway network”. 

The existing rail infrastructure of that kind might be classified according to a proposal given in [1,5]: small 

sidings with total track length ≤ 300 m, medium sidings with total track length > 300 m and ≤ 1 500 m, large 

sidings with total track length > 1 500 m. In the case of intermodal terminals length of one track lane is c.a. 

600 m or c.a. 800 m (depending on an information source), therefore it might be concluded that tracks in 

intermodal terminals are of medium length (and that is one of assumptions made in this paper). 
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Rail Transport Act [4] defines freight terminal as „a building structure or group of building structures including 

a railroad, equipped with loading equipment that enables loading or unloading of wagons or the integration of 

different modes of transport for carriage of goods”. Intermodal terminals (defined and discussed in [6]) belongs 

to freight terminals. Intermodal terminal consists, inter alia, of a track system consisting of railway sidings. As 

it was mentioned, even in [1], this kind of terminal is considered sometimes as private siding. However, in order 

to avoid confusion, tracks of such kind would be called in this paper as (un)loading tracks. 

In Federal Republic of Germany there are 154 intermodal terminals, whereas in Czech Republic: 21, in Slovak 

Republic: 11 (see: [7,8]) and in Republic of Poland there are 4 only, [1]. This is one of the reasons that design 

methods for intermodal terminals should be ready and approachable for hopefully, the changes taking place 

in order to increase the number of terminals in the Central-Eastern countries of Europe. Even such highly 

developed railway infrastructure for intermodal transport as in Switzerland need changes - these are described 

in [9]. According to trends analysts, the number of intermodal terminals may be increased by 5 % compared 

to 2015 which means 767 whereas in 2015 it was 730, [1]. This is one of the reasons why it is still worth 

undertaking the subject of intermodal terminals design. 

In the literature different design procedures can be found. Lee et al. [10] present the most cumulated one, 

however authors describe also simulation studies connected to intermodal terminal design. It is important part 

of research since it allows to obtain what-if analyses. Other authors also use simulation models for intermodal 

terminals, e.g. [11] after [12]. Nevertheless, before making simulation model, the conceptual one is essential 
to be elaborated. For this purpose analytical model is worth considering, therefore presentation of analytical 

model is the main aspect of the paper. Numerical model is also briefly described, however it is presented 

mainly in order to signalise the work related to the construction of a full numerical model which is prepared in 

order to support a new method of intermodal terminals design. This contribution leads to description on chosen 

part of the conception. In the form of analytical model it shows the way of gaining the shortest train for 

predefined quantities of containers of different types, and a track length which enables convenient 

loading/unloading of containers on/from a train. 

2. ANALYTICAL MODEL 

As a first step of intermodal terminals design procedure, intermodal loading units should be identified. Almost 

all types of intermodal transport units are included in the analytical model, but this is not always necessary for 

real intermodal terminal design, so that certain types of intermodal loading units may be omitted for the 

application described in this contribution. That is why only containers are included later on in this paper. 

Following parameters are predefined and described as equations (1-8): J  - a set of numbers of all intermodal 

loading units operated in intermodal terminal, K  - a set of numbers of all large universal containers operated 

in intermodal terminal, NW  - a set of numbers of swap bodies served in intermodal terminal, NS  - a set of 

numbers of semi-trailers operated in intermodal terminal, ZD  - a set of numbers of road sets operated in 

intermodal terminal (the last three sets are omitted from further consideration), T - a set of large universal 

containers’ types, I  - a two-element set of information on a fact whether an intermodal loading unit is empty 

(p) or loaded (ł), O  - a three-element set of information on a fact whether an intermodal loading unit is subject 

to a consignment/departure (in), arrival (out) or in transit (tr) operation. 

JZDNSNWK               (1) 

JK                  (2) 

JNW                 (3) 

JNS                 (4) 
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JZD                 (5) 

 EtCtBtAtt  ,,,:T              (6) 

 piłii  ,:I               (7) 

 trooutoinoo  ,,:O              (8) 

A list of quantities of large universal containers of type (t), empty (p) or loaded (ł), operated on departure (out), 

arrival (in) or transit (tr) is given in Table 1. These quantities are defined as equations (9)-(11). 
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The analytical model is presented in details for the operations on containers. Quantities in some calculations 

are described by additional parameters, as additional parameters will be necessary to calculate the length and 

number of tracks in a layout of cargo tracks. In the symbols of quantities of large universal containers of a 

given type (t), empty (p) or loaded (ł), operated on departure (out), arrival (in) or transit (tr), the parameter d 

has been additionally taken into account, as previously announced, in order to highlight the number of 

containers of a given length according to t-type in the arrangement of containers d and this parameter has 

been determined by the symbol  doitk ,,, . Additionally, an equation (12) has been introduced, where A  is a 

set of wagons quantities used for transportation of containers, and where m is the type of container wagon. 

 Mmmama K1,: A ,  0 Nma          (12) 

In addition, one of types of wagons of the same length as an equivalent wagon length expressed in TEU is 

marked by symbol 0a . A number of containers of a given length and other parameters are included 

   doitkoitk ,,,1,,, K . They are operated on wagons belonging to set A . Additional definitions are introduced 

for further calculations. These are the definition of container arrangement, multiset and other. 

Def. Multiset - a generalisation of the concept of a set in which, unlike classical sets, one element may occur 

many times. However, no order of elements is given and this multiset differs from an ordered collection of fixed 

values, [13]. 

Def. Cardinality of A  set is the number of elements of this set marked as A . 

Def. The arrangement of containers along the train with n number of different types of containers identical to 

the contents of the set K  is any multiset created from the elements of the set of containers. For example, the 

sub-arrangement of containers is A-C-C on a given wagon means placing three containers on one wagon - 

one container of type A and two containers of types C. This arrangement is considered to be a multiset because 

of the double occurrence of the element „container of type C". Consideration of a single arrangement of 

containers (sub-arrangement) can therefore be treated as consideration of a single wagon. Certainly, within 

the same wagon different containers positioning (arrangement) can be considered. 
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Def. Free space in a given sub-arrangement d of containers consisting of n containers of a given length is 

marked as Ddg  and it is defined according to equation (13). The part of the equation (13) 

      Doitkdoitkoitk ,,,,,,1,,,  KK  is equal to length of a given sub-arrangement d. 

      Doitkdoitkoitkag
Dd

,,,,,,1,,,
0

 KK , 0
Dd

g ,  Dd K1      (13) 

Table 1 List of quantities of large containers of a given type (t), empty (p) or loaded (ł), operated on 

    departure (out), arrival (in) or transit (tr); given with values used for computing example 

Element  
Departure 

(containers) 
Arrival 

(containers) 
Transit 

(containers) 

t  outłtk ,,   outptk ,,   inłtk ,,   inptk ,,   trłtk ,, +  trptk ,,  

A 10 0 0 0 0 

B 70 0 0 0 0 

C 10 0 0 0 0 

E 0 0 0 0 0 

Def. The distribution of containers along the train is called a multiset, which consists of any subset of all 

container arrangements and all container sub-arrangements. Therefore, the distribution of containers along 

the train is e.g. (A-C-C)+(B-C)+(C-C-C) which means that these containers are transported in the arrangement 

of three wagons in the following sub-arrangements: on the first wagon three containers - one of type A and 

two of type C, on the second wagon two containers - one of type B and one of type C, and on the third wagon 

three containers of type C are placed. 

Def. An implementable distribution of containers along the train is one where, for a given set of containers, all 

the arrangements of the considered distribution are feasible, and each container of the multiset under 

consideration is positioned at least once in any of the arrangement of the particular distribution of the containers 

along the train. 

It is still necessary to determine the equation for calculation of required number of wagons with a fixed 

distribution of containers along the train. If there are m different types of wagons in quantities 
dm

a  and the 

implementable distribution of containers R, in order to calculate how many wagons are needed to transport 

a given number of containers in a given distribution, the equation (14) is used, where there are D of different 

(sub-)arrangements included in the R-distribution, dD  is the d-th (sub-) arrangement, t

d
D  is a sub-multiset of 

the d-th (sub-)arrangement containing only the t-type of containers and t

d
D  is cardinality of this multiset.  

As it can be seen in equation (14), there is a division by zero - therefore additional restrictions are set as 

indicated below. Parameter 
dt

a  denotes the number of t-type of containers when calculating the d-th 

arrangement. Subsequent ones are counted iteratively: 
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Parameter Ra  is the quantity of wagons needed for a given implementable R-distribution. 

As it can be seen, the quantity of wagons depends on the order in which the container systems are selected 

for the calculation. For this reason, in order to unify the results, first the arrangements are set up from the one 
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with the smallest amount of free space to the one with the largest one, and in this order they are substituted 

to the dependence.  
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where 0t
dD , 0Ddg ,  Dd K1 , 00 d ,  Tt K1 . 

In an intermodal terminal, loading units transported by railways are operated and therefore it is required to 

design a system of cargo tracks (loading tracks) in the form of a railway sidings with certain lengths of parallel 

tracks. The required layout of the loading tracks should accommodate entire train composition. Based on 

previous considerations, it can be concluded that the track length lt (length of cargo front) is described by the 

equation (15). If this length is greater than dl = 800 [m] (standard adopted in currently designed logistics 

facilities of this type), then the equation (16) allows to determine a number of tracks on the railway siding lb is 

applied. If the length of lt is less than 800 [m] then the number of railway sidings is 1.  
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3. IMPLEMENTATION OF ANALYTICAL MODEL 

The analytical model has been implemented in the MS Office software in the Windows environment (it is also 

possible to use it in the Apple Mac OS environment) - the functions and procedures using the Visual Basic for 

Application programming language known under the acronym VBA have been used for this purpose. The 

choice of this tool to implement the model was made because of the advantages of using this computer 

package, such as: universal availability and the fact that no additional software or compilers are required. The 

software is not discussed here because of the limitations of the length of the paper and because of the fact 

that it still is developed in other aspects than described in the paper. 

4. NUMERICAL EXAMPLE 

When data given in Table 1 are entered into the software, several solutions are computed by the software. 

There are four groups of solutions’ types in this software: suboptimal, acceptable, dominant and least 

favorable. In the case of suboptimal solution, the shortest length of train arriving at this intermodal terminal 

would consist of 45 Sgns(s) wagons and would measure 883.3 m, which would mean that two loading tracks 

would have to be used. The most favourable container sub-arrangements on wagons would be as follows: (A-

C) + (B-B) + C, (A-C) + (B-B) + (C-C), (A-C) + (B-B) + (C-C-C). For the least favourable variant, 90 Sggns(s) 

wagons with a total length of 2334.6 m and sub-arrangement A + B+ C would be used. 
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5. CONCLUSION 

The paper presents an analytical model with the use of multisets and its implementation. It is only a fragment 

of the full method of intermodal terminals design, although it is very important because it determines the size 

of cargo fronts and loading track systems/arrangements in a terminal. As results briefly exposed in section 4. 

show, the implementation of the analytical model gives satisfactory effects. Nevertheless, the research are 

going to be continued. What is more, in future also road transport will be analysed with consideration of parking 

space for trucks etc., as in [14], and several other aspects connected to intermodal transport design would be 

also taken into consideration. 
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Abstract 

Disruptions generated at the meeting point of cooperating organizations are a special issue in the process of 

network co-ordination. This paper aims at identifying relation risk in different models of a distribution network 

of steel products. In order to fulfil this objective literature research was conducted regarding both the co-

ordination of supply chains (including distribution channels), network structures and disruptions in supply 

chains and distribution channels and a methodology for relation risk assessment suggested. In the next stage 

relation risk in distribution networks of steel products was identified and analysed. 

Keywords: Disruptions, relation risk, logistics network, distribution  

INTRODUCTION 

The literature of management sciences includes research into networks of cooperating enterprises and their 

subjects, which have been conducted for many years now. Authors analyse many different aspects, including 

tactical and operating issues connected with flow management, supplies management, the organization of 

logistic processes, which are included in the research into logistics. It can be noticed that logistic publications 

include a growing trend concerning disruptions, risk and the resilience of networks, which are complex 

structures. Simultaneously, while observing the literature on management sciences focused a network 
paradigm, it can be noticed that there is a problem arising at the meeting point of cooperating organizations 

and it is called relation risk. Distribution networks composed of many different cooperating organizations 

combine two types of networks: commercial networks and logistic networks. At the meeting point of those two 

types of networks, there appear disruptions which affect the growth of sensitivity of the entire distribution 

network and upset the resilience of such a structure. Therefore, the aim of this paper is to interpret relation risk 

in distribution networks and perform an analysis of relation risk in a distribution network of steel products 

against the background of other categories of network risk.   

1. RELATION RISK IN THE LIGHT OF MANAGEMENT SCIENCES 

A network is a special kind and manner in which relations with the environment, that is interorganizational 

bonds, are formed, [1]. Numerous authors stress that the winner of the competitive war is the subject which 

can skilfully establish such network connections that generate a high value added, increase innovativeness 

and simultaneously allow the growth of adaptability [2]. The formation of interorganizational bonds results from 

different reasons ranging from aspiration to improving the efficiency of the enterprise and enlarge resources, 

through aspiration to organizational learning, and finally aspiration to reducing uncertainty [3].  

Irrespective of motives for establishing collaboration, the key distinguishing feature of networks of cooperating 

organizations are: the legal and organizational independence of network nodes, the dynamics of 

interorganizational relations, relations shaped horizontally and vertically in order to increase the value added 

from the customer's perspective, the common supply base including the network partners' resources, the 

features of the network bonds: exchange, commitment, reciprocity. Network relations can be established in 

order to exchange information, exploit resources, organize processes, perform project tasks with a certain 

deadline. This recognition indicates virtual networks, based on exchange of information on impermanent 

relations, in which costs of joining a network and leaving it are relatively small), project networks, in which 

relations are shaped according to the project objectives and last until it is finished, bearing in mind that in order 
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to fulfil the project objectives the organizations engage all their own resources; supply networks, in other words 

distributed networks, in which the organizations shape relations around a determined resource, e.g. the 

transport, warehousing or production infrastructure and decide to share exploitation of this supply, which 

indicates a long-term perspective of such collaboration, and integrated networks, which are networks with a 

long-term perspective, established by organizations sharing the realization of all processes, i.e. marketing, 

logistic or production processes. This network classification should also include process networks, which refer 

to relations within subcontracting both of tasks connected with production or postponed production, and logistic 

tasks.  

Distribution networks can be organized via a combination of the above-mentioned types of networks. 

Simultaneously, distribution networks should include both logistic networks, created by collaboration in the 

TSL sector and collaboration between organizations from the TSL sector and productive and commercial 

organizations, and sales networks, created by wholesale and retail commerce networks. 

Logistic networks can be classified regarding the degree of centralization, the commitment of resources and 

the time horizon, and also types of organizations included in the network structure. According to the first 

criterion, one can indicate dominated networks and equal partners’ networks. Dominated networks have a 

clearly separated flow coordination subject. It can be a logistic integrator (4PL) or a conductor (5PL). They are 

subjects with high relation competences, having a higher capability of including subjects in networks than other 

organizations. In equal partners’ networks, subjects cooperate on equal rights, and none of the organizations 
has a dominant position towards others. This type of networks can be organized, e.g. in the form of a logistic 

cluster [2]. 

The indicated descriptions of distribution networks, including networks and sales networks, are known in the 

literature and well recognized empirically. However, the problem of disruptions and flow coordination and also 

the risk connected with material flows is definitely strongly analysed at the level of supply chains rather than 

collaboration networks. From this perspective, research into networks should be developed in the area of 

supplementing the methodology for selecting mechanisms of the multiple co-ordination (network governance): 

bureaucratic, social and flow, with the aspect of disruptions in material flows [3,4].  

Including the analysis of disruptions in the co-ordination of supply chains is proposed by Cao, Zhou and Lu [5]. 

Disruptions analysed by Cao and other researchers are identified on two levels of the supply chain: on the 

level of deviations from the predicted customer's needs (disruptions connected with demand uncertainty) and 

on the level of deviations from the planned logistic costs (disruptions connected with collaboration in supply 

chains). The authors assumed that cost risk and demand risk occur at the same time.  

Obviously, flow coordination is strongly connected with demand uncertainty. Planning demand, even if it does 

not lie completely in the coordinator's hands, is essential for his/her work and decisions. Besides, decisions 

undertaken by the coordinator and co-ordination mechanisms used by them are affected by the location of 

material decoupling point, uncertainty of decision making connected with risk, including the risk resulting from 

the organization of the network itself, and consequently relation risk and process risk. However, disruptions in 

material flows can be understood considerably more widely than those proposed by Cao et al. Disruptions in 

supply chains result from influences of endogenous and exogenous factors in relation to the supply chain. 

Disruptions understood so widely are defined as unexpected events which slow down or stop material flows 

between organizations participating in production and delivery of goods and services [6]. Chopra and Sodhi 

[7] stress that risk management in supply chains, which is initiated by identification of disruptions in material 

flows, is especially difficult because activities which compensate processes and improve deviations in one 

supply chain can cause disruptions in another chain link. Therefore, it can be assumed that a growth of network 

relations in supply chains increases this risk. Research by Cao et al. [5] confirms the adopted assumption that 

relations created within supply chains and especially in the network structure can be themselves a source of 

interference which are called relation risk in the paper. Therefore, relation risk will be understood as a 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

581 

probability of disruptions in material flows causing losses resulting from inadequate forms of relations or 

unreliable internal procedures, errors made by people and systems. Relation disruptions can occur particularly 

by extending the lead time of logistic and production processes or/and changes of the level of logistic costs. 

The results of relation risk involve increasing the entire logistic costs or worsening the customer satisfaction 

indicator. The idea of a risk relation management system (strategic partnership risk) has been discussed in 

the literature for several years. The idea of strategic partnership risk is based on a perceived probability of 

potential threats resulting from participation in strategic bonds with other independent subjects, whereas the 

size of the threat will be the bigger, the bigger losses may be incurred by a given enterprise [8]. The discussed 

risk refers to the negative results of certain events and decisions and is perceived subjectively, i.e. it reflects 

an estimation of the objective risk of a person who takes decisions. Relation risk includes all ambiguities 

concerning future events, perceived by potential partners, which can negatively affect the results of the 

collaboration. It is defined as a probability and the consequences of failure to achieve satisfying cooperation 

[9]. It results primarily from the potential of behaviour, harmful for the relationship, occurring on the part of both 

enterprises, and is influenced by all partner in the part in which each of them places and administers resources 

which they were committed to transfer for partnership. Therefore, the interpretation of relation risk adopted in 

the paper matches the ideas of defining relation risk presented before.  

2. THE IDEA OF RESEARCH INTO RELATION RIS IN DISTRIBUTION NETWORKS 

This paper indicates differences in the sense of relation risk in different types of distribution networks of steel 
products, taking into account in these networks both sales and logistic networks. As a result of disruptions in 

material flows are unpunctual and incomplete deliveries, or even worse, unfulfilled deliveries. Consequently, 

risk in material flows is considered as a probability of disruptions which entail organizational and/or financial 

effects. Organizational effects involve 5 levels: (1) effects compensated by previous protections, (2) effects 

requiring slight, short-term changes in the fulfilled processes, (3) effects requiring changes in the process 

organization, (4) effects causing threat for the realization of the key targets and those requiring long-term 

changes in the fulfilled processes, (5) effects causing impossibility to fulfil the key target. Financial results are 

associated with process reorganization and extraordinary transport but also with penalties resulting of non-

fulfilment of the contract. 

Relation risk is a type of risk in networks, including distribution networks. The proposed methodology of 

research into relation risk is coherent with ideas of measuring disruptions in networks and supply chains, which 

were presented before. Therefore, the proposal involves identifying disruptions, measuring their frequency and 

results and then combining them into risk factors (Figure 1). At the stage of identification of potential 

disruptions, a detailed study of the literature on resilience of supply chains was taken into account. Summing 

up the results of their research Kramarz [10] indicated a set of endogenous and exogenous disruptions in 

network supply chains. According to the proposed methodology, disruptions measurement in an organization 

requires diary studies (participating observation, continuous observation). These studies can be carried out 

using of disruptions measurement cards, simultaneously these results are combined with the data registered 

by the computer system, especially in the area of measurement of orders fulfilled incompletely, unpunctually 

and unfulfilled orders. The observed deviations in material flows in the conducted research translate into the 

reliability of fulfilled orders. The reliability of fulfilled orders is measured by all organizations cooperating in a 

distribution network. At the last stage of the research, previous disruptions measurement results forming 

relation risk, are analysed in different types of distribution networks (virtual, project, supply, integrated and 

process networks). 

The literature and pilot research allow selecting 32 factors causing disruptions in material flows in network 

supply chains of steel products directed to the motor industry. Factor analysis selected in order to separate 

risk factors allowed connecting strongly correlated variables. Risk factors, distinguished in this way, were 

analysed relative to the essential justification of the connection of certain variables in a given risk factor. The 
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three-stage process separated 6 groups of disruptions named risk factors [11]. The system of the 6 factors 

provides 67 % of the explanation of variance, and 17 variables have loading above 0.7. Therefore, it can be 

concluded that the separated 6 risk factors in 67 % represent the variability of disruptions as regards frequency. 

Accordingly, it keeps a considerable degree of defining the variability of the frequency of disruptions, 

simultaneously involving as many as 17 separated variables. Therefore, it was accepted that the separated 6 

factors sufficiently and relevantly explained the variability of disruptions in respect of the frequency of their 

occurrence and therefore it is a proper set of risk factors, compatible with the accepted assumptions. When 

interpreting groups of risk factors, it can be indicated that four of them can be classified as relation risk factors. 

 

Figure 1 Stages of the research of the relational risk [own study] 

3. RELATION RISK IN DISTRIBUTION NETWORK OF STEEL PRODUCTS 

When analysing the research findings as regards risk in distribution networks of steel products , it can noticed 

that the risk factors introduced earlier, generated on the part of the base enterprise, refer to all models of 

networks (they do not significantly differentiate the five types of network - virtual, project, supply , integrated 

and process networks), only relation risk is different in each of the examined models. The summary of the 

results of the factor analysis and the interpretation of individual risk factors were presented in Table 1.  

The separated risk factors in respect of the frequency not only significantly represent the variability of 

disruptions in respect of the frequency but also have their own essential justification. The division of factors is 

compatible with the phasic (systems) depiction. Factors 2-5 of the disruptions group are classified as relation 

risks. Within the base enterprise itself, two types of risk factors were distinguished. The first one (risk factor 1) 

depicts disruptions resulting from a bad job organization. Variables forming this factor refer to organization 

waste factors. The second risk factor generated by the base enterprise (risk factor 6) refers to events 

happening as a result of maladjustment of the supply base organization and quality control procedures to the 

real requirements of material flows. Similarly, disruptions generated by the supplier in respect of the frequency 

constituted two risk factors. Risk factor 2 accumulates events connected with the defective quality of delivered 

material, which finally extorts additional control, requires returns, and therefore it required organizing 

extraordinary processes, however, risk factor 5 accumulates events connected with the delivery reliability. The 

next step deepens the inference process with the details of the results for 5 types of distribution networks (see 

Table 2).  
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Table 1 The interpretation of risk factors [own study] 

Risk Factor Representation of disruptions  Interpretation  

Risk factor F1 D30 - using improper procedures in production and/or logistic 
processes, D31 - long periods of stoppage (idle time of 
people, material, information) , D32 - improper worksite 
organization, 

Disruptions generated by the base 
enterprise in the area of the 
organization of production and 
logistic processes - waste  

Risk factor F2 D3 - defective delivery, D4 - bad quality of delivered 
materials,  

disruptions are generated by 
suppliers (quality of materials)  

Risk factor F3 D12 - unpunctual transport processes, D20 - badly selected 
business partners, D24 - damage while loading/stockpiling,  

disruptions at the stage of 
fulfilment of logistic processes 
between the base enterprise and 
the customer 

Risk factor F4 D10 - insufficient subcontractor's production capacities, D11 - 
delays in fulfilment of processes by the subcontractor 

disruptions generated by the 
subcontractor 

Risk factor F5 D1 - unpunctual delivery, D2 - incomplete delivery, D5 - 
unfulfilled delivery 

disruptions generated by the 
supplier regarding delivery 
reliability 

Risk factor F6 D18 - maladjustment of conditions of order fulfilment to the 
possibilities of the base enterprise, D23 - bad quality control 
on the part of the base enterprise  

disruptions generated by the base 
enterprise in the area of order 
fulfilment including order 
processing and inspection  

Table 2 Relation risk in distribution networks of steel products [own study] 

The type of a 
distribution 
network 

Dominant 
disruptions 

The hierarchy of risk factors of 
relation risk (1- the least 
essential, 4 the most essential)  

The risk relation 
(small/average/large) 

Results of 
disruptions 

virtual D12, D24 (1)F 4, (2) F5 (3) F2 (4)F3 small small 

supply D20, D24, D30 (1)F 4, (2) F2 (3) F5 (4)F3 average small 

project D4, D1, D2 (1)F5, (2) F4 (3) F3 (4)F2 average large 

process  D10, D11, D12 (1)F2, (2) F5 (3) F3 (4)F4 large average 

integrated D30, D24, D23 (1)F5, (2) F4 (3) F2 (4)F3 average small 

Risk factors depicted in groups 1 and 6 are characterized with strong variability and are independent from the 

network type. In detailed research in virtual networks relation risk was generally rated on a low level. This is 

associated with the impermanence of network relations, dynamic changes of these networks and slight network 

entry and exit barriers. The level of relation risk was rated high in process networks. These networks are 

especially complex because they are based on subcontracting of postponed production tasks performed in the 

distribution channel (on the level of service centres and steel works). Simultaneously, realization of postponed 

production tasks in enterprises based on partnership is associated with the need for additional organization of 

transport processes. Consequently, in this type of network, what is especially distinct is the effect of 

overlapping relation risk in sales and logistic networks. Moreover, in the examined process networks the forms 

of collaboration between the base enterprise and its partners was also differentiated (both formal and informal 

relations). In other types of networks, the level of relation risk one rated as average.  

When analysing the results of disruptions, disruptions in project and process networks were rated 4.5. A high 

frequency of disruptions in integrated networks does not translate into high effects of those disruptions. These 

networks are definitely adapted the best for compensation of disruptions in the system and for not transferring 

them on subsequent links. A weak aspect of the presented inference is the differentiation of observation in 
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individual types of networks. In the examined distribution networks of steel products, the total of 17 

coordinators revealed as follows: 17 coordinators revealed participation in virtual networks, 4 coordinators in 

supply networks, 10 coordinators in process networks, 7 coordinators in the project network and only 2 

coordinators in integrated networks. One coordinator participates in many different types of networks. 

4. CONCLUSION 

The special complexity of the distribution network is transferring itself into problems of logistic managing the 

such structure. The cooperation of the organization in the distribution network requires the assortment of 

appropriate coordination mechanisms. Special problem in the network governance are disruptions generated 

on the joint of cooperating organizations. In the article I identified the problem of the relational risk in the 

coordination of flows in the distribution network. I showed assumptions for the research on its problem. The 

designed methodology for analysing risk relation in distribution networks is universal. The empirical research 

was conducted in a distribution network of steel products which is a very complex system and allows observing 

different types of networks regarding a given category of products. The obtained results indicate the 

differentiation of relation risk among types of networks. The differentiation concerns both frequencies of the 

occurrence of disruptions and their results. Considering a weak aspect of the empirical research, i.e. a small 

representation in two groups, it is advisable to extend the research on other sectors. Risk relations isn't 

homogeneous in examined types of the network. It is possible so to conclude that the coordinator should apply 

the different combination of coordination mechanisms in individual types of the network. Conducting further 
research above the influence of the type of the relational risk on the effectiveness of individual coordination 

mechanisms is significant. 
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Abstract  

Logistic has become crucial area of competitiveness in many industrial sector. Sector of material production 

and processing, due to high values of material flows, is especially beneficial for implementing logistics 

solutions. The main goal of the paper is discussion of potential effects of resolving logistics challenges 

compared to other factors of the sector's development. In the paper, the situation in Silesian Voivodeship was 

characterized by the main regional indicators. 

Keywords: Regional development, material processing, logistics processes, efficiency of logistics activities 

1. INTRODUCTION 

The world is changing very fast, what is effective today will not always be an adequate and good solution 

tomorrow. The ever more volatile and more dynamic market on which modern logistic companies operate 

makes the effective methodology so far based on verification, evolution and constant adjustment is less and 

less effective. There is a growing need for introducing innovative solutions, and so changes of revolutionary 

character, not evolutionary ones. 

Logistics is a sector that is gaining more and more importance in the globalized world. In Poland, it is constantly 
developing. Due to its specificity, it is constantly evolving to meet the requirements of modern business and 

adapt to dynamic changes in the economic environment. The ongoing virtualization of the world and the pursuit 

of its interests pose a number of new challenges for her, at the same time making the position of innovative 

logistics grow with each subsequent year. Producers, retail chains or even individual stores, in order to earn 

and successfully compete in the market, had to go beyond their region, country and even continent. A huge 

challenge for logistics is also the extremely fast development information technology [1]. 

Modern logistics, its role and its complex character as well as the fact of acting in increasingly complex 

conditions require a wide scientific involvement in its areas. The success of modern logistics is determined not 

only by the innovative approach to its problems and tasks but also by very high specialization, work culture, 

mutual trust of partners, rigorous cost management and speed and efficiency of resource exchange within the 

network. It is also worth noting here that despite the indicated values of innovative logistics, today there is no 

such model, concept or method of logistics management even the most innovative one that would work in 

every situation [2]. 

In the direction of changes in logistics, besides the client, science should play the leading role. In the area of 

scientific deliberations, there should certainly be problems related to further implementation and an ever closer 

link between logistics and information. There is no doubt that the importance of information in the logistics and 

production system will increase more and more, thus increasing its effectiveness. The problem, however, is 

based on an innovative approach to this issue, on the close linking of logistics with information, and thus 

information systems built in accordance with megatrends in the IT area [3]. 

According to the concept of "high-speed changes", in the context of both gaining and maintaining a competitive 

advantage of a given organization, the change process depends on the creation of an organizational culture 

that is capable of adapting quickly to high variability of the environment. This concept focuses on the changing 

market conditions and individual needs. As part of the adopted organizational culture, it quickly implements 
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market changes to its activities and strategies. The essence of action and success lies in the preparation of 

mental and organizational, cultural to such activities and awareness that only a few are able to produce and 

maintain such a high speed of change and adaptation that is wide-ranging, as well as create and implement, 

in very short time, improvements and innovations. Thanks to the concept of "high speed" after its 

implementation in practice, the organization achieves very high levels of flexibility and efficiency.  

2. LOGISTIC CHALLENGES - THEORETICAL AND PRACTICAL DETERMINANTS 

The growth rate of the polish gross domestic product in 2017 amounted to 4.6 % (see Figure 1). This was the 

highest rate of economic growth for six years. The main factor behind such growth was domestic demand, 

especially the very robust increase in household consumption. Higher consumption was supported by the 

increase in real incomes due to low price dynamics of imported goods, moderate inflation rate and an increase 

in wages and salaries. 

The other growth driver turned out to be coming from investments which went up, observable with delay, only 

in the second half of the year. The main driving force behind investment growth in 2017 was in accelerating 

public sector investments, while investment in the corporate sector continued to decline. Public investments 

moved up along with the gradual intensification of EU funds usage. The recovery in investment spending of 

the enterprise sector occurred at the very end of the year, while good dynamics was still maintained in 

housing/residential investments due to the growing demand of households and relatively low interest rates on 

loans. 

The favorable situation in the country and in the environment of the polish economy was conducive to a further 

increase in turnover in polish foreign trade. Exports were growing almost as fast as a year earlier, but imports 

sped up supported by investments. The foreign trade surplus decreased so that the trade balance had a 

negligible impact on GDP growth. 

 

Figure 1 Economic indicators in Poland in the period from 2013 to 2017 (%) [4] 

In Silesian Voivodeship dominates industry as it is the second top Polish Voivodeship of sold production of 

industry which is 18.2 % of total number for Poland [5]. All above sectors are directly connected with the 

material and manufacturing and processing defined by NACE codes. In Table 1 we can see the basic economic 

indicators characterizing the material manufacturing sector in the region. The sector gets very high contribution 

to the regional domestic products (for the divisions 24 and 25 it is almost PLN 40 billions) and employs large 

number of employees. According to the Polish Information and Foreign Investors Agency the sectors with huge 

potential in the region are automotive (as numerous renown enterprises and developed network of suppliers 
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of this industry are present in the region: FIAT (largest factory in Europe), General Motors Manufacturing, Isuzu 

Motors, Delphi Automotive Systems, Tenneco Automotive, etc.), business process outsourcing and IT [6]. 

Table 1 Basic measures characterizing the business potential of Śląskie in the area of production and  

processing materials - data for the year 2015 [5] (a), [6] (b) 

Divisions of NACE 
Number of 
enterprises 

Number of 
employees 

Sales revenues 
(product and 

services) (PLN 
thousands) 

Sales revenues 
(materials) (PLN 

thousands) 

Division 24 and 25  
5,121 (a) 

513 (b) 
70,697 (a) 39,672,818 2,910,004 

24 - Manufacture of basic metals 
340 (a) 

84 (b) 
22,613 (a) 23,770,608 1,108,582 

25 - Manufacture of fabricated metal 
products except machinery and 
equipment 

4,781 (a) 

429 (b) 
48,084 (a) 15,902,210 1,801,422 

22- Manufacture of rubber and 
plastic products 

1,287 (a) 

217 (b) 
27,762 9,972,384 992,645 

23 - Manufacture of other non-
metallic mineral products 

1,070 (a) 

89 (b) 
15,646 7,359,410 858,273 

Metallurgy is categorized in the metals department, which is one of the top ten largest industrial sectors. The 

value of shipments of the steel sector in 2017 amounted to PLN 33.6 billion, which accounted for nearly 3 % 

of industrial production. In terms of revenues, it was a very good year for steel-making as, after 2 years of 

declining sales, the companies managed to achieve growth of almost 15 %, which is more than double of the 

industry’s total. Thanks to this, steel managed to some extent to rebuild its position within industry, as, before 

the 2008 - 2009 crisis, it constituted approx. 4 % of the industry total. However, despite good sales in steel and 

steel products manufacturing sector, profit margins went down as costs, especially of materials and energy, 
were growing much faster than the revenues.  

Export sales accounted for approx. half of the value of steel shipments at PLN 17.1 billion in 2017. The exports 

competitiveness in foreign steel trade improved, the terms of trade index was at 1.03 after a decline in 2016. 

Export share, however, was slightly lower than in the previous year as the increase in foreign sales was smaller 

than the domestic sales growth. On the other hand, imports growing dynamically for several years exceeded 

the value of sales and amounted to PLN 33.7 billion. The negative trade balance (-16.6 billion PLN) worsened 

by as much as PLN 2.5 billion and was the highest in history [7]. 

Thanks to the increase in product output, employment in steel making enterprises went up approx. 2.5 % and 

amounted to 25.5 thousand at the end of the year. The growth rate of gross salary per employee in 2017 

accelerated in the entire industry to 5.5 % from 3.0, while it remained in the steel sector at a similar level as in 

the previous year, i.e. approx. 4 %. Nonetheless, wages and salaries in the metallurgy are on average 15 % 

higher than the industry average and 20 % lower than the average pay level in the entire economy. From the 

point of view of the average pay, the steel sector is an attractive place to work for, but it had in recent years 

been struggling with generational gap problems and the lack of adequate vocational education system [7]. 

The technological revolution with which we have been dealing since the turn of the century has changed the 

way of building relationships between customers and suppliers, as well as in the manner of configuring 

traditional supply chains. In order to keep up with the dynamically developing market of business, nowadays, 

they must look for opportunities to build a competitive advantage with their co-operators and clients. 
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Individual involvement is often inadequate to fully meet customer expectations. In order to be able to meet 

clients' needs, enterprises are forced to carry out joint activities together with their business partners. To 

achieve the transparency of the supply chain, the organizational capacity of operators to combine logistics and 

transport functions should be improved, and through the application of global standards to increase 

productivity. 

To achieve the transparency of the supply chain, the organizational capacity of operators to combine logistics 

and transport functions should be improved, and through the application of global standards to increase 

productivity. Increased transparency in the supply chain is an element that can lead to lower costs and improve 

efficiency. In addition, changes in the approach to the issue of product knowledge among customers of the 

industrial market have to be noticed [8]. Recipients are demanding detailed information about systems and 

sources of supply, they are interested directly in such issues as the quality of individual products, operation of 

processes, safety, ethics and the impact of the company's operations on the environment. 

The supply chain is slowly changing its original meaning and is evolving into a supply network. For materials 

processing enterprises in the Silesian Voivodship, this evolution will mean the creation of a value network. It 

will cover supply chains from suppliers, demand-driven supply chain and realizing that the company multiplies 

many supply chains. 

Lee's analytical work focuses on determining the efficiency, effectiveness and efficiency of the supply chain. 

Organizational intelligence should lead to such a concentration of Supply chains to match them best to the 
characteristics of market needs [9]. 

Therefore, they should be (see Figure 2): 

 flexible, which results in a quick response to changes in demand and supply, 

 adaptive, It is quickly adapted to evolving market strategies and structures, 

 line-set, that is, taking into account the interests of all companies, and thus improve the operations of 
the entire supply chain. 

 

Figure 2 Elements of the triple A approach [9]. 

The term "intelligent logistics" is not new though it has acquired a new meaning in the current conditions, and 

it is about the logistics of new solutions offered by information technologies and their use in logistics processes. 

A modern look at logistics, however, is not only the result of progress in IT, it also understands the client's 

needs and the fact that meeting these requirements may determine the existence or failure of a given logistics 

company. Thus, IT only plays the role of technology that creates the conditions for a specific action, which is 

therefore a tool that must be integrated with the entire complex logistics process complex to make it faster, 

more efficient and more integrated internally and correlated with the environment. As a result of such defined 
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trends, every element of technological development in logistics significantly increases competitiveness in an 

increasingly demanding environment. As part of "intelligent logistics", it is not only about simple modeling of 

each process based on the obtained parameters, but about building systems that have the ability to learn and 

adapt to emerging needs, as well as to deal with information deficiencies. These systems must be able to 

generate forecasts, demonstrate the ability to react and adapt to change. In addition, they must communicate 

with other systems and characterize [10]:  

 real-time work skills, 

 the ability to use standard solutions and interfaces and openness to new sources of information, 

 the ability to acquire, aggregate, process, distribute along with data transmission and use a large number 
of differentiated data, 

 the ability to adapt and the possibility of scaling, 

 the ability to learn and acquire data and provide feedback, 

 the possibility of immediate reaction to changes in operating conditions, 

 possible to expand, 

 modular structure and mechanisms ensuring safety and high operational reliability. 

Innovation in logistics, in the management of modern supply networks is not limited to the involvement of 

modern IT solutions in this process [11]. A common feature of projects in this area is high creativity and 

integration. These are projects with high technological complexity. The basic assumption of all these solutions 

is better adaptation to changes in the environment and the ability to respond faster to market needs. In the era 

of continuous and unpredictable changes in the business environment, enterprises that want to be successful 

in the 21st century must be able to react quickly in this difficult and permanently changeable environment, 

together with the growing responsibility for the natural environment. The elements and goals set for them, in 

the triple A concept, have been supplemented with the methods necessary to use in the construction of 

effective supply chains. Shows they are aggregated in Table 2. 

Table 2 The elements in the triple A concept (preparation based on [12]) 

Flexibility  Adaptability Line setting 

Long-term goal: Quick reaction to 
changes in demand and supply and 
liquidation interference 

Long-term goal: Network design 
delivery to structural changes on the 
markets and modification according to 
the strategy, products and technologies 

Long-term goal: Creating 
incentives to increasing efficiency 

Methods: 

 Taking care of information 
flow to suppliers and 
customers and from them 

 Developing a cooperation 
relationship with suppliers 

 Designing enabling products 
postponement in time stages 
of individualizing them 

 Creating inventory buffers 
important components 

 Using a logistics system and 
the partner providing the 
services in a reliable manner 

 Having emergency plans and 
crisis management teams 

Methods: 

 Monitor the economy on to 
detect new sources of supply 
and new markets 

 Using intermediaries to 
acquire new ones suppliers 
and new infrastructure 
logistics  

 Assessment of final needs 
consumers, not just direct 
customers 

 Determining the stages of 
cycles technological and 
cycles life of manufactured 
products, taking into account 
the specificity of demand 
changes 

Methods: 

 Leading to the free 
exchange of information 
with suppliers and 
customers 

 Clear roles, tasks and 
responsibilities suppliers 
and customers 

 Fair sharing of risk and 
costs and profits resulting 
from the introduction of 
new ones initiatives  
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3. CONCLUSIONS 

Continuously increasing valuing of the strategic importance of the logistics concept, which is a 

multidimensional potential of changes in the system and subsystems of business management and enabling 

the achievement of the hackers’ market-economic effects by the company are manifested, among others [13]: 

 in the development and growth of the so-called logistics potentials, and more precisely, 

 logistic potentials of success, including logistics resources, capabilities, 

 logistics and logistics competences - these potentials form the basis for defining and developing logistic 
determinants of business management also in the environment of material processing enterprises. 

Taking into account the dynamics of the environment, the innovativeness of logistics activities in materials 

processing enterprises can focus on: 

 modularization of logistic services combined with lowering costs is now the main goal of logistics 

innovation, 

 cost-oriented innovations will be replaced with customer-oriented innovations, 

 creating new services to meet current requirements and creating and at the same time an answer to 
new requirements will become the most important goal for innovation in the future, 

 steps should be taken to achieve greater transparency of activities, 

 the incentives for the development of innovation at logistic service providers are mainly projects aimed 
at clients, 

 Understanding the dynamics of customer perception of value carries important opportunities for the 

development of innovation in logistics, 

 modern achievements in the field of information systems and communication technologies have 

significant innovative potential, 

 virtual concept and reality as well as automated systems are extremely important areas of development 
for innovation, 

 development and implementation of standards that will support the interoperability of supply chains and 

the transparency of operations. 

New trends and challenges for technological areas in Silesian Voivodeship create horizontal links that 

strengthen local value chains: 

 creating the basics of functioning and implementation of the circular economy, 

 orientation on the growth in the creation and implementation of all types of innovations, 

 ensuring and health protection safety, 

 reduce material costs and increase productivity (this applies to a large extent  manufacturing 
materials), 

 energy efficiency in the sphere of production, distribution and exploitation (including materials), 

 use of global resources, 

 increased demand for materials (in particular metallic materials and polymers), 

 increase in labor costs in materials processing. 

Main logistics challenges for enterprises from the material processing sector in the Silesian Voivodeship are 

focusing on: 

 relocation of service centers for materials processing enterprises, 

 proper links with IT systems of the logistics facilities, 

 matching technical competences to customer service in the sphere of logistics, 

 matching the processing offer in the field of packaging, e.g. biodegradable packaging,  

 the challenge of cost associated with the transportation - skillful finding in the international supply chain, 
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 supply chain management, using services provided in the cloud , 

 providing personalized transport that allows you to react in the "just in time" system, 

 implementation, by logistic operators, of business models based on access to resources - not 
necessarily their own - in various configurations, depending on the level of demand at a given moment, 

 implementation of specialized logistic services in internal logistics processes, 

 using the logistics potential of external carriers to optimize inventory costs, with a noticeable trend of 

inventory centralization, which results in an increase in the number of logistic operations. 
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Abstract 

Article presents the relationships between the circular economy and reverse logistic with a particular emphasis 

on the role of processes in reverse logistics and circular economy principles in the creation of closed loop 

supply chains. The main links between reverse logistic and circular economy were identified on the basis of a 

literature review. The main found of the analysis is the conclusion that circular economy concept is broader 

than reverse logistic, because it is not only covers the reverse flows but also the forward flows in supply chains 

with several unique characteristics and services. 

Keywords: Circular economy, reverse logistic, logistic system, closed loop supply chain 

1. INTRODUCTION 

Dynamic social and economic development means that the amount of produced material goods that have to 

meet different needs is growing. The consequence of that is a huge amount of waste generated both during 

the production of these goods and after they have been used, as well as the growing demand for raw materials. 

As the technology develops, the diversity and properties of the increasing amount of waste change. Some of 

that waste is directed to landfills due to its state and level of wear. The rest, which still has some value, is 

recovered in order to recycle its components, materials and raw materials or energy. The size and diversity of 

the material and information streams cause a problem with management of the growing number of returned 

goods, including those qualified as waste. This ceased to be a matter of a single user and became a global 

problem a long time ago, therefore it is necessary to introduce systemic solutions. The result is an intense 

interest in reverse logistics, which has so far focused on the broadly understood entrepreneurial ecology and 

now has become the source of a concept for a broader approach to the problem of goods returned from the 

market and a search for management solutions to control their flows. The main goal of reverse logistics is to 

shape the flows of all kinds of materials and products in the opposite direction to the flows in the classic 

approach, to reduce the amount of generated waste, minimize the negative impact of waste on the natural 

environment and to effectively use waste that can be recycled. In connection with the introduction of the circular 

economy paradigm, reverse logistics becomes one of the key concepts that enable creation of the systems 

that capture and segment products at the end of their life with the intention of keeping salvageable materials 

and products in the circular system, allowing a higher level of material recovery and use [1,2]. The aim of the 

article is to present the relationships between circular economy and reverse logistic with a particular emphasis 

on the role of processes in reverse logistics and circular economy principles in the creation of closed loop 

supply chains. 

2. REVERSE LOGISTIC SYSTEM 

The concept of reverse logistics has not been clearly defined in the literature so far, which results in an 

abundance of terms describing it. The most commonly used ones are: recirculation logistics, recovery logistics, 

ecological studies, utilization logistics, reverse logistics, and even retro logistics. The development of this 

concept is attributed primarily to the changing laws, increased consumer awareness and limited access to 

resources and raw materials, and thus the growing costs of obtaining them [3]. Among the many definitions of 

reverse logistics (Table 1), the emphasis is both on the fact that it concerns the opposite direction of the flow 
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of goods that still have some value and the fact that it focuses on the management of finished goods [4-6], and 

information to recapture value or proper disposal. As the main goal of the undertaken activities, Rogers [7] 

points out material reuse and respect for the environmental [5,8]. 

Table 1 Definitions of reverse logistic [own study]  

Author/source  Definition Charakteristic 

Fleischman et. al. 
[9] 

A process which encompasses the 
logistics activities all the way from used 
products no longer required by the user 
to products again usable in a market 

 Focus on the re-capturing of product value, 

 encompasses all logistic activities from point of 
consumption, 

 the objective of reverse logistic is to capture 
value from returned products. 

Rogers and Tibben-
Lembke [7] 

The process of planning, implementing 
and controlling the efficient, cost-
effective flow of raw materials, in 
process inventory, finished goods and 
related information from the point of 
consumption to the point of origin for 
purpose of recapturing value or propper 
disposal 

 Focus on efficiency logistics activities, 

 encompasses all backwards flows of material 
and information, 

 the objective of reverse logistic is recapturing 
value or disposal of gods. 

The Reverse 
Logistics 

Association [10] 

All activity associated with a 
product/service after the point of sale, 
the ultimate goal to optimize or make 
more efficient aftermarket activity, thus 
saving money and environmental 
resources. 

 Focus on efficiency of aftermarkt activities, 

 encompasses all activities after a product has 
been sold, 

 the objective of reverse logistic is reducing costs 
and negative environmental impacts. 

Council of Supply 
Chain Management 
Professionals [11] 

A specialized segment of logistics 
focusing on the movement and 
management of products and resources 
after the sale and after delivery to the 
customer. Includes products returns for 
repair and/or credit. 

 Focus in management on the management of 
aftermarket activities, 

 encompasses the management and movement 
of goods and resources, 

 the objective of reverse logistic is effective 
management. 

Reverse logistics begins where traditional material flows end; its aim is to create an added value resulting from 

the management of waste generated at each stage of the value creation chain. The implementation of reverse 

logistics tasks takes place as part of reverse supply chains, which usually involve other entities than in 

traditional chains and other activities than usually carried out. In return logistics, used materials constitute the 

flow and thus it can be perceived as a new form of waste disposal, based on two mutually complementary 

reasons: ecology and economics [12]. 

The following process characteristics of reverse logistics are mentioned in the literature [13]: 

 repair and re-use - re-inclusion of the unaltered product into the system, its quality may be lower than 

the new product; 

 renovation (renewal) - i.e. restoration of adequate quality of the used products by their disassembly, 
inspection, and replacement of damaged parts, as well as technological upgrades, which means 

replacement of obsolete modules and components with technologically better and more modern ones; 

 regeneration - restoration of the quality of used products corresponding to the quality required for new 

products through complete disassembly, detailed repair and replacement of obsolete parts; 

 cannibalization - recovery of a relatively small number of parts and modules from the used product and 
subjecting them to the process of repair, renovation or regeneration; 

 recycling - recyclable materials present in the used products are processed to obtain materials for 

primary or other purposes. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

594 

The basic components of the reverse logistics system are: collection, sorting, processing, and design of the 

distribution and logistics network for returned goods. The reverse logistics systems are a component of existing 

logistics structures. The conceptual approach to the reverse logistics system, including the implemented 

processes, is shown in Figure 1. 

 
Figure 1 Processes in reverse logistic system [5,9] 

Reverse logistics is significantly different from the traditional approach. It is often accidental in nature, as the 

amount of returned goods is not fully estimated beforehand. Moreover, it is not certain when they will appear, 

what will be the degree of their wear, what processes they will be subjected to, and at which stage of the return 

supply chain they will eventually be used [3,14]. In return logistics, transportation and labour costs are much 

higher, as the collection takes place from dispersed sources and the products are obtained as a result of 

manual disassembly. There is also a need to cooperate with the customer who must hand the goods back to 

the carrier or bring them directly to a collection point. All products flowing in the return logistics chain have a 

lower value in relation to the initial ones. 

3. INTEGRATION OF REVERSE LOGISTIC WITH THE CIRCULAR ECONOMY CONCEPT 

The traditional linear model of the economy is based on a large amount of easily available resources and 

energy. The measures currently undertaken to reduce the use of resources and energy (from conventional 

sources) do not change the nature of the final products. That is why it is so important to undertake further 

activities that are related to switching the energy sources to renewable ones. They should also contribute to a 

significant reduction of resource and raw material consumption, but most of all they should implement actions 

aimed at such design and use of products that will extend their lifetime many times and will enable their reuse 

after the end of their life, which will reduce the amount of waste. The concept that responds to these demands 

is a circular economy [1]. It derives from research into nonlinear systems and it captures and manages material 

flows in a holistic manner. According to the European Commission [15], in the circular economy principle, the 

value of products, materials, and resources in the economy is maintained for as long as possible and waste 

production is minimized. The circular economy is also considered a development strategy that enables 

economic growth while optimizing the use of resources, leading to a deep reconfiguration of supply chains. 

The circular economy is, therefore, a new concept of creating value built on the rational use of resources [16]. 

It allows to minimize the negative environmental impact of manufactured products due to such changes at all 

stages of the life cycle of a product which enable reuse of the implemented materials. This concept is related 
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to the cradle-to-cradle concept (C2C), which is a way of designing and manufacturing products that is 

consistent with the concept of sustainable development and allows them to be re-incorporated after completion 

to the economic cycle [17]. According to the Ellen MacArthur Foundation [1], circular economy means that the 

product design ensures the possibility of its repair, regeneration and maintains the highest usability and value 

of products, components, and materials at all times, while distinguishing between technical (regarding non-

renewable raw materials) and biological cycles (renewable raw materials). The three fundamental principles 

of the circular economy are also mentioned: preservation and strengthening of the natural capital, optimization 

of the use of raw materials, development of the system efficiency. 

In logistical terms, reverse logistic derives from some of the activities described in the circular economy. These 

include repair, refurbishing, disassembly, servicing, remanufacturing, recycling and disposal [1]. The 

relationships between Circular Economy and Reverse Logistics also includes activities such as collection, 

maintenance, reuse/redistribution, refurbishing/remanufacturing and recycling. The analyses distinguish 

between two types of materials: biological and technical types, which shape flows in the economy. The 

distribution of these materials is conditioned by specific processes leading to their re-use. This chapter also 

points to the fundamental difference between reverse logistic and circular economy. Reverse logistic focuses 

on processes related to the flow of technical materials while circular economy covers both types of materials 

in the forward and back supply chains. Reverse systems are therefore an essential element of the existing and 

new circular economy systems [18]. 

Thus, it can be concluded that reverse cycles are components of logistics are constitute key building blocks of 

the circular economy [5]. Specifically, they highlight the need for systems that capture and segment products 

at the end of their life, with the intention of keeping salvageable materials and products in the circular system, 

which allows for a higher level of material recovery and use [20].  

4. CIRCULAR ECONOMY IN CREATION OF A CLOSED LOOP SUPPLY CHAIN 

The European Commission [1,15,16] distinguishes the following activities which favor‘ loop of the circulation’ 

(the ReSOLVE model): 

 regeneration, for example, use of renewable resources, conservation and restoration of ecosystems, 

return of recovered biological resources to the biosphere, 

 exchange, e.g. use of new technologies, new types of transport or substitutes for non-renewable raw 

materials, 

 share, e.g. sharing cars/premises/devices, using second-hand products, 

 optimize, e.g. increasing the efficiency of production processes, minimizing the generation of waste, use 

of large data sets and automation, 

 loop, e.g. through recycling, 

 virtualize - indirect (e.g. online shopping) and direct virtualization (e.g. books and CDs in a 

dematerialized version). 

A Closed Loop Supply Chain is one of the new business models [21] promoted as part of the circular economy 

concept (Figure 2) [19], which fits in with the activities promoted in the ReSOLVE model and which relies on 

companies using in their production process the materials that are completely renewable recyclable or 

biodegradable. It also involves focusing the efforts of companies on management of production residues (by-

products and waste) in such a way as to minimize the level of waste transferred to landfills or incinerators. 

Paying attention to the ecological and economic potential that lies in the waste results from the development 

of reverse logistic and its integration into the classical supply chain, thanks to which the importance of material 

flow from the customer to the producer is increased. Establishment of links between traditionally run processes 

and processes included in reverse logistic constitutes the implementation of the circular economy concept and 

is an opportunity to respond quickly and efficiently to consumer expectations and needs in the field of recovery.  
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Figure 2 Closed loop supply chain among circular logistic business model [22] 

A Closed Loop Supply Chain [23] gives companies an opportunity to gain resources that are scarce or have a 

negative impact on the environment in an alternative way, from already produced but not fully used products. 

The resources obtained in this way can be used in successive life cycles to reduce costs and increase control 

over the quality of raw material and the impact of production on the environment. Its effective implementation 

requires changes in the organizational, material and technical infrastructure of the supply network and also 

calls for a new approach to the problem of management of supply networks. Until now, those have not been 

adapted to perform tasks in reverse logistic on such a large scale. 

5. CONCLUSIONS 

The relationship between the circular economy and reverse logistic can be seen in similar activities, general 

purpose, and some other aspects. Reverse logistics firms have experience in collecting, handling, triaging and 

bringing products back into the commerce stream. Reverse logistics can help accelerate the adoption and 

optimization of the circular economy system by sharing the lessons learned by companies handling returns 

and waste associated with: 

 collection and aggregation of products, 

 analysis and triage of returned products to determine whether they should be cascaded for another use 

or broken down into component parts, 

 maximizing the recovery and value of component parts, 

 seeking and maximizing the value of cascaded products, 

 marketing and messaging the value of refurbished and remanufactured products. 

However, the circular economy concept is broader than reverse logistic as it is not only covering the reverse 

sides but also the forward sides with several unique characteristics, for instance, dividing the type of materials 

with specific treatment, leakage minimization, etc. Reverse logistics is mainly to support maintenance activities 

related to products and materials in use by working to maximize the number of products recovered, restored 

and reused. The inclusion of recycled materials into the production supply stream allows to close the material 

cycle and to obtain a Closed Loop Supply Chain. 
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Abstract 

The TWI (Training Within Industry) program is considered the foundation of Lean Management. It is a program 

to develop the skills of superiors in the field of instructing employees and improving working methods which 

translates into an improvement in the organization of logistics processes. The improvement of working 

methods aims at increasing the production capacity with the same human resources, materials and machines, 

while at the same time producing more good products in terms of quality in a shorter period of time. The aim 

of the article is to develop documentation in accordance with the TWI method for operators in a selected 

production company. Presented is the method of preparing documentation using the Kaizen workshop. 

Keywords: TWI (Training Within Industry), production logistics, Lean Management, Kaizen 

1. INTRODUCTION 

The TWI (Training Within Industry) program is considered the foundation of Lean Management. It is a program 

to develop the skills of superiors in the field of instructing employees, improving working methods and 

relationships with employees. Instructing employees is a way to effectively train employees so that they do 

their job properly, consciously and safely. The improvement of working methods aims at such a situation when 
with the same human resources, materials and machines the production capacity would increase, while at the 

same time producing more good products in terms of quality in a shorter period of time. The Lean Management 

concept, colloquially known as "lean production", has a significant influence on the development of innovative 

solutions in production management. This concept allows the company to improve its operations by eliminating 

wastage and optimizing the flow of value in the production process [1]. Enterprises using Lean Management 

achieve higher productivity, work efficiency, product and service quality and are customer-oriented in every 

activity. Implementation of the Lean concept principles is possible due to the launching of tools to eliminate 

wastage, such as: standardization, suction system, kanban, Just-in-Time, Kaizen, 5S, SMED, Poka-Yoke and 

Jidoka. The article presents the results of the analysis carried out on the assembly line. Presented is the 

method of preparation for creating documentation using the Kaizen workshop, and then familiarized with the 

standardization process valid in a given manufacturing company. The process of training employees and 

checking and assessing their competences regarding the movement of operators between positions during 

the work shift was approximated. Due to the availability of TWI instructions on the production line, the 

production logistics in the surveyed enterprise was improved.  

2. LEAN MANAGEMENT WSPIERAJĄCY LOGISTYKĘ PRODUKCJI 

When making production-related decisions and production logistics, solutions are developed within the 

information and property flow in accordance with emerging conditions and needs, including, among others, 

demand forecasting, product planning, device deployment, process design, aggregate planning, production 

capacity management, economy warehouse. For this purpose, various types of tools are used to improve the 

flow and identification of details in the supply chain, which are based, among others, on the concept of Lean 

Managenent [2]. 

The production logistics includes all processes related to the equipment of the production process in the 

relevant goods (auxiliary materials, raw materials, semi-finished products, expense storage, and preferably 
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directly to the customer (directly), taking into account their satisfaction [3,4]. New conditions (globalization, 

virtualisation, branches of chain, innovativeness, etc.) made the problem of trust really popular. Trust is the 

feature of business relations [5]. 

Improving the process it should be remembered that an important element is also the aspect of work safety - 

the implemented solutions should include safe working conditions and reduce the number of potential 

accidents [6]. Well organized production logistics should provide [2]: 

 providing all materials, components and parts of the product at the time of commencement 

 implementation of a given order, 

 rhythmicity and continuity of running production, 

 favourable conditions for using modern internal transport, 

 adequate stocks of finished products in the supply area, 

 the possibility of shortening and improving production cycles, 

 selection of packaging (collective and unit) of logistic units, in order to increase it 

 transport and storage efficiency, 

 possibility of using automatic identification. 

The philosophy of Lean Production is based on five principles [7]: 

1) determining the value for a specific product, 

2) identifying the value stream for each product, 

3) ensuring the flow of value stream, 

4) implementation of the suction system, 

5) striving for excellence. 

The principle of determining the value refers to the assumption that the value is created by the producer, but 

it can be defined only by the end user. For this reason, manufacturers should change their thinking about the 

value of the product by adopting the customer's point of view. For the customer, the value of the product is a 

set of benefits that they acquires with the product, e.g.: 

 technical level of the product, 

 total product costs, 

 convenience of placing an order, 

 Manufacturer’s help in the installation of the product and its operation, 

 additional benefits affecting customer attachment and loyalty. 

The Lean concept therefore requires understanding the client's needs and defining what constitutes value in 

the product for them [8]. Correct identification and definition of customer‘s needs should occur already in the 

product design phase, and the customer's opinion should be taken into account during the entire manufacturing 

process, up to the launch of the product.  

The next step in defining the value is to determine the cost of the product, based on the price of the resources 

used and the workload, reduced by eliminating waste. The cost thus determined is much lower than the 

production costs of competing companies. 

The next principle of "lean production" is to identify the value stream. The Value Stream includes all activities 

(both adding and non-enhancing values) leading to the creation of a particular product. These activities can 

be divided into three categories: 
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 activities creating value for a customer, 

 activities not adding value, but temporarily necessary,  

 activities not adding value possible to immediate elimination.  

Identifying the value stream for each product leads to the detection of wastage (Japanese muda), that is, any 

activity that requires labour input, resource consumption, but does not create added value. There are seven 

kinds of basic types of waste [9]: 

 overproduction - all that is created too quickly, too many in relation to the needs and when there is no 

customer yet. It generates problems with the flow of information, materials and inventory, 

 production shortages - these are shortages and errors of employees, problems with quality, as well as 

delivery of defective materials, 

 unnecessary supplies - these are excessive stocks and delays of information or product, everything that 
unnecessarily consumes financial resources and space, 

 improper production methods - the use of inappropriate tools, procedures, technologies, often in a 

situation where simpler and more effective solutions are available, 

 downtime - long periods of inactivity of people, information or materials. Downtimes may be due to 
failures, improper organization, lack of discipline, waiting for raw or missing parts. This results in 

improper flows and long production cycles, 

 excessive transport - unnecessary movement of people, information or materials. As a result, wasted 

effort, time and rising costs, 

 unnecessary movement at the workplace - improper organization of workplaces, improperly planned 

space, unnecessary movements that consume too much of human time and energy, e.g. walking for 

part, searching for tools.  

3. IMPLEMENTATION OF TWIPROGRAM - CASE STUDY  

The enterprise described in this publication is a company from the energy sector, which has its factories in 

over one hundred countries, including Poland. The company introduces comprehensive and innovative 

solutions in the field of energy optimization, integrated energy management systems, machine automation and 

control systems.  

 

Figure 1 Location of machines on the production line  

The analysis covered the fully automated line, consisting of four stations - A1, A2, A3, A4. The location of the 

machines on the production line is shown in Figure 1. 
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The first stage of implementation of the TWI program on the selected production line was running Kaizen 

workshops, in which people responsible for creating instructions and conducting trainings, operators working 

on a selected line and maintenance engineers assigned to a given sector took part.  

The first phase of the Kaizen workshops consisted in the operators writing out all the activities performed 

during work, related to the correct operation of machines, repairing defects, retooling and product control.  

Table 1 A list of activities that need to be implemented [Own elaboration] 

No Process description 

1 Beginning and finishing work 

2 Manual posts’ control / initialization 

3 Control of samples 

4 Replacement of the crimping tip / height adjustment 

5 Grease tapping/ grease dispensing station 

6 Adjustment of the discus 

7 Adjusting the riveting height 

8 Checking the riveting strength of the body 

9 Change of references 

10 Printer handling 

Due to the specificity of the automatic line, it was necessary to specify which activities should be performed by 

operators and which should be carried out by maintenance staff, because until now there was no clear division 

of duties, so no one wanted to take responsibility for the repair and regulation of machinery. This caused many 

conflicts between operators and maintenance workers. For this reason, it was necessary to make a clear and 

transparent division, so that operators knew which activities are responsible for and which require the call of a 

support service employee.  

As a result of the work carried out during the Kaizen workshops, a list of activities requiring the implementation 

of standby and auxiliary instructions under the TWI program was detailed, which is presented in Table 1.  

After creating instructions with TWI method, the instructions were placed on the production line. Workstations 

instructions presenting the activity performed in a shortcut were hung on the door of the machine. However, 

auxiliary and general instructions were placed in a binder located on the operators' desk, in a specially 

designated place. After launch of the documentation, the operators were trained to perform the following 

activities. During the training, the instructions for a trainer were used, which allowed conducting the TWI four-

step training. The next step was to make a questionnaire checking the knowledge of the operators. In order to 

measure the competence of the operators, tables of competences were developed with the standard adopted 

in the company. It was established that:  

 tables of workstations competencies and additional competences are complemented at the end of each 
week, remembering about the colour change in the absence of more than 6 months (applies to fitters). 

In the absence of leaders and trainers, the colour change takes place only after 9 months. The boards 

are printed by the 5th day of each month;  

 restoring colours in the competency table (after the absence) the trainer decides for the fitter, and the 

Production Coordinator decides for the leader and the trainer. In cases of additional functions and 

powers, decisions may be taken by the Production Coordinator in consultation with the support 

departments;  
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 in the next days of training a new employee, the trainer is obliged to control the p/z appliances for the 
person who is training. At the end of the training there is a practical test, the trainer introduces faulty 

appliance in the amount of 10 pieces without the operator's knowledge;  

 positive test ends with 80 % detection of defects, when the result is below the expected operator 

undergoes another training. If the required number of points is not obtained again, the information is 

sent to the Production Coordinator, who decides whether or not the employee is allowed to work.  

4. CONCLUSION 

The TWI program, which is the foundation of the Lean Management concept, enables fast and effective 

employee training through the development of supervisors' skills.  

Lean Management is currently the most effective method of increasing productivity by eliminating waste, 

shortening the production cycle and manufacturing only products that the customer expects (suction system), 

in the right quantity and at the right time [10].  

Conducting the Kaizen workshops allowed to separate the activities for which operators are responsible. 

Standardization of TWI cards has made it possible to standardize documents, due to which the employees‘ 

trainings run in a more effective manner.  

TWI instructions are directed to all employees, even inexperienced, thanks to simple and clear instructions. 

Due to the availability of TWI instructions on the production line, operators, if in doubt how to perform an action, 

can find it helpful at any time.  

Conducting a competence test questionnaire allowed to determine the level of knowledge of operators. The 

training of employees in accordance with the TWI method allowed to raise their competences in the scope of 

work performed.  

An increase in productivity by 3 % was noted and thus production management in the aspect of production 

logistics improved. 
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Abstract 

The aim of the article is to analyze the implementation costs of innovative technologies supporting warehouse 

processes and to show their impact on the improvement of warehouse processes in the area of order picking. 

The research focused on a sample costs simulation of the following systems: Pick-by-Light, Pick-by-Point, 

Pick-by-Frame, Pick-by-Voice, Pick-Radar, whose cost depends mainly on the type of warehouse in which the 

system is to be used and on the number of employees operating the equipment. The presented systems can 

also be integrated with each other, further optimizing the picking process in warehouses. 

Keywords: Innovations, warehouse, order picking, implementation costs 

1. INTRODUCTION 

Innovativeness is a very important factor in the competitiveness of a company. By introducing various 

innovations, companies can now gain a significant advantage in the market. In Poland, the level of 

innovativeness in businesses is low compared to other European countries, which is caused by a number of 

difficulties related to the implementation of innovations occurring inside the company or in its environment. 

Examples of such obstacles include the high costs of innovation which the company is unable to obtain from 
its own financial resources. Other factors are the lack of guarantees for the demand for innovative products, 

the lack of qualified employees, as well as the high interest rates on loans. In order for businesses in Poland 

to achieve a competitive advantage on the domestic and international market, they must first acquire and 

implement innovations [9]. 

The Research and Development Center for Logistic Systems operates at the Faculty of Production and 

Logistics Engineering thanks to the cooperation with one of the most innovative manufacturers of systems 

supporting order-picking processes, Luca Logistics Solutions. The laboratory offers the possibility of 

conducting research on modern order-picking systems, such as: Pick-by-Watch, Pick-by-Frame, Pick-by-Light, 

Pick-by-Point, Pick-by-Voice, Pick-Radar, and Mobile Pick-by-Light. [3,4] 

Previous research has shown that employees of even the most complex warehouses - without any training, 

even seasonal - receive clear guidelines as to how to accurately track a product, retrieve it in the right quantity, 

and pass it on in the right direction. Depending on the warehouse, a number of devices guide the employee: 

from the simplest ones (such as colored diodes indicating the destination of goods), through voice commands 

in the headphones (offered the company in any language), to futuristic innovations (interactive glasses using 

virtual reality, with the arrow displayed above the appropriate container). Each of the systems provides a 

convenient and time-saving way of work, in which anything from a wrist scanner, voice or even a hand gesture 

can be used to pick selected products. Not without significance is the fact that time saving means better 

economic performance of the entire company. The largest market players confirm that Luca systems are, put 

simply, a viable investment. 

Each device in the system, perhaps apart from a few-meter-long infrared curtain, is a small appliance whose 

principal function is always to respond to individual customer demand, for which Luka developers can design 

a dedicated system. Sophisticated vests, watches and interactive glasses are used to pick orders in several 
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hundred companies, among them: 3M, ABB, Danfoss, Daimler Crysler, DHL, Deutsche Post, Fiat Chrysler 

Automobiles, GlaxoSmithKline, GM, Iveco, Opel, Seat, Skoda, and Volkswagen. [4] 

A question arises as to where exactly the innovativeness of the abovementioned order-picking systems springs 

from. To begin with, order picking is a two-stage process that occurs during the process of storage. At the time 

of admitting the transport unit to the warehouse, it can be separated into individual units and placed in the 

warehouse. However, during the release process, it is often necessary to create a new transport unit that is 

compatible with the order placed by the warehouse client. [1,6,7] In the traditional warehouse, the order-picking 

process is carried out using paper documentation, possibly replaced by a PDA terminal, which provides 

information on which goods, and in what quantity, should be released to a specific transport unit. 

A disadvantage of this solution is the fact it is time-consuming and carries the high likelihood of human error 

in the process of order releasing. To reduce mistakes consisting in the incorrect release of goods, one of the 

modern order-picking systems can be used to perform tasks in the warehouse. In order to be fully operative, 

the system must be integrated with the WMS system which is used in the warehouse. 

Each of these systems has a different design and serves a different purpose, although their common feature 

is the ease of use and simplicity of operation. However, despite the simple mode of operation, each of the 

system requires the employees to learn the basics of its functioning, so that the tasks in the warehouse are 

carried out efficiently and the order-picking system is utilized at full capacity. 

The aim of the article is to analyze the cost-effectiveness of implementation of the aforementioned technologies 
supporting warehouse processes and to present the main advantages of systems improving business 

operation and mitigating errors made in the process of order picking. 

2. A REVIEW OF WAREHOUSE PICKING SYSTEMS 

2.1. Pick-by-voice 

Pick-by-Voice is a system that uses the voice-picking technology, in which the employee's voice is compared 

to that previously stored in the device's memory. Before the employee starts work, they must be recognized 

by the device through their voice, which is done by recording the commands used at work. To improve these 

devices even more, the German topSPEECHLydia system, which recognizes speech in many languages, is 

used. Therefore, language training is not necessary, which greatly facilitates employment of seasonal and 

temporary workers. Further increasing the convenience for the employees, the system provides instructions in 

a natural voice. 

The operation of the Pick-by-Voice solution relies on the communication of the company’s WMS with the 

employee by means of online-based hearing and speech. The voice management system assigns tasks to the 

employees in the warehouse. By means of voice commands, it informs in detail which goods, from which place 

and in what quantity should be retrieved according to the client’s order. In turn, the employee confirms by voice 

the performance of such action. The biggest advantage of the Pick-by-Voice system is the fact of having a 

headset and voice terminals [4], which enable the employee to have a hands-free conversation with the 

computer at all times. This is to reduce the likelihood of human error. Having their hands free, employees may 

also perform other picking activities such as driving a forklift or moving large items. The Pick-by-Voice system 

is very popular in warehouses using forklifts for transportation. In the Pick-by-Voice technology, it is not 

required to install the system in the warehouse or cabling on the shelves, as it is a mobile solution that can be 

freely and easily moved between locations. [5] 

2.2. Pick-by-Light 

Another system is Pick-by-Light, in which the communication between the person employed in the picking area 

and the IT system consists in mounting lamps and displays on the storage racks. The displays are connected 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

605 

without any wiring in a tool-free manner. Data and power are transmitted via a strip on which the modules are 

located. Each of the displays has a unique address which results in the same tasks being performed anywhere 

on the transmission bar. [3] 

The Pick-by-Light solution signals to the employee the place from which to collect the product using a signal 

lamp to that effect. The system is installed so that each container on the rack corresponds exactly to one 

display below. Upon collecting the item, the operator confirms this fact using the acknowledge button. In turn, 

the system automatically lights the next lamp while saving changes in the inventory in real time. When picking 

a large order, the use of this technology enables several people to work simultaneously without interfering with 

each other. This is possible thanks to the optimal arrangement of routes by the WMS. The use of Pick-by-Light 

systems is very extended and it is not targeted at any businesses in particular. 

2.3. Pick-by-Point 

The next solution is the Pick-by-Point system, whose principle of operation consists in highlighting the 

appropriate storage location from which the item should be retrieved. This is done using a beam of light of any 

color or shape, to which end a movable and easy-to-configure light source is used. The Pick-by-Point system 

combines the previously known modern storage technologies such as Pick-by-Light and Pick-by-Point. This 

means that information about the quantity and exact location of the goods collected by the employee is 

transmitted by means of traffic lights and sound signals. This system also allows to gather information on 

possible errors in retrieving ordered items for the client, as well as to indicate the error in picking to the 
employee. [3] 

The most important advantage of this solution is the possibility of picking goods regardless of their diversity 

and quantity, and hence, the reduction of costs incurred by the company which are increased by errors of 

employees issuing goods by traditional means. Furthermore, the system is easy to both install and take off, as 

the lamps are placed on trade traverses and then connected to the electrical system. At this point, only the 

equipment needs to be calibrated for proper functioning. 

2.4. Pick-by-Frame 

Moving on, there is the Pick-by-Frame solution. The operation of this technology consists in mounting a self-

supporting frame with modules on a standard order-picking trolley. 

The frame connects with the trolley using a magnetic field that makes it possible to easily disconnect these 

two elements from one another by simply pressing the right button. They can also be connected mechanically. 

Diode lamps and a display are mounted on the frame that is placed on the picking trolley. The diode lamps 

show the employee where to collect the goods from, whereas the quantity, storage location and other 

necessary information are provided on the display. Modules with LEDs can be placed either below or above 

the containers from which the employee is to retrieve the product and on the picking cart where this product 

should be put down. Additionally, the employee is to confirm each collection using the acknowledge button or 

barcode reader. The system has been programmed so that the person employed can prepare a set of parts 

needed for the production of several goods during the same journey [2]. 

The innovative solution offered by the Pick-by-Frame technology allows to utilize well the capital invested in 

technology, given that picking trolleys are often unused while waiting for the shipment of orders placed on 

them. In the Pick-by-Frame solution, the trolley awaits shipping while the frame is being used for the next 

picking. 

2.5. Pick-Radar 

Pick-Radar is yet another technology supporting warehouse processes, whose method of operation is based 

on the control of the space and areas in front of the place of goods collection by the employee, that is, in front 
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of racks or pallet ranks. A light curtain supported by specialized software is used to this end. The software 

processes the image, which enables the control of inserting the product into the storage slot by the employee. 

The system automatically confirms the collection only if it has been error-free. [3] 

If the employee attempts to retrieve the product from the wrong slot, an alarm will sound off and the incident 

will be saved in the system. 

3. METHODS AND RESULTS 

The research consisted in analyzing the time of the operation of issuing five products from the warehouse 

using, first, the traditional method, and then, the Pick-by-radar solution. The test was carried out at the 

Research and Development Center for Logistic Systems of the Opole University of Technology, where all of 

the abovementioned picking systems can be tested.  

Table 1 Measurement results for tests conducted using the Pick-by-radar system 

Action Time required to collect product 
from the deposition area [s] 

Time required to place product in the 
picking area [s] 

Product A 88.31 2.54 

Product B 22.82 1.56 

Product C 5.19 1.21 

Product D 12.41 6.12 

Product E 71.88 8.41 

                                                                              ∑= 200.61                                                   ∑= 22.40 

The research was to determine the time of fulfillment of orders for a total of five products retrieved from the 

warehouse, which consisted of two types of tasks:   

1) Tasks performed using the Pick-by-radar system, 

2) Tasks performed using the traditional paper documentation and without using the Pick-by-radar system. 

In both cases, the same products were being released, and the only difference was the way the task was 

performed. Table 1 list the obtained task implementation times for the option using the Pick-by-radar picking 

system. 

Table 2 Measurement results for the second option 

Action Time required to collect product 
from the deposition area [s] 

Time required to place product in the 
picking area [s] 

Product A 138.64 3.55 

Product B 72.88 2.56 

Product C 95.77 2.57 

Product D 144.12 8.58 

Product E 139.90 10.77 

                                                                               ∑= 591.31                                                   ∑= 28.03 

Similarly, measurements were made for traditional order picking. In the traditional method, the process of 

collecting goods, in addition to quantitative and qualitative control, also included filling out the required 

documentation. Table 2 shows the results obtained.  
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Subsequently, a comparison was made of the fulfillment times of individual orders using the two methods. As 

shown in Tables 1 and 2 above, the traditional method requires a lot of time to complete the same tasks. The 

difference can be observed for each action of collection, while the times of placing products in the picking zone 

are similar, which confirms that the picking of goods from the warehouse is the most significant in terms of the 

time required for the entire operation. Similar research results can be found in [6,7], where other order-picking 

systems were tested. 

The test results clearly show the effectiveness of the discussed order-picking systems, which raises a question 

of the estimated costs of their implementation. 

4. COST-BENEFIT ANALYSIS 

The research used a sample costs simulation of selected systems. The cost of introducing a given system into 

the warehouse consists of three components: software cost, equipment cost, and the cost of installation, 

implementation, training and licenses. 

Table 3 Implementation costs of individual systems (Source: own study in [3]) 

System Equipment 
Number of 
employees 

Cost estimate 

Pick-by-Light 50 displays + software + installation 10 40 000 EUR 

Pick-by-Voice 10 Pick-by-Voice sets + software + installation 10 65 000 EUR 

Pick-by-Point + Pick-
Radar 

Pick-by-Point and Pick-Radar set adapted to 10 
employees + software + installation 

10 60 000 EUR 

Pick-by-Frame 
10 double-sided carts (50 seats) + 10 frames + 
additional equipment + software for 10 frames + 

installation 
10 100 000 EUR 

As shown in Table 3. Pick-by-Light is the most economic from among the presented solutions, with an 

approximate cost of 40 000 EUR. In this system, displays are mounted on shelves and used by each of 10 

employees. Pick-by-voice is more costly when used by 10 employees because every employee must be 

equipped with a separate headset and voice terminal. 

When combined, the joint cost of the Pick-by-Point and Pick-Radar systems is approximately 60 000 EUR, 

which is obviously a less desired solution for small warehouses. The productivity and profitability of these 

systems is higher when the frequency of picking is also high and the picking line is very long. 

Pick-by-Frame is the most expensive system, costing approximately 100 000 EUR at 10 employees. In this 

case, similarly to Pick-by-Voice, one set is operated by one employee. 

The cost of each of the systems depends on the issue that impedes the work process in the picking area. The 

system is chosen individually so as to meet the client's needs, the reason for which the above list shows only 

guesstimated costs of implementing the individual systems. 

5. CONCLUSION 

The research demonstrates that the traditional method based on paper documentation requires the employee 

to dedicate a much longer period of time than the method in which a modern order-picking system, such as 

Pick-by-radar, is used. By applying an IT solution, the task fulfillment time has been reduced from 619.34 [s] 

to 223.01 [s], which reduces the overall time of operations by 73 %. The traditional method is a much less 

efficient method due to the necessity to fill out paper documentation, which requires a considerable amount of 

time. The use of the order-picking system, and the associated automatic and immediate data entry into the 
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system, enables a significant reduction of work time per task. The saved time can be used for the fulfillment of 

subsequent warehouse tasks, which significantly improves the efficiency of the entire warehouse. An additional 

advantage of using IT solutions is the fact they almost entirely eliminate errors, which often occur when filling 

out paper documentation. 

One of the most important factors affecting the level of customer satisfaction is fast and efficient order 

implementation. Human error in order picking may significantly hinder the meeting of this condition, therefore 

companies are increasingly implementing logistics systems to streamline warehouse processes and eliminate 

mistakes made by employees. In addition, the systems discussed above can be integrated with each other, 

which can lead to an even faster and less error-free completion of orders in warehouses. The most common 

joint usage concerns the system Pick-Radar with either Pick-by-Voice, Pick-by-Radar or Pick-by-Point. 

However, implementation of these logistics systems in warehouses is not a "shelf product". Thus, for a specific 

system to be utilized in a given warehouse, it is necessary to conduct prior technical analyses and tests in a 

specific environment, approaching each project on an individual basis. 
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Abstract  

One of the types of production employed at metallurgical plants is serial production. Serial production is applied 

for products that have steady demand, are homogeneous and can be delivered to more customers. This type 

of production is commonly referred to as "warehouse manufacturing", where the business further addresses 

the allocation of available quantities between existing sales orders. This article describes the specifics of 

metallurgical serial production and methods that can be used to control it. Additionally, it proposes the 

possibilities of automating this process using the S/4 HANA version of a modern SAP information system.  

Keywords: Planning in Serial Production; SAP S/4 HANA; Stochastic Dynamic Models 

1. INTRODUCTION 

Serial production is a typical type of mass production in a metallurgical plant. Its features are that it is the 

repeated production of products with the same properties that can be delivered to different customers. Unlike 

for custom production, it is possible to use a production management method in the warehouse and methods 

of allocating the available quantity to sales orders. Nowadays, there are many proven methods from which an 

enterprise can choose the one that best suits its specific requirements. These requirements include, above all, 

the flexibility of production, shipping and the quality of customer service on the one hand and the minimization 

of production, warehousing and shipping costs on the other. The goal of the business is to automate and 

digitize the entire process of planning as much as possible, in order to speed it up, avoid errors and reduce 

human resources requirements. For this purpose, it is possible to choose from a wide range of information 

systems and information technologies. In this article, we will focus mainly on the SAP information system, 

which in its latest version of S / 4 HANA allows using a number of planning tools. 

2. PLANNING METHODS IN SERIAL PRODUCTION 

The goal of every business is to optimize its costs. In the case of the production process, these are mainly the 

costs of the actual production, storage of raw materials, semi-finished products and products, and shipping 

costs. On the other hand, a company tries to provide its services in the highest standard, in particular, short 

lead times, flexibility of deliveries and meeting the promised delivery dates [1]. 

Several models can be used to determine a suitable performance level, where the enterprise is not 

unnecessarily holding a large inventory, but is able to react to customer requirements in a timely manne [2]. 

The basic model is the EOQ (Economic Order Quantity) model and Camp's formula, which can be used if the 

demand is continuous and does not change over time. "EOQ is an amount that minimizes the cost balance 

between the ordering and storage costs" [3]. This model, which is primarily used to find the appropriate size of 

the ordered quantity of inventory, can be transformed for production planning purposes, where we are looking 

for an appropriate production batch size that optimizes production costs and storage costs for finished 

products. These production batches are then repeated in a given interval, which is given by the shipping 

volume. 
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Q �  A∙Þ∙v�∙ß                   (1) 

where: 

Q - optimum production batch (optimum order quantity) 

D - anticipated annual shipping (estimated annual consumption) 

F - Costs associated with preparation of the production batch (ordering costs) 

a - Coefficient for annual inventory carrying costs as a % of the value of the product (coefficient for  

 annual costs for holding inventory as a % of the material cost) 

K - production costs for one unit (procurement costs for 1 unit) 

 

Figure 1 EOQ model 

 

Figure 2 Development of the status of inventory when using the EOQ model 

This model can be expanded with using minimum inventory quantities, which we want to have in stock, always 

available. 

If no regular shipping plan for finished products is available, it is possible to use stochastic dynamic models: 

Fixed Production Quantity, Fixed Production Interval, and Target Inventory Level. 

2.1. The Fixed Production Quantity (FPQ) model 

The Fixed Production Quantity (FPQ) model should be used if, from a cost and organizational perspective, it 

is appropriate to always produce the same amount of products (e.g. in a metallurgical plant, the production 

batch is determined by the capacity of the furnace to heat the input material). The time between production 
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batches is then flexible. A new production batch will be scheduled when the stock value of the product drops 

below the selected level. This level of inventory should be determined by the time needed for the production 

of the new batch and the average delivery quantity for the given period. In the model example, a production 

batch of 40 tons will be scheduled at the moment when the inventory status of finished products will drop to 

12 tons. The disadvantage of this model is that in the event of a lower-than-average demand, more finished 

products will be produced than are needed [4]. 

 s � Tp ∙ Qe O Qs � 2 ∙ 1 O 2 �  4 tons                                                                                                  (2) 

where: 

s - Inventory level initiating production  

Q - Production batch = 40 tons 

Tp - Production prep time = 2 days 

Qe - Average daily shipping = 1 ton 

Qs - Insurance inventory (back up) = 2 tons 

The following illustration shows an example of the FPQ model. 

 

Figure 3 Example of FPQ model 

2.2. The Fixed Production Interval (FPI) 

The Fixed Production Interval (FPI) model should be used if we want to repeat the production of the product 
within a given fixed interval and the production batch size can be flexible. In a metallurgic plant, this might be, 
for example, a fixed monthly campaign schedule, where the size of individual campaigns is adjusted based on 
the current state of inventory of finished products. In this case, it is necessary to determine the target stock of 
the product in question and the batch size is calculated. The disadvantage of this model is that very small 
production batches can be planned, which increases the average cost of the product. 

© � u� ∙ å� O å( � 9 ∙ 2 O 2 � 20 *�f(                                                                                                  (3) å � © � åD � 20 � 2 � 18 *�f(                                                                                                            (4) 

where: 

Q - Production batch  

S - Target inventory level  

Qc - Current inventory level = 2 tons 

Ti - Interval between two production batches = 9 days 
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Qe - Average daily shipment = 2 tons 

Qs - Back-up inventory = 2 tons 

The following illustration shows an example of the FPI model. 

 

Figure 4 Example of FPI model  

2.3. The Target Inventory Level model (TIL) 

The Target Inventory Level model (TIL) works with a variable production batch and with a flexible production 

interval. As with the FPQ model, the company sets the amount at which the production will be scheduled. It 

further sets the target quantity for replenishment of the warehouse status similarly to the FPI model, except 

that it does not use a fixed interval but a minimum interval between two production batches. The actual 

production quantity itself is then adjusted to the current inventory (the production batch can be flexible). The 

advantage of this model is that production takes place only if it is needed and the production batch is adjusted 

to the optimal level of replenishment. By choosing an appropriate minimum interval between two production 

batches, we optimize storage costs versus preparation costs for the production batch. A longer minimum 

interval will increase the target amount of inventory, and therefore even storage costs, but will reduce the 

number of production batches. ( � u. ∙ å� O å( � 2 ∙ 1 O 2 � 4 *�f(                                                                                                               (5) © �  uc ∙ å� O å( � 4 ∙ 2 O 2 � 10 *�f(                                                                                                           (6) å � © � åD � 10 � 2 � 8 *�f(                                                                                                                             (7) 

where: 

Tm - minimum interval between two production batches = 4 days 

This minimum interval can be calculated using the Camp formula: 

uc � å/I                                                                                                                                                          (8) uc � 8/2 � 4 INH(                                                                                                                                            (9) 

where: 

Q - Optimum production batch calculated using Camp’s formula, for example, 8 tonsD - Average daily 

shipments = 2 tons 
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The following illustration shows an example of the TIL model. 

 

Figure 5 Example of the TIL model  

3. USING THE SAP S/4 HANA INFORMATION SYSTEM TO PLAN SERIAL PRODUCTION  

For production planning in the SAP S / 4 HANA information system, and in its earlier versions, it is possible to 

use the Material Resource Planning (MRP) process. In the latest version, there are several new ways to 
influence this process to increase overall system performance. 

In case of serial production, this will involve the Make to Stock (MTS) planning mode. In this mode, the system 

plans production of individual products in accordance with the set rules. Production is driven by demand, which 

is represented by individual sales orders that are registered in the system with each having its required quantity 

and date of fulfilment. Based on such requirements, SAP finds the available quantity of the finished products 

in the finished products warehouse and plans production for the missing quantity in such a way as to meet the 

required delivery date [5]. 

Planned production = Total demand - existing inventory + planned shipping + back-up inventory 

Date of production commencement =  

= Planned delivery date - shipping time - time of preparation for shipping - time of production 

By the desired production start date, the system then checks the availability of the input material and, if needed, 

orders it. 

Individual products are represented here by material numbers (materials). Each such material then has a set 

of parameters that can affect the automatic MRP process. 

The user may choose a minimum inventory, which the system will try to maintain for cases of unexpected 

events (fluctuations in demand, production malfunctions, shortage of input material, etc.) This quantity is then 

added to the requested quantity. 

The material can also be assigned a calendar that determines when it is possible to produce the given 

material. This allows us to fix a firm plan of production of individual materials, e.g. material will be produced 

once a month. 
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Another option is to determine the fixed or minimum size of the production batch for the material in question. 

This prevents us from planning production batches that are too small, which would be economically 

disadvantageous. 

Similarly, materials for input can be configured, wherein we determine their minimum stock, delivery schedule 

and fixed or minimum order quantities. 

Typically, production consists of several production steps and each of these manufacturing steps is 

represented by a separate material - a semi-finished product. 

The Bill of Material (BOM) then defines what materials are needed to produce the given product. 

Based on the final product requirements, the MRP process then calculates the need for individual semi-finished 

products and input raw materials, and tries to plan production for each of these or potentially issue a materials 

order, according to the set parameters. The result of this planning is either confirmation of delivery date or non-

confirmation if production cannot be completed in time [6]. 

The settings for minimum inventory, production interval, or production batch size must then be set outside the 

system, for example, by the methods listed in the first part of this article. 

4. CONCLUSION 

Planning serial production in a metallurgical plant uses the principles of Make to Stock (MTS) planning. In the 

event of stable demand, we can use the Economical Order Quantity and the Camp Formula adapted for the 

needs of production planning. In the case of variable demand, the Fixed Production Quantity, the Fixed 
Production Interval or the Target Volume of Inventory models can be used, depending on the needs of the 

enterprise. The Fixed Production Quantity model should be used when it is technologically necessary or 

advantageous to produce a fixed-size production batch. A disadvantage of this model may be higher costs of 

storing surplus inventory. The Fixed Production Interval method is appropriate when the enterprise has a fixed 

production plan for individual products or campaigns that is repeated on a regular basis. The production batch 

size is then adjusted to the current state of the inventory and replenished to the desired level. One 

disadvantage of this model may be lower flexibility in the event of an increase in demand where the products 

may not be available on time (it is necessary to wait for production of the next batch). The Target Inventory 

Volume model uses a flexible production interval and batch quantity for replenishing to the optimum level of 

inventory of finished products. Production is then ordered when the state of finished products for the given 

product drops to a set level, to ensure that demand is met until new production is completed. 

Based on the results of these optimization methods, it is possible to set up an ERP information system such 

as SAP S / 4 HANA. Here, for each finished product or semi-finished product represented by the material 

number, it is possible to set the required minimum stock, the production schedule and the fixed or minimum 

size of the production batch. Using the MRP process, the information system then plans the individual 

production batches, based on these parameters, with the aim of fulfilling business orders in the required time. 

For a metallurgical enterprise, this usually involves hundreds of h products and their semi-finished versions, 

which must be planned thus. Without using the information system, this would be a very lengthy process. In 

the case of SAP S / 4 HANA, the high computational and database performance of the MRP, makes it also 

possible to launch the planning process on demand (in earlier versions the MRP process was run once a day 

during a low user activity period in the system). 
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Abstract 

People are met with waiting in queues every day. They wait in queues in shops, at gas stations, elevators etc. 

It does not have to be only people, it can also be planes circling around an airport waiting to land, machines 

waiting to be repaired, cargo trucks waiting to be loaded etc. The problem of queue management tends to be 

complicated, because the scope of provision of services of various types grows quickly. The goal of these 

problems is establishment of an appropriate level of services. The method that enables solving these types of 

problems is called queueing theory.  

The goal of this article is to bring the optimization of requirements for expedition processes in an industrial 

enterprise where customers arrive randomly and require fast and high-quality service.  

Keywords: Optimization, queueing theory, expeditions 

1. INTRODUCTION 

Expedition processes represent a typical situation in which service is provided. On one hand, service 

requirements vary, there are fluctuations depending on certain periods (e.g. the number of customers at the 

beginning and end of shift) [1]. Additionally, unforeseen changes to requirements occur. On the other hand, 

the time of service may change due to the specific requirements of customers. The result is the difficulty of 

meeting the requirement immediately after it’s been laid, especially during the peak period.  

The only way to immediately satisfy the requirements every time is to build up a high service capacity that 

always meets the highest requirements. It is usually very expensive to build, operate and maintain servicing 

devices so that they always meet all the requirements when they occur [2]. It is very costly to constantly change 

and adapt the service capacity to the emerging requirements. The operating systems are designed in such a 

way that their capacity is less than the maximum requirements. Whenever a request exceeds a capacity, a 

queue arises. This means that customers do not get the service immediately when they ask for it and have to 

wait. On other occasions, the service units are idle. With a high service capacity, the customers don’t have to 

wait long, but the service units are often idle and their costs is high [3]. With lower and less expensive handling 

capacity, its idle time is shorter, but the customers have to wait longer.  

Managing service processes is a really complicated and demanding process. If the management demands 

customer satisfaction, it is very inefficient as of time and cost criteria, and sometimes it is impossible to satisfy 

everyone in any time. This is why the management is interested in finding the right level of service that suits 

both customers and business in aspects of efficient cost [4]. The area that deals with these issues is called 

queuing theory [5]. 

2. SOLVING APPROACHES  

"Common sense" solutions are the least desirable for queue situations. Most managers assume that to achieve 

the best activity, the average service rate must approximately correspond to the average request rate. Such 

an arrangement is far from effective when arrivals and service times are systems subject to random deviations 

[6]. Therefore, the use of service process models is very important. 
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3. PERFORMANCE INDICATORS IN SERVICE PROCESS MODELS  

When evaluating service variants, performance indicators are used, especially when monitoring costs. These 

indicators are derived from three input variables:  

λ - average arrival rate,  

μ - average service intensity,  

φ - average traffic intensity.  

Performance indicators:  

Average service intensity:  æ �  zz9                                                                 (1) 

T1 - average service time of one customer,  

T - monitored service time.  

The average arrival rate is determined as the arithmetic weighted average of observed frequencies:  

ç �   ∑¦o�ozÎ                                                                                                                                 (2) 

i = 1, 2, ..., n  

Z - number of customer in system,  

x - observed customer frequencies,  

Tc - total observation period (time frame interval).  

Average time W - time the customer spends in the system - waiting for the service:  b �  	è� é �  	è �	� ê!               (3) 

The average waiting time in queue Wq - the average time a customer waits in queue until serviced:  

b �  éè�è�é! �  êè�	�ê!              (4)  

Probability of inactivity of the service device P(0) - the probability that there is no customer in the system 

(device is idle):  


 �0! � 1 � éè � 1 �  ë             (5)  

The probability that the system is active Pw - this probability is the same as the probability that the system will 

not be idle, that is:  


ì � 1 � 
�0! �  éè �  ë             (6)  

Determining the average number of customers in the system  í �  ê	�ê               (7)  

Calculating the average number of customers in the queue      

í �  êî	�ê               (8) 
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There are more queue performance indicators; however, these are sufficient for solving this problem. 

4. SAMPLE OPTIMIZATION OF AN INDUSTRIAL ENTERPRISE EXPEDITION PROCESS  

Time frame taken during a 60minute interval gives us data about rate distribution of different number of 

customers who arrive at the expedition warehouse with one employee who performs the service with sufficient 

queue spaces. The determined distribution is given in the Table 1: 

Table 1 Arrival rate of individual customers 

Number of customers  0  1  2  3  4  5  6 or more  Total  

Customer rate  2  5  6  8  4  3  1  29  

The average customer service time is 30 minutes.  

Define the basic performance characteristics of the service process system. 

5. SOLUTION 

This is the model M/M/1/∞, where the order of the operators is the same as the arrival order.  

First, we count the average intensity of service according to formula (1):  æ �  zz9 = 
Ñ5Ä5 � 2 customers per hour 

Then we determine the average arrival rate of customers in the expedition according to formula (2):  

ç �   ∑¦o�ozÎ �  5∗A�	∗Å�A∗Ñ�Ä∗G��∗��Å∗Ä�Ñ∗	Ñ5 �  ÏÆÑ5 � 1,32 customers per hour  

By substituting into formula (6) we determine the probability the customer waits for the service in the system:  


ì � 1 � 
�0! �  éè �  ë �  	.ÄAA � 0.66 ∗ 100 � 66 %
  

i.e. 66 out of 100 customers will not go through the service smoothly. 

Provided that φ <1, we determine the essential characteristics of the system. 

By substituting into equation (3), we obtain the average time the customer spends in the system waiting for 

service 

b �  1æ �  ç �  1æ �1 �  ë! �  12�1 � 0.66! � 1.47ℎ���( � 88 c�f�*�(
 

By substituting into equation (4) we obtain the average time the customer spends in the queue before being 

serviced 

b �  çæ�æ � ç! � 1.322 ∗ �2 � 1.32! �  0.97ℎ���( �  58 c�f�*�(
 

Therefore the customer complaints are legitimate. By substituting into equation (7), we obtain the average 

number of customers in the system customers in the system í �  ê	�ê �  5,ÑÑ	�5,ÑÑ � 1,94 customers in the system  

By substituting into equation (8), we obtain the average number of customers in queue  
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í �  êî	�ê �  5,ÑÑî	�5,ÑÑ � 1,28 customers in queue 

The result shows the lack of service in expedition process, the solution is to hire another worker. 

6. CONCLUSION 

The queue theory is a tool that is mainly used for calculation of the service system indicators. Management 

uses this information to design the service system and to improve its performance. The main reason for queue 

creation even in the case when the average service rate is faster than the average arrival rate, is that both 

rates are volatile in an unpredictable manner. It results in short-term changes in both the arrival rate and the 

service rate. It leads to unused capacity during certain periods and queuing customers in other periods. 
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Abstract 

Enterprises need methods that allow for optimal management of logistics processes with a particular focus on 

the financial dimension. The answer to these needs is logistics cost accounting, whose task is to identify and 

process costs related to logistic processes in enterprises in a systemic way. The aim of the article is to identify 

and classify logistics costs, to present general assumptions of logistics cost accounting and to analyze the 

needs of using such costing in enterprises. The article will use literature research and surveys on the need to 

apply logistics cost accounting in enterprises. The results of surveys will be compared with similar surveys 

conducted in 2012 in order to analyze changes in the need to use the account. The research entities are 

companies from southeastern Poland. 

Keywords: Logistics, costs, cost accounting 

1. INTRODUCTION 

In recent years, companies have started to pay much more attention to measures accompanying their core 

business. The area to be optimized in companies is the area of logistics processes. The basic reason for 

focusing the activities of enterprises on logistics processes is the increasing role of logistics processes in 

building a competitive advantage on the market.  

One of the basic measures determining the quality of logistic activities in enterprises is the financial 

effectiveness of these activities. The tool supporting the optimization of logistic activities in enterprises is 

logistics costing. 

The aim of the article is to identify and classify logistics costs, to present general assumptions of logistics 

costing and to analyze the needs of using such costing in enterprises. The article uses literature research and 

surveys on the need to apply logistic costing in enterprises. The results of the survey were compared with 

similar surveys conducted in 2012. The purpose of the comparative analysis is to determine the changes taking 

place in enterprises in the area of logistic activity cost management. The research entities are companies from 

southeastern Poland. 

2. LOGISTICS COSTS 

According to the definition formulated by the Council of Logistics Management, logistics is an instrument for 

planning, implementing and controlling an efficient and economically effective flow of raw materials, production 

materials, finished products, goods and relevant information from the point of origin to the point of consumption 

in order to meet customer requirements [1,2,3,4]. Logistics activities may include, but are not limited to: 

customer service, demand forecasting, information flow, inventory control, handling activities, order fulfillment, 

repair and partial supply activities, location optimization of production plants and warehouses, procurement 

processes, packaging, return service, waste management, transport activities and storage. 

By analyzing the definition of logistics it is also possible to determine the costs of logistics. M. Kufel [5] logistics 

costs refer to the costs of material flow in the company. Logistics costs are a detailed cost category, which 
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represents a monetary reflection of the intentional consumption of the company's assets caused by the 

planning, implementation and control of non-technological processes of movement in time and space of all 

forms of materials. 

C. Skowronek [6] argues that the costs of logistics should be considered as the purposeful consumption of 

living labor, means and objects of work, as well as financial expenses and other negative effects of 

extraordinary events caused by the flow of material goods, i.e. raw materials, materials, finished products, 

goods in the enterprise and between enterprises, as well as the maintenance of inventories. 

Other authors define logistics costs through their complexity. J. Twaróg [7] presents logistics costs as costs 

of: costs of transport of deliveries to the warehouse of the company and the customer, costs of maintenance 

of warehouses and warehouse management departments, costs of data flow concerning materials and 

products, transport and control, costs of disposal of products, transport and operating capacity, costs of 

freezing capital in fixed and current assets. 

The scope of logistics costs determines the form of logistics costing. The most frequently proposed cross-

sections of logistics costs are costs [8]: by type, flow, stages and places of origin, concerning basic logistics 

processes, fixed and variable. 

Logistics costs include primarily transport costs and inventory costs. Transport costs include costs related to 

the movement of goods within enterprises. In the literature there are different classifications of transport costs, 

but in general they can be divided into [9]: general transport costs, external transport costs, internal transport 
costs, handling costs of transport operations.  

The overheads of transport are indirect costs of transport operations. Internal transport costs mean the costs 

of moving goods within the structure of the company. The structure and value of these costs are largely 

influenced by the organization of warehouses and the means of internal transport available to the company 

(belts, forklifts, cranes, lifts). On the other hand, the costs of external transport will be influenced by such 

factors as: the type of transport used (the principle of optimizing the transport capacity of a given means of 

transport depending on the size and type of cargo should be applied), distance of transport routes, type of 

cargo, size of cargo, quality of the road. 

Using different classifications of transport costs, they can be generalized and presented using a formula:  

utndrsubmtsptsast KKKKKKKKKK 
         (1)

 

where: 

Kt - transport costs, 

Kas - costs of depreciation of cars and buildings of the car base, 

Kpts - costs of remuneration of drivers and other transport employees, including surcharges, 

Kmts - costs of materials, fuels and energy consumption related to the operation of cars, 

Kb - office costs, 

Ku - costs of insurance of means of transport, 

Krs - costs of repairs and maintenance of means of transport, 

Kd - lease costs,  

Kn - other transport base costs, 

Kut - costs of external services. 

The value of external transport costs will also be influenced by the mode of transport, as there will be a different 

ratio between transport costs and cargo volume in the case of road transport and a different ratio in the case 

of air or maritime transport. 
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The problem of stockholding is a complex one and in practice companies are not able to optimize it. On the 

one hand, the amount of goods in stock should ensure continuity of supply to customers even in the event of 

supply problems. On the other hand, maintaining inventories generates costs associated with freezing the 

value of inventories and the effect of lost profits. 

The level of costs of customer service is largely determined by the expectations of customers as to the type 

and scope of this service. The increase in customer service costs is influenced by activities related to: special, 

additional or non-standard orders, small quantities of goods in a single order, irregularity of orders, unusual 

delivery conditions, change in the size and/or structure of an order during its execution, manual handling and 

processing of data, requirements for extensive pre- and post-sales service, the need to maintain high stock 

levels in connection with unpredictable orders. 

All listed costs and their causes are identifiable and measurable by the financial and management accounting 

system. A great facilitation in the identification of logistic costs is the use of IT systems dedicated to logistic 

activity in enterprises [10].   

3. LOGISTICS COSTS ACCOUNTING 

In order to meet the management needs of the owners, the logistic costing should be focused primarily on the 

measurement of those logistic costs that affect the different levels of customer service throughout the supply 

chain in a given company. These differences may be due to different freight transport conditions, delivery 

method, distribution channels, pre and post-sales customer service, storage of goods or customer 

requirements.   

A logistic costing system should make it possible to obtain correct and compliant with the expectations of 

managers information on logistics costs. In enterprises, the system may be integrated with the financial 

accounting system or it may be run as a parallel system, which is possible thanks to more and more widely 

implemented IT systems. Logistics cost accounting integrated with financial accounting means that logistics 

costs must be recorded in synthetic or analytical accounts. These records are not easy to implement in 

practice, because many logistics costs are complex costs that occur in many different activities performed in 

the company. The financial accounting system is mainly designed to meet reporting needs, so its integration 

with logistics cost accounting may not be cost-effective in practice. It seems that non-accounting records of 

logistics cost accounting as part of management accounting are a more effective solution. Keeping the logistic 

cost account within the framework of managerial accounting allows to shape the structure of this account in a 

free and fully adjusted to the information needs of managers. 

The general logistic costing can be presented in the form of four related elements: identification and recording 

of logistics costs, accounting and calculation of logistics costs on cost carriers (resources and/or processes), 

analysis and evaluation of logistics costs, reporting. 

Settlement of logistics costs should take place on those cost carriers according to which the company analyses 

the costs of its operations. This division can be made in the traditional way with the use of division keys. As 

part of the logistics cost calculation, the unit cost of a given cost carrier to which they are assigned is 

determined. 

The calculation of logistics costs should make it possible to identify and classify logistics costs in such a way 

that it is possible to analyze the causes of these costs and assess the legitimacy of further incurring them. With 

the use of this analysis and assessment, the company may take steps to improve the operation of the internal 
logistic system. 

Reporting in the logistics costing system plays the role of internal benchmarking [11,12] and is intended to 

provide the necessary information on logistics costs to those responsible for managing these costs. This 

information is then used to improve logistics operations in both operational and strategic terms. 
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Cost accounting for logistics also has the potential to improve the operational safety of enterprises and 

institutions [13]. 

4. ANALYSIS OF THE RESULTS OF STUDIES ON THE APPLICATION OF LOGISTICS COSTING 

Surveys were carried out in order to monitor the state of knowledge about logistics costs and the needs and 

practical application of logistics cost accounting. The first survey was conducted at the beginning of 2012 and 

67 business entities took part in it [14]. The questionnaire consisted of 8 substantive questions and its structure 

was fully adapted to the purpose of the survey. The second survey was conducted in the second half of 2018 

using the same questionnaire. In both surveys empirical data were collected in the form of anonymous surveys. 

The survey covered employees involved in logistics processes in companies operating in the south-eastern 

Poland. The second survey involved 56 enterprises, the vast majority of which belong to the group of medium 

and small enterprises (68 %). 

This study will present some of the results of 

the surveys conducted in 2012 and 2018. In 

order to increase the informational value, 

the results of the survey from 2018 have 

been compared with the results of the 

survey conducted in 2012. 

Answers to the first two questions 

concerning knowledge of the concept of 

logistics and confirmation of logistic 

activities in the surveyed enterprises. These 

answers were almost 100 % positive. 

In the third question the respondents 

answered a question concerning the 

significant impact of logistics costs on the 

financial result of their company. The 

answers to this question are presented in 

Figure 1.  

 

Figure 2 Statistics of the answer to the question: Can logistics costs be recorded separately? 

In the opinion of respondents, logistics costs have a significant impact on the financial result. This opinion 

should be a key factor allowing for the implementation of measures to optimize logistics costs in companies. If 
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Figure 1 Statistics on the answer to the question: Do 

logistics costs have a significant impact on the financial 

result of the company? 
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the respondents responded so positively to the previous question concerning the impact of logistics costs on 

the overall financial result of the company, do they see the possibility of recording these costs separately. This 

problem was related to the next question of the questionnaire, the answers to which are presented in Figure 2. 

Analyzing the structure of answers to this question, it can be stated that awareness of the possibilities of 

recording systems has clearly increased in enterprises. This may be caused by the growing popularity and 

widespread use of IT systems supporting the optimization of business processes, including logistics. The next 

question concerned the need to record these costs when such a possibility exists. The answers to this question 

are presented in Figure 3.  

 

Figure 3 Statistics of the answer to the question:  

Is it worth recording these costs for the purposes of logistics cost management? 

However, the answer to the question concerning the use of cost accounting dedicated to logistics in companies 

shows that awareness of the possibility of such cost accounting is not enough to apply this cost accounting in 

practice. The structure of answers to the question concerning the use of cost accounting for logistics in an 

enterprise is presented in Figure 4. 

 

Figure 4 Statistics of the answer to the question:  

Is there a separate account of logistics costs in your company? 

On the basis of the answers to this question, a certain progression can be observed over a period of six years 

in the use of dedicated logistics costing. This should be regarded as a positive phenomenon, which bodes well 
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for the future of companies operating in Poland. This may mean that Polish managers are becoming more and 

more open to the use of the various cost accounts in question.  

5. CONCLUSION 

Logistics costing has great potential for optimizing logistics costs in companies. However, real possibilities to 

improve the functioning of this area of business activity are offered by the logistic costs account kept 

systematically and having a feedback in the form of corrective actions taken on the basis of the analysis of the 

causes of deviations from the assumed levels of cost execution. 

The presented results of empirical research do not entitle the Author to draw too far-reaching conclusions. It 

results from a relatively small research group of enterprises. The research in 2012 and 2018 was conducted 

on another group of enterprises, which may also adversely affect the comparability of research results. 

However, the analysis of the results obtained from the conducted research shows that the awareness of 

managers in enterprises is constantly growing, especially in the financial area and various activities 

accompanying the basic type of business activity. The area of logistics, like any other, is a potential place of 

cost reduction in an enterprise.  

The concept of cost calculation of logistics has a great potential for the implementation of scientific research 

in specific companies. Scientific research related to logistics cost accounting should focus on adjusting the 

assumptions of this account to the operating conditions of a particular enterprise.     
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Abstract  

In the paper, the problem of the diagnosis of organizational intelligence in terms of implementation of open 

innovation and its impact on decision-making processes in the enterprise has been subjected to discussion. 

The whole of the presented considerations have been divided into three main parts. The first part of the paper 

presents the essence of organizational intelligence as the foundation for value creation in the enterprise. The 

considerations included in the second part include the characteristics of open innovation as an instrument for 

creating competitive advantage. The last part of the paper is the presentation of the results of the empirical 

research conducted on the basis of the case study in the assessment of organizational intelligence from the 

perspective of the open innovation implemented. The objective of the study is to find out and assess the 

relationships between organizational intelligence creation and implementation of open innovation in the 

enterprise. The issue of creating organizational intelligence is new and important due to its impact on decision-

making processes in the field of efficiency of enterprise management, particularly, when this objective is 

accomplished using open innovation.  

Keywords: Organizational intelligence, open innovation 

1. INTRODUCTION  

Nowadays, management science should respond to changes taking place in the economic reality of 

enterprises since it is a scientific discipline, both theoretical and empirical one. The changes in the area of 

enterprise management observed currently are, among others, the result of the technological revolution taking 

place on a large scale, which creates the need for taking into account a new perspective in the scientific 

approach. Therefore, among universal areas of manifestation of organizational intelligence of enterprises, 

there is indicated the significance of strengthening the strategy based on creativity and innovativeness and 

also development of the organization design which can help support its intelligence [1]. In this context, the 

research question arises: is it possible to observe the relationships between organizational intelligence creation 

and implementation of open innovation in the enterprise? It seems that it is worth taking a closer look at the 

ways of understanding of organizational intelligence and the relationships between this concept and 

implementation of open innovation in the enterprise. This is determined by the fact that, in the current economic 

conditions, enterprises need to rapidly respond to changes in the environment through proper implementation 

of innovative solutions. As a consequence of the formulated question, the objective of the paper has been to 

learn and assess the relationships between organizational intelligence creation and implementation of open 

innovation in the enterprise. The research methods applied to find out and evaluate the relationships between 

organizational intelligence creation and implementation of open innovation in the enterprise are: literature 

study, case study, trend analysis of return on sales (ROS) and value-added intellectual coefficient(VAIC)TM. 

2. THE ESSENCE OF ORGANIZATIONAL INTELLIGENCE AS THE FOUNDATION FOR VALUE 
CREATION  

In the subject literature, organizational intelligence is defined as the organization’s ability to adapt to the 

changed tasks, create simple, flexible structures, operating independently and the ones which will provide 

perfect internal communication [2]. Some similar attributes of organizational intelligence were already 
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suggested about forty years ago [3] and subsequently clarified and subjected to conceptualization [4,5]. 

Organizational intelligence is also understood as the intellectual ability of the whole organization to develop 

and strategically strengthen the knowledge relevant to the effective achievement of objectives [6]. This means 

that organizational intelligence consists in facing the changing environment properly by means of the 

appropriate design of the organization, infrastructure, strategy and business model. At the same time, 

organizational intelligence, among others, allows for exploiting opportunities occurring in the market, by means 

of which, it affects the ability of the organization to create new products or services and innovative actions and 

allows for flexible adjustment to changes taking place in the business environment [7].  

Organizational intelligence is also defined as the ability to deal with the complexity of the environment through 

capturing the meaning of signals coming from it [8] and can be perceived as a way of adjustment behavior, 

responding to the changing environment. As a result, an intelligent organization promotes the development of 

tacit knowledge in order to revive creativity [9], uses intellectual capital of the enterprise in order to increase 

performance and improve the effectiveness of decision-making processes.  

While analyzing the presented approaches to the essence of organizational intelligence it can be noticed that 

its important component is intellectual capital. In the context of an intelligent organization, intellectual capital 

is the ability of the enterprise to transform new ideas into products or services [10]. However, it does not have 

a specific market value itself despite the fact that it reflects the gap between the market value and the book 

value of the enterprise [11]. According to L. Edvinsson, intellectual capital consists of two components: human 
capital and structural capital [11], which is presented in Table 1.  

Table 1 Components of intellectual capital [Source: 11] 

Human capital Relational structural capital  

Know-how 

Education 

Professional qualifications 

Knowledge related to the work performed  

Professional and psychometric aptitude  

Entrepreneurship, enthusiasm, ability 

Innovation 

Logo 

Customers 

Customer loyalty 

Distribution channels 

Cooperation with other enterprises  

Concession contracts 

Beneficial contracts 

Franchise agreements 

Structural and organizational capital 

Intellectual property 

Patents 

Copyright 

Design rights 

Trade secret 

Trademark 

Distinctive services 

Infrastructural assets 

Management philosophy 

Organizational culture 

Management processes 

Information system  

Relationship system 

Financial relationships 

It is believed that human capital is the primary resource of competitiveness of enterprises in the conditions of 

market economy and affects gaining competitive advantage by the enterprise in the conditions of 

hypercompetition [12]. The second most frequently listed component of intellectual capital is structural capital. 

It includes processes and operational systems in the enterprise [13]. Structural capital is defined as the 

adjustment of organizational skills of the enterprise to the requirements set by the market, taking into account 
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the organization of production processes of the company and its internal structure in order to ensure optimal 

use of the knowledge and competencies of employees [11].  

While considering the role of intellectual capital in the identification of the essence of organizational 

intelligence, it is worth paying attention to the fact that the ability of prospective thinking, allowing for the 

construction of an intelligent company, translates to its creation [9]. Managers of intelligent enterprises focus 

their decisions and operations on the realization of the assumed results through the use of high efficiency, 

knowledge, creativity and innovativeness [14]. Such an approach allows for both maintaining and increasing 

competitive advantage on the market.  

Summing up the above considerations, it should be noted that decision-making processes in intelligent 

enterprises should be directed to the cognition of the surrounding environment and adaptation to market 

trends. At the same time, intellectual capital and innovativeness are the basic carriers of value [15], determining 

the company value. The listed determinants of the enterprise value should be subjected to management 

processes in order to maximally use the value potential and generate its organizational intelligence.  

3. OPEN INNOVATION AS AN INSTRUMENT TO CREATE A COMPETITIVE ADVANTAGE  

In the conditions of hypercompetition [13], the emergence of innovation launched by enterprises forces 

competitors to take immediate decisions aimed at maintaining or gaining market advantage. W. Chan Kim and 

R. Mauborgne emphasize the role of generating the proposition of value based on innovation. The listed 

authors refer to value innovation in the blue ocean strategy which constitutes a strategic imperative of the 
development of modern enterprises [16]. The role of innovation in the processes of value creation is pinpointed 

by C.K. Prahalad and M.S. Krishnan. According to these authors, the most important component of the 

structure of innovation and competitive potential of the company is the business model which should serve its 

transformation [17]. This means that innovation is the basis for effective decision-making aimed at remaining 

in the market. At the same time, the construction of the innovation strategy requires, on the one hand, taking 

immediate decisions, allowing for maintaining market advantage [18], and on the other, it is a long-term 

process, which includes both technical, technological, production, service and market areas, realized on a 

micro- and macro- scale [19]. 

The innovation strategy is realized through the research and development activity (R+D), which includes product 

development, patent policy, license policy as well as innovative cooperation of enterprises. The emergence of 

innovative activities enforces the necessity to include their costs and benefits in business models. Therefore, 

the information generated in the business model should be ex ante in its nature [20], not ex post, since it can 

become the stimulus impeding and not creating the development of innovativeness of enterprises [21]. 

The concept of open innovation, suggested by H. W. Chesbrough, consists in using external and internal ideas 

in own innovation processes and external and internal channels for launching innovation into the market 

[22,23]. In the subject literature, there are presented different approaches to open innovation. Some 

researchers consider open innovation as an external source of innovation activity of the company informing 

on its openness [24]. For other researchers, open innovation amounts to systematic encouragement and study 

of internal and external sources of innovation, which integrate research with capabilities and resources of the 

company [25]. Open innovation is also considered as a set of activities to achieve benefits coming from running 

innovation and the modelling of creation, explanation and examination of these activities [26] by means of 

which they affect innovation activity of the company [27]. 

Summing up, it can be concluded that open innovation reflects the holistic approach to the strategy of 

innovation management. This means that open innovation consists in simultaneous exploration, study and use 

of various sources of opportunities for innovation and conscious integration of selected sources of opportunities 

for innovation with the potential and resources of the company [28]. At the same time, open innovation enforces 

the use of different instruments and tools for development and implementation of the identified opportunities 
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for innovation [25]. Therefore, it can be assumed that innovativeness of enterprises becomes a factor which 

actuates the situation in the industry, which creates challenges for other participants of the market game who 

must adapt to situations created by innovation. 

4. METHODOLOGY OF RESEARCH AND STUDY SAMPLE 

The objective of the research was to learn and assess the relationships between organizational intelligence 

creation and implementation of open innovation in the enterprise. While referring to the concepts of H. 

Chesbrough in the field of open innovation [22] and Ch.W. Choo, relating to organizational intelligence [6], it 

was assumed that the analyzed company makes use of the results of research and development works from 

the external sources of innovation on the basis of the cooperation with other enterprises, which increases its 

intellectual ability to develop and strategically strengthen knowledge and efficiently achieve the objectives.    

The research procedure was conducted on the basis of the case study. The use of case study to accomplish 

the objective assumed in the paper allows for the presentation of the accurate image of the analyzed 

phenomena [29]. It should be remembered, though, that case study is a method of a probabilistic possibility of 

scientific cognition, having some constraints [30]. These constraints are intuitive and subjective judgements 

and low representativeness of results. However, a significant advantage of case study is the presentation of 

an in-depth image of the analyzed relationships.  

The empirical research was based on the data from the financial statements of the heating industry company 

located in southern Poland. The analyzed company was selected on the basis of purposive sampling. The 
selection was determined by the availability of data essential for conducting the empirical research since the 

analyzed company uses open innovation in the form of contracts for R+D. The range of the empirical data 

includes the years 2007-2017.  

In order to accomplish the objective, the applied research tool, enabling the measurement and assessment of 

the relationships between organizational intelligence creation and implementation of open innovation in the 

analyzed company, is return on sales(ROS). The trend analysis of this indicator will allow for obtaining the 

information on the change in the performance of the analyzed company as a result of implementation of open 

innovation. In order to detail the relationships between organizational intelligence creation and implementation 

of open innovation, the analysis of value-added intellectual coefficient(VAICTM) was carried out. This indicator 

is used for measurement of the efficiency of management of intellectual capital resources and consists in 

assessment of the value added, which is generated by the enterprise. In addition, there is defined the impact 

of the resources of physical and intangible capital on the value added [31,32], which allowed the examination 

of the detailed reasons for the emerging phenomena. 

5. RESULTS AND DISCUSSIONS 

In the analyzed enterprise, in 2008 there was an increase in the value of return on sales compared to the base 

year (Figure 1). In the years 2008-2010 the level of the indicator was characterized by a downward trend, 

which caused that, in the analyzed company, in 2010 there was made a decision on the implementation of 

open innovation. This innovation was in the form of the contract for R+D in modernization of operating activities 

of the analyzed company and, precisely, it consisted in the development and implementation of the technology 

of trigeneration. The cost of the contract amounted to 45 % of the budget of operating activities, however, 

already in 2011 the incurred costs brought the effects in the form of an increase in the value of return on sales. 

This means that the actions taken for the benefit of implementation of open innovation are effective and the 

decision-making process in the field of the sales policy generates an increase in return on sales, which is a 

normal trend.  
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Figure 1 Trends in the level of ROS in the analyzed company in the years 2007-2017 [own study] 

The research conducted using the return on sales ratio allowed the examination of the level of commitment of 

sales revenue to generate profit in the analyzed company. However, the presented indicator has limited fields 

of reception, therefore, it becomes purposeful to obtain a complete assessment in a dynamic section through 

the examination of value-added intellectual coefficient VAICTM, which serves the measurement of the efficiency 

of management of intellectual capital resources, which constituted the second stage of the research work. The 

trend analysis of value-added intellectual coefficient(VAIC)in the analyzed company (Figure 2) presents an 

increase in the ratio over the years 2007-2008. In the years 2009-2010 a downward trend of the analyzed 

indicator can be observed. The values of VAIC over the years 2011-2017 were subjected to a systematic 

increase, which means a favorable state of intellectual capital in the analyzed company. 

 

Figure 2 Trends in the level of VAIC™ in the analyzed company in the years 2007-2017 [own study] 

While attempting to assess the relationships between organizational intelligence creation and implementation 

of open innovation in the analyzed company, obtained on the basis of VAIC™, it can be concluded that the 

organizational intelligence of the analyzed company measured with the VAIC™ model is determined by the 

efficiency of the use of intellectual capital. The research conducted on the basis of VAICTM allows the extension 

of the perspective of measurement of the organizational intelligence of the analyzed company. While 

comparing the results obtained from the analysis of ROS and VAICTM, the consistent and complex set of 

information enabling the measurement and assessment of the relationships between organizational 
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intelligence creation and implementation of open innovation in the analyzed company was obtained. It should 

be pinpointed that VAICTM is an interesting model supporting decision-making processes although it is not free 

from disadvantages. However, the simplicity of the indicator calculation algorithm and easy access to financial 

information essential for its calculation increase the application pragmatism of the VAICTM model. 

6. CONCLUSION  

The conducted research indicates that the measurement of intangible resources of the analyzed company and 

return on sales in the analyzed company provided consistent and complex information allowing for determining 

the relationships between the resources of physical and intangible capital and allowed the diagnosis of the 

organizational intelligence of the analyzed company as a result of implementation of open innovation. Such a 

research approach allowed the accomplishment of the assumed objective aimed at learning and assessing 

the relationships between organizational intelligence creation and implementation of open innovation in the 

enterprise. The main contribution of the paper is the in-depth understanding of the coexistence of relationships 

between implementation of open innovation in the enterprise and creating its organizational intelligence. A 

clear implication from the theoretical and empirical assumptions of the conducted case study is that maintaining 

high operational efficiency of sales requires the selection of appropriate instruments providing information on 

changeability of economic phenomena in the enterprise environment. Modern enterprises operate in the 

environment characterized by a high pace of changes, therefore the appropriate selection of instruments 

supporting decision-making in the area of implementation of open innovation should accelerate the process of 
adaptation to changes. Moreover, the turbulence of the environment brings about that enterprises, in order to 

maintain competitive advantage in the market, must create and diagnose organizational intelligence through 

the implementation of open innovation, which becomes the generator of profitability of the company. In order 

to accomplish the objective of the paper, there were used mainly literature studies and case study, trend 

analysis of return on sales (ROS) and value-added intellectual coefficient(VAICTM). 
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Abstract  

Storage of goods is one of the most important subsystems of the logistics system in a company. The paper 

deals with the problem of increasing warehouse static capacity of a selected warehouse. In the paper, the 

three variants of increase will proposed: Installation of a new rack (3.5 % capacity increase), Installation of 

transitional rack fields (9 % capacity increase) and Change of the support system for storage on beams (11 % 

capacity increase).  

Keywords: Warehouse, capacity, rack field, support system 

1. INTRODUCTION 

Storage of goods is one of the most important subsystems of the logistics system in a company. It covers the 

storage of goods of various types and properties for various periods of time. A warehouse is a place where 

multiple activities are carried out, depending on the warehouse function and position within the logistics system 

of a company or in its supply system. Several authors have presented the characteristics of storage and 

storage systems in their publications, or they deal with issues regarding solutions of specific problems related 

to the storage of goods. The technical literature deals with issues concerning the warehouse design 1, 2, 

warehouse and rack systems 3, warehouse space 4, warehouse layout 5, 6, 7, costs, performance 8, 
etc. An important parameter of a warehouse is the Warehouse Capacity. The Warehouse Capacity depends 

on several parameters, primarily on the properties of goods (products), the storage unit size, the type of the 

storage facility and the handling (manipulation) technology, the storage method, and the warehouse layout. 

The Warehouse Capacity is a parameter that may be expressed in various forms 9. We distinguish between 

the warehouse static capacity and the warehouse dynamic capacity. The Warehouse Static Capacity relates 

to the number of storage places for goods at a standstill that are available for removal and subsequent 

shipment. The main purpose of the present article is to propose the method of increasing the current static 

capacity of a selected warehouse. The proposal is conditioned by preserving the existing storage system (the 

rack system and the handling technology). 

2. METHODOLOGY  

The Warehouse Static Capacity (WSC) represents the number of storage units that may be stored in a 

warehouse at the same time. For the existing warehouses, such capacity is calculated on the basis of the rack 

system parameters, using a simple formula (1): ©b� � ∑ ��� ∙ íðvo ∙ íño ∙ íòðyo����	              (1) 

where:  

m is the number of rack types (depending on the number of rack fields), �� is the number of racks at the given number of rack fields, íðvo  is the number of rack fields, in pieces, íño  is the number of levels in the rack field, the number of rack cells, in pieces, íòðyo  is the number of storage units (places) in the rack cell, in pieces. 
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The �� parameter indicates the number of racks in the warehouse. The racks consist of rack fields íðvo that 

may comprise several levels. Each level corresponds to a single rack cell. In the rack cell, storage units íòðyoare placed. Their number (storage places) depends on the dimensions of a storage unit and on their 

number. Figure 1 presents an example of a rack field consisting of 3 levels, and in each rack cell there are 3 

storage units, including the parameters of the main rack field and the additional rack field.  

Another important parameter is also the area of the rack assembly (rack system) AR that is calculated using 

the formula (2) [5]. ð � ∑ ��� ∙ �v O f ∙ ó!����	              (2) 

where: 

AF is the area of the basic rack field in m2, 

AA is the area of the additional rack field in m2, 

n is the number of additional rack fields, 

Ri is the number of racks at the given number of rack fields, 

m is the number of rack types (depending on the number of rack fields).  

 
a) Basic rack field    b) Additional rack field 

Figure 1 Rack field scheme  

In order to achieve the objective defined in the introductory part (increasing the current static capacity), the 

first step is to calculate the WSC parameter using the formula (1), on the basis of the analysis of the current 

situation - the analysis of the parameters of storage units and the analysis of the parameters of the installed 

rack system: the rack cell size (number of storage units in one rack cell), number of levels in a rack field, 

number of rack fields, and arrangement of racks in the warehouse premises.   

The second step is to determine the conditions under which it is necessary to propose increasing the capacity. 

The third step is to propose several possibilities how to increase the existing capacity and produce the 

underlying calculations. The last step is to make a decision, while considering the selected parameters (for 

example, investment costs, execution time, etc.), on which of the provided possibilities is acceptable in the 

given conditions. Such decision should be made applying the multi-criteria evaluation.    

3. RESULTS 

Increasing the Warehouse Static Capacity, hereinafter referred to as Capacity, was carried out in the 

warehouse of the Registry Centre that is used as an archive of documents pursuant to the registry code (long-

term document storage). The warehouse dimensions are 14 x 41 m, its area is 574 m2, and the Centre also 

comprises other premises that are necessary for the warehouse operations. Following activities are carried 

out in the Centre:  

 acceptance of material (archive boxes from suppliers, documents to be archived), 
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 sorting and making entries in the information system, 

 packing the documents in the archive boxes, 

 placing the full archive boxes in the racks, 

 picking documents upon a customer’s request and shredding documents with expired storage period.   

3.1. Determination of the current Static Warehouse Capacity 

The warehouse is used for the storage of archive boxes. One archive box represents a single storage unit. 

The archive box dimensions are 300 mm  360 mm  300 mm. The boxes are used for the storage of 

documents of the A4 size. The weight of a full archive box ranges from 5 to 15 kg. 

Wooden pallets that are used in the warehouse custom-made and their dimensions are as follows 900 mm   

1,100 mm  144 mm. The pallets are placed on the floor and on the rack beams.  

In the storage area, there is a rack system with the racks arranged in one row and two rows. The warehouse 

contains 7 racks - 6 racks consist of 12 rack fields and a 1 rack consists of 13 fields. The rack field comprises 

 

 

Figure 2 Boxes in a rack cell 

6 levels, i.e., 6 rack cells. The rack cell is 2,700 mm 

long and 1,080 mm high. The rack depth is 1,100 

mm and its loading capacity is 1,500 kg. The 

parameters of the main and additional rack fields 

are the same as presented in Figure 1. In a single 

rack cell, there are 3 pallets that function as a 

supporting system for placement on beams. These 

pallets are used to place the archive boxes on, as 
shown in Figure 2. A single rack cell contains 72 

archive boxes. 

The current capacity of the rack system, calculated 

using the formula (1), is 36,720 pieces of archive 

boxes. The area of the racks system, calculated 

using the formula (2), is 286.44 m2, representing 

49.9 % of the total warehouse area. A simple 

diagram of the rack arrangement (green colour) in 

the warehouse is shown in Figure 3. 

 

Figure 3 Rack arrangement - the original arrangement and a newly proposed rack (yellow colour) 
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To a determined date, 35,571 archive boxes were stored in the warehouse and the current capacity facilitates 

the storage of additional 1,149 archive boxes. The racks system is currently used in 97 %. On the basis of the 

statistical data, 368 new archive boxes, on average, are stored in the warehouse per month. The documents 

with a pending expiry of their storage period are removed from the warehouse and relocated for shredding; 

this creates vacant capacities. However, when comparing the boxes to be shredded and the boxes to be 

stored, the amount of boxes to be stored is several-fold higher. On the basis of the observed facts we may 

state that the warehouse does not have a sufficient capacity that is required for the upcoming period. On the 

other hand, the warehouse comprises the areas and premises where more rack fields may be installed.   

3.2. Proposed possibilities of increasing the current capacity in the determined conditions  

The proposed measures must be feasible while maintaining the existing arrangement of racks and using the 

existing handling technology, with acceptable investment costs. In order to increase the capacity, three options 

were proposed: 

A. installation of a new rack with the same rack field parameters as in the existing rack system, 

B. installation of transitional rack fields, 

C. change of the support system for storage on beams. 

A: Installation of a new rack 

Figure 2 shows the existing arrangement of 7 racks, highlighted in green. In the rear section of the warehouse, 

there is a vacant area that may be used for the installation of a rack with the same rack field parameters as in 
the existing rack system. The position of the rack is highlighted in yellow in Figure 2. The rack length is affected 

by the space near the back gate that should be available for the preparation and release of documents to be 

shredded. The proposed rack consists of 3 rack fields. The rack capacity is 1,296 archive boxes, representing 

a 3.5 % capacity increase; this corresponds to the average capacity required for the period of 3.5 months. The 

above specified proposal does not provide a long-term solution of the capacity problem. In this particular case, 

the area of the rack system would represent 296.4 m2 that is 51.68 %. 

B: Installation of transitional rack fields 

This option represents the installation of transitional rack fields, highlighted in light yellow in Figure 4. The rack 

fields would be installed in the front and rear sections, at level 4 and higher, in order to preserve the space for 

handling using the existing handling technology; this means that the transient rack field would comprise 3 

levels. The parameters of the rack cell in the transitional rack field in the front and rear sections of the 

warehouse are listed in Table 1. In both cases, it is necessary to manufacture custom-made pallets that would 

fit the rack field. In the rear section, 6 rack fields would be installed, representing the capacity of 2,268 archive 

boxes. In the front section, 4 rack fields would be installed, representing the capacity of 972 archive boxes. 

The above described option of installing transitional fields would result in increasing the capacity in 3,240 

archive boxes, representing an 8.8 % capacity increase, which would cover the capacity requirement for 9 

months. The area of the racks system would remain unchanged as the additional fields are not located on the 

warehouse floor. However, this would increase the storage volume in the volume of transitional fields. 

C: Change of the support system for storage on beams 

Another solution is replacing the currently used pallets with the base of a different type to be placed under the 

archive boxes. A suitable type is, for example, a steel wire mesh shown in Figure 5; the mesh dimensions are 

as follows 880 mm  1,100 mm  10 mm, and the loading capacity of 800 kg. The mesh height is only 10 mm 

while the height of a pallet is 144 mm. Replacing pellets with steel wire meshes would save 134 mm at each 

level; with six levels, this would save 804 mm. Replacing pellets with wire meshes will result in the reduction 

of the rack cell height from 1,080 mm to 950 mm. Adjustment of rack cells to the required height will facilitate 
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Figure 4 Proposed transitional rack fields 

Table 1 Parameters of the rack cells in the transitional rack field 

Rack cell parameters 
Rear section 

of the warehouse 
Front section 

of the warehouse 

Beam length (mm) 4,200 2,900 

Height (mm) 1,080 1,080 

Depth (mm) 1,100 1,100 

Assumed loading capacity of a cell* (kg) 2,000 1,500 

Number of parallel rows of archive boxes  14  9 

Number of archive boxes in a single rack cell 126  81 

Number of archive boxes in the transitional rack field (3 levels) 378 243 

Number of installed rack fields  6 4 

Number of archive boxes in the rack fields 2,268 972 
* depending on the weight of the custom-made pallets 
 

 

Figure 5 Steel wire mesh 

additional installation of level 7 in the rack field. The 

boxes would only be placed on the new 7th level in two 

layers that is 48 archive boxes (the height limit). The 

adjusted rack field would facilitate the storage of 480 

archive boxes (originally 432 boxes). In this particular 

case, an increase in the capacity represents 4,080 

archive boxes, an 11 % increase, covering the capacity 

requirement for approximately 1 year. 

4. DISCUSSION 

We will only reach an 11 % increase by replacing pellets with steel wire meshes. However, this solution 

requires the relocation of all archive boxes which is time consuming and physically demanding. Disadvantages 

of the above mentioned solution include production of waste - pellets, financial costs of the purchase of wire 

meshes (1,785 pc), financial costs of the storage system adjustment, and the time required for such 

adjustment. 

The capacity may be increased in 9 % by installing transitional racks. This would require financial costs of the 

purchase of a new storage system with the necessary parameters. The installation of the storage system is 

not time consuming or physically demanding, as it is in the previous case.  
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A 3.5 % capacity increase may be achieved by installing a rack in the rear section of the warehouse. In such 

case, again, it is necessary to invest in the purchase and installation of a new system. On the basis of the 

above listed facts we may state that none of the presented options solves the problem with the capacity in the 

long term. It is therefore necessary to consider an option of establishing a new warehouse. 

5. CONCLUSION 

The present article deals with the issues regarding increasing the static warehouse capacity. The analysis of 

the existing storage method and of the description of storage units and the rack system facilitated the 

calculation of the static capacity - the number of archive boxes (in pieces) that may be stored in the installed 

racks. On the basis of the obtained results, three options were proposed. They were aimed at increasing such 

capacity while meeting the limiting requirements.  

On the basis of the results obtained from the proposed solutions we may state that the company in question 

should consider establishing a new warehouse. This solution is associated with the issues regarding the 

warehouse allocation and procurement of a storage system to be used in the warehouse because the one that 

is currently used in the existing warehouse is not particularly appropriate.  
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Abstract 

The problems of humanitarian logistics from the perspective of new institutional economics are not widely 

analyzed in the world literature. The effectiveness of logistics processes is determined by both internal and 

external aspects. The article refers to the institutional, economical, informational, social and infrastructural 

determinants of humanitarian logistics development and their links to the transaction costs theory. The Author 

tries to identify a transaction concept within the humanitarian supply chains as well as the governance structure 

in order to find main criteria of efficiency. The scientific considerations are based on the three types of logistics 

convergence in humanitarian supply chain in ASEAN Community. Therefore, the research problem consists 

of two questions. The first one is: how can a transaction concept be understood in the view of the humanitarian 

logistics theory? The second question is: what are the core criteria of efficiency in humanitarian supply chain 

on the basis of transaction costs theory? The methodology of the article consists of critical analysis of the 

subject literature and complex analysis of statistical data. The results underline the structure of the 

humanitarian supply chain in the view of new institutional economics.  

Keywords: Transaction cost, humanitarian logistics, new institutional economics, humanitarian supply chain 

1. INTRODUCTION 

The purpose of this paper is to present aid transaction costs within humanitarian supply chain. The objects of 

analysis are ten countries that are members of ASEAN Community. The methodology of the article consists 

of critical analysis of the subject literature and complex analysis of statistical data for the period of 2007-2016. 

First of all, the problems of humanitarian logistics from the perspective of new institutional economics are not 

widely analyzed in the world literature. Acharya et al. [1] informed that transactions costs in aid have never 

been measured. 

Considering the above facts, the author formulated the research problem: how can a transaction concept are 

understood in the view of the humanitarian logistics theory? Furthermore, what are the core criteria of efficiency 

in humanitarian supply chain on the basis of transaction costs theory? 

The new aid paradigm is supposed to reduce the costs [8] that mostly refer to the transaction costs. The goal 

is to enhance aid effectiveness. Acharya et al. [1] pointed out that aid underperforms due to the too many 

institutional channels in flows. These flows shall be understood in the view of the new institutional economics. 

An increased number of above mentioned channels generates high transaction costs within nations that 

receive such aid. Therefore, it reduces the value of that aid. 

High transaction costs are supposed to cause Official Development Assistance that may underperform in few 

areas [10][11]: 

 the volume of aid is being influenced by the discouraging activities in the field of agreements entering 
and disbursement rates reducing, 
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 aid efficiency is being reduced through government and donor resources that are consumed; otherwise 
they could be made available under aid agreements, 

 aid effectiveness is being reduced by ineffective government policy in the field of resources allocation; 

some of them do not address the main priorities and institutional development goals. 

The most recent definition of aid transaction costs is prepared by Lawson [3]. They are defined as “the costs 

necessary for an aid transaction to take place but which add nothing to the actual value of that transaction”. 

Furthermore, the three costs categories has been identified [3][11]: 

 search costs referring to the identification of partners and potential project or programme, 

 bargaining and decision costs that refers to the financial agreements negotiations and expected 

outcomes identification, 

 policing and enforcement costs that are associated with the respect to the monitoring and execution 

requirements, engaged parties’ commitment monitoring as well as the supervision of the project and 

programme conditions. 

It has to be stated that aid delivery is a transaction per se. It means that after the money is transferred to the 

country, donors expect to obtain some results in the field of poverty reduction, education, vaccination, etc. [11]. 

The idea of transaction costs refers to find the best solution for transaction organization between two economic 

agents [14]. 

Three types of characteristics are distinguished due to the various structures of governance that are preferred 

[11]: 

 asset specificity that informs about the issue of non-standard goods. They usually require specific 
activities in order to reuse them for other transactions. Therefore, the higher asset specificity, the higher 

expectations to lead the transaction to the end. In the view of foreign aid such level is high due to the 

necessity to invest in the aid-management process. Activities in that process refer to the monitoring, 

development of reporting and financial procedures, staff training, etc. 

 uncertainty that is associated with always-to-be incomplete information that can take the shape of moral 

hazard or asymmetry. Therefore, transparency is an indispensable aspect to have a wide knowledge 

regarding the aid allocation and management. Such incompleteness of information creates uncertainty 

that increases transaction costs. Both donors and recipient countries have to negotiate contracts and 

complexly control the costs.  

 frequency that refers to the amount of transaction costs. Higher the frequency, easier the recovery of 
the costs of formal governance structures creation. 

2. AID TRANSACTION COSTS IN ASEAN COMMUNITY - FINDINGS 

The characteristics of search costs, bargaining and decision costs as well as policing and enforcements costs 

and their importance in ASEAN Community has been presented in the Table 1. The identification is based on 

the trans-national (regional) approach to the logistics processes. It is based on the theory of logistic 

convergence in the humanitarian supply chain. Hence, humanitarian logistics, within the framework of the 

advancing convergence, aims at its unification based on logistics processes and activities [7]. Approaching all 

entities, engaged in providing aid, as equal participants of a humanitarian supply chain and taking their needs 

and possibilities into account in crisis oriented planning as well as the undertaken activities remain the crucial 

and indispensable aspects having direct impact on the effectiveness of carried out activities. The institutional, 

informational and infrastructural convergences are the evidence of an effective trans-national approach to the 

humanitarian supply chain creation in the ASEAN Community. It can be complexly interpreted in the view of 

aid transaction costs. 
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Table 1 Transaction costs in aid processes in ASEAN Community (own study based on [3,9])  

Category Characteristics ASEAN Community adaptation 

Search costs  The crucial category for development 
partners identification in the view of the 
government. 

 The cost of fund programmes 
identification as well as of projects 
selling to the particular funders. 

 Identification of the needed institutions 
for humanitarian logistics processes 
such as: AHA Centre, ASEAN DELSA, 
ERAT Programme, etc. 

 The idea of the above mentioned 
institutions prepared by the involved 
parties. 

Bargaining and decision 
costs 

 The costs of financing agreements in 
the aspect of its negotiation and the 
process of decision making for 
particular activities and projects. 

 The costs of development policy and 
budget support defining and agreeing. 

The process of ASEAN Community 
integration in terms of humanitarian 
logistics. Starting in 1976 through general 
agreements to AHA Centre and ASEAN 
DELSA implementation in 2012 and One 
ASEAN One Response adaptation till 
2025. 

Policing and 
enforcement costs 

 The costs of meeting the requirements 
of agreed activities and projects as 
well as its monitoring by non-own 
systems. 

 The recipients costs referring to 
donors monitoring in the aspect of 
undertaking activities associated with 
any disbursements as well as mutual 
accountability. 

 The donors costs related to the 
supervision of projects and activities 
adherence to conditions as well as the 
application of any corrective actions. 

 Monitoring of the undertaken activities 
by institution such as: AHA Centre and 
ASEAN DELSA. 

 The complex supervising processes 
through IT systems as ADInet and 
WebEOC. 

Furthermore, there are three types of governance that play a key role in the economy [5][9][13][15]. Taking 

into account its correlation with the aid processes in the humanitarian supply chain within ASEAN Community 

they can be characterized as: 

 hierarchy, where a main issue for the transaction costs is to decide whether the humanitarian goods 
should be produced within a humanitarian supply chain or to be outsourced. Therefore, the integrated 

entities do not have to work under pressure. Such situation takes place during the prevention phase of 

natural disasters where the local (and mostly) integrated companies are responsible for goods 

manufacturing. Nevertheless, the level of transaction costs may be increased due to the necessity of 

aid goods storage in the regional warehouse in Subang, Malaysia. Outsourcing results in the increased 

level of transaction costs during the reaction and reconstruction phase of natural disasters. The 

humanitarian supply chain is obliged to negotiate contracts with global manufacturing companies of aid 

products in order to meet local society’s expectations. 

 market governance, that informs about non-company (or non-supply chain) source of transaction costs 

creation [2]. Due to the periodic or repetitive character they are strongly associated with the supply 

chains [12]. Therefore, the authority is located outside the chain. In ASEAN Community, the logistics 

operations regarding the relief are coordinated and integrated at the trans-national level by AHA Centre 

that is a centralized institution. Thereby, the humanitarian services are the crucial components of the 

supply chains and are not located outside. All the processes are monitored and controlled that result in 

the lower level of transaction costs from the market governance perspective. 

 hybrid governance, that is a combined version of hierarchy and market governance. 
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The hierarchical type of governance in ASEAN Community implicates a solid framework for defining the 

transaction costs in regional association. The aid transaction costs vary in the scope of humanitarian supply 

chain. The classification is presented on the Figure 1. 

 

Figure 1 Aid transaction costs in trans-national humanitarian supply chain [own study] 

The ex ante transaction costs in ASEAN Community refers to the complex identification of aid distribution 

processes. They are based on the concepts of coordination, integration and internationalization. The 

humanitarian supply chain processes may be divided into two separate groups: main logistics operations and 

complementary logistics operations. The first group consists of aid goods acquisition, storage, transport and 

distribution. The second group includes transmission of information, threat monitoring and financial 

management. The above mentioned logistics processes had been widely negotiated and programmed within 

the period of 2008-2012 when the ASEAN DELSA concept were implemented. The ASEAN Community 

decided to prepare scenarios and solutions for the regional (trans-national) approach to the humanitarian 

supply chain creation. Therefore, a wide scope of processes and activities had been projected for the all three 

phases of humanitarian logistics: prevention, reaction and reconstruction. Particular nations of the regional 

association decided to lose its autonomy in the field of disaster management policies. The negotiations resulted 

in the trans-national monitoring systems such as WebEOC, ADInet, etc. 

The transaction costs during natural disaster (the reaction phase of humanitarian logistics) refers to the source 

of aid suppliers that has to be found in case of the effective aid distribution. The processes of random suppliers 

search at the global (or trans-national) level had been replaced by the regional warehouse in Subang, Malaysia 

where previously purchased relief goods are stored. Therefore, the transaction costs of suppliers search is 

minimized in that phase of humanitarian logistics. Furthermore, the financial transfer process is 

institutionalized. The interested nations that want to take part in the relief use the AHA Centre agencies for 

cash transfers. Such option was widely used during 16 common logistics operation in the period of 2012-2016. 

The ex post transaction costs that come out into the open during the reconstruction phase of humanitarian 

logistics refers to the widely understood evaluation. The main goal of a trans-national approach to the 

humanitarian logistics issues in that phase is to efficiently prepare local communities to rebuild the destroyed 

areas. Such reconstruction should widely use the local suppliers instead of the global ones. However, it 

depends on the scale of the area destruction. The investment costs have a positive impact on the future 

transactions. The evaluation processes has to minimize the final cost of the natural disaster occurrence 

through the proper preventive actions. Therefore, evaluation refers to the cost of the policies and activities 

update. In ASEAN Community it results in the constant policy making regarding the humanitarian logistics 

issues at the trans-national level. AHA Centre is expected with reason to implement the One ASEAN, One 

Response policy within the next years. 

The above mentioned aid transaction costs in humanitarian supply chain within ASEAN Community are borne 

by the entire regional association. Donors and recipients take a smaller part in that participation. It has to be 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

643 

noticed that aid transaction costs may decrease the amount of resources needed for the affected societies as 

well as may consume these resources that are valuable for the alternative usage [11]. Implementation of the 

trans-national approach in ASEAN Community was intended to minimize such costs. Standardization and 

unification of logistics processes within all ten countries of ASEAN resulted in the more effective aid 

distribution. The “humanitarian and development assistance” subgroup of composite indicator of humanitarian 

logistics (see Figure 2) proofs that the common approach affects the sustainable development within the 

region. The above mentioned composite indicator informs about the level of humanitarian logistics 

development in the particular countries in the ASEAN Community. It consists of five groups: natural disasters 

(in terms of their intensiveness), demographics (population density, urban population, etc.), institutional and 

economic determinants, informational and social determinants, infrastructural determinants. All of the ratios 

had been analyzed through multidimensional scaling which procedure consists of data collection, variable 

normalization and distance estimation [6]. Due to the length restrictions of the article the entire analysis of 

composite indicator of humanitarian logistics is not being presented. 

  

Figure 2 Composite indicator of humanitarian logistics [own study] 

However, it is necessary to present two indispensable aspects of the indicator that refers to the transaction 

costs theory. As it was stated in the previous paragraph, the Official Development Assistance as well as the 

Humanitarian Assistance may influence the aid transaction costs. Therefore, the Figure 3 presents those 

indicators in a variable normalization aspect. The higher level of the indicator, the less connection with the 

particular assistance by the country. It suggests the less intensiveness of assistance in the country were 

needed. In the analyzed period the Official Development Assistance in Vietnam caused the biggest influence 

(~14 points in Figure 3). Hence, it was a result of a high level of aid transaction costs that resulted in reduced 

aid effectiveness, efficiency as well as influenced the volume of aid. The situation in other countries was far 

more positive. However, Myanmar also had to rely on ODA as well. The rest of the ASEAN nations reached 

the level between 72 and 88 points in the 0-100 scale. The average level of Official Development Assistance 

in the entire regional community was ~74 points. It suggests that the transaction costs did not play a crucial 

role in the ASEAN and reached low levels. When we take into account the Humanitarian Assistance, the levels 
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of aid transaction costs are higher in Philippines, Myanmar and Indonesia due to the lower levels of indicator. 

In the other ASEAN countries the Humanitarian Assistance were not as high. 

 

Figure 3 Official Development Assistance (ODA) and Humanitarian Assistance in ASEAN (2007-2016) (own 

study based on [16]) 

3. CONCLUSION 

Aid transaction costs are the part of aid distribution effectiveness and efficiency. Due to the fact that they are 

not widely and easily measured it is recommended to prepare a complex analysis within aid logistics operations 

in particular countries and non-governmental organizations. 

Conclusions of the article create more questions than general findings. The answers are expected to be found 
in the further research: 

 may the trans-national disaster response increase effectiveness and efficiency within aid transaction 

costs? 

 how to automatically measure the aid transaction costs? 

 how the aid transaction costs may be minimized? 

 how to integrate the humanitarian logistics operations in order to effectively manage the aid transaction 

costs? 
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Abstract 

The purpose of this article is to assess the usability and security of electronic fright exchanges as a tool 

supporting work in transport, shipping and logistic companies. Most companies from the TSL sector use 

electronic fright exchanges platforms, which is why they exert a significant impact on the efficiency of the flow 

of information and goods in the supply chains. 

The main research problem of the work is to determine the range of usability of electronic platforms in the 

context of not only finding a free load space or the load itself, but also improving communication between the 

commisioner and the contractor as well as the transporter himself. Thanks to modern technology, it is possible 

to track vehicles in real time, monitor phisical condition of the load and maintain continous communication with 

both customers and drivers. The modern solution allows to increase the flow of information in the supply chain 

and faster response to unforeseen situations, which translates directly into a sense of security among 

cooperators. The security of cargo is an important element of the entire supply chain, therefore the systems 

that checks the optymization, reliability and integrity of users of electronic fright exchanges will be analyzed. 

The research method that was used in the article is primarily economic analysis and the synthesis of available 

scientific materials such as: books, monographs, articles, scientific and industry magazines. 

Keywords: Electronic fright exchange platform, supply chain, supply chain management, optimization, flow of  

        goods and information. 

1. ADMISSION 

The supply chain covers all activities related to transport - from the initial stage, which obtains all kinds of raw 

materials to the final that provides the final product to consumers. Moreover, in order for the entire process, 

including the processing of goods, to be carried out efficiently, the flow of the information during the entire 

process is neccesary[1]. The use of systems based on the Internet and information systems supports the 

coordination and integration of effective delivery of products from manufacturers to the target recipient, 

bypassing unnecessary intermediaries. Thanks to the possibilities of online work supporting tools, only 

information regarding the load and the demand for it circulates between the participants of the supply chain, 

while the product itself usually bypasses the magazine and goes to the direct recipient. From the moment of 

production to the destination, the goods are still in motion. It is not stored and does not go through wholesalers 

or distributors. Thanks to this, the added value is generated, because the goods reach customers faster. 

Electronic fright exchanges are a helpful tool in such a model of the flow of goods and information. With their 

help, it is possible to obtain up-to-date information from the current situation on the market of transport services, 

to the location of a vehicle with a load itself. The flow of information between contractors is smoother, which in 

turn translates into the possibility of eliminating intermediaries. Electronic transport platforms are an 

inseparable working tool for most of the links in the supply chain. 

2. CHARACTERISTICS OF ELECTRONIC FRIGHT EXCHANGES PLATFORMS 

High costs of own fleet maintenance caused by increased fuel prices, empty mileage, increased wages, 

insufficient information flow between entrepreneurs forced companies to reduce costs associated with the 
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delivery of goods. This difficult step has become possible thanks to electronic fright exchanges. First of them 

were created in the 80's of the last century. Their main task was to strive for better use of the vehicle fleet, and 

therefore to reduce the number of empty runs. Today, electronic transport exchanges operate using the 

Internet and are called a virtual market - constituting a specially dedicated internet platform. In addition to the 

original task, they are an ideal tool to increase the flow of information between interested parties. This 

translates directly into greater possibilities for carriers to find free loads, thus limiting empty runs. On the other 

hand, fright exchanges create possibilities for manufacturers or forwarders to deliver goods more quickly to 

the desired place [2]. 

Fright exchanges have become an indispensable part of the majority of enterprises from the transport shipping 

and logistic sector, permanently inscribing in their strategies as well as logistic concepts. All exchanges offer 

sale of goods and vehicles ready for transport processes. In most cases, they operate as a website with the 

required access authorization. Websites function like electronic bulletin boards. Users place their ads on fright 

platforms[3]. It can be concluded that electronic online exchane platforms are based on a brokerage model. 

The operator of a given platform is a broker. The users, as mentioned above are carriers, forwarders and 

producers. Through the online / broker platform, they report the need for transport at a given time, date, place 

and using a specific type of vehicle. The broker connects users and allows parties to enter into transactions. 

His reward is a monthly subscription paid by users [4]. 

The most popular Internet transport platforms are: 

 TimoCom & Cargo, 

 Tran.eu, 

 Teleroute. 

All of them have both - a large number of registered users and a satisfying volume of transactions made with 

their help. It also results from the fact that they are a tool that improves everyday work, because it is possible 

to use them, for: 

 cargo management, 

 collecting transport orders, 

 controlling dispatchers, 

 monitoring of vehicles and goods, 

 minimizing working time thanks to simultaneous communication with many people, 

 improving the company's external communication, 

 global freight management. 

All of the above are only a few added values that electronic fright platforms generate. It should be noted that 

all of specified benefits affect a more efficient flow of both information and cargo throughout the supply chain. 

First of all, thanks to electronic fright platforms, it is possible to deliver a load directly from the manufacturer to 
the final destination, without having to stop the load on intermediate stations, such as warehouses or 

distribution centers. This requires precise transport planning. It is related with the need to obtain detailed 

information on transport capacity on the market, and these in turn are best shown on electronic frights 

platforms. It can be stated that electronic transport platforms are a reflection of the transport market, because 

only a few companies do not use transport exchanges at all, therefore it can be assumed that most of them 

post information about the current situation, and therefore about their possibilities and transport needs. The 

analysis of two selected platforms, TimoCom and Tran.eu, will show the size and scale of the impact of 

electronic fright platforms [5]. 
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3. FUNCIONALITY ANALYSIS OF ELECTRONIC FRIGHT EXCHANGE PLATFORM TIMOCOM 

The TimoCom Truck & Cargo platform has been operating since 1997. It was created on the initiative of the 

German fright forwarding agent Jens Thiermann. He was looking for a tool that would be a pan-European 

reflection of the current demand and supply for free freight in transportation. His product, thanks to its 

functionality, quickly gained on popularity and over time increased by additional modules such as: TCeBid, TC 

Profile, TCeMap or TC Transport Order. Today, the electronic fright exchange TimoCom is by far the most 

popular fright exchange on the European market [6]. Operating about 750,000 international freight offers and 

free spaces daily, with over 516 million tons of cargo offered on the market during the year. It has over 127 

thousand users from all over Europe. You can find all kinds of cargo on it, from small to over-sized. TimoCom 

is an international platform, its website is available in 25 languages, and all offers are automatically translated. 

This is a unique added value, because thanks to this foreign contacts become more real and public. It affects 

the increase of transport possibilities in international supply chains. Finding transport outside the state borders 

becomes much simpler and less labor intensive, which in turn allows you to limit valuable time spent on looking 

for contacts. At the same time, this translates into lower costs of unnecessary work and possible delays [7]. 

The electronic platform TimoCom has introduced to its system several additional modules, which aim is to 

optimize the work of its users. One of them is TC Transport Order. This application allows users to carry out 

transactions in fully digital form. Previously, users wishing to outsource a given entity had to attach their own 

separate order separately in the mail. TC Transport Order unifies documents and after completing necessary 
data it generates all necessary documents that are easily sent to contractors. This allows you to save time to 

fill your own printed orders, or sometimes to translate foreign ones. The unification of the circulation of 

documents and the translation of the websites indicates a large internationalization of the freight market. The 

time saved optimizes the work of all users and generates added value for the whole platform. In addition, TC 

Transport Order automatically notifies users by an e-mail of all inquiries received. This is to reduce the 

likelihood of missing a favorable offer and the possibility of cooperation [8]. 

An interesting feature of TC Transport Order is the possibility to search for the desired offer at many partners 

simultaneously in real time, and what is important based on current prices. Users get a preview of all orders 

and their current status. An additional possibility is to add contractors from outside the platform to the list of 

orders. This minimizes the possibility of an error and prompts you to use this tool to centrally manage all orders 

in one place [9]. 

TCeMap is another application that has a direct impact on both information and loads flow. This module is 

useful when calculating the cost of transporting cargo on the basis of a specific order. Thanks to this, it is 

possible to compare the prices proposed with the actual costs. In addition, the application allows you to choose 

the optimal route by using the current digital map of Europe. It can monitor traffic and track the current position 

of all vehicles. Until now, the possibility of monitoring the vehicle was available when the carrier provided a 

login and password for the tracking system of a specific manufacturer. This involved the risk of leakage of 

confidential information. TCeMap integrates 214 telematics systems, that allow vehicle monitoring within one 

interface and map. The application also makes it easier to search for freight using the vehicle locator. By just 

selecting the desired vehicle from the list, the system immediately assigns its current location as default 

measure when searching for offers. The search radius can reach up to 200 km. Above mentioned possibilities 

of one of the systems application reflect the idea of logistics 4.0 and so-called "Internet of Things". TCeMap is 

another example of increasing the flow and quality of information in the supply chain without the need for 

additional time-consuming activities. Just a few clicks, and the program will find the vehicle, load, route and 

calculate the cost of transport. The ability to track the vehicle in real time increases the security of goods and 

allows more efficient management of possible unwanted events between successive links in the supply chain. 

With electronic fright exchanges platforms analysis comes the question of their safety. They operate in a virtual 

market in which the direct contact limits to just an e-mail correspondence, less often a phone call. 
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Unfortunately, as in the traditional market,numerous attempts of fraud and extortion occur. The TimoCom 

operator, in order to reduce the likelihood of fraudulent users, inspects them. The control and verification 

system is as follows [10]: 

 Before the potential client gains access to the platform, his / her financial situation and possible debts 
are analyzed. The date of business registration is checked, which must be at least 6 months prior. The 

references and reputation of the entrepreneur among existing contractors are also verified. 

 The next step is the assessment of exchange users. The components in this case are the quality and 

reliability of the client's work subjected to periodic analysis. 

 TC promotes among its users independent control of future partners, through shared verification with a 
checklist. There are points on it that you should pay attention to before you start working. These are, for 

example: ID number on the platform, the same contact details in the order and profile. 

 Index of companies that provide access to their documents proving the legality of their business. These 

include: the decision to assign an tax identification number and REGON identification number, an 

appropriate license for transporting or for intermediating in the transport of goods, a Civil Liability 

Carrier's / Shipper's Liability, an entry to CEiDG (Central Registration and Information on Business) or 

to the National Court Register. The index has nearly 40,000 proven companies from all over Europe. 

The data being shared is checked and updated on an ongoing basis, therefore, entities with outdated 

information can not be seen there.Cooperation with companies with the TC Index is actually a guarantee 

of reliable and honest cooperation. 

 The department of debt collection and legal advice as well as the possibility of collection of receivables. 

The above examples indicate that great effort is made to ensure that the flow of goods and informations that 

takes place through electronic fright exchanges platforms is safe and secure. The fact that any prospective 

contractor has already been thoroughly inspected by the platform operator and freely discloses his own data 

is evidence of the transparency of his business. Thanks to this you can save time, look for information about 

a given subject among your contacts or on the Internet. 

Analyzing the modules available in the TimoCom system, it can be stated that their main task is to optimize 
the working time of all its users. Each application allows you to save time and transparency of the business. 

In addition, TC focuses on the unification of certain activities, and this in turn eliminates possible errors or 

misunderstandings both in the circulation of documents and in communication between co-operators. 

Analyzing the above in terms of optimizing the flow of information and goods in the supply chains, it should be 

emphasized that all system modules are built in such a way that information about loads, current demand and 

supply is quickly and easily communicated to other users. Thanks to this, it is possible to manage fleet and 

cargo more efficiently, which directly affects management optimization throughout the entire supply chain. 

4. FUNCIONALITY ANALYSIS OF ELECTRONIC FRIGHT EXCHANGE PLATFORM TRANS.EU 

The most popular transport platform is Trans.eu. It was launched in 2004 by the Polish company Logintrans. 

Despite numerous competition on the market, it quickly gained the trust of many entrepreneurs. Moving with 

the times, the platform has expanded its core business with additional modules. Alike TC it does not only 

provides fright offering services, which complement the whole creating added value across the platform. 

Trans.eu is used in 45 mainly European countries. The website is available in 25 languages. The system uses 

37 thousand. subscribers. In 2017, there were 3.9 million completed transactions via the platform. However, 

the total annual number of freight offers was around 112 million in the previous year [11]. 

Given that all activities are carried out via the Internet, the platform operator took care of the safety of its users' 

data and implemented the Information Security Management system obtaining the ISO / IEK 27001 certificate. 

This system is based on a well-thought-out action taking into account protection and data security on every 

typeface. Taking into account the new Regulation of the European Parliament and of the Council (EU) 
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2016/679 of 27 April 2016. on the protection of individuals with regard to the processing of personal data and 

on the free flow of such data, the decision on certification was an ideal representation of the operator's efforts 

for the safety of its users [12]. 

The main task of Trans.eu is the ability to offer freight and search for available vehicles. In addition to the 

standard search panel, the platform offers a number of auxiliary functions. One of them is TransOrder. It mainly 

involves the automatic generation of a transport order. In the application database, you can choose the 

appropriate template for both orders and transport conditions, which you can give a specific system of sending 

consecutive numbers, so that they are identical to internal documents. The order is generated both by 

downloading data from the system and a specific offer, but also it is possible to read data from its own 

contractor database. Monthly, with the help of this tool, an average of 400 orders are issued. 

The Trans.eu electronic platform introduced a module for quick contact with drivers. With the help of TransTask 

from the office position, you can quickly send the order along with the necessary details to the driver on their 

mobile devices. It eliminates additional tasks related to the necessity of transcribing or ordering orders, as well 

as the possibility of mistakes resulting from insufficient communication between the office and the driver [13]. 

When analyzing the Trans.eu electronic transport platform in terms of safety of the flow of goods, it should be 

noted that, similarly to TC, the verification system of potential users is conducted. The financial capacity of the 

entity, reputation, length of functioning on the market, basic documents allowing to conduct business are 

checked. In addition, Trans.eu audits the Owners and Contractors Protective insuranse policies. It checks and 
translates them into 16 languages, thanks to which they are understandable for foreign partners. After 

registering on the platform, scans of the above-mentioned documents are publicly available on the user's 

profile. In addition, a rating and opinion system operates on the platform in which users inform and evaluate 

cooperation. The feedback and evaluation system is the best source of information about the reliability of the 

user. All this aims to maximize the transparency of operations, which in turn reduces the risk of unsuccessful 

transactions. 

Considering the number of subscribers and the annual volume of completed transactions, it can be seen and 

analyzed in terms of optimizing the flow of goods in supply chains, it can easily be seen that this is a basic tool 

for freight forwarders, carriers and producers. They, on the other hand, are the main links in each supply chain, 

because it is actually up to them to perform the service of moving the cargo. Introduced standardization and 

obtained data security certificate additionally allows to reduce the risk of leakage of confidential information, 

while all users of the platform are extremely transparent, because the necessary information is generally 

available. In addition, the possibility of quick contact with drivers, other users and limiting time to unnecessary 

activities, thanks to the extended function, leads to liquefaction of information and goods not only between 

partners, but more broadly it can be said that it directly translates into more efficient management of the entire 

supply chain. 

5. CONCLUSION 

Electronic fright exchanges platforms have been optimizing the operation of basic cells in the supply chain for 

years. Thanks to the new solutions introduced, the basic and time-consuming activities are being successively 

reduced. In addition, taking into account the number of users on only two platforms, the source of orders can 

be easily varied. In the past, companies were based on long-term contracts with selected enterprises. It 

naturally had the advantage of a proven contractor, however, it was often more expensive and did not solve 

the problem of empty runs. Currently, entrepreneurs are using more than one fright exchanges, which allows 

them to reach the most advantageous offer in a relatively short time. Additionally, it eliminates the problem of 

empty runs. Such a model of functioning gives the opportunity for more reliable and precise planning of 

transport in the supply chain. The risk of delays in transport is minimized because you have access to 

thousands of offers per day. Electronic transport platforms together with their additional functions optimize the 
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users expenses, as they reduce the likelihood of overpaying for the service. The level of demand and supply 

and prices are generally available, so users can quickly calculate the cost of the service, and thus, it is possible 

to set the budget more precisely and eliminate errors. 

To sum up all of the above, apart from optimization in the management and flow of goods, the flow of 

information is also important. They are actually made available in real time and each user can see the current 

situation. It can itself analyze the demand and supply for specific loads or vehicles in specific locations. The 

annual number of offers made available may be the basis for analyzing the most popular directions of goods 

flow, and thus it may be the basis for setting new targets in the company. Analysis of all these data and proper 

management of this information can also affect the supply chain management. It is possible to more accurately 

predict the most desirable directions of development. Summing up, electronic fright exchanges platforms are 

used to optimize transport, and this in turn allows to optimize the entire supply chain, because transport covers 

the most important stages, such as delivery of materials for production, transport of cargo to intermediate 

stations, and then to the final recipient, which can be a retail store. Therefore, optimizing transport and reducing 

its costs directly translates into lowering the costs of the entire supply chain. 
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Abstract 

Firms are permanently looking for ways to achieve expected market and economic outcomes, which are the 

basis for superior performance as well as strong, long-term competitive advantage. The most important market 

outcomes are: (1) customer satisfaction, (2) customer loyalty, and (3) market share. In turn, the most important 

economic outcomes are: (1) profit, (2) profitability, and (3) return on investment (ROI). In achieving such 

performance and advantage the important role is assigned - among others - to the so-called logistics potentials 

of success. Logistics potentials of success are significant parts of the “general” firm potentials of success, 

which comprise: (1) resources, (2) capabilities and (3) competences. The aim of the article is to identify the 

premises and symptoms of logistics potentials of success influence on firm superior performance related to 

expected market and economic outcomes as well as to strong, long-term competitive advantage. In 

accordance to “general” firm potentials of success, logistics potentials of success comprise: (1) logistics 

resources, (2) logistics capabilities and (3) logistics competences. Such potentials can be perceived as factors 

influencing expected market and economic outcomes achievement by a firm, which are the most significant 

symptoms of firm success. The expected market and economic outcomes are then also the basis for firm 

superior performance as well as for strong, long-term competitive advantage creation. 

Keywords: Logistics potentials of success, market outcomes, economic outcomes, firm performance, firm  

       competitive advantage 

1. INTRODUCTION  

In the recent years one may notice an increasing significance of business logistics, perceived as an integrated 

concept of materials, goods and information flow management [1-6]. Logistics is more and more often 

perceived as the very important factor affecting firm success and firm performance (including effectiveness, 

efficiency and differentiation) [7], as well as the significant factor affecting firm competitive advantage creation 

[8,9]. 

The aim of the article is to identify the premises and symptoms of logistics potentials of success - including 

logistics resources, logistics capabilities and logistics competences - influence on firm superior performance. 

Such performance is strongly related to expected market and economic outcomes achieved by the firm as well 

as to strong, long-term firm competitive advantage creation. 

2. THE NATURE AND SIGNIFICANCE OF THE LOGISTICS POTENTIALS OF SUCCESS 

Firms constantly search for ways to achieve the superior performance as well as to create strong and long-

term competitive advantage, which seems to be the central “point of interest” in contemporary business 

management. The basis of firm superior performance are expected market and economic outcomes achieved 

by a firm. Achieving such outcomes is also the basis for firm competitive advantage creation. Among the factors 

influencing firm performance as well as firm competitive advantage creation a very important role is assigned 

to the so-called „firm potentials of success”, which may be understood as factors or groups of factors affecting 

firm success. These potentials comprise: (1) resources, (2) capabilities and (3) competences, including core 
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competences and metacompetences. The very significant part of “general” firm potentials of success are 

“logistics potentials of success” which comprise, respectively: (1) logistics resources, (2) logistics capabilities 

and (3) logistics competences [4,8,9]. 

In recent years one may notice that the logistics concept is supposed to become more and more important in 

business management area. The growing logistics importance is closely related to the role and significance of 

the logistics concept in the context of business management as well as firm success and competitive 

advantage creation. It means that logistics, including logistics potentials of success (logistics resources, 

logistics capabilities and logistics competences) are supposed to become more and more “strategic issue” in 

contemporary business management [7,9]. The “roadmap” showing the way from firm logistics potentials of 

success to firm superior performance and its competitive advantage presents Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1 The “roadmap” from logistics potentials of success to firm superior performance and its competitive 

advantage 

The logistics potentials of success may be perceived as a group of firm potentials of success concerning the 

whole business logistics area, which are factors affecting market and economic outcomes achievement by a 

firm. In particular, logistics potentials of success, including logistics resources, logistics capabilities and 

logistics competences are key factors of a firm success, leading to firm superior performance and long-term 

competitive advantage. Such logistics potentials: (1) require changes in business management system and 

processes determining expected outcomes achievement, (2) condition achieving and maintaining competitive 

advantage, as well as (3) stabilize and strengthen firm competitive position on the market. 

3. EXPECTED MARKET AND ECONOMIC OUTCOMES AS THE BASIS FOR FIRM PERFORMANCE 

AND FIRM COMPETITIVE ADVANTAGE CREATION 

Logistics potentials of success create circumstances and possibilities for firm success. The most important 

symptom of such success is when the firm reaches the expected market outcomes as well as the expected 

economic outcomes, which - both - are the basis for firm performance as well as for firm competitive advantage 

creation. According to Day’s and Wensley’s concept, within the expected market outcomes one may point out: 

(i) customer satisfaction, (ii) customer loyalty, and (iii) market share. In turn, within the expected economic 

outcomes one may point out: (i) profit, (ii) profitability, and (iii) ROI [10] (see Figure 2). 

The term “performance” is a notion frequently used within business management area as well as within 

business logistics area, although it is not always consistently understood and interpreted. The symptom of the 

lack of consistency may be the interchangeable use of such notions as “performance”, “efficiency”, 

“effectiveness”, “productivity”, etc. Subsequently, there is a wide range of various views, depending on the 
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authors, concerning the nature of the basic performance dimensions, such as efficiency and effectiveness. In 

the evaluation of logistics influence on “general” business management performance, besides logistics 

effectiveness and logistics efficiency, during the recent years one may also notice such terms as logistics 

changeability, logistics adaptability and logistics differentiation. All these terms may be perceived as the key 

parts of logistics performance concept and understood as its dimensions determining the structure and level 

of overall market and economic outcomes [11]. 

 

 

 

 

 

 

 

 

 

 

Figure 2 Market outcomes vs. Economic outcomes (Based on [10]) 

The level and growth of “general” business management performance significantly depend on the development 
and implementation of contemporary management concepts. One of the most significant concepts affecting 

firm superior performance as well as firm competitive advantage is the concept of business logistics, including 

logistics potentials of success. Business logistics concept may be perceived as a firm performance “orientation” 

as well as a crucial factor affecting firm performance growth. Within the logistics area, there are many factors 

affecting not only the growth of logistics performance, but also the growth of firm performance. The 

improvement of logistics performance level and mutual relations among its different components have a 

positive influence on firm performance, first of all including the achievement of expected market and economic 

outcomes by a firm. 

4. THE PREMISES AND SYMPTOMS OF LOGISTICS SUCCESS POTENTIALS INFLUENCE ON 

FIRM PERFORMANCE 

Logistics and particularly logistics potentials of success may be located among the "areas" which can 

significantly influence and shape the changes in business management system. Logistics potentials of success 

as "change determinants" (i.e. determinants of change, factors influencing change) in business management 

facilitate reaching the expected market and economic outcomes more efficiently and more effectively. The final 

result of such influence is firm superior performance as well as firm competitive advantage. 

Significant valuation of strategic aspects of contemporary logistics is associated with the “departure” from the 

classical perception of logistics strategy as a functional strategy, often only complementing or at least - to a 

certain extent - supporting the entire firm strategy as well as the strategies of individual businesses, to 

formulating a comprehensive firm (corporate) strategy, taking into account the possibilities of using the logistics 

potentials of success. Within such perceived logistics strategy, the key importance is assigned to firm efforts 

leading to ensure the level of service expected by customers, timeliness and reliability of deliveries, 

completeness of deliveries, etc. Then, the logistics concept, based on active involvement of logistics potentials 

of success in achieving the set goals, can be an important determinant of creating and delivering the values 
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expected by customers, and - as a result - achieving firm success as well as creating a competitive advantage 

by the firm. 

Logistics potentials of success, supporting the firms‘ aspirations to gain and maintain a lasting, long-term 

competitive advantage on the market, require both their ”embedding“ within the adequate logistics strategy, as 

well as the acceptance (selection) and implementation of the proper orientation of the firm, affecting the 

directions and ways of using these potentials. Strategic management of logistics potentials of firm success can 

be based on three basic orientations, which are the most important premises of the logistics potentials of 

success impact on the firm performance [12-15]: 

 Process orientation. 

 Market orientation. 

 Supply chain orientation, also known as information orientation as well as market channels orientation. 

Strategies related to process orientation enable the integrated solutions using in the area of management of 

logistics activities that are the components of individual processes within the firm and in its relations with market 

partners. In implementing such strategies an important role is assigned to the solutions enabling the allocation 

of logistics resources and capabilities as well as logistics competences to the processes being carried out, 

which influence the set goals achievement and tasks performance in the areas of procurement (supply), 

production (operations) and distribution (sales). Within the process orientation it is assumed that all logistics 

processes and activities are elements (parts) of the value added system. The logistics strategy is then related 

to the “pursuit“ of competitive advantage achieving by maximizing the performance of individual processes in 

the areas of purchasing, production, deliveries planning and scheduling, physical distribution, as well as 

returns. 

Strategies related to market orientation are usually formulated at the level of individual strategic business units 

or even individual businesses within the firms. The basis for shaping and developing such understood 

strategies is the orientation of all implemented processes and activities for the customers‘ needs and wants 

meeting. It requires, among others, the proper designing and functioning of market knowledge gathering 

systems as well as the development of procedures enabling the diffusing of this information within the entire 

firm and its individual businesses. As a result, the logistics potentials of success can be subordinated to the 

implementation of tasks related to creating and supplying values expected by customers and solving their 

problems. In the market orientation, an attention is paid first of all to the benefits resulting from the achievement 

of potential synergy effects thanks to the coordinated implementation of logistics processes and activities in 

the area of physical distribution in which various strategic business units are involved. The basis for the 

competitive advantage creation are then the logistics potentials of success related to the concept and process 

of customer service. 

Strategies related to the supply chain orientation are based on the aspirations concerning the use of the 

logistics potentials of success of all firms forming this chain, and cooperating with each other to ensure 

uninterrupted, transparent flows of materials, goods, information and financial resources, from the sources of 

raw materials to the final customers. The contemporary, wide interpretation of the supply chain concept in the 

context of flow processes synchronization, apart from the materials, goods and information flow coordination, 

also includes the coordination of financial resources flow along the entire supply chain [16]. Strategies based 

on this orientation allow the development of effective and efficient ways of involving logistics resources and 

capabilities as well as logistics competences of all firms in the supply chain in achieving the set goals and 

performing tasks. 

Strategies based on the supply chain orientation also create the circumstances and opportunities to achieve 

synergy effects, thanks to the simultaneous use of the logistics potentials of success of all firms in the supply 

chain. In this orientation the benefits resulting from the integration and coordination of logistics processes and 

activities carried out within the entire chain are mainly exposed. Thus, this orientation can be the basis for the 
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development of cooperation between supply chain firms. Such cooperation is based primarily on the integrated 

flow management of materials, goods, information and financial resources. 

Apart from the premises of the logistics potentials of success impact on the firm performance, one may also 

notice the most important symptoms of such impact. Among these symptoms an important role may be mostly 

assigned to the so-called “strategic options related to logistics potentials of success”. Within the management 

of logistics potentials of success three basic strategic options may be distinguished [17,18]: 

 Creating its own logistics potentials of success by the firm, among others through investments in logistics 
systems, shaping and enriching logistics processes, or the development of logistics infrastructure. 

 Gaining logistics potentials of success through their acquisition (taking over) from competitors. 

 Development and enrichment of logistics potentials of success in cooperation with other firms within the 
supply chain or network. 

The first of the above solutions, i.e. creating own potentials of success, is connected with the necessity of 

incurring - often quite large - expenditures (costs), which condition the expansion of the resource base and the 

development of the firm logistics capabilities, and - as a result - the development of logistics competences. At 

the same time, it is very important to choose those potentials of success that can mostly contribute to achieving 

the firm goals related to its domain of activity, strategy, organizational structure, etc. 

The second of the above solutions, i.e. taking over the logistics potentials of success from competitors, also 

requires incurring certain expenditures (costs). Apart from the difficulties of acquiring these potentials - taking 

into account, in particular, barriers related to their purchasing - the main problem is the proper assessment of 

the adequacy of these potentials in relation to the goals that the firm intends to achieve. The logistics potentials 

of success used in achieving the goals set by one firm do not have to meet this condition or only fulfill it to a 

low degree in the case of another firm. 

The third of the above solutions concerning the management of logistics potentials of success, i.e. their joint 

development in cooperation with other firms in the supply chain or network, first of all requires the defining of 

the scope of tasks and responsibilities of individual firms. This is related to the contribution (participation) of 

each firm to the development of logistics potentials of success, taking into account the logistics resources, 

logistics capabilities and logistics competences of suppliers, manufacturers, distribution companies and other 

firms within the entire supply chain. 

5. CONCLUSION AND FURTHER RESEARCH 

Logistics potentials of success are deeply embedded within the resource stream of strategic management. In 

this stream a special role is attributed to the factors that enable the firm to gain and maintain strong, long-term 

competitive advantage. Within such factors one may distinguish first of all resources, capabilities and 

competences. The results of the various theoretical and empirical research conducted both in the world and in 

Poland indicate that logistics resources, logistics capabilities as well as logistics competences can significantly 

contribute both to superior firm performance concerning expected market and economic outcomes achieved 

by a firm as well as to strong, long-term competitive advantage achievement by the firm [9]. Then it may be 

said that the logistics potentials of success are the key success factors of the firm. 

Among the main directions of further research devoted to the impact of logistics potentials of success on firm 

performance as well as firm competitive advantage creation, the significant role should be assigned to the 

wider and deeper operationalization of these potentials, in particular logistics competences, integrating existing 

logistics resources and logistics capabilities. Such operationalization could significantly contribute to a more 

accurate identification of individual potentials related to the logistics area, which are the key factors affecting 

both firm performance as well as firm competitive advantage creation. 
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Abstract 

The customer market is becoming more and more demanding. Customers want to have influence on the final 

shape, form, functionality and characteristics of the product. As a result, entrepreneurs are forced to abandon 

the Make-to-Stock system in favour of the MTO (Make-to-Order) concept, with the purpose of not only meeting 

the customer’s needs but also, for example, reducing the costs by manufacturing exactly the number of 

products which is currently demanded on the market. The article describes an example of a production task 

performed in the cellular structure. The customer required a substantial and abrupt increase (by 65 %) of the 

production task. In order to tackle the problem, logistics engineering and lean manufacturing methods were 

applied. Having regard to the Industry 4.0 perspective, a concept of automated work cells was presented in 

order to minimise the role of the operator. 

Keywords: Cellular manufacturing, MTO methods, logistics engineering, muda hunting 

1. INTRODUCTION  

Nowadays, in order to be competitive, there is still (but to a lesser extent than in previous years) a striving for 

the reduction of costs related to execution of the production process. Given the fact that the customer market 

is becoming more and more demanding, it is obvious that the striving has to take into account actions that are 

consistent with the customer’s needs, for example when concerning the Order Fulfilment Cycle Time, but 

especially in the scope of adjusting product features to the customer’s expectations. The manufacturing of 

selected products in the MTO (Make-to-Order) system may be decisive in a company’s survival in a very 

competitive market (e.g. the automotive sector) or opening up new markets [1]. Assuming that one of logistic 

goals of the company is to reduce the time of execution of the production process (lead time), which in the 

make-to-order system results in reduced order processing time, efforts should be made to eliminate 

unnecessary transport, downtime and general wastes in the production process, as well as to ensure a 

continuous flow of the product through the production cells [2].  

The type and form of production organisation also impose some restrictions regarding selection of the proper 

production structure [3]. Non-rhythmic production can take both a pipeline and non-pipeline form, and may be 

realised in group layouts, functional layouts or production lines. However, the striving for continuous flow of 

material forces application of the group layout [4]. Regardless of whether the production is executed in work 

cells or on the production line, the machines should be positioned according to the performed technological 

operations. The group layout assumes that the machines and equipment used in the production process are 

deployed in accordance with subsequent phases of the technological process or they form cells, i.e. specially 

selected groups of work stations intended for a specific group of products. The application of these solutions 

allows for a significant reduction and ordering of the company’s internal transport. This is due to the possibility 

to develop a line which is ordered in accordance with the manufacturing technology of a given product or work 

cell [5]. However, in the event of failure, the likelihood of disrupting the production process is high. 

In pipelined structures, each machine or device is assigned to perform a single, specific technological 

operation, thus cost-effectiveness of specialisation and process automation is possible [6]. The lines are used 
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in manufacturing of larger batches. In the production of atypical products, cellular structures are more often 

applied. Work cells are divided according to the general division of the production structures. Machine cells, 

that is groups of technological devices selected according to their intended use, and production cells, prepared 

to manufacture a specific class/group of products, are applied. The second group may also include the cells 

where the assembly processes are performed. 

The article describes an example of a production task performed in the cellular structure. The customer 

required a substantial and abrupt increase (by 65 %) of the production task. In order to tackle the problem, 

logistics engineering and lean manufacturing methods were applied. Having regard to the Industry 4.0 

perspective, a concept of automated work cells was presented in order to minimise the role of the operator. 

2. CHARACTERISTICS OF THE PRODUCTION PROCESS 

The object of this study is the final assembly line (LMK) of the air conditioning system of a passenger car. The 

manufactured component is a heat exchanger (a condenser in this case). The analysed production process 

consists of three stages. The final assembly line constitutes the third stage and comprises several cells. The 

manufacturing process is executed in the MTO (Make-to-Order) system and is of a mass-production character. 

A description of the operations at the individual stages is presented in Figure 1. 

 

Figure 1 Production stages of the condenser 

STAGE 1 - a machine called a stacker (used for stacking) is used in the assembly process. A core is assembled 

from pipes, fins and manifolds. These elements are placed into a soldering frame in order to stabilise them 

during the soldering process. The cores are transported to the station of loading the furnace on carts holding 

16 pieces each.  

STAGE 2 - the soldering process takes place in the soldering furnace. The furnaces are pass-through and 

with a conveyor inside. At the furnace entry station, the operators equip the manifold with a bottle and place 

carts with cores in docks, from where a cobot (collaborative robot) draws the cores. After soldering, the core 

may be removed from the soldering frame. The soldering frames go back to the assembly station where they 

are re-used. The soldered condensers are placed on ladder carts used to transport them to the final assembly 

cell.  

STAGE 3 - the final assembly takes place in cells presented in Figure 2. The most important element of final 

assembly is a helium machine (MH). Peripheral stations are set up by the helium machine  

(MB - machine for equipping the bottle, MS - machine for welding the bottom, KG - quality inspection). 

Depending on the product's reference number, the final assembly is a set of operations aiming at equipping 

the condenser with peripherals and conducting a tightness test.  

Due to the planned abrupt increase in the number of exchangers ordered by the customer (from 450,000 

pcs/year to 742,000 pcs/year, that is by 65 %), there is a problem with execution of the new orders. 
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The previous duration of the production cycle (production line’s pace) was SCT about 53 seconds, and the 

maximum output of the line in the 3-shift production was about 40,000 pcs of exchangers/month. The simplest 

solution to execute monthly orders of 65,000 pieces would be to launch a new, second final assembly line. 

After conducting an initial analyses, it was decided that such a solution was non-viable at that time. 

 

Figure 2 Final assembly cell LMK diagram 

Therefore, it was proposed to leverage the opportunities proposed by two groups of methods: 

 logistics and production engineering methods, 

 methods from the lean production area. 

The task of improving the continuity of the flow can be presented in several stages [7]. In the first stage, 

accurate identification of the processes related to manufacturing and logistics is necessary. After the 

identification and agreeing the current aims for improving production efficiency, appropriate methods and tools 

for achieving these aims should be selected.  

Therefore, the initial activities involve two stages: 

Stage I - process identification - activities: 1 - 2 - 3 - 4: 

1) Selecting a process to be analysed. 

2) Preparing a detailed flow chart of the technological process. 

3) Collecting details of the process, for example orders, deliveries, stocks etc. 

4) Determining the basic parameters and quantities describing the process and carrying out the necessary 

time study of duration of operations. 

Stage II - Selection of improvement methods and tools (e.g. VSM, TPM) - activities: 5 - 6: 

5) Description of the losses and wastes during the process (for example 7 muda, 6 big losses). 

6) Tool selection. 

Subsequent steps necessary to achieve the required improvement of operation (efficiency) and continuous 

flow of materials depend on the selected method (tool). 

The last two stages (N - number of stages) of introducing changes to the production process are: 

Stage N-1 - introducing changes - actions: 

 preparation of agreements and dates of the possible changes. 
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Stage N - analysis of effects and improvement - actions: 

 analysis of effects of the introduced changes, 

 persistent implementation of Kaizen rules! 

3. PROCESS ANALYSIS AND TESTING 

According to the presented algorithm of procedure, it is necessary to identify the problems in the process of 

final assembly of the condenser. 

3.1. Identification of problems and wastes in a cell (muda) 

As a result of analyses, three main groups of problems were identified: 

1) A large quantity of micro-downtimes, especially at the welding station (MS), see Table 1. 

2) The ‘bottleneck’ of the final assembly line (LMK) is the welding cell (MS). 

3) Incorrect balancing of the number of operators in the cells of the LMK line. 

The conducted analyses indicate that failures and adjustments were the main waste. They contributed the loss 

of almost 15 min/shift (pos. 14 in Table 1). Having regard to the line’s pace SCT = 53 s, wastes per shift can 

be calculated: 900 s / 53 = 16.98 pcs. 

Assuming 340 working days/year and 3 shifts, we get the quantity of non-manufactured exchangers per 

annum: 16.98 pcs. * 3 * 340 = 17,320 pcs./year 

Table 1 Analysis of downtimes in the welding cell (MS) (during a single shift) 

Position Cause of downtime Total downtime [s/shift] 

1 No carts 0 

2 No boxes / packages 3 

3 No racks 5 

4 Planned line maintenance 11 

5 Technological tests 11 

6 Change of welding wire 48 

7 Planned line maintenance 84 

8 Shortage of components 106 

9 5S activities during a shift 120 

10 Change of ribbon in printer 300 

11 Poka-Yoke control 391 

12 1 Level line maintenance 444 

13 First article acceptance 540 

14 Failures / Adjustments 910 

Total - per one shift 2,973 (49.55 min) 

The conducted time studies of all the operations indicated that the ‘bottleneck’ of the final assembly line is the 

welding cell. The measurements indicate that the MS station has the longest cycle time SCT = 61.9 s). 

Improper balancing of operators’ work was another detected problem. For a measurable description of the 

operators’ work and quality problems on the line, an indicator of work pace called KOSU was used: 

^_©ô � ��«��R�®Rh  ��h � }R�BBh� ��ìB ��h!∗BQ�®h� �õ �}h�� ��&BQ�®h� �õ g��� � h�&            (1) 
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It was assumed that concerning the LMK line, the target value of KOSU indicator should reach 110. During the 

year, the ratio has repeatedly exceeded the value of 110. The changes introduced in a later period resulted in 

achieving the desired indicator value (subsequent months of the following year). 

3.2. Activities related to improvement of indicators 

Figure 3 shows the chart of planned orders and achieved so far outputs. After this period, the orders will be 

around 69,000 a month. In order to ensure continuity of supply to the customer in the case of larger orders, it 

is necessary to introduce changes to the production system which would ensure achieving the cycle time (SCT) 

of about 30 seconds.  

The following changes were introduced as part of the activities aimed at improving the output: 

1) Modification of the chamber of the automatic welder (MS). 

The modification involved changing the trajectory of the welding torch of the welding robot and fixing the 

condenser so that two pieces of the condenser could be inserted and welded at the same time without the 

need to open the chamber. This contributed to achieving the cycle time (SCT) of 62 s per two pieces, resulting 

in SCT = 31 s. 

2) Modification of the helium plate in the chamber of the helium machine (MH). 

 

Figure 3 Comparison of orders with regard to line output 

The change was similar as in the case of the automatic welder (MS). The helium plate in the chamber of the 

helium machine was modified so that 2 condensers at a time could be loaded for the test. However, this 

concept poses a substantial problem when lack of tightness in one of the tested condensers is detected; in the 

proposed system it is impossible to indicate the defective item. Addressing this problem requires further 

changes to the system and will be the subject of further research. 

 

Figure 4 Analysis of cycle times in individual LMK cells 
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Modification of the helium machine made it possible to achieve the cycle time (SCT) of both the helium machine 

and the entire cell at 33 s/piece. Figure 4 shows the comparison of cycle times of individual operations before 

and after changes. 

Table 2 presents the results of improved output achieved through the modifications introduced to the final 

assembly line (LMK). The achieved output increase by ~65 % also results in securing the continuity of product 

supply to the customer. 

Table 2 Comparison of the results of improved output after the modifications 

Product 
Clients 
market 

SCTbefore  
[s] 

Production_53 
[ pieces/year ] 

SCTafter 
[s] 

Production_33 
[ pieces/year] 

AC01 OEM 53 210,000 33 350,000 

AC01 OES 53 15,000 33 21,000 

AC03  OEM 53 210,000 33 350,000 

AC03  OES 53 15,000 33 21,000 

TOTAL 53 450,000 33 742,000 

Explanations to the table: 

 OEM - for assembly in the car factory, 

 OES - for sale as a replacement part. 

Apart from the improved output, both modifications also generated some minor financial savings. 

3.3. Proposed future initiatives  

The next step in improving productivity in the final assembly cell should be Total Process Automation. 

Concepts for the implementation of a robot which serves all the stations, excluding the final inspection station, 

were developed. The critical point is a complicated operating algorithm in the case of a helium machine with a 

double helium plate. The concepts of an automated final assembly cell assume a closed cage with an industrial 

robot installed in the centre of the cell with the same layout of the machines as before, or a suspended robot 

which moves along a running rail. In both solutions the operator is isolated from all the automatic stations.  

4. CONCLUSIONS 

The study concerned improving output of the final assembly line of a product manufactured in several stages. 

The final assembly is the last stage of manufacture. The line comprises several production cells with a group 

layout. The objective was to modify the processes in such a way as to enable an abrupt increase of production 

by about 65 %. The construction of a second production line was ruled out. In order to tackle the problem, 

logistics engineering and lean manufacturing methods were proposed. 

Until recently, methods from the area of logistics engineering and lean manufacturing have been treated - 

especially by smaller companies - as redundant and of little use. The study proves that an implementation 

which utilises lean manufacturing as well as constant development of the Kaizen philosophy may lead to 

improved productivity in production plants. It becomes clear that most of the changes in the analysed process 

are of an organisational nature and require extensive expertise on applied technologies and processes.  

Process modifications allowed for avoiding investment in a second line of machines and involving other 

available production cells. This is of high significance due to the fact that the company producing the 

exchangers (condensers) supplies them to many car manufacturers and has to ensure continuity of supplies 

to each of them.  
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Having regard to the Industry 4.0 perspective, the concept of a fully automated final assembly cell was 

proposed. 
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Abstract  

Location theories contribute significantly to modeling in the transport and distribution of material resources in 

the supply of military contingents and their application results in a reduction of total logistic costs. The paper 

uses the gravity point method (CoG) formulated and developed in order to explain the nature of forecasting in 

the area of spatial organization on an international basis. 
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1. INTRODUCTION  

Logistic chains are the result of applying a flow principle in the economic practice. The most close to the 

essence of logistic chains is the functional approach. Logistic chain as a logistics base is such a warehouse 

and transport chain, which is a technological combination of storage and trans-shipment points along freight 

routes, as well as organizational and financial coordination of operations, procurement processes and 

inventory policy of all links in the chain. The logistics chain should achieve the following goals [1]: 

 ensuring fast and efficient flow of goods, 

 reducing the cost of this flow. 

The concept of the supply chain is dominated by a different philosophy than the concept of the logistics chain. 

In the concept of the logistics chain, the companies included in it concentrated their efforts mainly on the 

efficiency and effectiveness of the flow of goods. Based on research conducted by Christopher M., Ciesielski 

M., Fey P., Gudehus T., and Witkowski J., the author puts forward a thesis about the possibility of reducing 

logistics costs through the indirect base model using the center of gravity method. 

2. STRUCTURAL TRANSFORMATION - FROM CHAINS TO NETWORKS 

The philosophy of close integration of the producer with suppliers prevails in the concept of the supply chain 

and recipients to achieve market success. In theory, P. B. Schary and T. Skjott-Larsen, supply chains began 

to arise because entrepreneurs discovered the possibility of solving the problems of duplication of activities 

and reacting to market changes. The supply chain assumes that it is customers who initiate decisions taken in 

the supply chain. Hence, the supply chain begins at the customer's, and decisions flow in the opposite direction 

than the supply of products [2]. According to the theory of A. Kuhn and B. Hellingrath, all processes should be 

seen in a specific relationship - from the final customer back to raw materials, in one steady stream without 

roundabouts, which will ensure shorter flow times, higher quality and lower costs [3].M. Christopher describes 

"The supply chain as a network of organized organizations through links with suppliers and recipients in various 

processes and activities that create value in the form of products and services provided to final customers [4]. 

3. EVOLUTION OF LOGISTIC NETWORKS 

The term "network" is increasingly used in logistics and related economy areas with logistics. An attempt to 

define supply networks means to define that it is a connected number of supply chains (both simple and 

network), within which comprehensive material flow optimization is performed in all supply chains entering it 
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composition. The evolution of the supply network is connected with the fact of growing participation of 

subsequent entities in more than one supply chain. The essence of modern networks are its integrators - ie 

links (specific network interfaces) that are the point of contact of more than one supply chain in which 

optimization of the entire network is implemented, eg coordination of activities and combining the resources of 

individual participants to perform a specific task. There are strategic networks, economic networks, 

dependence networks, supply networks and logistics networks. Therefore, the concept of the network should 

be taken as a starting point for reflection on supply networks. A special example in this matter appears to be 

the Second World War and the analysis of intended German submarine operations in the Atlantic and the 

North Sea. 

The development of effective methods of fighting German submarines was preceded by a deep analysis of the 

network of "wolf hordes", as they were known in the U - bots (Unterseeboot) groups. The network of vessels 

was characterized by strong communication links, a decision-making process developed on the basis of a 

series of information from reconnaissance and surveillance units. As a consequence, the decision made of an 

imperial nature led to the destruction of the unit detected (which was the goal of the whole process). 

4. NETWORK METHOD IN BALANCING THE TRANSPORTATION AND SUPPLY MODEL 

The essence of the network approach is determined by many factors. The network approach is characterized 

by: shared goals, shared competencies, common work, a high level of trust and reciprocity,  

a lack of clear relations of formal subordination, the ability to innovate and be flexible and information links 
based on modern communication technologies. Different configurations of entities (enterprises), between 

which there is no clear relationship of subordination, operate on the principles of exchange and mutual trust 

according to a specific strategy for the implementation of common goals. 

One of the types of networks are supply networks. These networks are usually considered from the point of 

view of material flows and related information. However, as he rightly notes J. Witkowski, material flows 

between enterprises are usually not linear, but they happen between many different producers and distributors 

who can be links of many supply chains [5].  These relationships form a large system that includes the lead 

entity and the network of suppliers and customers around it. It is a supply chain defined by M. Christopher as 

"a network of interrelated and interdependent organizations that, acting on the basis of mutual cooperation, 

control, direct and streamline material flows and information from suppliers to end-users" [6]. There is a 

definite relationship between networks and supply chains. Supply chains overlap with supply networks. In the 

simplest solution, one delivery network can be "unbuttoned", as M. Ciesielski writes, only one supply chain [7]. 

In practice, flows belonging to many supply chains can take place in a defined supply network.  

The supply networks understood in this way should be considered in the product and spatial approach. Logistic 

networks are another type of strategic networks. According to P. Fey, the logistic network should be understood 

as nodes and paths that make up the system through which streams of materials, cooperative elements, 

finished products, energy and information flow. [8]. 

According to T. Gudehus, a logistics network is a defined number of sources and places of flow that are 

interrelated by the transport system. The logistic network flows streams of products and people that are 

stimulated, controlled and controlled by information streams [9]. 

The structure of the logistic network is therefore defined by two components: nodes and paths.Nodes 

symbolize the function of overcoming time and / or physical transformation of materials and semi-finished 

products (places of obtaining raw materials, production places, assembly places, storage places, distribution 

centers). Paths symbolize the tasks of overcoming space and include active elements (means of transport, 

means of handling) and passive elements (roads, railway tracks).  
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5. METHODOLOGY OF RESEARCH & THESE 

In the research methodology with reference to research on material orientation in the logistics network of the 

supply of a wide spectrum of property for the needs of tasks at a distant theater of operations, the author has 

implemented the method of weighted gravity. In the course of several years of research, it was found that the 

processes of supplying recipients on the theater of activities are carried out on the "extended arm" of logistics, 

i.e. there are no intermediate points of "wrist" character. They leave from the Newtonian assumptions regarding 

the relationship between mass and force to be used to move this mass, it is necessary to make changes in the 

constituent parts of vector relations in order to bring about a balance. 

On the basis of the research preceded by the analysis of statistical data, the thesis was formulated that: Lack 

of an intermediate logistic base in the quota supply model results in a significant increase in total logistic costs. 

Knowing the mass of cargo in particular periods of shipment and cargo mass sent in "reverse" processes it is 

possible to use the method of searching for such a gravity point, so that the values on both sides of the said 

support point strive for balance . 

For this purpose, it is possible to use the location theory using a grid in the Cartesian system. Covering the 

research area with a map with scaled distance values, it is possible to read the values of the places of sending 

(N1 , N2, N3, .. Nn) on individual axes and in a similar way, reception points (O1, O2, O3, ..., On). 

The assumption of the model was defined: 

M Cargo comes from N suppliers (N1, N2, N3) distributed in cartesian system on the X, Y plane, thus: N1 

(x1;y1), N2 (2;y2), N3 (x3;y3). Similarly for recipients: O1(x1;y1), O2(x2;y2), O3(x3;y3) distributed in two-

dimensional space: O1(x1;y1), O2(x2;y2) and O3(x3;y3). It was also assumed that the supply is sustainable, 

therefore using mathematical tools, it is possible to carry out analysis and determine a place (point) with XM, 

YM coordinates. 

ö÷ � �w8)w8Õ�∑ �o8)o8Þo7o]9)w8Õ�∑ )o8Þo7o]9    and   ø÷ � �w8)w8Õ�∑ �o8)o8Þo7o]9)w8Õ�∑ )o8Þo7o]9           (1) 

where: 

XM - means the value of the parameter sought on the X axis; 

YM - value of the parameter sought on the Y axis; 

x (s), y (s) - location parameters of cargo mass senders; 

S - expected cargo mass (transmitted to a potential base); 

x (i,) y (i) - location parameters of recipients (at the theater); 

k (s) - unit cost of transport from the sender of the mass to the intermediate base (bp); 

k (i) - unit cost of transport from the intermediate base (bp) to mass recipients at the theater. 

Knowing the unit cost of transport (here in t / h) it is possible to use the above-mentioned models (in a modified 

form). In the formulas of the book, because in many contracts the transport costs are the same regardless of 

the location of points a and b (the month of dispatch and receipt of cargo mass). The essence of this type of 

calculation is the conversion of the volume of transport expressed in terms of quantity into economic values. 

To sum up the assumptions, the meaning of the research itself should be emphasized. In addition to 

information on the cost of transport and searching for the right (economically justified location), i.e. a point 

(intermediate base, central warehouse) that would introduce an indirect link to the supply chain (logistic joint), 

the intention of scientific inquiry is also to consider the idea of circular motion.  
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Table 1 Data summary for calculating the center of gravity (x, y) [own study] 

SOURCE OF 
SUPPLY 

COST OF 
TRANSPOR
T IN USD / 
HOUR x 10 

WEIGHT 
IN TONS 

NETWORK  
COORDINATES 

COORDINATE CALCULATIONS 

Horizontaly Verticaly 
Horizont. 

(X) 
Vertical. (Y) 

Houertons 
(t/h) 

 
1 2 3 4 5 6 7 

SHIPMENT 
OF CARGO 

[r] [s] [d] [d] - - - 

A1 Krakow 850000 45.193 91 130 X1 (A1) Y1 (A1) t/h 1 

A2 Hungary 
PAPA 

1900000 200.48 56 190 X2 (A2) Y2 (A2) t/h 2 

A3 Wroclaw 10200000 2320.53 47 103 X3 (A3) Y3 (A3) t/h 3 

Together 12950000 2566,203 
  

Σ X( A1-A3) Σ Y(A1-A3) Σ t/h (1-3) 

RETURN [R] [M] [D] [D] - - - 

B1 Bagram 40000 19.39 843 440 X1 (B1) Y1 (B1) t/h 4 

B2 Kabul 2200000 99.17 841 450 X2 (B2) Y2 (B2) t/h 5 

B3 
Kandahar 

3000000 370.40 790 502 X3 (B3) Y3 (V3) t/h 6 

Together 5240000 488.96 
  

Σ X Σ Y Σ t/h (4-6) 

Counter Σ (rxdxs): - - - Σ X( A1-A3) Σ Y(A1-A3) - 

 
Σ (RxDxM): - - - Σ X( B1-B3) Σ Y(B1-B3) - 

 
Together - - - 

Σ[Σ X( A1-
A3) + Σ X( 

B1-B3)] 

Σ[Σ Y(A1-
A3) + Σ 

Y(B1-B3)] 

Σ[Σ t/h (1-3) 
+ Σ t/h (4-6)] 

Denominato
r 

Σ (rxs): Σ (rxs) Σ (rxs) - 

Σ (RxM): Σ (RxM) Σ (RxM) - 

Together 
Σ [Σ (RxM) 
+ Σ (rxs)] 

Σ [Σ (RxM) 
+ Σ (rxs)]) 

- 

Center of Gravity: 220.38 199.49 
 

Table 1 presents the output parameters and calculations. For the purposes of calculations, maps from the 

"Google Maps" application were used and they were adapted graphically to the needs of the study. After 

determining the mass gravity center in points (220.38 and 199.49), it was possible to supplement the 

calculations by determining the material index for the mass of transported cargo in order to make the orientation 

(for the country or the theater of activities). 

In the economic dimension, an important parameter of measuring the transport efficiency of a transport vehicle 

is the economics of moving cargo from point A to point B expressed by the ratio of transported weight (in 

tonnes) to the cost of covering a given distance or in the possibility of transporting the maximum amount of 

mass (in tonnes) at a minimum cost per hour flight. The possibilities of cost estimation and testing of transport 

efficiency in logistics systems are many. 
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Figure 1 Logistic model with a consolidation center and module compensation 

after moving the mass gravity point [own study] 

6. TOWARDS STABILIZATION OF THE MODEL 

Transport in logistics of military contingents should be considered depending on the phase in which it is, 

because this phase has a direct impact on the possible possibility of dynamic modeling, i.e. one that takes as 

the basic criterion of the model the time in which the process is realized, the system works, the phenomenon 

occurs, etc.  

Among the phases of the transport process, one should distinguish: preparation, loading (load), transport, 

handling, unloading, however, there are such phases that are particularly integrative in the area of process 

interference (they constitute a process binder). Among such processes, one should distinguish: storage, which 

from the point of view of transport is also the same in itself transport (extremely expensive because of the so-

called zero counter) or supply processes, among which it is difficult to exclude in whole or in part components 

(segments) of the transport process. Relationships between selected logistics subsystems of military 

contingents can be examined in a subjective way, expressed as opinions of managers, specialists and decision 

makers. It is a tedious and difficult process and the results should be treated as a more illustrative one, 

constituting a contribution to further research on logistic systems.   

To sum up this research stage, the conclusion is that the transport process has usually a cyclical nature, and 

the mere use of a means of transport is a closed cycle of the aforementioned phases. 

7. CONCLUSIONS 

On the basis of the received data, the mass gravity point and the most accessible place to locate the base 

were determined. Thanks to the calculations, it is possible to make changes to the existing model (Figure 1) 

And to develop a methodology for dealing with future situations. 

The methodology of the location of objects (including military facilities) applied in a comprehensive approach, 

ie at the supranational level for EU and NATO countries, would allow in the future logistic integration (including 

transport) in the scope of material and equipment shipments and would lead to naturally "enforced 

optimization" "In the area of inventory management, most of which has similar or the same application (it is 

assorting in convergence) and correlates with the needs of recipients). 

Location of the intermediate supply base in the "articulated" model (Figure 2) with an appropriate level of stock 

of material resources would significantly improve the operation of international service of military contingents, 
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while reducing the operating costs of contingents and, as a consequence, relieving the budgets of individual 

countries while maintaining a sufficiently effective level of service. 

 

Figure 2 Current displacement model (a), air displacement model (with intermediate point - b), general 

model of airborne displacement (with intermediate point) and HUB-Feeder system (c) 

[own study] 
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Abstract  

Human capital is currently a highly debated topic both among scholars and company managements. 

Companies are now directly confronted with the impacts of changing structure of the job market brought about 

by globalization, changes in demography and Generation Z entering the job market. Generation Z is the first 

highly interconnected generation: most of Generation Z have used communication and media tools and the 

Internet throughout their lives. Another phenomenon often considered a result of globalization is the rapid 

technology development. The present article deals with human capital from the perspective of recruitment 

procedures that target new employees, who determine the human capital value of a company. The article 

presents results of research done by the authors, whose aim was to analyze the currently preferred trends in 

recruitment communication strategies used by companies to attract Generation Z. Respondents of the survey 

were students of technical and logistics high school programs. Presented results make it possible to define 

areas that will require elevated attention to increase the value of human capital through suitable communication 

with potential employees.  

Keywords: Human capital, Generation Z, recruitment, communication, technical high schools 

1. INTRODUCTION  

Human capital is currently a very debated topic both in the private sphere and among scholars. Companies in 

all sectors of economy have recently come to realize the importance of human capital. This is caused mainly 

by the fact that nowadays there are virtually no areas of corporate activity that would not be affected by the 

human factor. For that reason, human capital is seen as an area that significantly influences the value of a 

company (Chang et al. 2016; Joh and Jung 2016; McGuirk et al. 2015). 

There are two main approaches to human capital: in the first place, it is the microeconomic approach which 

explores human capital from the perspective of interaction of all social constructs that develop human capital 

within a company. Secondly, the macroeconomic approach investigates human capital from the perspective 

of interactions that develop human capital outside of the company in the whole society. However, some authors 

even define a third approach which combines the two previously mentioned. Gil and Carrillo (2016) use the 

microeconomic approach and build on the general paradigm that creating, sharing and passing on knowledge 

is the basic prerequisite for increasing a company's value. Building on the paradigm they put forward a model 

for knowledge creating that is based on corporate learning. Another example is Marriaga et al. (2016), who 

researched development of activities that relate to skills training of administrative workers of Groceries 

DeCandido C.A. in Venezuela. Among works using the macroeconomic approach is Claver-Cortés et al. 

(2015), who evaluate the effect human capital has on the influx of direct foreign investments into Sub-Saharan 

Africa from the perspective of increased qualification of the region‘s population. They analyze data from years 

1980 to 2012. Rindermann et al. (2015) understand human capital as an area that significantly influences 

economic growth of countries. This present article is based on the macroeconomic approach to human capital. 

In today‘s globalized world, companies and societies (inhabitants of individual countries) are confronted with 

several societal development phenomena. One of the main ones is the changing demographic structure which 
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is often discussed in its relation to the entry of Generation Z into the job market (Grencikova et al. 2016; 

Sidorcuka and Chesnovicka 2017; Kubatova 2016). Feri-Reed (2016), as well as Buckley et al. (2016) state 

that Generation Z differs significantly from previous generations which are already active on the job market. 

The main difference lies in Generation Z’s expectations from their potential employers. Generation Z consider 

corporate social responsibility a major issue. They expect maximum flexibility, which is facilitated by the use 

of modern communication tools, enabling them to work from home. These demands seem only logical since 

Generation Z is the first generation to have been using online communication tools throughout their lives. 

Buckley et al. (2016) state that Generation Z show lower levels of loyalty, which is why it is going to be much 

harder for employers to attract employees from Generation Z and keep them motivated to remain in a job.  

The aim of the article is to point to current preferred trends in recruitment communication from the perspective 

of Generation Z. The article presents results of a questionnaire survey carried out in 2018 whose respondents 

were students of technical and logistics high schools in the Czech Republic. Results of the survey help identify 

areas that require employers' elevated attention in their recruitment communication with Generation Z.  

2. METHODOLOGY 

The aim of the research is to answer the following questions: 

1) How would Generation Z, if they were looking for a job, assess the forms of communication used by 

employers to attract potential employees? 

2) How do Generation Z assess the importance of particular qualitative factors in company’s promotion on 
a website? 

3) What devices do Generation Z most often use to access webpages, social media or videos? 

4) Based on personal preferences, what are the most attractive forms of company promotion to students - 

potential employees (providing information about the company, activities organized by the company, 

etc.)? 

Table 1 presents the timeline of the research. 

Table 1 Research timeline 

Date Activity 

6/2018 
Discussing questionnaire’s content with representatives of selected transport and 
logistics companies 

8-9/2018 Questionnaire finalization, Creating e-questionnaire 

9/2018 Pilot testing of e-questionnaire, Sending out questionnaire  

9/17-10/12 2018 Data collection 

10/2018 
Data processing, Verification of numbers of respondents with representatives of 
involved high schools, Data interpretation  

               Source: Authors 

The questionnaire was administered to students of more than 30 technical and logistics high schools. 

Altogether, 578 responses were obtained from students of all four years of high school study. 

Data obtained in the survey were analyzed and served to create the graphs presented in the following chapter. 

To answer questions 1, 2 and 4, respondents were provided with a scale ranging from 1 to 6 (with 1 being the 

least and 6 being the most, respectively). The even number of points made it impossible to select a central, 

i.e. neutral value. To answer question 3, respondents were invited to select one of four possible options 

representing the four devices used to access the Internet (PC or notebook, Tablet, Smart TV, Mobile phone). 

Results for questions 1, 2 and 4 are average preference scores calculated from all individual responses. 

Analysis of responses for question 1 (Figure 1) shows the order of preference in terms of communication 
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means; Figure 2 demonstrates the order of importance of particular qualitative factors in company promotion 

on a website; and Figure 4 shows results for attractiveness of communication means. Figure 3 shows the 

order of preference in terms of devices used to access the Internet. Responses to this question are represented 

as a proportion (expressed in percentage) of preferences in using such devices by respondents. 

3. RESULTS 

Figure 1 shows students’ responses to the question 1 

 

Figure 1 Average preference scores of forms of communication (Authors) 

Explanatory notes: 1 LinkedIn; 2 Twitter; 3 Radio advertisements; 4 Print materials (leaflets, brochures) 

obtained at information events; 5 Through the National Employment Authority; 6 Through a recruitment 

agency; 7 Print advertisements; 8 Instagram; 9 Youtube; 10 Internet (advertisements based on key words 

search, pop-up windows, banners); 11 Facebook; 12 Through job search webpages (jobs.cz, prace.cz, 

glassdoor.com); 13 Communication with company's employees; 14 Company's webpage 

Figure 1 shows that a company’s webpage is the most preferred way of communication for Generation Z. 

Figure 2 shows responses to question 2 

 

Figure 2 Average preference scores of quality factors (Authors) 

Figure 2 shows that students require the webpages to be trustworthy, meaning that they should provide truthful 

and reliable information. Importance of a slogan was scoring only 3.13 points out of 6. 
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Figure 3 presents responses to question 3. 

 

Figure 3 Preferred devices for browsing the Internet, social media and videos (Authors) 

Data in Figure 3 show that 67 % of respondents use their mobile phones. It is therefore necessary for 

companies to focus on optimalization of their webpages to be accessible not only from PCs but mainly from 

mobile phones.  

Figure 4 shows responses to question 4. 

 

Figure 4 Average preference scores of forms of communication within the company promotion (Authors) 

Explanatory notes: 1 Twitter; 2 Company presentation in radio spots; 3 Company presentation in newspaper 

ads; 4 Instagram; 5 Through a mobile-app; 6 Youtube; 7 Facebook; 8 Student competitions and games 

organized by a company; 9 Through company's online educational courses; 10 Public exhibitions or fairs 

organized out of school; 11 Information events organized at school 

As Figure 4 shows, information events organized by a company are the most attractive forms of 

communication. 
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4. DISCUSSION AND CONCLUSION 

This article deals with analysis of trends that are currently preferred in recruitment communication from the 

perspective of Generation Z. The above presented figures show that students of technical and logistics high 

schools, i.e. representatives of Generation Z, challenge the assumption that Generation Z use mainly social 

networks in recruitment communication (Grail Research 2010). Figure 1 shows that a company’s webpage is 

the most comfortable way of communication for Generation Z. 

Data in Figure 2 provide an interesting insight into evaluation of factors that contribute to successful advertising 

to Generation Z. The factor with the highest score was “overall impression”, followed by “trustworthiness”. 

Generation Z therefore do realize the importance of quality and verified information that can be found online. 

For companies, this means they should update information posted on their websites regularly. The “slogan” 

factor yielded surprisingly low scores. This may be caused by the overload of advertisements from a number 

of media that Generation Z are confronted with on a daily basis. On the other hand, the “originality” factor 

ranked the third most important - it can therefore be concluded that Generation Z generally appreciate a 

company’s ability to stand out in terms of overall company presentation, not only with a slogan.  

Data presented in Figure 3 confirm one of the typical characteristics of Generation Z: mobile phones are the 

most commonly used devices to browse the Internet. Drawing on data presented in Figure 1, it becomes 

evident that companies should focus on guaranteeing maximum user-friendliness of their webpage for mobile 

phones. Lindgaard et al. (2006) claim that webpages only have 50 milliseconds to make a good first impression 
on their viewers. Within this time, viewers assess the visual appeal of the webpage and decide to stay there 

or leave. For that reason, it is essential for companies to focus on creating visually appealing webpages for 

mobile phones. 

To conclude, Generation Z have specific attitudes and preferences in terms of recruitment communication, 

which differ from those of their predecessors. Due to the fact that Generation Z are now entering the job market, 

it is vital for companies to be aware of the right communication strategies that will help them attract potential 

employees.  
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Abstract 

The safety of the people participating actively and passively in the in-house transport depends on the 

development of the proper principles of this transport and appropriate employees’ training. The rules developed 

must be legible to employees and enforced by their superiors. The article presents data on accidents related 

to in-house transport in Poland and the results of questionnaire surveys conducted among employees of an 

industrial plant. The research concerned the assessment of the principles of transport organization in the 

plant.The aim of the conducted research, on the example of one plant, was to indicate the differences in the 

assessment of transport by employees, organized at the plant on the basis of the same guidelines. 

Keywords: In-company transport, safety, process, accident in work 

1. INTRODUCION 

Organization of in-house (internal) transport is one of the most important organizational areas of an industrial 

plant. The principles of in-house transport adopted by the organization influence, above all, the flow of 

materials and products, but also to a large extent on the safety of employees. Both above aspects of internal 

transport influence the production capacity of the plant greatly, because the lack of material or qualified staff 
results in a major disruption of the production process 

In-house transport is classified as close transport, constituting total transports, which takes place within a single 

workplace. The boundaries of internal transport are determined by the boundaries of the workplace. In-house 

transport includes: 

 manual transport, 

 mechanised transport: 

o horizontal transport, np. forklifts and other vehicles using company roads, 

o vertical transport - transport using cranes, overhead cranes and similar cranes. 

The organization of transport / in-company traffic is employer’s responsibility. In Poland, the requirements for 

traffic on in-house roads and in plant facilities are regulated by the Regulation of the Minister of Labour and 

Social Policy of 26 September 1997 on general health and safety at work regulations [1]. The regulation 

imposes on the employer an obligation to develop rules of traffic on internal roads, compliant with traffic law. 

This should be based on determining, in particular, the maximum speed of means of transport and 

communication on in-house roads and in the premises of the workplace. In addition, the provisions contained 

in the Regulation and Polish Standards on the organization of in-house transport regulate: 

 marking of communication and transport routes, 

 width and surface of roads and crossings, 

 weight and distribution of loads for manual transport and the use of transport equipment [2-6]. 

2. ACCIDENTS RELATED TO THE IN-HOUSE TRANSPORT  

The author's observations indicate that, in practice, the employer, while working out in-house rules regulating 

the organization of internal traffic, most often delegates this task to the health and safety department, and less 
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often to the logistics department. The most difficult task is to develop such a vehicle movement organization 

so that the accident risk resulting from the movement of e.g. trucks is at an acceptable level. This risk can be 

assessed using various methods, e.g. according to PN-N-18002: 2011 or PN-EN ISO 12100: 2012 or ISO / 

TR 14121-2: 2007. Extremely dangerous are collisions of trucks with pedestrians, because in case of a collision 

of a truck moving at a very low speed with a person, the consequence may be the death of a pedestrian. 

The way of moving loads and people generates numerous hazards in the work environment, resulting in the 

impact by moving or falling objects / materials, overrunning, bumping by moving vehicles, up to crushing or 

crushing parts of the worker's body. Accident statistics on the sector of the national economy - industrial 

processing, published by the Central Statistical Office (CSO) [7] indicate that in 0.98 % (272 employees in 

2016) of victims of accidents at work, the accident results in serious injuries or death of an employee. In the 

case of national statistics, it is 0.81 %. Numerous of these accidents are associated with the organization of 

in-house transport. When comparing the accident rate in the industrial processing sector with the data on the 

national accident rate, it should be noted that the frequency of accidents at work W1000 is much higher in the 

industrial processing sector - Figure 1. In 2016, W1000 in Poland was 7.00, while in the processing sector it 

was 10.99. This means that employees employed in this sector were more than 1.5 times more likely to be 

injured at work than all those employed in Poland, and more than twice as likely in case of heavy accidents 

[7,8]. 

 

Figure 1 Frequency of accidents in Poland in the industrial processing sector in 2016 [7] 

Internal transport is related to the dynamics of spatial changes caused, for example by moving materials or 

elements. Objects in motion should be visible, communication routes on which they move clearly marked and 

prevent collisions. Unfortunately, despite the guidelines in this area, many workers still suffer from accidents 

being hit by objects being in motion. In 2016, those injured as a result of such an impact accounted for 

approximately 15.5 % of all accident victims in Poland. In the industrial processing sector, it was 19.4 % of all 

those injured - Figure 2. 

 
Figure 2 The percentage of employees who in 2016 in Poland suffered an accident at work as a result of 

being hit by an object in motion [7] 

In-house transport is associated with a number of operations in which employees are employed at numerous 

positions. Each of them, while performing their duties, should not only follow general safety regulations, but in 
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particular pay attention to the principles of internal transport developed by the employer. The CSO’s 

systematics lists two groups of positions, especially related to internal transport:  

 drivers and operators of lifting and transport machines and equipment or any related, 

 workers doing simple work in transport and simple warehouse work. 

In 2016, 245 drivers and operators of lifting and transport machinery and equipment and 1197 workers 

performing transport and warehouse works were injured at work. Of the 1442 victims recorded, 4 of them were 

fatalities - 0.17 % of injured workers and as much as 0.82 % of machine drivers and operators. The causes of 

accidents at work give the picture of the organization of the work environment and employees’ behaviour. 

Figures 3 - 5 present the causes of accidents at work in Poland in 2016 in general, in the sector of industrial 

processing, transport and warehouse management. The figures indicate: 1 - improper condition of the material 

factor, 2 - improper organisation of work, 3 - improper organisation of a workplace, 4 - lack or incorrect use of 

the material factor, 5 - failure to use protective equipment, 6 - improper arbitrary behaviour of the employee, 7 

- incorrect psychophysical condition of the employee, 8 - incorrect employee’s behaviour. It should be noted 

that the most frequent cause of accidents at work was abnormal employee’s behaviour, while in the processing 

this percentage was 5 % lower than in the other analysed groups. Differences in other causes did not exceed 

3 %. 

 
Figure 3 The causes of accidents at work in Poland in 2016 [7] 

 
Figure 4 The causes of accidents at work in Poland in industrial processing sector in 2016 [7] 
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Figure 5 The causes of accidents at work in Poland in sector of transport and warehouse management in 

2016 [7] 

3. INDUSTRIAL RESEARCH 

The organization of in-house transport must be clear and understandable for all employees, regardless of their 

tasks and occupational position. In connection with the above, the analysis of safety perception related to the 

organization of in-house transport in an industrial plant was taken as a goal of the presented research. 

Questionnaire surveys were conducted in a large industrial plant producing welded constructions. The plant is 

located in several halls, but the main production (welding shop, assembly) is carried out in one hall separated 

by internal walls. The plant has designated communication routes both inside and outside the halls. 

Communication routes are correctly marked with road signs. In-house transport is carried out using forklifts 

and overhead cranes. The unit responsible for developing the rules of in-house transport was the occupational 

health and safety department. 

The study involved 187 workers, over 80 % of employees in production departments. Two questions were 

posed to the respondents: 

Q1. Are dangerous zones well marked? 

Q2. Is the in-house transport well organized and does not create an additional threat? 

Answers to the questions were provided on the five-point Likert scale, with the option of choosing "definitely 

yes", "rather yes", "yes", "rather not", "definitely not". Based on the analysis of the results, points were 

designated for each answer on a scale from 0 to 4. The maximum mark was 4. For each question and area, 

the arithmetic mean value was determined. Test results for 10 departments (A-J) are shown in Figure 6. 

The obtained average results of tests concerning the marking of dangerous zones were within the range of 

2.00 - 3.23 points, which constituted 50 - 81 % of the maximum mark. The worst zone marking was assessed 

in the departments: parts and components (2.00) and repairs (2.17). The average assessment of the 

organization of in-house transport was in the range of 2.17 - 2.76, which constituted 54 - 69 % of the maximum 

mark. The worst in the organization of in-house transport was the employees of the following departments: 

renovations (2.17), flashing (2.30) and electrical installations (2.33). 

The local inspection carried out by the author did not show any deficiencies in the organization of internal 

transport. However, differentiation of assessments at individual departments indicates significant differences 

in the perception of the organization and the safety of transport by employees. The employees of the 

renovations department rated the lowest both areas. Probably this is due to the variety of work they do. 
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Conducting structural renovations, despite their similar geometry, due to the diverse nature of damage, is not 

a repetitive work. Therefore, employees do not stay at one specific point in their position during work, and 

when carrying out inspections and carrying out a single repair work, they rotate between work places and even 

positions. This requires from them to interact more with the internal transport’s elements, which in turn may 

lead to the crossing of communication routes and disturbances. If such disturbances occur, then the lowest 

assessment of hazardous zone marking is also justified. 

 
Figure 6 The evaluation of hazardous area marking and organisation of in-house transport in the analysed 

production plant; designation of departments: A - production, B - renovations, C - assembly of parts, D - 

assembly, E - surface preparation, F - welding shop, G - parts and components, H - flashing, I - electrical 

installations, J - machining 

4. CONCLUSION 

To ensure the safety of people performing work in zones to which the roads of lift trucks are adjacent, it is 

recommended to separate these zones from the traffic zones of trucks. In addition, the boundaries of places 

for which the movement of lift trucks is permissible, should be marked with at least a line on the floor’s surface 

and marked accordingly. However, this does not state a physical barrier between man and machine. 

The presented results of the questionnaire surveys conducted among employees of the workplace, which are 

subject to the same principles of in-house transport, have allowed to identify differences in its perception. The 

analysis allowed to identify the department where employees assess the internal transport the worst. The 

obtained results are a valuable hint for the occupational safety and health department, which defines safety 

rules when organizing for example forklift traffic in industrial halls. 
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Abstract  

In the era of Industry 4.0, most enterprises strive for optimising production. While eliminating waste and 

implementing lean manufacturing tools, Just-in-Time concept or Kanban system in the manufacturing 

processes, it is worth considering the aspect of internal transport within the plant. This paper presents the 

possibilities of transport optimisation by using intralogistic solutions. Implementing the Milk Run concept, 

combined with the means of transport used for handling of various raw materials and product components, 

may be a step towards cost optimisation. This publication describes the possibility of using a logistic train and 

the benefits of its implementation in comparison to the most common means of internal transport within the 

manufacturing plant - forklift truck. 

Keywords: Milk Run, intralogistics, Just-in-Time, lean, transport, management 

1. INTRODUCTION 

The major goal of every organisation is to gain profit [1]. Facing the constantly increasing requirements of 

customers, companies offer a variety of tailored products, keeping high quality standards. Additionally, 

organisations bear the costs of implementation and maintenance of quality management systems in order to 

confirm the standards with a proper certificate, that is used in many cases as a benchmark in evaluation of 

a potential supplier. Enterprises improve the quality of their services intending to offer a right product, at a right 

time and price, which quite often entails reduction of production costs. Today’s organisations, aware of the 

purpose of their existence, invest in streamlining and optimisation of performed processes, improving the 

supply chain management element, integrating processes and exchange of information [2,3]. That goal is 

fulfilled, among others, by the implementation of lean management tools, focused on proper workplace 

organisation, reducing machine set-up time, preventive maintenance and incorporating the quality component 

in the performed processes, eliminating waste of resources. In many cases, the production process is 

completely lean, and possibilities of improvement should be identified in other areas. Muda lists seven possible 

loss sources: overproduction, excessive inventory, quality faults, waste of waiting, overprocessing, 

unnecessary workers motion and unnecessary transport [4,5]. The last two elements are highly challenging 

for most organisations. 

Route optimisation methods are often used when goods are shipped from A to B location at large distances, 

however internal transport has a great improvement potential in this aspect [6]. Supplying internal recipients 

just in time, at a right place, could mean high integration of processes, involving other lean methods adopted 

in the organisation [7-9]. One of the possible solutions might be the use of a logistic train instead of the 

commonly used forklift trucks. This paper presents the possibilities of implementation of intralogistic solutions 

in combination with the Milk Run concept, lists related benefits, contains a comparative analysis of means of 

internal transport within the plant and indicates further development possibilities, with focus on automation of 

internal logistic processes. 

2. THE MILK RUN CONCEPT COMPLEMENTS THE LEAN APPROACH 

Recently, a growing trend of business interest in the lean management concept has been noticed. Increased 

popularity is followed by the benefits from the implementation of lean tools, including increased flexibility, 
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savings and possibility to adjust product prices without the loss of quality. Lean management is not limited to 

implementation of popular tools, but it also concerns proper approach and planning the supply of resources 

necessary for production Just-in-Time. 

The pull production system (Kanban) forces adjustment of precise deliveries, eliminating excessive inventory 

[10]. This approach entails the necessity of more frequent deliveries, in smaller product lots, corresponding to 

the current demand and consistent with the current production process. One of the methods used by 

companies that order precise amounts of goods according to the 7R principle, to eliminate waste and gain 

economic benefits, is the Milk Run [11].  

The Milk Run concept encompasses a transport network in which a single vehicle arrives at all stations to take 

input and output materials (I/O), according to a prearranged schedule. According to that principle, a given 

means of transport receives various materials from different suppliers, based on the demand. This concept 

works well at every stage of the logistic chain (supply, manufacturing, distribution and recycling). It can be 

used outside and inside the manufacturing plant, involving the procedures of raw material supply, end product 

supply, waste management, receipt and delivery of input and output components and empty containers 

between production stations, assembly stations and the warehouse [7,12,13]. 

Production based on the Kanban pull system requires precisely adjusted supplies, so that no excessive 

inventory or other losses that may occur in traditionally planned production are generated. It means that 

supplies are frequent, but consist of smaller batches of goods, delivered just in time. In order to meet these 
requirements, and to gain economic benefits, supplies are performed according to the so-called Milk Run 

scheme. The benefits of following the Milk Run concept include reduction in transport costs, due to 

consolidation, improved delivery of goods Just-in-Time as a result of synchronising orders necessary at a given 

time and at particular work stations, shortening the total distance of transport. Frequent deliveries of smaller 

volumes are followed by an increase in flexibility of enterprises, that are able to respond faster to the needs of 

their customers [7]. 

The implementation of the Milk Run concept, as well as its results, have been described by Xu (2003), who 

presented the developed distribution routes and schedules reflecting the everyday needs of Shanghai GM. 

The implementation of the Milk Run approach had been followed by saving 30 percent of warehousing space. 

More frequent deliveries, consistent with the demand, allow organisations to order resources that are 

necessary for the production, reducing warehousing costs. An additional benefit had been the reduction of the 

length of routes and increased usage of resources [9]. 

During the financial crisis in China, Xu and Han (2010) analysed the relations of logistics and the production 

industry. The financial crisis, being an important period for structural economy and industry restructuring, 

forced producers to cooperate with logistic companies to overcome the current obstacles. The Milk Run 

method has been implemented, and after the analysis of its practical use, it has been found that the costs of 

inventory decreased due to timeliness of deliveries. Planning of routes resulted in the reduction of transport 

costs to 67.5 percent [8]. 

The cases analysed in the literature indicate the benefits of the Milk Run approach implementation, including 

improved efficiency of transport processes, reduction of inventory-related costs, reduction of warehousing 

spaces and shortening the routes [14-16]. Michael and Claudia (2009) have been studying the use of the Milk 

Run concept inside the organisations, in transport of stocks to production lines. In a single transport activity, 

routes have been introduced to supply several stages of a performed cycle. Bundling the routes leads to 

increasing the frequency of deliveries to the production lines. Increased frequency of deliveries has a positive 

effect on reducing the stocks at particular work stations. The implementation of this concept allows to optimise 

the use of transport equipment, which in turn leads to a reduction in the transport costs [17]. However, the 

means of transport used for relocating various batches of materials needed at individual work stations or 
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assembly stations within the organisation, as well as determining the optimum route and frequency of deliveries 

are of key importance. 

3. TRANSPORT OPTIMISATION WITHIN THE ORGANISATON 

In every organisation, properly analysed and optimised supply chain management, generating high efficiency 

with low cost of delivery, may contribute to gaining competitive advantage. Order and supply system should 

be effective and efficient, allowing to ensure smoothness of performed processes, preventing delays in delivery 

or even stoppages of entire production lines. The effect of the continuity of performed processes is the 

reduction of the basic product prices, which is reflected in increased profit. 

Enterprises seek and implement solutions that are Lean Management tools, allowing to produce faster and 

cheaper. In order to ensure effective and agile material management, every organisation needs a well-

organised logistics that guarantees efficient functioning of the manufacturing system. Reorganising is worth 

considering in this field, leading to improvement of raw materials and end product circulation, due to its direct 

effect on maximising general operating revenue [18]. The methods derived from the Toyota manufacturing 

system, most often implemented in organisations, relate to manufacturing stations, machinery or devices. 

Systematic elimination of waste, in form of excessive inventory, inefficient usage of resources, unplanned 

stoppages, may be also supported by good organisation of the transport system within the plant.  

Proper selection of logistic infrastructure has effect on the speed of circulation, maintaining proper product 

quality and degree of efficiency of logistic processes. In the economic aspect, transport should be 
characterised by the shortest path to the destination and maximum usage of available means of transport, with 

the lowest possible degree of wear. Taking into account the definitions specified above, as well as the lean 

management concept, the use of logistic trains instead of popular forklift trucks should be considered. 

A logistic train is one of the Lean Manufacturing tools, based on determining a proper route passed by the 

means of transport in specific time intervals, performing a number of unloading and loading procedures 

(resources, materials, components, end products, empty packages), with reduced number of empty trips. The 

route is most often arranged according to the Milk Run concept. Combining this rule and the use of a logistic 

train, due to higher frequency of deliveries, ensures that minimum inventory is kept at the manufacturing 

stations. Additionally, synchronising the transport and deliveries of components allow to use minimum amount 

of transport vehicles by using as many trailers as it is required [19]. Figure 1 presents a sample logistic train 

with two trailers. 

 

Figure 1 Logistic train example [21] 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

685 

The purpose of the logistic train is to deliver specific materials according to the request submitted to the 

warehouse, moving along a specific route, in particular time intervals. Raw material or components request 

can be linked to the Kanban system, that determines a proper amount of materials required at a given work 

station, submitting the request in form of charts or Kanban containers [20]. 

Currently, manufacturers can use simulation software, such as Flexim or Enterprise Dynamics, that allows to 

input an actually performed process and conduct a simulation of using a logistic train and its effect on the 

efficiency and functioning of the organisation. With input of appropriate parameters, such software allows to 

perform a real-time comparison of operation of forklift trucks and a logistic train and also compare the efficiency 

of these two means of transport within a plant. Table 1 presents a comparison of a standard forklift truck and 

the Wamech intralogistic train with E-liner platforms [21].  

The comparison published on the website of a supplier of intralogistic trains with platforms (Wamech) illustrates 

the use of both means of transport. In terms of placing goods on warehouse racks, time of loading and 

unloading of lorries, forklift trucks are still irreplaceable. However, a regular forklift truck used with intensive 

circulation of materials, on an extensive production line, may be 2.5 to 5 times less effective than the logistic 

train [21]. Performing a single transport cycle using the logistic train allows to handle more materials, replacing 

several forklift trucks required to perform the same task. Additionally, this solution is a perfect complement of 

the Kanban system. Platforms (trailers) are adjusted to the characteristics of a given organisation, which allows 

to handle materials in required quantities and size, without being limited to transporting pallets. Another feature 
is flexibility - possibility to use the logistic train to deliver materials to manufacturing stations and also to receive 

empty packages [6]. The most important aspect of implementation of logistic trains is increased work safety, 

which is confirmed by the trend of eliminating forklift trucks from production areas [20]. 

Table 1 Comparison of parameters of internal transport performed with a forklift truck and an intralogistic  

   train [22] 

 STANDARD FORKLIFT TRUCK 
INTRALOGISIC TRAIN WITH E-

LINER PLATFORMS 

Maximum capacity 2000 kg 5000 kg 

Number of 1200x1000 pallets that can 
be carried in a single trip 

1 pallet 

 

5 pallets 

 

Route - transport of 5 pallets, 1000kg 
each, from a to b location, at a 

distance of 1km 

10km route 
5km empty trip 

2km route 
1km empty trip 

Time - transport of 5 pallets, 1000kg 

each, from a to b location, at a 
distance of 1km 

40 minutes - forklift truck speed 
15km/h 

12 minutes - train speed 10km/h 

The internal supply scheme entails a number of challenges related with optimisation of route planning, receipt 

sites or creating supermarkets. The pull system, Kanban and Just-in-Time complement each other perfectly in 

combination with the use of the logistic train and a route set according to the Milk Run concept. The use of the 

logistic train conforms to the Kaizen concept in terms of delivery time reduction and route shortening through 

the possibility to deliver more materials than using a standard forklift truck. 

KLE Group has performed a comparative analysis of forklift truck and logistic train efficiency. The results are 

presented in Figure 2. The comparison is based on the total distance of travel required to deliver the same 

quantity of materials.  

The results of a survey performed with 44 organisations in Poland indicate that 59.09 percent of them 

implement the Milk Run concept, out of which 52.57 percent use the logistic train for that purpose. Among the 
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analysed entities, the most significant group are large enterprises, followed by very large, small and medium 

enterprises [19]. The survey results indicate that intralogistic systems are used in all organisations, irrespective 

of their size. The awareness and willingness to change are highly important in the selection of the logistic train. 

a) b) 

  

Figure 2 Comparison of total distance of travel in case of a) using regular means of transport,  

b) using a logistic train [23] 

Currently, in the era of digitalisation, it is hard to imagine a supply chain organisation without intensive 

exchange of information. Using the available technologies, it is desirable to combine the implemented solutions 

with the possibility of quick responding to the market demands and process management [7]. Logistic trains 

can be additionally equipped with real-time locating systems (RTLS), which allows to gather and report data, 

track location, determine access to zones and control process fulfilment. The logistic train and trailers may 

also be connected to commissioning and completion systems. Automated Guided Vehicles (AGV) or Laser 

Guided Vehicles (LGV) are also available on the market [21,24]. Currently, the market offers a number of 

possible solutions adjusted to the specificity of the organisation, thus it is advisable to consider and analyse 

the scheme of internal transport within the enterprise. 

4. CONCLUSIONON 

Every enterprise aware of the need of improvement optimises its production processes. The relation of internal 

supplies of materials and component and the efficiency of production or assembly lines is worth analysing. 

The major components of overall costs of production are logistic costs, therefore supply chain management is 

of key importance. The implementation of intralogistic systems, such as logistic trains, along with setting 

optimum routes, based on the Milk Run and similar concepts, may be one of the possible solutions resulting 

in improving the efficiency of the entire organisation. Considering the current trends related with customised 

production, workflow systems that can be adapted dynamically and ensure cost reduction, facilitate adjustment 

to Industry 4.0. 
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Abstract 

The main target of the article is the methodical summation of the International Commercial Terms pricing. 

International Commercial Terms (INCOTERMS) are necessary for the logistics from the point of view of the 

attributable costs of the customs procedure and set of international rules for the interpretation of the most 

commonly used trade clauses in foreign trade. Article will be focused to the INCOTERMS and rules how is 

procedure of enumeration of costs of the customs procedure in practice. The cost calculation affects the basic 

parameters of the transported goods, such as weight, dimensions, method of packing, storage, handling of 

goods and others.  

Keywords: InCoTerms, logistics, transport, customers, taxes, cost 

1. INTRODUCTION 

Incoterms (from the English International Commercial Terms - international commercial terms) is a set of 

international rules for the interpretation of the most commonly used commercial clauses in international 

trade.The Incoterms were created in 1936 in Paris. The International Chamber of Commerce issued them in 

order to remove the problems associated with differences business of the scribes in different countries. 

Because international trade was passing through a major change, they have been in years 1953, 1967, 1976, 

1980, 1990, 2000 and in 2010, Incoterms gradually modified until today (Table 1). Day 1. January 2011 entered 

into force the eighth edition, Incoterms 2010 [1,2]. 

The main scientific objective of the contribution is the methodical summation of the International Commercial 

Terms pricing. In terms of scientific and analytical procedures were applied systems approach and analysis 

problems.  

The delivery terms of the Incoterms deal with the relations arising from the contract of purchase, the obligations 

in customs clearance, packing of goods, whether taking delivery. Despite the fact that Incoterms have always 

been intended for international trade, sometimes is also used in the framework of the national trade 

agreements. 

The delivery terms of the Incoterms do not have the nature of legal norms, binding happen only if the parties 

to them in the purchase agreement expressly revoke. Based on the principle of determining the minimum 

obligations of the parties. Business parties may in the contract of purchase to arrange a wider range of duties, 

or provide variations or additions to the interpretation of Incoterms. In this case, it is necessary to be cautious, 

to the nature of the clause did not change to the extent that the court in which the dispute will refuse to accept 

the interpretation of the clause in connection with the Incoterms. 

Since the year 2000 should Incoterms 13 clauses, shared into four categories. From 1.1.2011 applies a new 

version of the delivery terms Incoterms containing just 11 clauses and 2 categories for the conditions usable 

for all types of transport and conditions applicable only for sea transport. 
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Table 1 The applicable clause of the INCOTERMS 2010 and their classification 

The clause of INCOTERMS® 2010 

EXW Ex Works 

FCA Free Carrier 

CPT Carriage Paid To 

CIP Carriage and Insurance Paid To 

DAT - new Delivered At Terminal 

DAP - new Delivered At Place 

DDP Delivered Duty Paid 

FAS Free Alongside Ship 

FOB Free On Board 

CFR Cost and Freight 

CIF Cost, Insurance and Freight 

  

Canceled clauses (were in INCOTERMS 2000 but are not part of the current version) 

DAF Delivered At Frontier 

DES Delivered Ex Ship 

DEQ Delivered Ex Quay 

DDU Delivered Duty Unpaid 

The basis for a proper understanding of Incoterms resolution is the moment of transition of expenses and risks 

from the seller to the buyer: 

 the transition of expenses and risks in the shipment of the goods - the expenditure and risks associated 

with the transportation shall be borne by the mainly the buyer, 

 the transition of expenses and risks in the supply of goods - expenses and risks associated with the 

transportation shall be borne by primarily the seller. 

Group E: the Goods are carted by the buyer directly from the factory of the seller, the buyer for the 
goods corresponds to the from the moment. 

Group F: the seller is called upon to delivery of the goods to the carrier designated by the buyer. 

Group C: the seller must ensure the transmission contract, without prejudice to each other, took the 
risk of loss or damage to the goods. 

Group D: the Seller must bear all costs and risks associated with the entire route of transportation of 
goods. 

From the point of view of different modes of transport is possible to the delivery terms of Incoterms 2010 be 

divided into four groups: 

 for any kind of transport including multimodal: EXW, FCA, CPT, CIP, DDP, DAT, DAP, 

 for air transport: FCA, 

 for rail transport: FCA,  

 for maritime and inland transport: FAS, FOB, CFR, CIF. 
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2. INCOTERMS 2010 SUPPLY CONDITIONS WITH REGARD TO PRIZABLE COSTS UNDER THE 

CUSTOMS PROCEDURE OF THE SLOVAK REPUBLIC 

Transport has a major impact on the growth, development and decrease logistics costs. The objectives of the 

transport is to overcome distances. More precisely, under the transport refers to the overcoming of space or 

change of location of transported goods by means of transport. The tasks of the transport from the logistics 

point of view 1. choice of the most suitable means of transport, 2. choosing the most appropriate transport 

process. In terms of transport we can define the transport as a sequence of interrelated technical and 

organizational actions, for which it is transporting people or goods from one source to the destination. To the 

right is one of the most important elements of logistic systems [2-12]. 

That are the shipping costs included in the price actually paid or payable price, the customs office considers, 

if this fact can be determined from the accounting document (e.g. invoice) or commercial document (e.g. 

purchase contract) or of the delivery conditions according to INCOTERMS 2010 to express the transition of 

the rights and obligations of the seller to the buyer by entering of imported goods on the customs territory of 

the Union or of its delivery to a specific location in the customs territory of the Union under any of the delivery 

conditions group “C“ or “D“ [1,13,14]. 

The delivery terms of Incoterms 2010 describe the cost of transport, insurance and handling (loading, 

unloading, and storage.....) associated with the delivery of the goods from the seller /A/ to the buyer /B/ 

(Figure 1). 

 

Figure 1 The meaning of the INCOTERMS convention 

In determining the customs value of the imported goods under article 70 of the Regulation of the European 

Parliament and of the Council (EU) no 952/2013 [1] of 9. October 2013 laying down the Union Customs code 

(hereinafter 'the Customs code'), to the price actually paid or payable price for the imported goods pursuant to 

article 71 (e) of the Customs code, there shall be added "the following costs incurred in the arrival at the place 

where the goods enter the customs territory of the Union 

1. the cost of transport and insurance of the imported goods, and 

2. charges for the loading and handling of goods associated with the transportation of imported goods“. 

The basis of the customs value is, therefore, the transaction value price actually paid or price payable in cases 

where certain specific elements which are considered part of the value for customs purposes, will be charged 

to the buyer but are not included in the price actually paid or price payable for the imported goods. The 

transaction value shall also include the performance of the buyer in favor of seller, which have more the nature 

of the goods or services than the form of money.  

Calculable costs "C" - cost from the point of dispatch of the goods in a third country, after the point of 

entry into the EU territory (Figure 2).  

When adding these costs, it is necessary for the customs authorities to take into account the INCOTERMS 

2010 delivery condition agreed between the Contracting Parties and adds paragraph 47 of the customs 

declaration (CD) to the base for calculating duties. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

691 

 

Figure 2 The significance of the INCOTERMS convention and the estimated costs "C" 

Another item is the non-deductible costs "D" - the cost from the point of entry of the goods into the territory of 

the EU, after the first place of destination in domestic (§ 24 (2) of the Act no. 222/2004 Coll. the value-added 

tax in the Slovak Republic) (Figure 3), added to the base for calculation of VAT. 

 

Figure 3 Importance of the INCOTERMS convention and the estimated costs "D" 

No less important item is the cost of importing "S" goods - costs from the point of dispatch of the goods in a 

third country after the point of entry into the territory of the SR (Figure 4). 

Statistical costs (costs outside the SR) will appear in paragraph 46 of CD as the sum of paragraph 42 CD + S 

(Figure 5). 

 

Figure 4 Importance of the INCOTERMS convention and the estimated costs "S" 

 

Figure 5 Importance of the INCOTERMS convention and all attributable entries "C" "D" "S" 
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3. CLASSIFICATION OF THE INCOTERMS CONDITIONS 2010 

Group E (Ex Works) 

The goods are taken by the buyer directly from the seller's premises, the buyer is responsible for the goods 

from the moment of taking over. 

EXW (EX WORKS) - SURROUNDING PLACE 

Group F (Free Carrier, Free Alongside Ship, Free on Board) 

The seller is called upon to delivery of the goods to the carrier designated by the buyer. The seller and the 

buyer shall bear these costs (Figure 6): 

Seller shall bear all costs relating to the goods until the goods are delivered to the carrier or another person 

appointed by the buyer. If it comes into consideration, the expenses for the formalities necessary for export as 

well as all duties, taxes and other charges that are payable upon export. 

The buyer bears all costs from the moment when the goods are delivered to the carrier or to another person. 

Any additional costs: if the buyer has not the carrier, carrier does not accept the goods or the buyer did not 

announce the seller on behalf of the carrier. 

FCA (FREE CARRIER) - SEVERE PLACE 

Seller shall bear all costs relating to the goods until the time when the goods supplied to the side of the ship. 

If it comes into consideration, the expenses for the formalities necessary for export as well as all duties, taxes 

and other charges to be paid for the export. 

The buyer will bear all costs from the moment, the buyer will notifies the seller, the ship determined by the 

buyer will not arrive in time, is unable to take over or close the loading time of the goods before being notified 

to the seller. 

FAS (FREE ALONGSIDE SHIP) - BE PAID TO THE SIDE OF THE SHIP (AGREED PORT OF SHIPMENT) 

Seller shall bear all costs relating to the goods until the time when the goods supplied on board the ship. If it 

comes into consideration, the expenses for the formalities necessary for export as well as all duties, taxes and 

other charges to be paid for the export. 

The buyer will bear all costs from the moment, the buyer will not understand the seller, the ship determined 

by the buyer will not arrive in time, is unable to take over or close the loading time of the goods before being 

notified to the seller. 

FOB (FEE ON BOARD) - AGREED PORT OF SHIPMENT 

 

Figure 6 The importance of the convention, INCOTERMS, all non-deductible items for the member  

states of the EU 
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Group C (Cost and Freight, Cost, Insurance and Freight, carriage Paid To, Carriage and Insurance  

Paid To) 

The seller must ensure the transmission contract, without prejudice to themselves, took the risk of loss or 

damage to the goods. The seller and the buyer shall bear these costs (Figure 7): 

The seller shall bear all costs relating to the goods until the goods have been delivered to the agreed place, 

the transport and all the costs of loading the goods and the charges for unloading the goods in the agreed 

port. Where applicable, the costs of the formalities required for export, as well as all customs duties, taxes and 

other charges payable on exportation. 

The buyer bears all costs from the moment it was delivered at the agreed place. Further, all costs, fees relating 

to the goods as long as it is in transit until it gets to the agreed place of destination, unless such costs do not 

have to go under the transmission contract to the seller's account. 

CFR (COST AND FREIGHT) - ON-BOARD POINTS OF DETERMINATION 

Seller shall bear all costs, insurance relating to the goods within the time, until not delivered the goods at the 

agreed place, the traffic and all the costs of loading the goods and the charges for unloading the goods at 

destination. If it comes into consideration, the expenses for the formalities necessary for export as well as all 

duties, taxes and other charges that are payable upon export.  

The buyer bears all costs from the moment it was delivered at the agreed place. Further, all costs, fees relating 

to the goods as long as it is in transit until it gets to the agreed place of destination, unless such costs do not 
have to go under the transmission contract to the seller's account 

CIF (COST, INSURANCE AND FREIGHT) - AGREED PORT OF DESTINATION 

Seller shall bear all costs relating to the goods within the time, until not delivered the goods at the agreed 

place, the traffic and all the costs of loading the goods and the charges for unloading the goods at destination. 

If it comes into consideration, the expenses for the formalities necessary for export as well as all duties, taxes 

and other charges that are payable upon export. 

The buyer bears all costs from the moment it was delivered at the agreed place. Further, all costs, fees relating 

to the goods as long as it is in transit until it gets to the agreed place of destination, unless such costs do not 

have to go under the transmission contract to the seller's account. 

CPT (CARRIAGE PAID TO) - AGREED PLACE OF DESTINATION 

Seller shall bear all costs, insurance relating to the goods within the time, until not delivered the goods at the 

agreed place, the traffic and all the costs of loading the goods and the charges for unloading the goods at 

destination. If it comes into consideration, the expenses for the formalities necessary for export as well as all 

duties, taxes and other charges to be paid for the export. 

The buyer bears all costs from the moment it was delivered at the agreed place. Further, all costs, fees relating 

to the goods as long as it is in transit until it gets to the agreed place of destination, unless such costs do not 

have to go under the transmission contract to the seller's account 

CIP (CARRIAGE AND INSURANCE PAID TO)  

Group D (Delivered at Place, Delivered at Terminal) 

The seller has to bear all costs and risks associated with the entire shipping route. The seller and buyer bear 

these costs (Figure 7): 

The seller shall bear all costs relating to the goods until the goods have been delivered to the agreed place, 

if applicable, the costs of the formalities necessary for export, as well as all duties, taxes and other charges 

payable on exportation. 
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The buyer bears all costs from the moment it was delivered at the agreed place. Further all costs of unloading 

necessary to take the goods from the arriving traffic of the next, incurred by the seller if the buyer fails to meet 

its obligations in obtaining licenses and other permits. 

DAP (DELIVERED AT PLACE)  

 
Figure 7 Importance of the INCOTERMS convention, all attributable items to destinations 

The seller shall bear all costs, insurance premiums for the goods until the goods have been delivered to the 

agreed place, the freight and all loading and unloading charges at the place of destination. Where applicable, 

the costs of the formalities required for export, as well as all customs duties, taxes and other charges payable 

on exportation. 

The buyer bears all costs from the moment they were delivered to the agreed place. Further, all costs, charges 

related to the goods while in transit until they arrive at the agreed destination, if such costs are not to go 

according to the transport contract to the seller's account. 

DAT (DELIVERED AT TERMINAL)  

The seller shall bear all the costs relating to the goods within the time, until not delivered the goods at the 

agreed place, If applicable, the expenses for the formalities necessary for export as well as all duties, taxes 

and other fees that are paid at import. 

The buyer bears all costs from the moment they were delivered to the agreed place. In addition, all unloading 

costs needed to receive the goods from incoming transport. the seller, and the buyer fails to fulfill his obligations 

to obtain licenses and other permits. 

DDP (DELIVERED DUTY PAID) 

Transport costs in air transport are specified under article 138 of commission regulation (eu) no 2015/2447 

laying down detailed rules for the implementation of certain provisions of the regulation of the european 

parliament and of the council (eu) no 952/2013, laying down the union customs code (hereinafter the 

"implementing regulation"), is the cost of air transport, including the cost of air express delivery is determined 

in accordance with annex 23-01 of the implementing regulation.  

If the goods are transported from a country or from an airport not listed in the table contained in annex 23-01 

of the implementing regulation, the percentage given for the airport located closest to the airport of departure. 
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4. CONCLUSION 

This article shows the view of the importance of the INCOTERMS of the convention in terms of international 

trade and customs procedures. Research shows the importance of INCOTERMS for world goods flows, 

security and quality protection of economic and transport space when accepting agreed conditions between 

the seller and the buyer. The needs of the cost items within the customs and other procedures related to the 

implementation of the logistics and transport and from the point of view of the physical flow of goods and 

materials, but also the services associated with a given procedure that are defined directly in terms of the 

INCOTERMS.  
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Abstract 

The purpose of the paper was to determine the value of the global passenger service quality assessment index 

(LoS) at Wroclaw Airport. The passenger's rating directly affects the airport's profits as a result of non-

aeronautical activities. The necessity to conduct the analysis was conditioned by the increase of traffic at 

Wroclaw airport, which resulted in the loading of the service system and the use of approx. 80 % of the airport 

capacity. Due to this fact, the improvement of the quality of services provided by the airport has become a 

priority. In order to optimise the level of service, the PAPI method was used. The measurement model was 

adjusted for the perceived level of quality created on the service in force in air transport. Then, the model's 

equivalence between differentiated passenger groups was tested. The validity of these assumptions was 

verified by means of surveys carried out on the real system. This method assigns quantitative values to 

individual services using a five-point scale. The lowest note reflects the value of 1, while the highest value is 

5. The results obtained are taken as an alternative to the multidimensional approach in the context of port 

performance testing in relation to the quality of services. This approach justifies the analysis of the functioning 
of the airport in terms of LoS. In the future, questionnaire surveys will be used to build a model based on 

multiple regression. 

Keywords: Level of service, survey, airport, passenger service 

1. INTRODUCTION 

The research conducted by Neufville [1] has indicated the required increase in line-related and point-related 

capacity of air transport infrastructure. This results from the constant development of air transport. In 2016, 

IATA reported that 3.6 trillion passengers travelled with airlines in 2015. Thus, there was an increase of 7.2 % 

compared to 2014. Over the past 5 years, the growth of passenger traffic has been estimated at 5.3 %. 

Maintaining dynamic growth in the upcoming years may exceed the demand in relation to the current capacity 

of air terminals. 

There is a number of measures for evaluating the functioning of logistic and transport systems, which are 

presented in each of the fields of transport. Globally, the issues related to the reliability of transport systems 

have been addressed many times [2, 3]. Example issues related to modelling the evaluation of the railway 

transport system are presented in [4-6]. An evaluation of intermodal transport system functioning is presented 

in [7]. Measures of queuing system evaluation in air transport are presented in [8-10]. 

In order to optimise the level of service, various methods related to the quality of service are used. Improving 

the quality of service provided by the airport has become a priority. Unfortunately, the implementation of 

measurements and analyses of passengers’ opinions is not easy to achieve due to the diversity of airport 

services. 

Bezerra et al. [11] have presented two solutions. The first one concerns the adaptation of the measurement 

model for the perceived level of quality created by the air transport service. The other solution tested the 

equivalence of the model between different groups of passengers. The validity of these assumptions was 

checked by means of surveys conducted on the real system. The model shown is assumed as an alternative 
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to the multidimensional approach in the context of testing the airport's performance in relation to the quality of 

service. This approach justifies the validity of having airport functioning analysed in terms of LOS. 

Correia et al. [12, 13] based the level of service at the terminal on a method which consists in observing 

passengers and collecting information affecting the airport users’ opinions. This method helps to obtain a 

quantitative assessment from the data provided in the surveys. A corresponding analysis will provide the 

relationship between quantitative rating and global indices. Correia et al. also determine the quality of service 

by referring to the user’s opinions. This method assigns quantitative values to individual services; it includes 

the research performed at airports. Research has shown that the level of service definitely depends on factors 

such as availability of space, waiting time and service time. These factors have been identified as important 

from the point of view of the process manager. 

Addressing this issue is extremely important for air transport. Asian airports have recorded a significant 

decrease in passenger satisfaction [12]. The significance of passenger satisfaction through the impact on 

profit, resulting from non-aviation activity, is presented in [14]. It was shown that an increase of 0.1 on a five-

point evaluation scale increases the profit resulting from non-aviation activity. The increase is $0.8 per 

passenger served. 

The aim of the paper is to determine the value of the global passenger level of service (LoS) at Wroclaw 

Airport. Air operations at Wroclaw Airport are carried out at the terminal built in 2012. The investment in 

infrastructure provided an airport capacity of 3.2 million passengers per year. When the new terminal started 
to operate, Wroclaw Airport served about 1.7 million passengers. Terminal capacity was used in 53 %. The 

constant dynamics of passenger traffic development has led to an increase in the number of passengers 

served. In 2017, nearly 2.9 million passengers were served (90 % of the capacity) and, in 2018, the number 

will exceed 3 million (94 % of the capacity). Due to the uneven system load resulting from the timetable of the 

day-time air operations, passenger handling systems are overloaded, and the reserve of technical resources 

is fully utilised. The paper also assesses the current value of the passengers’ quality of service, as a high 

quality passenger service is a priority for the airport managing body. The quality of service translates into 

profits from non-aviation activity, which account for as much as 60 % of the total airport profits. The analysis 

to be carried out will make it possible to verify the correctness of management of the passenger service 

process. 

2. METHODOLOGY 

In order to measure the level of passenger satisfaction, surveys were conducted in the summer at Wroclaw 

Nicolaus Copernicus Airport, which is currently served by seven scheduled airlines and a number of charter 

flights. 

In order to achieve this goal, the PAPI method was used, which consists in conducting a direct interview by a 

pollster. Paper and Pencil Interview is quantitative research which is used to collect data through surveys [15]. 

The passenger surveys are as follows: 

1) Which carrier are you (i) travelling with? 

a) LOT 

b) Lufthansa 

c) Ryanair 

d) Wizz Air 

e) SAS 

f) Charter (Enter Air, Nouvelair, Travel Service, Air Cairo, Pegasus Airlines, Nesma Airlines) 

2) How did you get to the airport? 

a) public transport 
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b) car 

c) taxi/Uber 

d) rental car 

e) on foot 

(Depending on the answer to Question No. 2 - Question 3/4/5/6) 

3) How do you rate public transport access to the airport? What can be changed? (1-5) 

4) How do you rate the access to the airport by car? Is the number of parking spaces adequate? (1-5) 

5) How do you rate the access to the airport by taxi? What can be changed? (1-5) 

6) How do you rate the access to the airport by rental car? What can be changed? (1-5) 

7) How do you rate the legibility of the signs used to indicate air terminal circulation? (1-5) 

8) How do you rate the cleanliness of the air terminal? (1-5) 

9) How would you rate the waiting time for checking in baggage and the boarding pass? (1-5) 

10) How do you assess the fulfilment of duties by the staff of baggage check-in/boarding pass counters? (1-

5) 

11) How do you rate the waiting time for a security check? (1-5) 

12) How do you assess the fulfilment of duties by the staff working in security check points? (1-5) 

13) Have you experienced any inconvenience during the security check? What kind? 

14) How do you rate (i) the services offered in the public access zone? (1-5) 

15) How do you rate the services offered in the duty free zone? (1-5) 

16) What method of boarding do you prefer? 

a) apron 
b) bus 

c) on foot 

d) doesn’t matter 

17) How do you rate the boarding process? (1-5) 

18) What is your overall assessment of passenger quality of service at Wroclaw Airport? (1-5) 

Passengers rate individual airport subsystems according to a five-point scale. The lowest value is 1 and the 

highest value is 5. 

3. RESEARCH RESULTS 

The point of reference for the research was Wroclaw Airport, where 2,000 surveys were conducted, as the 

determinant of the assessment of the airport's performance. 

Passenger traffic at the airport takes place mainly in a building called a passenger terminal. The terminal is a 

place to handle passengers and baggage changing the land means of transport to air transport. The terminal 

building consists of two parts: air side and land side. This division is the result of the restriction of access to 

the air side of the building only for travellers holding the relevant documents. The functional layout is the result 

of the arrangement and capacity of the runways, taxiways and aprons. The terminal is physically located at 

the airport in such a way as to provide the handling of both air and passenger traffic as well as the means of 

transport that handle the travellers before departure and after arrival. Furthermore, the internal layout of the 

building is based on safety rules and user-friendly recommendations. The principle of airside control and 

surveillance protects against entering the zone and the architectural aspects are devoted to the safety of 

aircraft and passengers. 

The passenger terminal consists of subsystems, which are used to perform the subsequent stages of service: 

 check-in; 
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 baggage handling; 

 security control; 

 customs control; 

 document control; 

 boarding; 

 deboarding; 

 baggage claim. 

The terminal subsystems are connected in a way that determines the direction of movement of passengers 

from the moment of entering the building to the moment of boarding the aircraft and vice versa. 

The assessment included the subsystems of the passenger terminal in terms of departures: 

 public access zone (landside); 

 check-in; 

 security control; 

 departure lounge; 

 document control; 

 boarding. 

The presented subsystems were selected for research, as departing passengers generate the highest profit 

for the airport. The research was conducted under conditions of a heavily loaded system to check whether the 

traffic volume at critical moments had a downgrading effect.  

The determinants to be assessed differ from one air terminal subsystem to another. Independent subsystems, 

which include the public access zone (landside), the departure lounge and the boarding zone, are assessed 

in terms of services offered, cleanliness and legibility of signage. The results of the dependent subsystems, 

based on the queuing system, are conditioned by the waiting time of the passenger in the queue and the 

passenger service time at the counter. 

 

Figure 1 Question 1 - Choice of the carrier 

The first determinant examined concerned the choice of the carrier. According to the research, Ryanair is the 

most popular one. When making a travel decision, as many as 39 % of the travellers choose the carrier. Wizz 

Air is the second on the list. Its popularity is 23 % among the passengers. Other airlines, including LOT, 

Lufthansa, SWISS and charter airlines, are chosen by 13 %, 14 %, 2 % and 9 %, respectively. This relationship 

is shown in Figure 1. 

Another factor subject to the research was the choice of the type of access to the airport. Passengers can use 

public transport, go by car, taxi as well as rent a car. While conducting the research, it turned out that one's 

own car (52 %) is the most frequent choice. The reason for this decision is the high number of parking spaces. 

The use of taxi (29 %) is limited by a small number of parking spaces, while the low percentage of people 
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using public transport (18 %) chose not to use this transport means due to traffic congestion. The least popular 

is the car rental. It is used by only 2 % of the people surveyed. Figure 2 shows the choice of the means of 

transport to access the airport. 

 
Figure 2 Question 2 - Choice of means of transport to access the airport 

The means of transport presented hereinabove were assessed by the travellers on a five-point scale. The 

assessment was influenced by the availability of parking spaces, timeliness of public transport disrupted by 

road traffic congestion and the availability of long-stay parking spaces. The best rating was obtained by the 

car, and public transport was the least favourable (Figure 3). 

 

Figure 3 Questions 3 to 6 - Rating of the means of transport to access the airport 

Another factor evaluated was the legibility of the signage and the cleanliness of the terminal. These 

determinants were rated high. The passengers assessed the cleanliness of the terminal at a value of 4.67, 

while the legibility of the signage was estimated at 4.5. The rating is shown in Figure 4. 

 

Figure 4 Question 7 - Legibility of signage and Question 8 - Cleanliness in the terminal 

18%
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The determinants assessed in questions 9, 11 and 18 concerned the waiting time for baggage check-in and 

collecting the boarding pass, the waiting time for security control and the assessment of the boarding process. 

Figure 5 shows that the shortest waiting time at Wroclaw Airport occurs during baggage check-in baggage 

and collecting the boarding pass, while the longest waiting time is during the boarding process in the departure 

lounge. 

 

Figure 5 Questions 9, 11, 18 - Waiting time 

The zones assessed hereinabove were also studied in terms of exemplary performance of duties by the staff 

at given counters and stations. The assessment was adequate to the assessment presented in Figure 5. The 

work performed at the baggage check-in and boarding pass counter was rated better than at the security 
control point (Figure 6). 

 

Figure 6 Questions 10, 12 - Assessment of staff performance 

Other determinants referred to the public access and the duty free zones. Compared to the whole survey, 

these factors were the least rated by the travellers. Often, the rates of 3, 2 or even 1 were given here, giving 

the final score of less than 4 (Figure 7). The decision of the passengers was conditioned by the high prices in 

the zones. 

The next-to-last question answered by the travellers concerned boarding preferences. There are four 

possibilities: through the apron, on foot, by bus or doesn’t matter (Figure 8). As many as 72 % of the 

passengers chose the apron. The second answer was doesn’t matter (21 %), followed by on foot (4 %). 

Boarding by bus turned out to be the least favourite method (only 2 %). 
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Figure 7 Questions 14, 15 - Assessment of the services in public access and duty free zones 

All the assessed determinants influence the overall assessment of Wroclaw Nicolaus Copernicus Airport. 

Taking into account all the factors, the airport in Wroclaw achieved a rating of 4.47. The achievement of the 

maximum value was disturbed by the comments made to question 13. The comments included: disappearance 

of gadgets during security control, rudeness of the staff, chaos and long waiting time. 

 

Figure 8 Question 16 - Boarding method 

4. SUMMARY 

The aim of the paper was to determine the value of the level of passenger service (LoS) at Wroclaw Airport. 

This was achieved by using the Paper and Pencil Interview (PAPI) method. 

The applied method allowed the authors to learn about the current evaluation of the system and may be the 

basis for taking actions to expand the infrastructure. Further research will concern the application of computer 

simulation enabling the prediction of the level index for various loads. 

Investment planning, especially in air transport, is a complex process. It requires taking into account many 

factors and combining different aspects. The decision is based on an analysis of the needs, development 

strategy and passenger traffic forecasting. The number of elements to be taken into account is much higher. 

The lack of possibility of experimenting in real time and the dynamism of service processes confirm the validity 

of the simulation as a tool supporting decision making. Computer simulation can be applied to both existing 

and emerging airports, as this method takes into account the uncertainties, dynamics and multidimensional 

nature of the phenomena being analysed. 
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Abstract  

Automotive concerns manage the innovation of their suppliers, facilitate regional and cross-border cooperation 

among suppliers, care for the protection of intellectual property, ensure the safe transfer of technologies, ideas, 

goods, services and people. They use the single market, digital infrastructure, transport infrastructure and the 

European network of knowledge. They develop research and development centers in host countries and 

assign them specific roles. One of them are devoted primarily to technical support (technology adaptation) for 

the local branch of their mother corporation. Other centers support an entire group of branches in a given 

geographic region (e.g. in Europe), and their role is to develop products for the local or regional market, and 

to acquire and cooperate with suppliers in R&D. The purpose of this article is to describe the organization and 

management of research and development activities in selected automotive concerns, and to identify the roles 

of R&D centers situated in Poland. The author attempts at assessing: the involvement of automotive suppliers 

in cooperation with R&D centers. The impact of this involvement on the functioning of international supply 

chains was analyzed. Companies which invested in research and development and which cooperate with R&D 

centers change their relations within the supply chain, shifting from integrated, transaction-oriented activities 
and adapting dynamic approach, whereby all activities start with shared research and development projects.  

Keywords: R&D, supply chain, manage the innovation in supply chain, intellectual property 

1. INTRODUCTION 

Based on secondary data, the author defined the role of R&D centers as links that shape dynamic supply 

chains in the automotive industry. The locations and relations of R&D organizations situated in Poland were 

analyzed in the context of their impact on the shape of the supply chain. The study was carried out on 

companies from the automotive industry in the form of a survey. The purpose of the study was to assess the 

involvement of companies in R&D activities and the impact of this involvement on the relations within the 

supply chain. All references confirming the significance of R&D organizations in the development of 

dynamically changing supply chains are quoted in the text. 

2. THE ROLE OF R&D CENTERS IN SHAPING SUPPLY CHAINS 

Literature devoted to innovative activities implemented by international corporations discusses studies which 

classify R&D centers. This classification has been performed on the basis of the responsibilities of these 

centers. According to empirical studies, there are four primary roles of research and development centers 

controlled by corporations. Selected classifications of foreign R&D centers in international corporations are 

presented in Table 1. 

Poznańska and Kraj [2] noted that (even as early as in the 1980‘s) international corporations conducted R&D 

works in their corporate centers only (centers, laboratories). This centralist approach to research and 

development was rooted in the managers’ conviction that this specific functional area should be kept under 

strict control and protection from the competition. However, since the 1980‘s, there has been a gradual process 

of decentralizing R&D functions, which is also referred to as the internationalization of R&D. Companies have 

been creating foreign centers which started to cooperate with suppliers, clients, and even car users. There are 
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many advantages to opening up to outside ideas. However, this process also entails economic, legal [3], 

political and cultural problems. Supply chains which had been integrated and closed in the past, which was 

characteristic for the automotive industry, have slowly become dynamic and open for innovative suppliers. 

R&D activities have remained centralized in basic research, and suppliers are admitted to participate in 

developmental works. Decentralized units situated in host countries have developed cooperation with other 

entities (not only first tier suppliers, but also successive suppliers, regional clusters, schools, independent R&D 

centers). The scope of recommended works is determined by eight factors [4]: non-codified knowledge and 

the degree of necessary coordination, degree of production outsourcing, the importance of R&D functions, the 

demand for specialist skills and equipment, increasingly multidisciplinary and multitechnological nature of 

innovation, and the need to reduce costs. These factors cause the need to dynamically change the links in 

today’s supply chains in the automotive industry. 

Table 1 Selected classifications of R&D centers in international corporations [1] 

Item Main 

Classification author Adaptation of 
technology, technical 

support for local 
corporation branch 

Research (applied), 
development of 

products for the local 
or regional market 

Research (applied) 
of products placed 
on local markets 

Competence center 
in research and 

development 

R. Ronstadt 

(1977) 

Technology transfer 
centers 

Local technology 
centers 

Global product 
centers 

Corporate 
technology centers 

N. Hood, S. Young 

(1982) 

Supporting laboratory Local integrated 
laboratory 

International, codependent laboratory 

W. Kuemmerle 

(1997) 

Mother database operational centers 
(knowledge and technology) 

Mother database expansion centers 
(knowledge and technology) from supply 

chains and networks 

J.W. Madcof 

(1997) 

Local marketing 
support center; 

Local production 
support center 

Local development 
centers, International 
development center 

International 
development center 

Local research 
center; International 

research center 

H. Davis, G. Jones 

(2000) 

Local oriented 
support/adaptation 

centers 

Local oriented R&D 
centers 

Global oriented R&D centers 

Analyzing the powers of development centers, we can conclude that they have been evolving in directions set 

by the researchers. According to Boutellier and associates [5], technical offices which were initially created to 

service clients on the local market, have gradually evolved towards the development of new technologies and 

products, driven by such forces as: developing autonomy from the central office, employing talented people, 
satisfying the growing needs of the market, gaining prestige. In turn, offices created to monitor the local 

research infrastructure and to maintain proficient ties with the scientific environment display a tendency to 

increase the scope of tasks and responsibilities assigned. They have been evolving towards research centers 

combining various organizations aiming at creating new solutions. In this case, the driving forces are: the need 

to manage the local talent, increasing the knowledge database, shaping new supply chains to develop 

subsequent, innovative solutions. R&D organizations thrive on local suppliers who display their developmental 

potential and complete subsequent R&D projects, thus internationalizing their activities and finding new, 

international recipients. 

Analyzing the geographic locations of R&D functions of automotive concerns outside the borders of their 

mother states, we can conclude that the R&D function (as serving to develop products placed on global 

markets) appears as the last one in the host country. Its creation depends on the innovative maturity of local 
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suppliers. The following questions therefore arise: Has the time come for automotive concerns based in Poland 

to create a R&D function (serving to develop products placed on global markets)? What is the degree of 

involvement of Polish automotive suppliers in research and development cooperation? Do automotive 

companies perceive research and development as an opportunity to join international supply chains? 

3. AUTOMOTIVE COMPANIES AS SUPPLY CHAIN LINKS AND RESEARCH AND DEVELOPMENT 

CENTERS PROVIDING SERVICES FOR THE AUTOMOTIVE INDUSTRY IN POLAND 

In 2017, there were more than 900 production companies operating in the automotive industry in Poland, out 

of which 270 were foreign-owned. 500 of them received ISO/TS 16949 certification. According to data from 

the Main Statistical Office, the largest companies (more than 249 employees) were responsible for 84 % of the 

employment and for 92 % of the sales revenues recorded by the entire sector. Approximately 650 automotive 

companies operating in Poland are owned by Poles, and a great majority of them are small and medium 

enterprises. According to estimated data derived from own studies, 95 % of the companies have operated 

within integrated supply chains, focusing on the production of components developed by the concern. Few of 

them engage in own research and development of own products [7,8] (approx. 15 % of the companies). For 

this purpose, they have engaged in cooperation with R&D centers (independent ones and ones that belong to 

international concerns) and with other companies (usually the members of automotive clusters). Figure 1 

presents the geographic distribution of the automotive industry in Poland. 

 

Figure 1 Location of the automotive industry in Poland [6]  

Having adopted a strategy for building a competitive economy, Polish authorities have consistently pursued 

an economy based on knowledge and innovation. In January 2016, an Innovation Board was appointed in 

Poland, aiming to stimulate cooperation of R&D institutions with Polish companies. Financial and non-financial 

tools for supporting companies were established, including: creation of technological and industrial parks, 

invitation to create branches in the areas of international research & development centers (not only from 

Europe, but also from BRIC (Brazil, Russia, India and China). There are currently about 77 research and 

development centers in Poland, which employ several thousand Polish scientists and specialists. The majority 

of them work for the ICT, automotive, chemical, aviation, food and IT sectors. Among research centers, there 

are domestic and international companies which have functioned as the branches of foreign concerns. These 

are, among others: Oracle, Samsung, Faurecia, GlaxoSmithKline, Microsoft, Volvo, Capgemini, IBM, ABB, 

Lurgi, Google, Bosch, Siemens [9]. 
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Analyzing research and development activities as part of services provided to the automotive industry, we are 

bound to conclude that R&D institutes and laboratories have been established and have actively contributed 

to the global development of mobility. Some of the leading organizations of this type are: the Electrotechnical 

Institute, the Motor Transport Institute, the Institute of Electrical Drives and Machines KOMEL, the Automotive 

Industry Institute. Automotive research issues are also raised by such entities as: all Technology Universities, 

the Institute of Power Engineering, the Communication Institute, the Aviation Institute, the Fuel and Renewable 

Energy Institute, the Tele- and 

Radiotechnical Institute, the Industrial 

Institute of Construction Machinery, the 

Industrial Institute of Farming Machinery, the 

Military Institute of Armored and Motor 

Technology, the Research and Development 

Center for Compact Vehicles, Impact Design 

Europe, Amz-Kutno Sp. z o.o., Zakład 

Kompozytów Sp. z o.o., Solaris Bus & Coach 

S.A. Delphi (which has two research and 

development centers in Krakow and Ostrów 

Wielkopolski, aside from its 4 production 
plants), Tenneco, TRW, Valeo, Faurecia, 

Wabco, Eaton, Draexlmaier, Volkswagen 

have been working in Poland for some time 

now. Figure 2 presents the distribution of 

international research and development 

centers working for the automotive industry.  

In the automotive industry, technological development has become apparent thanks to the modern appeal of 

research and development centers which have created an entirely new environment for creative work in 

research campuses. They elevated Polish companies to positions among innovators which are recognized on 

the international market. Some of them joined the integrated supply chains of automotive concerns. 

Finances spent on innovation and aid provided by companies offering research and development services will 

however not suffice if companies do not cooperate as partners in co-creating innovative solutions. Therefore, 

what is important are networking measures, those which form clusters. According to various studies, there are 

network structures including regional automotive companies. In Poland, there are six functional automotive 

clusters [10]. These clusters become most effective when technologies do not change drastically. They 

frequently create absolute possibilities, thanks to the dynamic configuration of networks from various 

organizations (owing to the cluster’s manager). 

4. EVALUATION OF SUPPLY CHAINS USING R&D CENTERS (ANALYSIS OF OWN STUDIES)  

The research objective was to evaluate: the involvement of Polish automotive suppliers in cooperation with 

R&D centers. The impact of this involvement on the functioning within international, dynamic supply chains 

was also analyzed. Research hypothesis H1 is: The participation of Polish suppliers in R&D measures is low, 

as they have been focusing on the production of components recommended by the same recipients for years. 

Research hypothesis H2a is: Companies which opened to the research and development activities of 

automotive concerns and/or have cooperated with R&D centers have changed their relations within the supply 

chain, switching from integrated chains to dynamic ones. This relation is stronger in companies which have 

additionally functioned in automotive networks/clusters and which have conducted R&D works with other 

companies - hypothesis H2b. A research model, presented in Figure 3, was prepared for the purpose of this 

study. 

Figure 2 Location of R&D centers providing services for 

the automotive industry in Poland [9]  
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Figure 3 Research model [own study] 

The study was carried out on 60 companies from the automotive industry, which have completed production 

works requested by an automotive concern / automotive concerns in the recent years. Only 40 of them were 

involved in research works devoted to product development (which stemmed from their internal, organizational 

motivation). The respondents from these 40 companies declared that the annual intensity of research works 

was 0.1 % - 2 % (measured by the ratio of R&D to net sales). This very analysis confirms hypothesis H1. 

Among the 40, there are 20 companies which cooperate with R&D centers. These companies were further 

analyzed. The purpose of this analysis was to verify whether this cooperation with R&D centers in product 

development changed the relations of the company to a supply chain link. Companies have opened up to 

innovative cooperation with new, international recipients - H2a. 

Among the 20 companies 6 have been cooperating with R&D institutions and have also served as members 

of automotive clusters. An analysis of data obtained from these companies confirms hypothesis H2b. The 

results of survey results are presented in the table below. The table presents the questions asked in the 

questionnaire, and the number of replies from respondents serving as representatives of automotive 

companies. The dark color and the s index means that the companies cooperate with R&D centers and other 

companies functioning in the network/cluster. Respondents from companies from the automotive industry (20 

people) responded to the questions below in numbers presented in columns 1 - 5 in Table 2.  

Table 2 Table of research questions and answers (contingency table - cross-tabulation) [own study] 

Enter ”x” in the right column (1 = totally disagree; 5 = Totally agree) 1 2 3 4 5 

No Questions Number of respondents 

1 R&D works are necessary for developing product innovations 0 0 0 2 18 

6s 

2 Companies from the automotive industry, involved in R&D works, have 
generated higher profits to those which have not invested in R&D 

3 4 4 5 

3s 

4 

3s 

3 Conducting R&D works results in relations being established with new recipients 0 1 6 6 

1s 

7 

5s 

4 Conducting R&D works results in relations being established with international 
recipients 

1 2 5 5 

1s 

7 

5s 

5 Cooperation with an automotive concern in R&D opens it to new possibilities in 
cooperation within the international supply chain 

6 

1s 

4 

1s 

3 

 

3 

3s 

4 

1s 

6 Cooperation with an independent R&D center opens new possibilities in 
cooperation within international supply chains 

0 2 4 6 

1s 

8 

5s 

7 Cooperation in inter-organizational networks / cluster membership is a catalyst 
for R&D works 

14 0 0 1 

1s 

5 

5s 

8 Network membership provides companies with support in the operationalization 
of contacts (completion of R&D project, authentication, ICT integration, 
completion of business processes with international partners) 

14 0 0 0 6 

6s 

Engaging in cooperation in 
dynamically shaping supply chains, 

business internationalization 
IDSCh 

 

Cooperation with concerns in 
research and development / 

R&D institutions 
C(R&D) H 1 a,b 

Key 
         Companies cooperating with R&D institutions 

         Companies operating within innovative cooperation networks/clusters                  
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The results of a detailed statistical suggest several implications on decision-makers in companies. The most 

important one is that R&D institutions and cooperation within the network should be proactively used to support 

innovative behaviors in order to acquire new recipients (inclusion in dynamic and international supply chains). 

Detailed conclusions can be drawn in a statistical analysis of the responses. 

Table 2 - contingency (cross-tabulation) table serves as the direct basis for calculations carried out using the 

chi-square independence test. Separate tables (not presented in the article) were prepared for all variables, 

the values of which stood for encoded responses to individual questions. The values entered in the contingency 

tables included the number of respondents operating and not operating within networks, who responded to 

questions from the questionnaire. In each of the prepared tables, an expected value was prepared as the 

quotient of the product of the total for the row and for the column, in which the element is situated, by the sum 

of all table elements. 

If a statistically significant dependence is identified between the tested features, the force of this dependence 

was also tested. V-Cramer and T-Chuprov coefficients based on the chi-square statistics were used for this 

purpose, as their value was calculated. V-Cramer and T-Chuprov coefficients take on values from 0, which 

stands for the absence of interrelation among the tested features, to 1 - which stands for a total interrelation 

among the features tested. The results of the chi-square independence test are presented in Table 3. 

Table 3 Results of the chi-square test for the study carried out among companies from the automotive  

   industry [own study] 

Qu
est
ion 

Average answer χ2 independence test Interrelation strength 

Test statistics value p-value  

(α = 0,05) 

Interrelation 
acc. to T-
Chuprov 

coeff. 

V-Cramer 
coeff. 

T-Chuprov 
coeff. 

In the network 

Yes No Empirical Theoretical 

1 2.333 1.583 40.000 9.488 < 0.001 v. strong 0.598 0.707 

2 4.536 3.750 13.529 9.488 0.009 average 0.348 0.411 

3 2.333 1.583 40.000 9.488 < 0.001 v. strong 0.598 0.707 

4 4.357 2.333 22.540 9.488 < 0.001 strong 0.598 0.707 

5 4.536 3.750 13.529 9.488 0.009 average 0.348 0.411 

6 2.333 1.583 40.000 9.488 < 0.001 v. strong 0.598 0.707 

7 1.643 1.917 1.215 9.488 0.876 v. weak 0.104 0.123 

8 1.643 1.917 1.215 9.488 0.876 v. weak 0.104 0.123 

The T-Chuprov coefficient was used to interpret the results of the study, as it provides the clearest results. The 

interpretation was included in the “Interrelation acc. to T-Chuprov coeff” column. For all questions, for which 

the interrelation strength verged on weak and very weak, the average values of responses to the question 

asked were higher for respondents operating within supply chains, compared with analogous responses for 

respondents carrying out R&D works with research institutions only. This means that the b hypothesis (stronger 

interrelations for respondents operating within supply networks) should be confirmed at varying strengths, 

depending on the T-Chuprov coefficient value obtained for individual questions. These conclusions confirm 

Dimitratos’ studies, who indicated that operation within a network has direct impact on the inclusion in 

international supply chains [11]. 

Future studies could adopt a more detailed approach. Various types of automotive companies will be compared 

(e.g. different-tier suppliers or suppliers from different families of innovative components). At the same time, 

the data which has been empirically collected for this study is sectional. The reliability of the study is weakened 
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by the use of empirical data sourced from a single instrument, and the small sample group selected for the 

study.  

5. CONCLUSIONS 

In conclusion, the analysis illustrated the role of research centers and networks in supporting innovative 

behaviors and in internationalizing companies and including them in the structures of supply chains. The study 

has pointed to a conclusion that the companies which cooperated in R&D can achieve more by entering into 

interactions within networks, i.e. by sharing their financial, technological and resources Beamish and Lupton 

[12]. Many suppliers must strive to recruit systemic partners, as they are narrowly responsible for the 

development of a specific car component. These suppliers will have to cooperate with other suppliers. Working 

within innovation networks (clusters or networks created by OEMs) can be the key to success and the factor 

to increase their opportunities within international supply chains. Reconstructions of integrated supply chains 

towards dynamic structures is a strategic objective of innovative automotive concerns. 
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Abstract  

Distribution intermediaries have an indispensable role in food supply systems as links between food 

manufacturers and the retail network. When supplying products, manufacturers provide different logistics 

services to distribution intermediaries. The assessment of their importance can be influenced by the 

specific/mediating role of distributors in the supply chain. Therefore, primary quantitative research was 

conducted focusing on the importance of logistics services for distribution intermediaries. The importance of 

not only traditional services related to order, but also that of other pre-sales, sales and after-sales services 

was explored. The research results confirm that also for these entities the traditional services of perfect order 

as well as flexibility of supplier are the most important services. Electronic forms of ordering and delivery speed 

are also highly rated. Specific is a high importance of offering goods by sales representatives. Interesting is 

the relatively low importance of collaborative services. The results of the research expand the knowledge of 

both supply chain management and retail management, while allowing food product manufacturers to improve 

the supply of services to distribution intermediaries.   

Keywords: Logistics services, distribution, distribution intermediaries, foods 

1. INTRODUCTION 

In a highly competitive environment, one way to achieve a competitive advantage for producers is to establish 

mutually beneficial relationships with distributors. Therefore, more and more often, producers are establishing 

close links with their distributors to achieve strategic benefits, reduce risks and create value for end customers 

[1]. In order for suppliers to achieve these strategic goals, they must also systematically seek and use ways to 

create value with their distributors [2]. Customer service plays a crucial role in creating value by helping to 

differentiate company products from competitors, increase customer loyalty, and increase revenues and profits 

[3].  

The aim of this paper is to determine which logistics services are important in selling food products to 

distribution intermediaries and how services are assessed in this context that indicate more advanced 

collaboration between producers and their distributors. The paper also aims to determine whether the 

importance assessment depends on the selected characteristics of the respondents.   

To achieve the aim, primary quantitative research was conducted and its results analysed. The importance of 

pre-transaction, transaction and post-transaction services connected with the supply of food products to the 

distribution network was evaluated. The services under consideration included also services that are becoming 

more relevant to the collaboration in supply chains. The research results contribute to the knowledge of both 

supply chain management and retail management, while allowing food product producers to improve the 

supply of services to distribution intermediaries. 

2. THEORETICAL BACKGROUND 

2.1. Distribution intermediaries in the food supply chain  

The distribution network has a significant impact on the efficiency of each business. In FMGC, an important 

part of which is food products, the importance of an excellent distribution network is increasing. Businesses 
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need good distribution channels because these products must be distributed virtually every day [4]. Another 

reason for building an efficient distribution network is that FMCG products generate a small profit per unit [5]. 

Businesses therefore make a profit by selling large quantities of products through a large number of channels 

[6,7]. In the FMCG market, the rates of product and information flows between producers and customers are 

important while minimizing errors and discrepancies [8,9]. This is why effective distribution channels based on 

partnership principles and the use of innovative solutions to improve customer service play a crucial role in 

this market. [10]. 

Customer requirements vary. In order to meet various customer requirements, companies must provide a 

differentiated solution within the supply chain. This is usually achieved by combining different supply, 

production and distribution strategies to develop a range of service packages for different markets or 

customers [11].  

With regard to research in this area, Zimon [12] examined the impact of QMS on the functionality of distribution 

channels in the FMGS markets. The results of the research show that distribution channels with implemented 

quality management systems in most cases have received better grades than other distribution channels [12]. 

Manders, Caniëls and Ghijsen [13] examined supply chain flexibility in a FMCG food supply chain. According 

to them, links at different places in the supply chain prioritize other flexibilities. There is no support for overall 

supply chain flexibility [13]. 

2.2. Logistics services in the food supply chain  

Given that there are many competitors presenting similar products of comparable quality in today's globalized 

market, the logistical capabilities of companies are increasingly crucial to the efficient management of the 

supply chain. The customer perceives logistics performance through logistics services [14]. Logistics services 

are the basic philosophy for the implementation of all activities of the supply chain [15]. These are individualized 

services provided to customers in connection with the supply of tangible products [16].  

The supplier should be able to flexibly respond to customer requirements and offer what they expect [17]. 

Therefore, proper logistics services of appropriate quality must be provided. The following can be considered 

quality (level) criteria of logistics services (sorted according to customer preferences) - reliability of delivery, 

completeness of deliveries, short delivery times, provision of appropriate pre-transaction and post transaction 

services, quality of distribution, provision of information [14,18]. 

Gajewska and Grigoroudis dealt with the issue of logistics services evaluation in the food supply chains [19]. 

In their research, they focused on the quality of logistics services for the transport of frozen goods. According 

to them, there are 10 attributes that affect satisfaction with service quality. The most important attributes were 

promptness of deliveries and timeliness of deliveries, followed by completeness of deliveries and faultlessness 

of deliveries. Since the requirements may vary, research needs to be carried out with different chain links. 

3. RESEARCH ON IMPORTANCE OF LOGISTIC SERVICES FOR DISTRIBUTION INTERMEDIARIES 

3.1. Research Methodology 

The aim of the primary research was to find out the attitudes of food manufacturing companies about the 

importance of logistics services provided to a selected group of customers - distribution intermediaries. A 

partial objective of the research was to identify attitudes towards services that indicate higher forms of 

collaboration and to identify possible differences in the assessment of their importance depending on selected 

characteristics of respondents.  

To meet the targets, a quantitative research was conducted through an Internet-based structured 

questionnaire. The questionnaire was divided into 3 logical parts. The primary objective was to find out the 
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suppliers' view of the importance of logistics services for distribution intermediaries, and thus the distribution 

method was first explored. The principal part of the questionnaire was devoted to identifying the importance of 

logistics services that producers provide to their customers - distribution intermediaries. The respondents 

assessed the importance of 28 pre-transaction, transaction and post-transaction logistics services on the 

seven-point scale 1-7, where 1 = low importance and 7 = high importance. The qualitative research was carried 

out to identify them. The aim was, with the help of managers of manufacturing companies, to specify the 

portfolio of provided logistics services. In the last part of the questionnaire, the respondents were asked about 

other characteristics of the company (size of the company given by the number of employees, the predominant 

distribution method, and prevailing sales territory) and the identification data of the person who completed the 

questionnaire (respondent’s years of experience).  

The research took place from March 2018 to April 2018. IBM SPSS Data Collection Interviewer was used to 

collect data. Methods of descriptive and interference statistics in the environment of the IBM software of SPSS 

Statistics were used for data processing.  

In order to select suitable respondents, the ARES administrative register of economic subjects was used in 

the first step. Filtered and randomly sorted were the enterprises that indicated CZ NACE 10XY - Manufacture 

of Food Products. Only enterprises specialized in NACE 10XY (i.e. CZ NACE 10XY indicated first) with 10 or 

more employees were included in the survey. Thus, 222 eligible companies were selected for research out of 

the first 1,900 companies. The questionnaire was completed by 42 food processing enterprises, 32 of which 
use distribution intermediaries in distributing their products. The structure of enterprises/respondents can be 

seen in Table 1.  

Table 1 Structure of enterprises/respondents [own study] 

Attribute Category Responses (%) 

Company size 10-49 employees 59  

50-249 employees 35  

250 employees and more 6  

Prevailing method of 
distribution 

Directly to retail 38  

Through a distribution intermediary  52  

Other 10  

Prevailing sales territory Czech Republic 66  

Europe 31  

World 3  

Respondent’s years of 
experience 

Up to 5 years 22  

5 - 10 years 16  

More than 10 years 62  

The research was dominated by small businesses selling in the Czech Republic, mainly through distribution 

intermediaries. A typical respondent was an experienced one with years of experience of over 10 years. For 

the purpose of analysing differences in the assessment of individual services, less numerous categories were 

then grouped together in order to improve the balance of the groups.  

3.2. Results and Discussion 

The respondents assessed the importance of 28 logistics services. Table 2 lists logistics services and their 

statistics. The services are sorted according to mean. 
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Table 2 The importance of logistics services [own study] 

Service 
Importance*) 

Mean Median 

Delivery of the right goods (type and quantity) 6.0 7 

Delivery of goods right on time 5.8 6 

Delivery of goods with error-free supportive documentation 5.7 7 

Supplier flexibility - request for delivery date modification 5.3 6 

Supplier flexibility - request for order size modification 5.3 6 

Ordering of goods using EDI or other standardised forms 5.1 6 

Offering of goods by sales representatives 5.1 6 

Ordering of goods via e-mail 5.1 6 

Short delivery times 5.1 6 

Possibility to agree on fixed period ordering 5.0 5 

Expeditious handling of complaints 5.0 5 

The possibility to test the products sold 4.8 5 

Adapting pack types and sizes to meet customer requirements  4.7 5 

The possibility to agree on fixed quantity ordering 4.6 5 

Recovery of packaging in which the goods were transported  4.6 5 

Supplier-arranged transport of goods 4.3 5 

Provision of promotion materials relating to the products on sale 4.3 4 

Collaboration in planning and replenishment 4.3 4 

Choice of payment terms and conditions 4.1 4 

Ordering of goods via telephone 4.0 5 

Automatic replenishment 3.9 4 

Provision of information on stock availability 3.9 4 

Collaboration in demand forecasting 3.9 4 

Provision of training oriented at a knowledge of the products sold 3.8 4 

Consultations over supplier plans concerning delivery innovations 3.7 3 

The possibility to return unsalable goods by reason of incorrect demand estimate  3.6 4 

Provision of order status information 3.5 4 

The possibility to return unsalable goods by reason of expired shelf life 3.4 3 
*) Used scale from 1 = the lowest importance to 7 = the highest importance 

It can be seen from the table that the most important logistics services for distributors are, as mentioned by 

food manufacturing businesses, traditional services related to delivery, i.e. delivery of the right goods, right on 

time, with error-free supportive documentation. Delivering the right goods (type and quantity) and delivery of 

goods with error-free supportive documentation is considered by at least 50 percent of the respondents to be 

the most important service for their distributors. Other very important services are related to the producer's 

flexibility. According to the manufacturing companies, it is important for distributors to have flexibility in the 

need to change the terms of delivery and the quantity delivered. Interesting is the relatively high assessment 

of the importance of offering products by the producer's sales representatives.  

Among the least important for distributors, in the opinion of food enterprises, there are services that are carried 

out as part of the product reverse flows, provision of order status information and consultations over supplier 

plans concerning delivery innovations.  
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The list of services evaluated also included services that are of relevance to partner collaboration. 

Collaboration in the field of material flows involves, in particular, collaboration in planning, replenishment and 

sharing information [e.g. 21]. Of the above mentioned services, it is collaboration in demand forecasting, 

collaboration in planning and replenishment, automatic replenishment, provision of information on stock 

availability, and provision of order status information. All of these services are in the table, ranked according 

to the assessed importance from the most important to the least important, in the lower half with a median of 

four.  

In Table 3, the means of importance are shown for these services according to the classification variables in 

the merged groups - the size of the enterprise given by the number of employees (small and medium (S+M), 

large (L)), the prevailing distribution method (distribution intermediaries (DI), others (O)), the predominant sales 

territory (Czech Republic (CR), abroad (A)), and respondent’s years’ of experience (up to 10 years (≤10), more 

than 10 years (>10)). For these variables, an analysis was made of the differences in the assessment of the 

logistics services importance. The statistical significance of the differences was verified by Kruskal-Wallis test 

at the 0.05 level of significance.  

Table 3 Assessment of importance depending on the enterprise's/respondent's variables [own study] 

Service 

Mean 

Size Distribution Territory Experience 

S+M L DI O CR A ≤10 >10 

Collaboration in demand forecasting 3.9 3.9 4.1 3.5 3.9 3.9 4.0 3.8 

Collaboration in planning and replenishment 4.4 4.1 4.2 4.3 4.4 4.1 4.3 4.2 

Automatic replenishment 3.9 4.0 4.0 3.7 3.9 4.0 4.5 3.7 

Provision of information on stock availability 4.1 3.7 3.6 4.7 4.1 3.7 4.4 3.7 

Provision of order status information 3.4 3.6 3.0 4.7 3.4 3.6 4.3 3.0 

The table shows relatively large differences in the assessment of importance depending on the prevailing 

distribution method and the experience of the respondent, especially for the last two services. However, the 

difference in importance was only significant in a single service - provision of order status information. 

Enterprises that use mainly distribution intermediaries consider this service to be less important than 

companies using predominantly other forms of distribution (χ2 = 5.806; sig. = 0.016). For other services, the 

differences in attitudes to their importance among the groups were not significant in view of the small range of 

analysed set.   

The research has shown that food producers, based on their experience, need to focus on providing basic 

logistics services, but also the flexibility and individual approach to distributors through sales representatives 

are important. Highly advanced services, which require closer collaboration and a mature relationship between 

the producer and the distributor, still have a low priority. With an exception, the expected differences in the 

assessment of their importance among the groups of respondents were not significant.  

4. CONCLUSION 

Services are an important element of supply differentiation and an important factor in value creation. The 

results of the research show that, as far as the distribution of food is concerned, the producers consider 

traditional services of perfect order to be the most important. The assessment of the importance of services 

requiring collaboration shows that business relationships between these links of the chain are likely to be on a 

lower level and there is still considerable room for collaboration development. The impact of classifying 

variables (size, prevailing distribution, and prevailing sales territory) on the assessment of the importance of 

these services has not been proven.  
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However, in order to determine clearly which logistical services are actually important, it is necessary to carry 

out the same research with customers, i.e. distribution intermediaries. Only then is it possible to assess 

whether food enterprises are able to provide their customers with the services that distributors actually require. 

However, the research results are valuable to the respondents themselves. They attest to their experience in 

relation to this market segment.  
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Abstract 

The paper aims to present new technologies used in retail logistics. Firstly, it focuses on an identification of 

risks associated with retail logistics. Secondly, the essential elements of retail logistics are described. Such as 

transporting goods to a retailer, storing and preparing products for sale and finally, it includes moving goods 

in a retail store when purchasing a consumer. New technologies used in these elements of retail logistics are 

identified and addressed to help some of the risks associated with retail logistics. 

Keywords: EAN, ECR, retail, retail logistics, risks in retail logistics, RFID 

1. INTRODUCTION 

The primary goal of retail logistics is to ensure the availability of retail products. Retail logistics, therefore, deals 

with the transfer of goods from the manufacturer/distributor to the retailer, and then through the mediation to 

the final consumer to fulfill his requirements and ideas. Often, the so-called Omnichannel Approach, which is 

mostly geared toward creating the distribution conditions that are most suitable for the customer, is very often 

approached. [1] The Omnichannel approach, however, requires process integration, information flow, 

improved equipment, and a measurement system. [2] This involves the use of new technologies to make these 

processes more comfortable and more transparent. It is also necessary to respond to the ever-increasing 

power of e-commerce. This is becoming a phenomenon in many areas of retail. Customers need to offer this 

option [3] 

In the omnichannel approach, however, re-enforcing e-commerce is still complemented by sales in retail. They 
must strive to improve the physical aspects of retail and to improve the logistics processes associated with the 

operation of the store. [4] These processes facilitate the introduction of new technologies in all elements of 

retail logistics. We are talking about the transfer of goods from the manufacturer/distributor to the retailer, the 

movement of products in the retail store connected with the storage and subsequent preparation for sale and, 

last but not least, the movement connected with the purchase of the consumer. 

This article translates the possibilities of using new technologies in all of these logistics processes associated 

with retail store operations. These technologies are designed to help speed up primary retail activities, such 

as receiving, storing and stocking, as well as preparing for sale, offering customers and selecting goods. Last 

but not least, attention is focused on the possibilities of sale and payment of products, or their delivery. All 

these processes involve many risks associated with an imperfect logistics system. 

Authors have divided logistics processes into 3 major phases: transport of goods to a retailer, storage and 

preparation of goods for sale, and the movement of goods in a retail store when buying a consumer. According 

to literature review, this approach has not been followed yet. The retail logistics solves logistic problems in the 

retail store. But many retailers deliver merchandise themselves. This approach can help to solve a research 

gap.  
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Authors have identified the usage of some new technologies in these processes. Some technologies are not 

newly explored, but recently used in retail logistics. Therefore, authors have called the article New technologies 

in Retail Logistics and the article describes the usage of these technologies, as a new trend in Retail. 

First, the analysis of secondary data and literature review was provided. The key uses of secondary data is for 

an exploratory research and preparing primary research. Authors want to show the research gap, the solving 

of the retail logistics crisis situations in the recently defined 3 phases. The article presents the identified crisis 

situations, and describes the solution due to the usage of new technologies in retail logistics. 

2. USING NEW TECHNOLOGIES IN RETAIL LOGISTICS 

Retail logistics deals not only with the transport of goods from the manufacturer/distributor to the retailer but 

also with the movement of products in the retail store and subsequently the sale and delivery to the final 

customer. It is necessary to ensure all processes related to the flow of goods so that the products reach the 

customer intact, in the right time and quantity. Owing to the ever-changing and increasing demands of 

consumers for service, logistics processes are becoming more and more complicated. [5] It is also because of 

this that there is a growing risk of business risk associated with business logistics. 

2.1  Identification of risks associated with retail logistics 

Retail logistics in its true nature is associated with many risks. If there is no clear labeling system, a shop 

assistant may encounter not having clear information about the stock status. Orders may be inconsistent with 

the state of inventory, or stocks may be difficult to trace. Also, unauthorized movement of goods and reduced 
control may occur. If data is incorrectly loaded, it is necessary to repair the data. [6] 

As part of in-store logistics, we can also encounter a problem in deciding where to move goods, how to place 

them or provide a price tag. Besides, retailers want to ensure sufficient stock and excellent customer service. 

[7] Customers then expect the fastest purchasing process that new technologies allow. But retailers also have 

high demands on the carrier. [8] The most demanding requirements for retailers on carriers are, for example, 

the need to ensure the lowest possible freight costs, the most profitable delivery time and eliminate unfulfilled 

deliveries. [9] This creates adverse situations that might improperly affect the entire logistics process. The 

most significant risk of shipping is still a human factor and weather conditions that can hardly be eliminated. 

[10] Also, there is a high risk for the transport companies to steal the car. All these risks can be resolved by 

new technologies much more effectively. [11] 

2.2  New technologies - risk management solutions in retail logistics 

Retail logistics is not only about the transport of goods from a manufacturer/distributor to a retailer, but also 

about the logistics processes associated with the storage, relocation, and preparation of products for sale. [12] 

From the customer's point of view, these are processes related to the purchase, payment, and delivery of 

products from the retailer. [13] It is, therefore, possible to quickly classify business logistics for the transport of 

products from the manufacturer/distributor to the retailer, then storage and preparation of the products for sale, 

and in the final stage also the movement of goods in the retail store when purchasing the consumer. All these 

processes are an attempt to achieve the optimal form of logistics processes. New technologies can help ensure 

these activities and also eliminate the risks associated with business logistics. [14] 

In the case of the transport of goods to a retailer, new CRM systems are being increasingly used, which can 

solve the stock condition and thus accelerate the transportation planning process. If businesses are intertwined 

with a standard CRM system, such as sharing stock information, this can be one of the most critical issues, 

not delivering on time. In this context, the Collaborative Planning Forecasting and Replenishment (CPFR) 

system, which is based on full data exchange between businesses and is used to forecast and predict demand, 

is also being used. This system can help to respond faster to retailer's needs and opportunities. Large retail 
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companies implemented new logistics technologies to support these activities: the advertising, the process of 

ordering and other transactions with suppliers and to develop the relationships with other business entities. 

[15]  

Intelligent semitrailers are increasingly used to transport to facilitate the whole process of carrying goods from 

the manufacturer/distributor to the retailer. These semi-trailers have so-called telematics. It has been used for 

a long time to locate the vehicle by a dispatcher. This can solve the problem of theft of the car, but it also helps 

to reduce transport costs. Besides, the dispatcher can check the route and time and delivery conditions 

(cooling, etc.). Intelligent semi-trailers also feature DWC OptiLoat, which ensures automatic load distribution 

between tractor and semi-trailer axles.  

GPS technology enables similar functions where the dispatcher can track the route and conditions of transport. 

It can respond to the speed and position of the car. These responses are much faster and help reduce transport 

costs. These technologies also transmit the state of the vehicle information to help address other crises that 

arise in the event of vehicle failure. GPS, of course, supports the drivers themselves, who use it to navigate 

and determine the appropriate route, which again can mean a reduction in transport costs.   

An essential tool for speeding up loading and unloading is barcode scanners, which are also equipped with an 

electronic signature function, which can significantly shrink the process. Scanners are used by warehouse 

workers thousand of times a day, they can control the temperature of the product, too. [16] It is also common 

nowadays to provide driver terminals for non-cash payment if required in the transaction. These technologies 
reduce transport costs, which is one of the primary goals of business logistics. 

Storage and preparation of goods for sale is another element of business logistics associated with logistics 

processes directly in the retail store. It monitors the movement of goods in the group, storage, and distribution 

of assets in the store. In this case, the barcode readers or devices responding to the RFID product codes are 

relieved. This method is now much more useful than traditional EAN codes. RFID codes and other e-business 

technologies are a new opportunity and threats to logistics and supply chain management. [17] They carry 

more information and are usable in many ways RFID chips, tags help to store stock records efficiently, identify 

the movement of goods in the unit. An important helper in warehouse management is smart shelves that, with 

RFID chips on products, track their actual stockpiles. 

Placement of goods in a unit is by merchandising and space management plans. Electronic Shelf Labels (ESL) 

are used to facilitate price tagging. These are not much used in the Czech Republic, but they are an excellent 

tool for marketers and salespeople. Additionally, the logistics processes in the retail store make it easy to 

change the price and customer orientation. ESL´s are able to update content on shelving signage quickly and 

efficiently, without the need to print paper tags or to deploy multiple employees to change them manually.  

The third element of business logistics is also associated with the customer, namely the movement of goods 

in a retail store when buying a consumer. As part of the purchase, the customer uses many modern 

technologies to help, among other things, the efficiency of logistics processes. These are, for example, smart 

scales that do not need to search for items on the screen, but IBM has developed a weight that recognizes the 

product itself and prints the price tag. 

Another significant help in logistics processes in the store is customer scanners/shopping assistants. You can 

activate them by a customer card. The merchandise code is scanned, and the entire purchase is stored and 

pays off when leaving the shop without having to unload the purchase at the cash desk. A mobile application 

can replace the scanner. RFID chips can replace product codes (EANs), and then you can use a so-called 

smart cart into which goods with an RFID chip are only inserted, and the whole purchase is retained. Hoister 

mobile application helps a customer similarly. It scans to QR code and select the item, allocates the user and 

in 30 seconds are clothes delivered via a system of steel cables, hangers and slides. It is shopping model, 

using an automated warehouse picking technology to handle the inventory. [18]  
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Technology, which is already widely used in the Czech Republic, is a self check-out. These are customized so 

that the customer himself makes the posting of the purchase and then is asked to pay and take out the goods. 

Self check-outs are also an appropriate way to speed up the movement of goods within the unit and from the 

group. 

3. CONCLUSION 

Firstly, the paper addresses the identification of potential risks associated with retail logistics whether it is the 

transport of goods or the movement of products in a retail store. The most significant risk factors are human 

resource failure or weather conditions that can not be affected. However, situations such as car theft, stock 

mismatches, bad recordings, etc., can be eliminated or resolved faster with the usage of new technologies. 

New technologies are a critical means of innovation in logistics processes in retail. This paper deals not only 

with the identification of technologies within the retail store that make logistics processes more efficient but 

also focuses on the first element of business logistics, namely the transport of goods from the 

manufacturer/distributor to the retailer. 

New technologies used in transport, such as smart semi-trailers, barcode / RFID scanners, means of deploying 

CRM or CPFR systems have been identified. Besides, GPS applications, navigation, are used extensively in 

the transport. As part of the movement of goods in the retail store, including the storage system, the EAN / 

RFID codes mentioned above are used, as well as the electronic shelf label. In connection with the purchase, 

intelligent scales, customer scanners or mobile apps for purchase, or self check-outs are named. 

Nowadays, the increased usage of robots in warehouses, and the Internet of Things (IoT) influences the plan 

of logistics and it is necessary to change supply chains, logistics systems, and the skills to be able to operate 

in this new environment. [19] New opportunities are connected to IoT and usage of robots and many risk 

factors will be eliminated - included human factor risks. 
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Abstract 

The European transport policy assumes the growth of intermodal transport utilization within cargo haulage. 

Systematic increase of cargo weight and performed haulage operations using the concept of intermodal 

transport has been noticed in Poland. However, its share in total volume of transported goods is still relatively 

low. One of the main factors supporting or decelerating the intermodal transport development is related to the 

existing intermodal loading terminals network. Within this field, one must underline not only the number and 

location but also a series of other parameters that affect the level of the performed terminal-based services. 

On this basis, the objective of the paper is identification of main features of terminals that are important in view 

of the development of intermodal transport and to present the condition of Polish loading terminals network 

from the standpoint of further development of intermodal transport in the country.  

Keywords: Intermodal transport, intermodal loading terminal, ITU, terminal parameters 

1. INTRODUCTION 

The need for intermodal transport development is emphasized in many documents and strategic projects 

related to transport within the EU. However in practice, utilization of intermodal transport in Poland is still low, 

even though is shows growing tendency. Many publications describe barriers decelerating the development of 

this form of haulage and underlines potential directions of changes that could contribute to popularization of 

the idea of inter-branch cargo transport using one, fixed loading unit. The existing intermodal loading terminals 

are identified among key factors that positively or negatively affect the development of intermodal transport. 

These are the places that have proper capabilities facilitating loading operations of intermodal transport units 

(ITU) between various transport branches. Many analyses underline the existence of loading terminals as a 

condition for the development of intermodal transport. This assumptions is completely true; however, one must 

emphasize that except for the number or location of the terminals, their parameters are very important issue, 

which are characteristic features that describe operations of a given object on the market. 

In Poland, road and railway haulage is the key type of intermodal transport. Thus, the paper will focus on 

terminals operating within this transport framework. The paper will also identify terminals parameters that affect 

the form and level of implemented tasks. Based on this, they shape the role played by a single terminal within 

the whole transport network and affect the importance of the existing terminals network for the development 

of intermodal transport. These parameters will be identified based on publications analyses, road and railway 

loading terminals existing in practice and interviews with experts. The analysis covering 35 terminals in Poland 

will be performed considering the specified, most important features. Therefore, the objective of the paper is 

identification of main features of terminals that are important in view of the development of intermodal transport 

and to present the condition of Polish loading terminals network from the standpoint of further development of 

intermodal transport in the country. 

2. THE ROLE OF TERMINALS IN THE DEVELOPMENT OF INTERMODAL TRANSPORT 

Loading terminals are specified as transfer points, main nodes within the transport network. Loading and 

storage services concerning intermodal transport units (ITU) are performed here [1]. From different 
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perspective, they are presented as concentration points that allow for transferring cargo between any types of 

transport. Except the basic service, i.e. loading, it is more often underlined that current terminals are equipped 

with a series of solutions and devices that allow to perform many value added services, e.g. storage of empty 

units, regular maintenance and repair, filling and emptying, cleaning intermodal transport units [2, 3]. 

In order to develop intermodal transport and its competitiveness in relation of the dominating direct road 

transfers, it is important to properly design terminals so that they could meet the requirements concerning 

throughput, efficiency and quality [3]. A. Caris, C. Macharis, G.K. Janssens [4] mention the necessity to build 

intermodal terminal network with the major gravity focused on determination of the number and location of 

individual points and construction of a system of interconnections between the designed transport nodes. Many 

papers emphasize the meaning of terminals for the development of intermodal transport. Special attention is 

paid to location of terminals as a factor affecting efficiency and effectiveness of intermodal transport. The 

studies performed by E. Przybylska, M. Kruczek and Z. Żebrucki [5] point to the increase of the loading 

terminals number and development of their equipment as one of the main conditions related to development 

of intermodal transport. However, to be more specific on the subject, it is necessary to notice that the role of 

individual nodal points of the network is not identical. It results from parameters characterizing individual 

terminals. Requirements put before the terminals are given in the available papers. J. Ližbetin and Z. Caha 

[3], first underline the time spent by ITU at the terminal and then the safety, rate and the lowest possible cost 

of loading. Requirements to be satisfied by the loading terminals within intermodal transport are also given in 
the European Agreement on important international combined transport lines and accompanying objects 

(AGTC) [6] concluded in Geneva in 1991 and applicable in Poland since 2002. It identifies terminals important 

for the international intermodal transport located in: Gdańsk, Gdynia, Gliwice, Cracow, Łódź, Małaszewicze, 

Poznań, Pruszków, Szczecin, Świnoujście, Warsaw and Wrocław. Moreover, it includes the minimum 

requirements concerning intermodal network terminals. They mostly concern time of service at the terminal, 

throughput and length of tracks as well as location facilitating easy and fast road access and ensuring good 

connection with the main long distance railway lines. It also emphasizes the minimum length of tracks for 

intermodal transport, which in case of current lines is 600 m and for the newly built and as a target value - 750 

m [6]. In publications, the meaning of intermodal transport is conditioned on their functionality, e.g. the option 

of horizontal and vertical handling of transport units. Moreover, one draws attention to innovative technologies 

used at the terminals, e.g. innovative horizontal loading systems such as Modalohr [7]. In Poland, within the 

area of intermodal transport, there is a shortage of modern and innovative solutions of this kind, which fact 

results in clear dominance of containers within the structure of handled intermodal transport units, loaded 

within the scope of traditional vertical loading. In 2017, they represented 97.43 % of all handled ITUs [8]. 

Particularly important issue affecting the terminals potential is their capability for handling various ITUs, both 

containers, swap bodies, trailers or the whole vehicle combinations. In case of containers, it is necessary to 

point out the adaptation of terminals to handle various types of such units, both in the context of their 

dimensions and transported cargo (e.g. refrigeration containers, containers for hazardous materials). 

Throughput is one of the most important parameter that affects the role played by a terminal within the transport 

network. It depends, among other things, on the total time in transit an ITU / vehicle spends at a terminal and 

partial operating times of individual tasks. They represent the basic indicator for multi-criteria assessment of 

terminals. Moreover, important indicators concerning assessment of terminals operation efficiency include: 

handling equipment rate utilization, storage ITU, energy consumption rate, equipment performance, equipment 

haul, truck waiting rate, terminal occupancy, maintainability indicator, reliability indicator, system utilization 

rate, personnel distribution rate [7]. Another important parameter concerning terminals that affect the role they 

play in intermodal transport is loading operations rate. This category includes terminals: of international 

character - operating as hubs, of loading rate exceeding 70 thousand TEU; European - from 30 thousand to 

70 thousand TEU and railway - below 30 thousand TEU [9]. 

Analysis of publications, reports, operations of loading terminals and interviews with experts allow for 

identifying terminals parameters that have significant impact on the role played by such points within intermodal 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

725 

transport network and opportunity for further development of intermodal transport (Table 1). Strength of impact 

of individual parameters was assessed using a three-point scale: 1 - low impact, 2 - average impact, 3 - high 

impact. 

Table 1 The importance of terminal parameters for the development of intermodal transport [own study] 

 Lp. Terminal parameter The impact of the parameter on 

the position of 
terminals in the 

transport network 

development of 
intermodal 
transport 

1 Total area of the terminal 2 1 

2 Terminal storage area 2 1 

3 Supported ITU units 3 3 

4 Supported branches of transport 3 3 

5 Used reloading systems (ro-ro, lo-lo, ro-la) 2 3 

6 Number and length of railway loading and unloading tracks 2 3 

7 Arrangement of terminals (along or outside transport corridors) 3 3 

8 Density of transhipment terminals in the region 1 3 

9 Location in / outside the industrialized region 2 1 

10 The scope of value-added services 2 2 

11 Reloading capacity [in TEU] 3 3 

12 Connection with motorways / expressway and main railway 
lines 

3 3 

13 Quantity and modernity of reloading devices 2 2 

14 Efficiency of reloading devices 2 2 

15 ITU service time 2 2 

16 System of permanent intermodal connections 2 3 

17 Space restrictions for further development 1 2 

18 Number of connection points 2 1 

To sum up and with reference to Table 1, one must notice that the parameters of terminals existing in the 

country have significant impact on both the location of individual terminals within transport network and future 

development of intermodal transport. However, it is important that not all parameters have the same strength 

within these two areas. Some of them (total area of a terminal, storage area, location within a region with high 

concentration of production operations, number of transfer stations) will be more important for the role played 

by a single terminal within the whole transport network. On the other hand, other ones (density of terminals 

within a region, number and length of tracks, space limit concerning further development, system of fixed 

connections, used loading systems) will be especially important for further development of intermodal transport 

within the country. However, half of the indicators play the same important role both in the location of a terminal 

within the network and in further development of intermodal transport (handled branches of transport and ITUs, 

location of terminals in relation to transport corridors, performance of value added services, loading capacities, 

connection with line infrastructure, ITU handling time, number, modernity and throughput of loading devices). 
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3. STATE OF POLISH LOADING TERMINALS AS A FACTOR IN THE DEVELOPMENT OF   

INTERMODAL TRANSPORT 

In Poland, the number of loading terminals increased within the past few years. According to the list available 

on UTK site (Office of Railway Transport), the number of operating objects is 35 (UTK data from 2016 shows 

31 terminals). The greatest number is located in the following Voivodeships: Łódzkie (6), Wielkopolskie (5), 

Śląskie (4), Pomorskie (4). Most of the objects is located near large and important urban agglomerations; 

moreover, they fit well in the routes of the TEN-T transport network corridors. However, the major problem is 

still the insufficient number of loading terminals in eastern Poland - Warmińsko-Mazurksie Voivodeship does 

not have any terminal, Podlaskie and Podkarpackie Voivodeships have one road and railway terminal each. 

This fact is especially unfavourable in the situation of dynamically growing trade with eastern Europe and Asia. 

Also the concept related to the development of the New Silk Road using land routes significantly reducing 

delivery time in relation to sea route, creates a series of challenges concerning the necessity to develop loading 

terminals in the eastern regions of the country. The density of the existing structure of terminals operating in 

Poland is 1 terminal per 8 933.71km2 (in 2015 - 1 per 10 086.42km2). As stated by UTK (Office of Railway 

Transport) [11], in well developed countries (e.g. Germany), average density is 4.2 terminals per ca. 10 

thousand km2, i.e. 2 381km2 per single terminal (in Poland 10 thousand km2 translates to 1.12 terminals). The 

greatest density of terminals is located in Śląskie and Łódzkie Voivodeships, which are the closest to the best 

developed countries within this scope (Śląskie - 3 083km2 per single terminal; Łódzkie - 3 036km2 per single 
terminal). When converting to 10 thousand km2 this amounts respectively: Śląskie Voivodeship - 3.24 

terminals, Łódzkie Voivodeship - 3.29 terminals. The mentioned data is exemplified in Figure 1. 

 

Figure 1 Structure of intermodal road - rail terminals by voivodship [own study based on UTK data] 

The analysed 35 intermodal terminals handle road and railway haulage; among them, six objects can be also 

classified a sea terminals, four objects additionally perform services related to inland navigation. Two objects 

are clearly visible against the background of all the analyses points: BCT - Bałtycki Terminal Kontenerowy 

Gdynia and Deepwater Container Terminal DCT Gdańsk SA. This is related to the fact that these points 

represent main node within the intermodal network that uses the developing sea transport. They have the 

greatest utility parameters within the scope of total area, storage area, maximum annual loading capabilities. 

Moreover, they have the greatest share in maximum annual loading capabilities in relation to all operating 

terminals (in 2015 - 43.79 %). Except for the two mentioned objects, terminals with lower parameters within 

this scope are dominating. In case of total area, 23 objects among all of them (66 %) have the area not 

exceeding 10 ha; moreover 32 out of 35 terminals (91 %) have the storage area up to 5 000 TEU, including 

21 objects (60 %) with 2 500 TEU. However, maximum annual loading capabilities not exceeding 100 thousand 
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TEU concern 19 terminals (54 % among all object). Analysis of terminals from the standpoint of available 

railway tracks used for loading and unloading, shows that the level within this area is low. There is a problem 

related to handling the trains of length exceeding 600 m, and this is a problem even more important due to the 

fact the EU indicates the length of track about 750 m in order to handle full train sets. Low parameters related 

to track length negatively affect effectiveness and profitability of haulage, thus this is one of the most important 

parameters to improve when thinking about future development of intermodal transport. Performing various 

value added services by the analysed terminals is a positive aspect of their operations. Many objects offer 

developed package of services oriented at handling containers, these are: cleaning and washing, repairs, 

weighing, sealing, marking, offering connection stations for refrigerating containers, protection of containers 

with precious cargo and containers tracking. A positive aspect at terminals in Poland is the continuously 

growing number of fixed international connections mostly to Italy, Slovenia, Germany, Belgium, the 

Netherlands. However, there are still terminals that do not regularly handle fixed transport lines or that only 

have national connections. This significantly reduces a terminal potential and negatively affects intermodal 

transport development. All the analysed terminals perform containers loading and storage services, however 

they miss the option to handle other ITUs. Among 35 terminals, 13 objects (38 %) reported the capacity to 

handle containers only; only one has the capacity to reload vehicle combinations which fact causes that the 

RoLa systems are not developed in Poland. Moreover, not all terminals perform all operations concerning less 

popular units, such as: refrigerating containers, tank containers, containers with hazardous or precious 
materials, High Cube containers. This fact is a major challenge for the development of loading terminals and 

intermodal transport. To sum up, one showed the most important advantages and drawbacks existing within 

the Polish terminals network. Main advantages include: increase in number and density of terminals, significant 

number of terminals in central Poland, noticed systematic development of terminals, developed value added 

services, location in relation to TEN-T transport network corridor, good location - strategic location in the 

country and relatively good access to infrastructure. However, the main drawbacks are: technical condition of 

terminals, missing efficient loading equipment, insufficient length of loading and unloading tracks, relatively 

low number of regular and fixed international connections, limited throughput of terminals, unused potential 

and loading capabilities of terminals, uneven location of terminals (shortages in the eastern part, lack of 

adaptation to handle various ITUs and missing modern loading systems). 

4. CONCLUSION 

Development of intermodal transport is strongly conditioned on the network of existing, intermodal loading 

terminals. Both, their number, density of arrangement among individual regions and numerous parameters 

characterizing operating activities of an object are very important. In Poland, in spite of the noticed growth of 

loading terminals number, the situation is still not good. This is mostly related to uneven arrangement of 

terminals within the country and still low level of their parameters. In particular poor adaptation of terminals to 

handle various ITUs (except for containers), failure to satisfy the AGTC standards by railway sidings of length 

less than 600 m, low number of proper and effective loading equipment is noticed. Considering significant role 

played by loading terminals in the development of intermodal transport, it is necessary to further develop and 

modernize them. Development of the infrastructure in the eastern Poland is especially important because it 

will enable utilization of transit location of Poland in Europe and growth of trade exchange with Eastern Europe 

and Asia countries. Improvement within the scope of line road infrastructure is also important in order to 

achieve the required throughput and communication availability without which the terminals lose their value. 

Euroterminal in Sławków is an example of a terminal with insufficient line road infrastructure, generating 

problems within the scope of terminal access, in case of which current access infrastructure is a decelerating 

force for its development. It is also necessary to develop and improve line railway infrastructure which fact 

allows for starting new connections and improving the operating speed and trade rate of trains. Moreover, 

development of parking tracks for trains awaiting loading at a given terminal is also an important issue. It is 

necessary to further adapt terminals to handle all types of ITUs and improve the throughput of performed 
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services. Taking the next steps in order to allow improvement of technical condition of terminals, their 

modernization and increase of throughput will be the factor positively affecting the size of the performed 

intermodal haulage.  
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Abstract 

The order picking in warehouses is the process of retrieving items from different storage locations according 

to customer orders. It is often the most consuming processes regarding workforce engagement in warehouses 

and significantly affects the wholesale warehouse operating costs. In warehouses with manual picking 

operations, pickers routing time often is the main determinant of the picking time. There many strategies for 

organizing order picking routes. One of the basic and is commonly used ones is S-shape strategy due to its 

practicality and ease of implementation. However, this strategy rarely is the optimal, but can be relatively easily 

adapted to the certain warehouse conditions. Thus, the paper presents a study on few systematic modifications 

of the classical S-shape strategy adjusted to the structure of aisles that can be found in different warehouses. 

Detailed assessment of the efficiency improvement of each proposed modification is provided. 

Keywords: Order picking, s-shape, warehouse 

1. INTRODUCTION 

The organization of the order picking process has the greatest impact on the efficiency of a warehouse or a 

distribution center, and thus on efficiency of the whole supply chain. From the moment of accepting a customer 
order through its completion, to the moment of delivering a completed order to the customer, there are many 

possibilities for mistakes both in terms of accuracy and completeness, not to mention time waste [1]. Over the 

last decades, there have been many publications devoted to the examination of the order picking process. In 

addition, new problems have been identified, and new models have been developed. Nevertheless, there is 

still a gap between the industrial practice and research studies, because not all new methods developed for 

scientific research conditions can be directly applied to real industrial conditions. On the other hand, the 

existing industrial solutions do not follow current requirements and new, improved algorithms are often needed. 

The issue of order picking in man-to-item storage systems seems particularly important, which, despite the 

continuous growth of automation, accounts for the majority (about 80 %) of existing warehouses [1,2]. 

In the warehouses with a large assortment diversity (up to several dozen thousand storage units, so-called 

SKU - Stock Keeping Unit), it is first necessary to ensure the efficiency of the order picking process, i.e. the 

completion of customer orders. The basic factors influencing the effectiveness of this process are [2,3]: 

 the arrangement of zones in the warehouse, 

 the method of storage and distribution of products in the storage space, 

 the way of picking items and organizing the routes from the storage zone to picking or shipping points, 

 the way of managing incoming customer orders (grouping orders, prioritizing tasks, etc.). 

Order picking efficiency (completion) can be improved by reducing picking time. The total picking time can be 

roughly divided into the time of driving or walking to storage locations, the time for picking up the items and 

the time of other activities (e.g. obtaining a completion list, preparing containers, etc.). In warehouses with 

manual picking operations, the driving time is often the largest component of the total picking time [2,3]. For 

this reason, it is reasonable to look for methods that will enable the preparation of order picking plans that will 

allow to minimize the total time needed for driving or walking to the storage locations. The publication list on 

the subject has a number of positions, in which the authors propose different solutions to the problem of routing 
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in a warehouse. These approaches include various routing strategies, heuristics, metaheuristics and optimal 

solutions. In practice, optimal approaches to the routing problem are not often used, primarily because of their 

high computational complexity and because they tend not to take into account many real assumptions and 

constraints. In practice, several routing heuristics are used, and their performance usually depends on the 

specific parameters of the particular warehouse for which they are applied. The most commonly used routing 

algorithms known from research papers [2-4] are S-shape, return, midpoint, or largest gap heuristics. Although 

they are widely known, their application in real conditions often requires some adjustment. 

As has already been pointed out, the problem of determining efficient routes for pickers is one of the factors 

determining warehouse efficiency [5]. The length of the route traveled by the pickers depends on the adopted 

routing method, but also on the size of the warehouse and the number of retrieved goods. In this study, the 

authors propose two modifications of the classical S-shape alignment heuristics and present the results of 

simulation experiments and the comparative studies of the proposed modifications with the original version of 

the S-shape algorithm. 

The diagram of the magazine that will be used in the further part of the study is shown in Figure 1. 

 

Figure 1 A structure of an exemplary warehouse. 

2. S-SHAPE HEURISTIC 

S-shape heuristic is one of the simplest and most common heuristics for order picking [6]. At the same time, 

the name of the heuristic reflects the principle of its operation: in order to complete the order, the worker moves 

along subsequent aisles containing any items to be taken, heading to the last aisle, always passing along the 

entire aisle he enters and then proceeding to the next aisle (containing the items to be taken). The shape of 

the road, which the worker is traveling, resembles the letter “S”. Figures 2 and 3 show an example of the use 

of S-shape heuristic for picking ordered items (marked in black). 

 

Figure 2 S-shape heuristic (1). 

In the example shown in Figure 2, the place from which the picker starts is identical to the place where he 

delivers the completed order (marked with a red rectangle in the bottom left corner). The worker starts picking 
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items for the order from the first aisle, where there are two items and he goes to the end of this aisle. Then, he 

omits two alleys where there are no items to pick and goes to the next aisle in which he collects one item. 

Continuing with the picking, the worker passes through successive aisles in which items for picking are located, 

omitting those aisles where such items do not exist. After passing the last aisle containing the ordered items, 

the picker is directed to the pick-up point of the complete order. 

 

Figure 3 S-shape heuristic (2) 

Figure 3 illustrates the situation in which a picker does not have to go to the end of the aisle from which he 

collects the item. Such a situation takes place only in the case of the last aisle (from which the items are to be 

collected), when the picking-up point is on the side where the picker enters the aisle (in this case - when the 

number of aisles containing the items to be picked is odd). The improvements of the S-shape heuristic 

presented further in this paper concern such a situation.  

3. DESCRIPTION OF IMPROVEMENTS 

In existing research, only a few examples of the improvements devoted to the S-Shape heuristic can be found. 

Dukic and Oulic [7] showed how a combination of different routing, storage and order batching methods could 

be used to save up to 80 % of routing distances in some specific cases. Moeller [8] showed, however, that in 

the specific case presented it was possible to build a routing algorithm and apply it, among others, to the S-

Shape strategy, which shortened the routes the pickers had to travel by 7.4 %. 

The improvements proposed in this paper relate to the S-Shape heuristic itself, in the case where the number 
of aisles from which items have to be collected is odd (this value is not identical to the number of aisle in the 

entire warehouse), assuming that the starting and ending points of picking are located in the same main 

corridor (on the same side of the warehouse). 

Figure 4 shows an example of the arrangement of the items to be picked (for the warehouse structure 

presented in Figure 1). 

 

Figure 4 The warehouse with the items selected for picking 

The route for the picker designated using the S-shape heuristic (for the example shown in Figure 4) is shown 

in Figure 3. 
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Due to the odd number of aisles from which the items are to be collected, in the last aisle the picker returns to 

the corridor leading to the pick-up point. 

3.1. S-shape+ heuristic 

The first of the proposed improvements is checking whether the turning back (which should be done due to 

the odd number of aisles) would not be more efficient in the first aisle instead of the last one. Figure 5 shows 

the S-shape+ heuristic route. 

 

Figure 5 The picking route based on the S-shape+ heuristic  

In the analyzed case, it is more beneficial (due to the length of the route covered) for the picker to turn in the 

first and not in the last aisle. By checking in which aisle it is better to make a turn, it is possible (in some cases) 

to shorten the route of the picker. 

The S-shape+ heuristic allows for the shortening of the travelling distance, if the following conditions occur in 

the same time: 

 the number of aisles from which items are taken is odd, 

 the distance to the last (farthest) item in the first of the aisle visited is smaller than the distance of the 

farthest item in the last aisle. 

The S-shape+ heuristic allows to get results which are not worse than the original S-shape heuristic. 

3.2. S-shape++ heuristic 

The second of the proposed improvements is checking whether turning back in any aisle other than the first or 

the last one (as called for by the odd number of aisles) would be more beneficial. Figure 6 shows the operation 

of S-shape++ heuristic for an exemplary warehouse presented in Figure 1. 

 

Figure 6 The picking route based on the S-shape++ heuristic 

S-shape++ heuristic allows to get shorter routes of picking items than S-shape and S-shape+ heuristics, 

providing that: 

 the number of aisles from which items are taken is odd, 
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 the location of the last (farthest) item in the aisle which is not located on the edge (from the aisles from 
which the items are to be collected) is smaller than in both aisles located on the edge. 

It should be noted that the farthest commodity in the S-shape++ heuristics should be understood as: 

 item as far as possible from the upper corridor for even aisles (counting only the aisles that the picker 

has to visit), 

 item as far as possible from the lower corridor for the odd aisles. 

In the example shown in Figure 7, a picker visits 7 aisles. The picker turns back in the aisle 5, because for this 

aisle, the farthest item is closest to the corridor - in this case, due to the odd value of the aforementioned aisle 

(5) - the lower corridor. 

The results obtained using the S-shape++ heuristic are never worse than the results of the S-shape and S-

shape+ heuristics. 

4. EFFECTIVENESS STUDY OF THE IMPROVEMENTS 

For the purpose of checking the effectiveness of the improvements of the S-shape heuristic described above, 

simulation tests have been carried out, in a warehouse with the following parameters: 

 width of a single place on the rack: 1.2 meters 

 width of the rack: 0.7 meters 

 widths of the aisle: 0.75 meter. 

The simulation has been carried out for a different number of items to be picked, as well as various warehouse 

parameters (the number and the length of aisles). For each of the analyzed numbers of items to be collected 

and the given warehouse parameters, 50,000 cases of random placement of items in the warehouse have 

been analyzed. Table 1 presents the values indicating the percentage change in the average length of the 

picking route (compared to the length of the route determined by S-shape heuristic), as a result of the described 

improvements (S+ denotes S-shape+ heuristic and S++ denotes S-shape++ heuristic). 

Table 1 Average change in the length of the picking route depending on the number of items 

Number of 
racks 

S+ S++ 
The number 
of places in 

the rack 
S+ S++ 

Number of 
items 

S+ S++ 

10 -2.89 % -6.34 % 10 -0.83 % -1.85 % 3 -6.47 % -9.54 % 

16 -2.19 % -4.99 % 15 -1.30 % -2.87 % 6 -2.67 % -5.16 % 

22 -2.04 % -4.78 % 20 -1.75 % -3.85 % 9 -2.27 % -4.99 % 

28 -1.87 % -4.39 % 25 -2.18 % -4.80 % 12 -1.97 % -4.68 % 

34 -1.73 % -4.05 % 30 -2.59 % -5.70 % 15 -1.76 % -4.41 % 

40 -1.61 % -3.77 % 35 -2.99 % -6.58 % 18 -1.57 % -4.10 % 

46 -3.10 % -5.91 % 40 -3.39 % -7.45 % 21 -1.42 % -3.82 % 

AVG -2.20 % -4.89 % AVG -2.15 % -4.73 % AVG -2.59 % -5.24 % 

Based on the results presented above, it can be concluded that the S-shape++ heuristic allows to get the best 

average results. The biggest differences between the S-shape heuristic and the proposed improvement can 

be observed for a small number of items to be collected and a small number of long aisles. 

In the simulation carried out for the purposes of the article, no limit has been introduced as to the number of 

aisles in which the items are located (for the proposed modifications to improve the results obtained by the S-
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shape heuristic this value must be odd). Therefore, in all cases the presented improvements had a chance to 

improve the route determined by the S-shape heuristic. Out of over 17,000,000 items analyzed in the 

warehouse, the S-shape+ heuristic allowed to obtain better results when compared to the S-shape heuristic in 

26.9 % of analyzed cases. Improvement of the S-shape++ heuristic was observed 43.2 % of cases. 

5. CONCLUSIONS 

The proposed improvements to the S-shape heuristic are its development, while its primary principle remains 

unchanged - the method of order picking, and thus - the way the picker moves around the warehouse. Each 

improvement introduced allows to shorten the average route of order picking by 2.2 % for the S-shape+ 

improvement and 4.8 % for the S-shape++ improvement. Due to the minimal changes in the picker movement 

scheme introduced in the proposed improvements, the results obtained using S-shape+ and S-shape++ 

heuristics can be considered as a least satisfactory. The improvements presented above can be very low-cost 

to be implemented in the warehouses that use S-shape heuristic to designate picking routes. 
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Abstract 

In the railway transportation system exist many constraints, which combined with disruptions can have 

important impact on the system operation. The position of trains in a timetable has effect on the transportation 

system robust-ness. One of the key issues is the allocation of time reserves due to the real occurrence of 

undesirable events and their consequences. Correct placing of the reserves, as well as optimization of the 

timetable will be possible after an assessment process that leads to weak node identification. The main goal 

of the paper is to elaborate a robustness assessment method which will take into account variability of 

processes in terms of operational factors. A robust timetable is resistant to strokes from undesirable events. 

In other words, for a full robust timetable there is lack of disruption propagation. The challenge arises how to 

quantify the robustness of the railway transportation system. Thus, the paper discusses issues related to 

robustness in context of time re-serves. Correct dealing with time reserves is a multidimensional issue. 

Keywords: Robustness, timetable, process description, system qualities 

1. INTRODUCTION 

The railway transportation system is characterized by specific infrastructure constraints. The result is a high 
vulnerability to disruptions, which can cause in an important influence on the system operation. Therefore, 

there is the need to evaluate transportation process schedule prior to its implementation. A key factor in this 

aspect is the structure of timetables [1,2]. Therefore, a timetable assessment method is needed.  

The paper is focused on system robustness in terms of the transportation process schedules. Thus, the 

concept of timetable robustness is introduced. It is the ability of a timetable to withstand design errors, 

parameter variations, and changing operational conditions [3]. According to [4], robustness in general is the 

capacity in absorbing or resisting changes.  

As a supplement to resilience, which is the ability to quick system recovery after breakdown, robustness is the 

ability to keep the system performance level after the occurrence of unwanted events. A delayed train may 

affect other trains, and it can also the level of delay maintain till the end of the route. In other words, for a 

robust timetable the disruption propagation will be on the possible lowest level. 

Many disruption factors may be compensated with proper time reserves included in the timetable. Correct 

dealing with time reserves is a multidimensional issue. Increasing time reserves increases also the robustness. 

On the other hand, after the time reserves increasing the network capacity decreases. That is why ongoing 

research results will be useful for timetable designing. 

The issue of robustness quantification is an important research area. A fundamental challenge is to quantify 

robustness by an indicator, that may be helpful for the timetable optimization. Thus, the main goal of the paper 

is to propose a timetable assessment method in terms of robustness. 

2. STATE OF ART 

According to the literature, passenger rail traffic is described by the timetable, which is the detailed plan of 

operations [5,6]. It is theoretically possible to design a train timetable without gaps between trains. Application 

of such a theoretical approach with deterministic assumptions results in large inaccuracies [7-10]. The 
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theoretical infrastructure capacity is going to be the maximum. But each disruption would shift to all other trains 

and will be not dumped for the failed train. Influence of operation intensity on disruption propagation was closer 

described in [11-13]. 

The timetables are designed with taking into account delays, by additional travel times [14]. Disruptions in time 
can be positive (delay) or negative (before time) [15]. The accepted criteria for disruption assessment consider 

delays greater than or equal to 5 minutes [16]. 

The train travel time should take into account foreseeable and unforeseeable events disrupting the journey 

[17]. Well-designed train timetables should guarantee 100 % punctuality in normal operating conditions [14]. 

The determined travel time should be based on the technical parameters of the railway line, as well as the 

technical characteristics of the rolling stock used by operators [18-20].  

The recovery of the system after undesirable events is directly related to the system resilience issue [21,22]. 

The delay damping without dispatcher activities is also associated with the so-called timetable robustness  

[23-25]. 

The paper [26] presents an robustness assessment indicator for critical network points. It has been calculated 

as the inverse value of the sum of shortest time margins. It should allow to find weak links in the network.  

The development of methods for timetable designing in terms of delay reduction is an important issue in the 

railway system. Advanced models and algorithms have been presented in [6,27]. 

In [28], a management support model for disturbed traffic was pro-posed. The model is based on the traffic 
reorganization or train cancellation cost in the context of railway staff. In [29] a support model for the decision 

making process under train traffic disruptions was presented. It provides a thorough approach to the system 

operation process. 

Vromans [16] uses a rail transport system reliability concept. However, it only considers delays. The author 

identifies potential causes of interference, but assumes that time disturbances should be described using one 

disruption set, a so-called black box. In the work, Max-plus algebra was used to evaluate the timetables (see 

also [30]) in the context of time reserves. 

Chen [31] presents models of railway service reliability and punctuality. The reliability model of railway services 

consists of the reliability of technical facilities that make up the system (the independence of events arising in 

the subsystems has been assumed), the interaction between the rolling stock subsystem and other 

subsystems, the intensity of traffic restoration after an interruption caused by an undesired event. However, 

the author does not explain how to determine the value of the dependency ratios used. 

Vansteenwegen [32] determines punctuality in the context of the train arriving at the course's end station. At 

the same time, he states that delays of up to 5 minutes are a good result of the system's operation, stating that 

there may be situations in which they will be too big. The authors in [33] consider some intervals of delay in 

punctuality analyses. They gave as a border two minutes. In scientific studies there are also proposals for 

defining the limit at the level of 2.5 minutes of delay [34]. 

The most important factors affecting the punctuality of trains in the system were identified in [35,36]: number 

of passengers, degree of occupancy of vehicles on the train, capacity utilization, cancelled trains, temporary 

speed limits, technical infrastructure maintenance, train traffic organization. 

Vromans [16] conducted an inventory of primary traffic disruption sources in rail transport: improper traffic 
planning (errors in the construction of the timetable), infrastructure damages, rolling stock damages, human 

factors, accidents at railroad crossings, vandalism, passenger-related events, weather phenomena. 

In addition to the sources of primary events, Vromans also analysed the causes of secondary delays: 

infrastructure capacity constraints (train traffic dependence), rolling stock circulations, train crew scheduling, 

traffic control, dispatching, train interchanges. 
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The railway is considered as a critical infrastructure system (CIS) [37]. Then, the analysis concerns serious 

events with large consequences. In the CIS description, graph models are used [38-40]. In this aspect, the 

notion of the capacity reliability of the railway network is introduced [41]. The nodes model important stations, 

while in advanced models different types of nodes are introduced depending on the type of station. 

Concluding the literature review, there is no method for robustness evaluation, that quantifies robustness and 

allows to compare two timetables in terms of robustness. Therefore the challenge for this paper rises to 

evaluate a robustness quantification and assessment method. The method should allow to receive a measure 

for timetable scenario comparing needed for optimization. 

3. SYSTEM DESCRIPTION 

The purpose of the rail transport system is to implement the transport process (for freight or passengers) from 

one place to another. The rail transport system is defined by resources that enable carrying out transport tasks. 

The physical resources are rolling stock and infrastructure. The organizational resources are procedures 

contained in the instructions and regulations, as well as the schedule determining the sequence and moments 

of processes implementation. 

For any reliability, robustness or resilience assessment, it is necessary to determine the basic system 

elements. It allows to define the system's availability and failure states. Therefore, three sets of elements have 

been specified: 

 trains, 

 elementary sections,  

 traffic control points. 

At a given moment, it is possible to identify in the system elementary sections with trains on them and traffic 

control points which does not allow to enter the sections by other trains. Such a combination of a train (TRA), 

a traffic control point (TCP) and an elementary section (ESE) will be named as elementary system (ESY). �©ø � 〈u�, �©�, u�
〉                 (1) 
In order to describe the rail transport system, an elementary section was introduced. The concept is based on 

the block section. The section is part of the track path between two traffic points (manual or automatic). There 

can be only one train in one moment on the section. Similar approaches were already used in the modelling 

of railway traffic management [42]. Also, the models of traffic reorganization after the occurrence of 
disturbances take into account this basic element of the system [43]. Elementary sections independent of block 

sections were used in safety modelling of dangerous cargo transport by rail [44], while Fukuoka [45] used 

straight track distances in the traffic safety models. 

The elementary section is separated from the next one by a traffic control point. A traffic control point is not a 

part of the elementary section. The section basically consists of the track, with all related components. 

Additionally, an elementary section may also contain platforms, level crossings, structures and buildings, linear 

telecommunications infrastructure, as well as electric power supply. 

Therefore, an elementary section (ESE) can be defined as ordered group of elements. Each of them is defined 

by reliability characteristics depending on its qualities. Therefore, each of the listed parts may be the cause of 

failures resulting in traffic disruptions. ESE � 〈TRK, STB, TEL, LEC, PLA, PSE, ENV〉           (2) 

where: 

TRK - track with rails, sleepers, ballast, and other necessary elements 

STB - structures and buildings needed for allocation of the track 
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TEL - linear traffic management information and telecommunication infrastructure 

LEC - level crossings, with pedestrians and road vehicles 

PLA - platforms on stations or stops 

PSE - power supply equipment for electrical vehicles 

ENV - connections, relations with the environment 

The occurrence of an undesirable event, i.e. damage (or human failure) to any element of the elementary 

system, stops the train run. 

The set of elementary sections and traffic control points between the nodes, enabling track changes, will be 

called as cluster. It has been assumed that damage to the elementary system causes the failure of the entire 

cluster to which the system belongs. 

A train is a so-called chain of use [46], which is an ordered trio of three sets: train crew (train driver, manager, 

conductors), vehicles, and load (passengers or freight). TRA � 〈TRC,VEH, LOA〉              (3) 

where: 

TRC - set of operators, named train crew 

VEH - set of vehicles 

LOA - set of transported goods, passengers or freight 

Traffic control points (TCP) can be divided into a few subgroups. Nevertheless, from the traffic analyse point 

of view, the defining of traffic control points will be similar to the trains and elementary sections, due to its 

components. TCP � 〈TRM, SCE, TSE, SIE〉             (4) 

where: 

TRM - traffic manager 

SCE - safety controlling equipment 

TSE - trackside equipment 

SIE - signalling equipment 

As it was previously, each component can be the source of failures, which can lead to traffic disruptions. 

Depending on the type of traffic control point, the influence of the traffic controller and the driver changes. In 

the case of automatic traffic control points, the negative human impact is limited to the driver who can pass 

the signal at danger. On European railways in the years 1990-2010, such errors were the cause of approx. 

27 % of serious railway accidents [47]. 

In the case of man operated traffic control points, there can also human failures occur. Especially for points 

that allow to change the track. Such errors constituted approx. 16 % of the causes of serious railway accidents 

in Europe [47]. 

4. PROCESS DESCRIPTION 

The basic component of scheduling railway operation processes is the train timetable. For that, the so-called 

train diagram is used. An example was shown in Figure 1. The train diagram consists of two dimensions. One 

axis represents the railway line, in other words the driven distance by the train. The other axis represents time, 

increasing continuously. Lines parallel to the time axis represents traffic control points or train stops. The lines 

along the distance show next moments in time. 
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For the same direction, the space between two signals is called section or block section, in some situations 

also open track. At a given moment in time there can be only one train on such a section. For that coordinate 

system, a train is treated as material point. Train running is shown as angular line. 

 

Figure 1 Train path on a train diagram [own study] 

In relation to real operation, a train enters a section by crossing of the train running line with a line, that 

represents an operating control point. It leaves the section when it’s running line crosses the line that 

represents the operating control point at the end of the section. Due to the operation processes, previous to 

the train entering a little time for train route preparation is needed. After the train leaves the section it takes 

some time for determining the accessibility of the section after the train has left. Therefore, the occupying time 

of a section is longer than the real presence of a train on it. 

According to [48], the characteristic points for the train running on the infrastructure have been identified. A 

section occupation time-window is built on base of the time interval between entering of i-th train on j-th section 

(tei|j) and arrival at the end of the section (tai|j). The arriving time lettered tai|j is the planned time, which is the 

earliest possible arrival ta’i|j increased by the time reserve tai|j. Between the time-window opening (toi|j) and 

the train entering tei|j a certain time has to pass. This time is needed for train entering preparation (tpi|j). 

Similarly, the reporting of vehicle leaving needs some time (tri|j). The time-window closing lettered tc’i|j 

represents the fastest possible closing time, due to the shortest train running. Following from this, the planned 

length of a time-window (tbpi|j) is the sum of the shortest section occupation (tbsi|j) and an additional time 

reserve (tci|j). The value of the time reserve is mostly the same like the time reserve for train arriving (tai|j). 

One train placed in time on one section will be called further Train-Section Time-window (TST). Allocation of 

TSTs in a train diagram are shown in Figure 1. A train-section time-window can be described by six qualities. u©u�|% �U u�� , �©�% , *��|% , *N�|%, *��|% , *D�|% ¯           (5) 
where: 

TSTi|j - train-section time-window for i-th train and j-th section 

TRAi - i-th train 

ESEj - j-th elementary section 

tei|j - entering time of i-th train to the j-th section 

tai|j - arriving time of i-th train at the end of j-th section 

toi|j - opening time of TSTi|j 

tci|j - closing time of TSTi|j 

The first two ones place the train on a section. It means, the i-th train in the time table (TRAi) and j-th section 

(ESEj) of the railway line. The next two qualities assign the i-th train entering time on j-th section (tei|j) and the 

arriving time at the end of the section (tai|j). The last two parameters built the time-window. 
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5. THE ROBUSTNESS ASSESSMENT METHOD 

Many factors have influence on correct implementation of the timetable. Especially train type, traffic control 

device type, age of infrastructure, environmental influences and others [1]. Therefore, each TST may has 

another punctuality characteristics. 

A TST can affect other TSTs. All interactions in a time table (Ii|j) can be seen as set of interactions (Γ) coming 

out from all TSTs. 

� �U |�|% ¯               (6) 
Only direct interactions, from a previous TST to closest ones will be taken into account. Therefore, a TST can 

affect only two other TSTs. These are the next one on the same section (TSTi+1|j) and the next one on the 

following section for the same train (TSTi|j+1). 

Influence of one TST on another is a function of the time interval between them. For the time dependence 

between TSTs of two different trains, one by one on the same section, the time interval  
∆*�|��	 has to be calculated. On the other hand, for one train on two following sections also the time dependency 

has to be calculated, but denominated ∆*%|%�	. 

∆*�|��	 � *���	|% � *D′�|%               (7) 
∆*%|%�	 � *ℎ%|%�	 � *N′�|%               (8) 
The real ending time (train arrival or TST closing) of the processes are random variables which can be 

approximated by theoretical probability density functions f(x). It is assumed, that the probability density 

function’s domain is described by the interval �0, O∞!. The value zero represents the train arrival moment *N′�|J 
respectively the TST closing time *D′�|% due to the shortest train run. Therefore, the probability function 

describes the time deviation from earliest possible ending time. For a given TST it was also assumed, that the 

probability functions are identical for both, the closing time and the train arrival time. 

After identification of all TSTs in the timetable and the approximation of the probability density functions, a 

dependency matrix can be prepared. An example is shown in Table 1. The dependency matrix shows the time 

gap between two TSTs, when the first one may disrupts the second one. According to the assumption of 

influencing only the two closest TSTs, the time gaps were filled. If there is no direct connection between the 

TSTs, then infinity was filled instead of a finite time interval. The own dependency of a TST, that is shown by 

time values on the diagonal, represents the time reserve that is planned in the timetable for the train arrival on 

the given section. 

Table 1 Train-section time-window dependency matrix [own study] 

 ¬�|%�+! ¬�|%�	�+! ¬�|%���+! ¬��	|%�+! ¬��B|%���+! 

TST i|j 
i 

j+1 
i 

j+m 
i+1 

j 
i+n 
j+m 

i|j ∆*N�|% ∞ ∞ ∞ ∞ 

i 
j+1 

∆*%|%�	 ∆*N�|%�	 ∞ ∞ ∞ 

i 
j+m 

∞ ∞ ∆*N�|%�� ∞ ∞ 

i+1 
j 

∆*�|��	 ∞ ∞ ∆*N��	|% ∞ 

i+n 
j+m 

∞ ∞ ∞ ∞ ∆*N��B|%�� 
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After the dependency matrix has been completely filled, it is possible to calculate the probability that one TST 

will disrupt another one. The probability will be equal to the cumulated distribution function for the given 

probability density function. 

��|)�u©�|)� � � ¬)�+!zÕÈ|Y5 I+             (9) 
where: 

F�|)�u©�|)� - cumulated distribution function for the time space between r-th and k-th TST u©�|) - time space between r-th and k-th TST ¬)�+! - probability denisty function for deviation from the shortest process time of the k-th TST 

Table 2 Train-section time-window cumulated distribution function matrix [own study] 

TST 
 

i|j 
i 

j+1 
i 

j+m 
i+1 

j 

 
Ordinal 

r \ k 
1 2 m m+1 

i|j 1 ��|%�∆*N�|%! 1 1 1 

i 
j+1 

2 ��|%�∆*%|%�	! ��|%�∆*N�|%�	! 1 1 

i 
j+m 

m 1 1 ��|%�∆*N�|%��! 1 

i+1 
j 

m+1 ��|%�∆*�|��	! 1 1 ��|%�∆*N��	|%! 

According to the literature, where it was stated that robustness is the system ability to withstand disruptions. 

In this paper it is proposed to quantify robustness by probability. It is the probability that no disruptions will 

occur, caused by other disrupted TSTs or by own unwanted events. Therefore, it is the product of all 

probabilities placed in the cumulated distribution matrix. 

�� � ∏ ∏ ��|)�u©�|)!�∙B)�	�∙B��	           .(10) 
where: 

Ro - robustness measure, probability of no inetractions between any two TSTs in the timetable ��|)�u©�|)! - cumulated distribution function for the time dependency between r-th and k-th TST c ∙ f - total number of TSTs in the timetable 

For a selected railway line in Poland, basing on operational data were identified deviations of train running in 

relation to defined sections. Due to similar conditions for all trains launched on the line, one probability 

distribution was approximated for all train runs, and proven by the Chi-squared test at the significance level 

0.05. The results are shown in Figure 2. Using afterwards the theoretical distribution and the time gaps 

between TSTs, the cumulated distribution function values for the matrix in Table 2 can be calculated. 

For the analyzed case, the probability of no interactions between TSTs is Ro=0.0294. After some modifications 

of the timetable, the robustness measure was recalculated Ro’=0.0318. Therefore, in terms of robustness, the 

second timetable is better than the first one. 
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Figure 2 Empirical distribution for deviations from the shortest train run and approximated lognormal 

distribution [own study] 

6. CONCLUSIONS 

The literature review shows, there is lack of precise nomenclature related to robustness and resilience of the 

railway system and its timetable. It was found that there is no universal measure for robustness assessment. 

The practical robustness evaluation is solved only for chosen network parts or by simulation. Nevertheless, 

these approaches are time-consuming. 

The paper shows a system and process definition for a precise problem description in terms of robustness. A 

system description was proposed in terms of failure occurrence. These description allows to identify the 

sources of undesirable events and their influence. Afterwards thee time table was divided into small parts, are 

called Train-Section Time-windows. Such a timetable model allows to quantify the railway system robustness 

based on the transportation process implementation. 

A new robustness measure was proposed. The probability of no interactions between processes in the railway 

system has not been used for robustness assessment yet. It allows to compare different timetable structures 

and to pick the best one in terms of robustness. 

The results are promising. For further studies it is planned to prove the method on base of more timetables 

and more railway lines. Moreover, further research on optimization of timetables due to robustness and 

resilience is planned. 
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Abstract 

The aim of the contribution is to introduce the project and to point out the possibilities of using computer 

simulation for the needs of more effective production logistics. Like many other tools and methods, logistics 

also greatly contributes to maintaining the company's competitiveness and resilience to external factors such 

as the crisis, inflation, falling demand, and so on. One of the key methods for maintaining balance is material 

planning. The most significant group, which, at the same time, forms the most relevant part of the material flow 

are raw and other materials and corporate work in progress and finished products. All the types of working 

objects are used throughout enterprises in certain amounts, internal structure, direction and with certain 

frequency. For a better imagination of the production proces, concrete production of fireclay bricks, the 

simulation model as the project for the production of fireclay bricks was developed in Tecnomatix Plant 

Simulation. As a basis for creating simulation served the model of the manufacturing process in the 

chamottera. Due to the high production capacities of the chamotary, it has been found that for the efficient 

production of a limited quantity and especially the firing of the building, a narrow place of the entire production 

process of the fireclay is the mill. 

Keywords: Project, logistics, production, simulation model, efficiency 

1. INTRODUCTION 

The process simulation models are very efficient tools for detecting the bottlenecks in the process course and 

for improving the process parameters. Neither costs nor negative impacts are connected with interfering in a 

simulation model of a production line, unlike to interfering in the operation of this line. To develop the proper 

simulation model, both theoretical knowledge (technique of simulation, specific simulation systems) and 

practical experience (description of the system, its elements and their mutual interactions and links) are 

necessary [1]. The course of the simulation is to be monitored in every phase. It is possible to determine 

impacts on total function of the system from the changes that occur at the output of the simulation model. A 

need for simulation models is based therefore on an opportunity for experimentation with a system without 

interfering in the real one. The model allows an engineer to try a number of process variants, to find the 

optimum process conditions and to design new process routes without any need for additional investment. The 

respective changes may have a significant impact on profitability of the production, market position of the 

company and satisfaction of its customers [1]. Simulation has a lot of applications in various branches. 

Simulation of systems allows to experiment within virtual objects (some of them do not exist at all). The 

simulation can provide answers to a lot of important questions as for example: “How will the system behave 

after introduction of some changes? Where are the bottlenecks in the system?” [2]. 
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2. METHODS 

2.1  The process analysis of production of fireclay bricks 

The company manufactures its products on the basis of an order from the customer, PULL system. Depending 

on the assortment, the production cycles for the production of fiberglass are 1 - 2 weeks and for the production 

of the building 3 - 4 weeks. There is also an exception when it is produced by the PUSH system, ie in the 

warehouse, especially in the winter, when it is considered to be a higher requirement for an additional 

assortment, building fireclay, which serves for the lining of fireplaces, chimneys, etc., which is more demanding 

during this season. The paper deals with the manufacturing process shown in Figure 1. In addition to burnt 

production, the enterprise also deals with other types of production, which are represented in the model of the 

entire production process of the plant [3]. 

 

Figure 1 Formalized scheme of the company's production activity [3] 

For a better imagination of the production process of fireclay bricks, a simulation model for the production of 

fireclay bricks was developed in Tecnomatix Plant Simulation. As a basis for the creation of the simulation, the 

model of the production process was used by the chamotary (Figure 2). First, a basic model consisting of 

individual input raw materials, containers, equipment, transport routes and tunnel cars [3]. 

 

Figure 2 Simulation model of fireclay bricks production [3] 
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For the production of the required products it is necessary that the feedstock is delivered to the raw materials 

store and then stored in the storage bins. After storage, it is necessary to have the individual feedstocks 

adjusted to the required moisture (clay) and the required fraction (grain thickness). The modification of the 

moisture content of the clay is carried out in the speed kiln of the clay and the treatment of the fraction of the 

grains takes place in the individual mills. After this treatment, the raw materials are transferred to a mixer, 

which mixes the feedstocks into the desired mixture [7]. After checking the quality of the mixture, the mixture 

is transported to the press where it is formed into the desired shape, using suitable molds and presses. After 

molding, the bricks are deposited on a tunnel wagon, through which the moldings are driven into the tunnel 

heater, where they are dried to the exact required residual moisture. After drying, the tunnels are pushed into 

the tunnel furnace, where the firing itself builds. After drying and burning, finished products are produced. 

These products are transported to the intermediate storage where quality is checked. If the quality of products 

meets the standards, the goods are stored in the warehouse of finished products prepared for dispatch to the 

consumer [3,4]. Due to the high production capacities of the chamotary, it has been found that for the efficient 

production of a limited quantity and especially the firing of the building, a narrow place of the entire production 

process of the fireclay is the mill. To produce 5 tones of the mixture, which corresponds to the capacity of the 

blender per hour, 3 tons of cake and 2 tons of clay are required for the production of common chamotte. The 

capacities of equipment for the production of this product are balanced up to the press, where the capacity for 

the original mold is 61.6 % smaller than for other devices.  

3. RESULTS  

Due to the high production capacities the production process of fireclay bricks, it has been found that for the 

efficient production of a limited quantity and especially the firing of the building, a narrow place of the entire 

production process of the fireclay is the mill. Therefore, most of the proposed measures will be aimed at 

increasing efficiency in this section of the production process [7]. More efficient molding can be achieved by 

the application of multi-form molds where the press and pressing forces of more modern presses such as 

Laeis 2000 and Laeis 1250 are better utilized, in the production of common fireclay is currently used a form 

with 4 nets, as show in Figure 3 and in Figure 4. Rotate the nest to the narrower side to gain space for the 

next two nests. This would mean that the number of moldings from 4 to 6, as shown in Figure 5 and Figure 6. 

[3,7]. 

                                               

Figure 3 The mold currently used [3]        Figure 4 Current state of molding[3] 

                                                 

Figure 5 The Proposal of molding forms [3]   Figure 6 Suggested state of molding[3] 

To produce 5 tones of the mixture, which corresponds to the capacity of the blender per hour, 3 tons of cake 

and 2 tons of clay are required for the production of common fireclay. The capacities of the equipment for the 

production of this product are balanced up to the press, where the capacity for the original form is 61.6 % 

smaller than on other devices, and the show in Table1. [3,8].   
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Table 1 The capacity of the equipment [3] 

Device / activity Performance Device / activity Performance 

Milling of fire clays 3 t/hr Milling of clay 2 t/hr 

Fast drying of clays 5 t/hr Mixer to form a mixture 5 t/hr 

The narrow location of the production process is displayed using the Sankey's diagram in the simulation. The 

Sankey's diagram shows the flow pattern of the material flow. A narrow place is created at the workplace of 

the mill and show in Figure 7. [3,9].   

 

Figure 7 The Sankey's material flow diagram using the original mold [3] 

One pressing cycle during compression ordinary fireclay lasts 30 seconds. If we use the currently used molding 

mold, shaped with 4 openings, 4 moldings are pressed per compression cycle. One molding has a weight of 4 

kg, so 16 kg of molding is molded per compression cycle. With continuous production 24 hours, this would 

mean that the press presses 46,080 kg of stack (received without time losses in the transport of raw materials) 

and show in Figure 8 [3,10].   

 

Figure 8 Statistical data for the production of fireclay bricks in 24 hours using a 4-hole mold [3]  

With the proposed change in the number of holes from 4 to 6, 6 pieces of 24 kg pieces would be pressed for 

the same press cycle. The capacity of the press would increase to 57.6 % compared to the original 38.4 %. 

For production in 24 hours, this would mean 69,120 kg of construction (counted without time loss in the 

transportation of raw materials). Using a 6 - hole mold, production increases by 50 % and with the show in 

Figure 9 and Figure 10 [3,11,12].   
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If this principle of increasing the number of holes was applied to most forms, it would have a positive impact 

on the acceleration of production and hence the cost reduction due to the shortening of the tunnel kiln operation 

time. Examples of manufacture after increasing the number of holes of the most widely used molds are shown 

in Table 2. [3,13]. When multi-form molds are introduced, the production per day increases by about 40 %. 

This reduces the number of tunnels fired from the tunnel kiln within the planning cycle from 42 tons to 30 tons 

[3,14]. 

 

Figure 9 The Sankey's material flow diagram using the proposed mold [3]   

 

Figure 10 Statistical data for the production of fireclay bricks in 24 hours using a 6-hole mold [3]   

Table 2 Production examples after increasing number holes molding mold [3] 

Form name 
(positions) 

Current production 
(t / day) 

Performance after adjustment 
forms (t / day) 

Difference 

LP230/5 8 10 2 

+3KK 5 8 3 

C-30 4 8 4 

15-0 9 11 2 

C25 8 11 3 

Together 34 48 14 

4. CONCLUSION 

The company manufactures its products on the basis of an order from the customer, PULL system. Depending 

on the assortment, the production cycles for the manufacture of fiberglass are 1 - 2 weeks and for the 

production of the building 3 - 4 weeks. There is also an exception when it is produced by the PUSH system, 

ie. in the warehouse, especially in the winter season, when it is expected with a higher demand to an additional 
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assortment such as, for example, building fireclay, which serves for the lining of fireplaces, chimneys, etc., 

which is more demanding during this season [3,15]. After a thorough analysis of the process of the production 

process of fireclay bricks, it has been found that this process can work more efficiently. Therefore, a number 

of measures have been proposed to reduce production costs, accelerate production, or lead to an increase in 

the technological level of the workplace [3,15]. Introducing multi-hole forms. Multi-mold forms would increase 

the production capacity of the mill, which would lead to an acceleration of the entire production process of the 

sham boiler. The design solves the introduction of a multi-bore mold at various positions and a change of the 

pressing surface when the original pressing surface is changed to a smaller area using a different molding 

area. Application will increase the performance of molded bricks are shown in Table 3. [3,16]. 

Table 3 Formulation of conclusions from proposals to make production more efficient [3]  

The 
proposed 
measures 

The benefits Negative  

impacts Economical Non-economical 

Application of 
multi-hole 
molds 

- Acceleration of production which would allow to 
produce about 40-60 % more product for the same 
time as before, leading to shortened time of 
operation of the tunnel furnace, and it would have a 
positive impact on cost reduction. 

- Accelerating the 
production process. 

- Reduce the impact of 
a narrow spot the mill, 
on the production 
process. 

- More efficient use of 
press equipment. 

- High investment 
costs for the 
production of new 
types of molds. 
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Abstract  

The purpose of this paper is to identify the features of delivery quality and their impact on the e-commerce 

clients’ satisfaction level. As a research objects, individual clients from Poland were selected. Based on 

literature research and expert consultations, a research model and survey were implemented. To assess the 

research questions posed, a survey was posted on the internet platform. The arithmetic mean and correlation 

matrices were used to analyse the collected data. The research results indicated the selection of deliveries 

features, which affect the satisfaction, and differences in its perception by women and men. The genuine 

character of the research is a more accurate understanding of the relationship between the quality of delivery 

and satisfaction depending on the e-commerce markets customers’ gender.  

Keywords: Supply chain management, clients satisfaction, delivery process 

1. INTRODUCTION 

The concept of satisfaction is defined diversely in many works. Kotler [1] defines as a state perceived by an 

individual and related to the comparison of experienced product features and individual expectations regarding 

these features. In turn, Hill and Alexander [2] share the opinion that the buyer’s satisfaction is a reflection of 

the extent to which the product sold by a given company meets the respective requirements. However, 

according to Zhang [3]"…consider customer satisfaction as the degree to which customers perceive that 

products and services are worth more than they paid.” The level of customer satisfaction may be the result of 

a price -demand relation or price - expected product or service quality [4]. Satisfaction of price is also providing 

value for the customer [5]. It is clear that the perception of quality in the price affects the satisfaction or 

dissatisfaction of the customer. 

If we take into account the e-commerce market, then the matter is more complicated, because online shopping 

has two impacts on intangibility. First, it increases the intangibility of physically tangible products. Many 

consumers are resistant to e-commerce because of its inability to provide physical cues.[6] Second, though 

the internet can tangibilize the intangible [7] by providing information [8]. That is because the website cannot 

be touched, felt or smelled, but only see [9]. 

Therefore, the price-quality relationship must give the customer a greater sense of satisfaction. In this context, 

the concept of supply chain management should be analysed differently. 

Supply chains (SC) are concepts designed to create business relationships focused on achieving one common 

goal, that is, providing value to the customer. Such a goal requires cooperation of many enterprises in various 

fields, branches, profiles and structures. By making use of a webservice composition middleware, a virtual 

enterprise broker, in response to a complex consumer need, can quickly generate a more value added 

composite service or product [10]. The problem, however, consists in the smooth flow of information, goods, 

services, money, which requires the coordination of many activities within various entities. Coordination of 

these activities is considered a critical factor in maintaining fluency in the SC process [11,12]. In order to 

preserve the coordination of these activities, it is necessary to cooperate with partners within the supply chain 
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network, and thus share not only information or money, but also risks [13]. The subject of cooperation within 

SC is often discussed in the respective literature. Lionel [14], Villenaet [15] defined social capital, that is, 

strength and shared relations as a factor influencing cooperation within the supply chain. Other researchers 

emphasised the subject of honesty and fairness in contacts between network participants [e.g.16]. Still, other 

researchers are considering using IT systems in coordinating activities and planning and analysing risk in the 

chain [17]. Wu and Chiu [18], on the other hand, came to the conclusion that managers need to fully prepare 

for a cordial atmosphere among partners in terms of their concerns about communication channels, relational 

stability, mutual rewards, and fair policies. Collaborative relationships are well founded on the responses from 

the positive beliefs and behaviors of these issues. Next, advances in IT are a further investment to make 

specific social resources feasible in implementing collaborative behaviors. In general, managers should be 

first in a preparation to reach consensuses on these social resources and further nurture capabilities of IT use 

in an inter-organizational boundary. These include building basic IT infrastructure for communication purpose 

and various inter-firm and intra-firm applications for use.  

Close cooperation within the supply chain allows one to provide the customer with the right product or service 

at the right time and in the right place, but it should also give him or her satisfaction with the purchase. The 

modern client demands not only meeting his/her expressed needs, but also unspoken requirements and 

expectations are much more important to him/her, which is a challenge for supply chain management. 

The purpose of the paper is to identify the attributes of the delivery quality and their impact on the satisfaction 
of e-commerce clients. Previous research on shopping behaviour on the internet has indicated [19] that 

delivery is a critical factor that determines online purchase (67 % of respondents indicated that lower delivery 

costs will affect more frequent purchases, and 40 % of respondents indicated that the long waiting period is 

not favourable for shopping), therefore, the quality of delivery has become the object of empirical research. 

The following sub-questions were assigned to this objective: 

 How far does the delivery affect the level of satisfaction with purchases of e-commerce clients? 

 What delivery time is accepted by online stores customers? 

2. RESEARCH METHODOLOGY 

The research was conducted on a group of 23 internet users between October - November 2018, 21 customers 

of the e-commerce market were included, which was 93.1 % of the surveyed. The data was collected in the 

form of a survey carried out on the e-learning website. Each participant of the study was asked to answer the 

survey questions. The research group consisted of women (60.9 %) aged 21 to 24 (65.2 %), who most often 

acquired clothes and shoes (74.1 %), books and music (33 %), and various goods as needed ( 33 %). In the 

research group, none of participants declared buying food. A significant group were young people, so the 

declared amount of annual expenses did not exceed PLN 1,000 (excluding bills and fees). 

The survey was used to determine satisfaction levels concerning time invested in waiting for delivery, to assess 

the quality of services related to the delivery process, and to identify factors that affect the lack of satisfaction 

with purchases. The study was based on a five-point Likert scale and these data were treated as reflective 

features. 

Because the collected data came from 23 participants of the study, it was checked whether the respondents 

had any undesirable convergence between answers and questions. For that purpose, Cohen's kappa 

coefficient was used, which was determined for all 5 pairs of observations occurring in the scope of a given 

respondent. The average value was 0.138, and the average value for all respondents did not exceed 0.061. 

This indicates a low convergence of these answers. 
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3. DELIVERY QUALITIES AFFECTING CUSTOMER SATISFACTION 

Based on a brainstorming, four delivery attributes influencing satisfaction were selected and then subjected to 

examination (Table 1). The distribution of attributes related to delivery was divided on the basis of gender, as 

studies, among others Cebula [20], Jurowczyk [21], indicate significant differences in the shopping satisfaction 

of both men and women. 

Table 1 Arithmetic mean of the satisfaction level 

Arithmetic mean 

 

Delivery 
cost 

The ability to 
monitor the 

delivery of the 
product directly 

from the moment 
of registering the 

purchase 

Delivery 
place 

Delivery 
time 

Easy 
return 

rejected of 
goods 

women 4.25 4.00 4.17 4.33 4.33 

men 3.88 3.38 4.13 4.75 4.50 

The delivery directly affects the level of customer satisfaction in the e-commerce market, and selected delivery 

features have been chosen properly, which shows average satisfaction weights from 3.38 to 4.75 on a five-

point scale. In terms of delivery features analysis, it should be noted that men and women declare different 

expectations and preferences. For both women and men the most important feature is the delivery time and 

easy return of a rejected product. This information is important for the managers of online shops, because it is 

necessary to take steps to ensure a convenient time of receipt of the parcel, and allow immediate return of the 

goods. 

The cost of delivery, as an very important attribute of shopping satisfaction has failed to be confirmed. The 

study shows that women pay more attention to this factor (third place among women -4.25 points). However, 

men pay more attention to the place of delivery (4.13 points) than to the cost (3.88 points). Perceiving delivery 

through the cost relation is only one of the determinants of the satisfaction. Customers expect rather the option 

of choosing the right pickup time, and monitoring delivery in this attribute group is in the last place.  

In order to get a better look at which factors are related to each other, a data analysis was carried out, which 

determined the correlation between the level of satisfaction between selected factors with the division of groups 

with respect to gender. The Statistica program was used for the research. The analysis of the correlation of 

individual factors affecting the satisfaction level was carried out with the probability of I error type at the 0.05 

level of significance. The results of the correlation matrix are presented in Tables 2. 

The correlation analysis gave the possibilty to explain some phenomena. The ability to monitor delivery is 

strongly correlated with the place of delivery (0.92) and with ease of return (0.77). Men, as individual clients, 

have the ability to control the flow of goods in the chain system. The more important the delivery time is for the 

customer, the more important are the monitoring activities of the parcel. The same happens when the customer 

is more interested in the return, then he also pays attention to the possibility of monitoring. The monitoring the 

product delivery is strongly correlated with the delivery time (0.579). This situation is typical for a modern 

customer who has limited time and thus may have difficulties with receiving the parcels. The authors believe 

that these features of satisfaction should be particularly taken into account in cooperation with courier 

companies, because the couriers 'working time coincides with the time of their clients' work, as the latter may 

have a problem with receiving the parcel. 

Another interesting issue is goods return, which is negatively correlated with the cost, place and time of 

delivery. Considering this phenomenon, we can assume that women have demonstrated a certain 

reasonableness, since easy return of goods is an important factor affecting the satisfaction of women (Table1), 
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so place, time and even costs related to the collection of goods are less important for them. This is valuable 

information for e-commerce entrepreneurs, because it proves that the possibility of easy return will allow for 

greater flexibility of time and place of delivery, and even related costs, without affecting the level of satisfaction. 

Table 2 Correlation matrix for men and women. 

 

 

 

 

Variables 

Correlations (men) 

Marked correlation coefficients are significant from p < .05 

N = 8 (Lack of data was removed by accident) 

Correlations (women) 

Marked correlation coefficients are significant from p < .05 

N = 13 (Lack of data was removed by accident) 

Mean Standards 
deviation 

Deliver
y cost 

The ability to 
monitor the 

delivery of the 
product 

directly from 
the moment of 
registering the 

purchase 

Deliver
y place 

Deliver
y time 

Easy 
return 

rejected 
of goods 

Delivery cost 

men 3.875 0.835 1.000 0.683 0.641 0.647 0.340 

women 4.231 0,.832 1.000 0.000 0.060 -0.147 -0.460 

The ability to 
monitor the 
delivery of 
the product 

directly from 
the moment 

of registering 
the purchase 

men 3.375 1.598 0.683 1.000 0.924 0.531 0.769 

women 4.000 0913 0.000 1.000 0.305 0.579 0.185 

Delivery 
place 

men 4.125 0.835 0.641 0.924 1.000 0.462 0.566 

women 4.154 0.899 0.060 0.305 1.000 0.498 -0.253 

Delivery time 

men 4.750 0.463 0,.647 0.531 0.462 1.000 0.000 

women 4.308 0.630 -0.147 0.579 0.498 1.000 -0.052 

Easy return 
rejected of 

goods 

men 4.500 0.756 0.340 0.769 0.566 0.000 1.000 

women 3.846 0.987 -0.460 0.185 -0.253 -0.052 1.000 

To make it easier to increase flexibility, it is necessary to conduct research on waiting period extent for the 

product, acceptable for an individual e-commerce customer. For this purpose, a detailed analysis of the 

delivery time acceptable for the customer (Figure 1) was made. 

The analysis of the acceptable waiting time for a shipment allows us to draw several conclusions. First of all, 

women are more impatient customers, that is, they experience shopping satisfaction when they do not have 

to wait long for an ordered goods. As many as 31 % of women declared that the maximum time in which they 
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are able to accept is to receive an order up to 3 days. But also 23 % of women surveyed declared the possibility 

to accept the order if delivered within 14 days. 

 

Figure 1 E-commerce clients acceptable waiting period for the goods delivery. 

However, men are able to wait up to 30 days (this time 25 % of them accepted it), but 13 % also declared that 

waiting time up to 3 days is acceptable. 

Secondly, a group of respondents, both men (75 %) and women (69 %), think that the time up to 7 days of 

waiting for the order is optimal. Summarizing, in the group of individual customers surveyed, delivery time is 

an important feature of delivery, however the acceptability of this time varies. Men can wait up to 30 days, 

women up to 14 days. Such conclusions may affect the managers handling the supply chain to match their 

offer individually, depending on the client's gender. 

4. CONCLUSION 

Supply chain management is a tool that directly affects the satisfaction on the e-commerce market, but also 

the purchase itself. The e-commerce market is characterized by a high level of intangibility, which forces 

entities acting on to improve the quality of sales, so that the customer felt satisfaction with the selection of the 

sales channel. Delivery is a factor that is a challenge for the entire supply chain. The individual customer is 

particularly susceptible to delivery-related disturbances, which is why it is important to learn the features of 

delivery, which have a particular impact on the level of satisfaction of individual customers. In the conducted 

study, particular attention was paid to the separateness of the perceived level of satisfaction by women and 

men, and thus separate adjustment of determinants of delivery to both sexes, so that it would be satisfactory 

for them. 

The paper attempts to identify factors that distinguish gender identity and are important from the point of view 

of supply chain management e-commerce. It becomes very obvious that this subject is a huge field for further 

scientific research related to, among other things, a different attitude to the product, ecology, or responsibility 

and management. 

This work is exploratory and aims to draw attention to fixed delivery attributes. The relatively small size of the 

research sample does not allow generalization of results. Future research should be based on a larger sample 

and, in addition, increase the number of features describing the level of satisfaction and apply multi-indicator 

latent variables.  
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Abstract  

Organising and coordination of goods and people transportation is the main area of city logistics and should 

be included in a policy pursued by city authorities towards various city space users. Unfortunately, as far there 

is a lack of comprehensive approach on passengers and freight flows therefore in different issues they are 

treated separately. So, the strong need is worth noting to seek the best solutions leading to achieve city 

logistics goals and included in the people and goods transportation assumption.  

The main aim of my research is to find out which crowd logistics solutions are most effective and satisfying 

from the point of freight and passengers flows improving. The presented study is mostly based on interviewing 

main stakeholders engaged in city transport system problems: managers of transport and forwarding 

companies, passengers transport companies and city boards representatives. Moreover, the research is based 

on the analysis of practical crowd logistics solutions and publications prepared by city logistics associations. 

In the theoretical part of the study, author uses existing materials from public resources. The findings of the 

research are gasping to present the advantages of integrating passengers and freight transport towards city 

logistics goals. The worth noting is that to advance operational integration of people and goods transport 

services, integrating at the business and institutional levels in this area are required.  

Keywords: Crowd logistics, city logistics, passengers and cargo flows 

1. INTRODUCTION 

Urban development, encouraged by increase in number of cities inhabitants, has brought several imbalances 

in cities. Cities must now start on a process of transformation by implementing new strategies to meet the 

challenges of urbanization, demographic change and the new demands of protecting natural environment. 

Therefore, it is really crucial to plan and manage cities’ expansion by supporting economic growth and 

competitiveness meanwhile maintaining social cohesion and environmental sustainability.  

Traditionally, the flows of people and goods within the urban areas are treated separately, although both shares 

the same infrastructure and influence each other. It can’t go unnoticed the main advantages of the city transport 

system development may result from the integration of passengers and cargo transportation within the urban 

areas. Although, several authors discuss the benefits of such an integration, there is still a lack of this approach 

in the literature. Caring for the flows of goods and passengers through integrated urban logistics strategies 

should be a determinant of urban management. Thus, city logistics is a very important concept aimed at the 

integration of existing flows in order to solve city management problems. city logistics may be also defined also 

by aims, being identified as [1,2]: 

 improving quality of life, 

 improving the flows of people and goods, 

 protecting the environment. 

What is worth noting, urban logistics requires a deep commitment from all stakeholders engaged, such as: 

authorities, shippers, freight carriers, public transport operators, and other participants, representing different 

aims and expectations towards urban logistics.  
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The main purpose of the paper is to indicate the crowd logistics initiatives that increase urban transport 

sustainability in the area of goods and people flows. In order to reach the point, following research questions 

have been conducted: 

RQ1 - Which crowd logistics solutions are the best choices from the perspective of the stakeholders‘ aims? 

RQ2 - Which crowd logistics solutions in the best way fulfill the sustainability assumptions consisting of the 

social, effectivity and environmental issues? 

The process consists of desk research - systematic literature review within the area of city logistics, crowd 

logistic and share economy, and field research - semi structured interviews with the representatives of city 

logistics stakeholders.  

2. STAKEHOLDERS IN URBAN TRANSPORT SYSTEM 

Congestion and environmental problems caused by passenger and freight transport may be observed in many 

European cities. For many years such problems were mainly discussed from a narrow perspective of private 

stakeholders [3]. Public authorities were working within their own area mainly concerning internal effects of 

transport businesses. Because of a lack of holistic point of view, all parties involved in urban transport system 

were treated as a whole [4]. Cooperation in urban management process in the way to improve flows within the 

urban areas is essential. Thus, there is a strong need to identify all stakeholders engaged in urban transport 

system, that should be included in the cooperation. Heterogeneous stakeholders operating in cities, in fact, 

interact, both competing and cooperating, but are characterised by different objectives (Table 1) [5]. 
Stakeholders can be generally described as those who are interested in the decision to be made, even if they 

are not the final decision-makers or they don’t play a formal role in the decision making process [6]. The 

stakeholders pertain both to the private and public sphere and can be divided into several main groups [7]: 

 authorities, 

 shippers, 

 freight carriers, 

 public transport operators, 

 residents, 

 other traffic participants. 

Within the authorities group the following stakeholders can be distinguished [8]: the local government, the 

national government, and for some issues even the European Commission. The local authorities focus on an 

attractiveness of a city. They are mainly interested in the reduction of congestion and environmental nuisances 

and also in increasing safety of road traffic. From that perspective urban freight transport can be considered 

as a main contributor of pollution and nuisance. On the other hand, the local authorities aim in having an 

effective and efficient transport system. So, they are the stakeholders that mostly consider urban transport 

system as a whole. Thus, their main scope should focus on resolving problems between others actors engaged 

in urban transport system National authorities are usually rather only marginally involved in urban freight 

transport as it is mainly seen as a local matter. However, the interests of national authorities (such as reducing 

congestion and externalities at a national or regional level) affects many urban freight transport operations as 

well as local authority policies. 

Shippers generate freight demand, so their role is organizing freight transport from shippers to receivers. They 

are all driven by private interests. Shippers send goods to other companies or persons and are often not 

located in the city - as a result they usually do not feel responsible for urban freight transport issues. Their 

scope is to maximise their levels of service in terms of costs and reliability of transport. Shippers can be owners 

of the freight or they can be just responsible for hiring a carrier [9]. Freight carriers usually aim at minimising 

their costs by maximising the efficiency of their pick-up and delivery tours, and they are expected to provide a 
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high level of service at low cost. There is a trade-off between a high level of service and the efficiency of freight 

vehicles loads [10].  

Transport operators are the stakeholders carrying out urban freight transport, but in many cases they are 

restricted by boundaries set by others - for example, opening hours of stores or designated time windows to 

make the deliveries. What is worth noting - transport operators are often active in a geographically larger area 

than the city [11].  

Public transport operators are most commonly owned by the municipalities but in details it depends on the 

model of the public transport adopted in the urban transport system. That’s why in the most universal models, 

they had options of performing the services themselves, or contracting out the service to private companies. 

In practice it means the public transport services may be provided by a mixture of private and publicly owned 

companies [3].  

City residents and city users are the people who live, work, and shop in the city. Residents can experience 

nuisance by urban freight transport as smell, noise nuisance, or vibration, so they are interested in most 

sustainable urban transport system [10]. The group of other traffic participants consists of vulnerable road 

users as cyclists and pedestrians that share the same infrastructure as freight transport vehicles especially in 

the urban area, and of passenger vehicles that are hindered by double-parked trucks involved in loading and 

unloading at the kerbside or on the road. As well visitors and tourists can be included into this group. They are 

also affected by urban freight transport only to a minor degree. Taking into account, having an attractive city 
which tourists and visitors want to visit is important, and there is therefore an interest in minimising nuisance 

by urban freight transport [12]. 

Table 1 Objectives of main stakeholders’ groups in city logistics area 

      Objectives in the        area of city logistics 

Stakeholders Social Effective Environmental 

Authorities    

Shippers    

Freight operators    

Public transport 
operators 

   

Residents    

Other traffic participants    

3. CROWD LOGISTICS CONCEPT 

Crowd sourcing relates to the global sharing economy that has changed a lot a way of using different goods. 

Sharing economy is a trend involving sharing, lending and exchanging of products and services [6]. Users get 

temporary access to resources, services or competences of other units when they are not fully utilized. 

Contemporary sharing economy is implemented primarily through online platforms, and is based on mutual 

trust [13]. Nowadays, this model is gaining popularity and its main part is engaging a wide range of people 

(mostly using new technologies) in a given project [14]. This approach has a huge potential to rise, just because 

it is used in many different areas of life, also in business. The development of various initiatives within the 

crowd sourcing is conditioned by the development of modern technologies and available in various fields and 

areas. Along with the technological progress in the digital sphere, one can observe the development and 

adaptation to new trends in urban areas. Cities begin to operate in accordance with the idea of cities 4.0, which 

are based on the innovations in digital techniques, especially in the field of automatization [15]. The most 
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popular areas of the economy of sharing in cities are, for example, the energy area, offices renting, parkings, 

warehouses, goods, knowledge and data [15]. One of the most important areas, however, is mobility and 

transport.   

Crowd logistics is alternatively termed as crowdshipping, crowdsourced delivery, cargo hitching or 

collaborative delivery [16]. Due to the novelty of crowd logistics concept and the fact different crowd logistics 

solutions are still in motion, knowledge on the actual state and impacts of such solutions is limited [17]. Crowd 

logistics is a concept of sharing in transportation, that aims to improve efficiency and sustainability of the way 

objects are moved, stored, supplied and utilized across the world by applying concepts from internet data 

transfer to real world shipping processes. Moreover, crowd logistics relates to a network because technology 

enables passengers to use the capacity in their vehicles more efficiently, by carrying parcels for others [16]. 

According to quite comprehensive approach, several conditions within crowd logistics concept have to be 

fulfilled: technological infrastructure, free capacity, crowd network, compensation, voluntary [18]. So the crowd 

logistics can be defined the as “an information connectivity enabled marketplace concept that matches supply 

and demand for logistics services with an undefined and external crowd that has free capacity with regards to 

time and/or space, participates on a voluntary basis, and is compensated accordingly” [16]. 

4. CROWD LOGISTICS SULUTIONS IN PRACTICE    

Crowd logistics initiatives can be applied within different crowd-sourced serviced. Most popular solutions can 

be distinguished within (Table 2) [18]: 

 services for people mobility, 

 services for freight delivery, 

 cargo-hitching services. 

It is very important to highlight that pure crowd logistics activity should use existent flows - it’s one of the 

necessary conditions of this phenomenon [19]. If existent flows are used for services fulfilment, this will 

contribute to more sustainable city logistics. However, many popular platforms, especially for transportation of 

people, operate as on-demand transportation services, thus fulfilment is realized by creating new service, 

rather than exploiting existent ones [16]. 

Table 2 Practical crowd logistics initiatives 

 Crowd  logistics solutions 

 People Goods Integrating  

Using existing 
flows 

InOneCar, Blablacar 

(P1) 

Jadezabore, Roadie, Hitch 

(G1) 

KombiBus 

CargoHirtching 
Netherland 

(I1) 

Creating new 
services 

Uber,Lyft 

(P2) 

Instacart, GrubHub, UberEats, 
Foodora 

(G2) 

 

- 

Using joint 
infrastructure 

 

- 

 

- 

CargoTram Zurich, 
CargoTram 
Amsterdam, 

CarGoTram, TramFret 

(I3) 

Within people mobility, two groups of most common crowd logistics initiatives can be met. The first one is 

represented by Uber or Lyft - most popular examples of crowd-sourced initiatives. As well, we can find solutions 

where existent flows are used for people transportation. BlaBlacar, InOneCar can be included in this group. In 
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these cases, people plan to travel together with the selected driver on special platforms or using dedicated 

applications. The advantages of such solutions are achieved by both sides, they are mainly economic as well 

as social. In addition, this way of traveling gives external effects in a smaller number of vehicles on the road, 

and by reducing congestion as well as CO2 emissions. Within crowd-sourced goods deliveries main types of 

offered services consist of door-to-door or store-to-door deliveries. American cities are the leaders in the 

implementation of this type of projects. In this area, both parties - the customer and the company - are 

associated on internet platforms, where the inquiry regarding the delivery is placed and potential contractors 

of the service are in touch. The most popular examples of crowd-sourced deliveries services are Hitch and 

Roadie. Hitch allows shippers to post requests for items they want picked up and delivered, and travellers to 

announce journeys they plan to undertake. Roadie is a step further and continuously monitors the movements 

of its “roadies” and uses machine learning algorithms to recognize travel patterns and automatically identify 

travellers that can serve requests posted by shippers. Store-to-door deliveries are focused on B2C market. 

Some retailers, as Zalando, Wallmart offer same day deliveries, using crowd-sourced delivery as well as 

courier services. Another kind of store-to-door delivery can be found in grocery or restaurant food deliveries. 

Instacart, GrubHub, UberEats or Foodora allow their customers to select a restaurant or retailer from which 

they want to purchase and then couriers pick up delivery or meal to the customer’s home. Among crowd 

logistics areas the greatest development potential is in cargo - hitching solutions. The most efficient delivery 

services can be offered within integration of freight and passengers transport (KombiBus, Cargohitching - 
project applied in Netherlands). Cargo-hitching is a kind of concept where spare capacity available in public 

transport is exploited. In the first stage, city buses are used to transport goods from distribution centres to bus 

stops and then, in the second stage, goods are transferred to city freight distributors to be delivered to the end 

customer [2]. Problems with scheduled timetables is eliminated in the case of taxi services. In other concepts 

just the infrastructure of public transport is used (CargoTram concepts in Zurich, Amsterdam, France). 

5. CROWD LOGISTICS SOLUTIONS FROM THE PERSPECTIVE OF THE MAIN STAKEHOLDERS’ 

AIMS 

City logistics is a concept aiming mainly at the integration of research flows. In order to achieve such goals, 

involving different groups of stakeholders, engaged in city logistics issues is necessary. (Table 3) 

Table 3 Crowd logistics solutions from achieving the stakeholders’ goals perspectives 

 Crowd  logistics solutions goals  

 Social Effective Environmental Most 
appriopriate 

solutions 
Specific 

characteristics 

        
Stakeholders 

S1 S2 S3 Ef1 Ef2 Eff3 Ef4 En1 En2 En3 En4  

Authorities P1 P2 
G1 I1 

P1 
G1 I3 

G1 
G2 I1 

 
 

 
 

 
 

 
 

P1 G1 
I1 

P1 G1 
I1 G2 

P1 
G1 

P1 G1 
I1 

P1 G1 I1 

Shippers  
 

 
 

 
 

P2 G1 
I1 

P2 
G1 

P2 
G1 

P2 
G1 

    P2 G1 

Freight 
carriers 

   G1 I1 
I3 

G1 G1 
I1 

G1     G1 

Public transport 
operators 

P1 P2 P1 
G2 I1 

I3  

P1 
G2 

        P1 

Residents  P1 P2 
I1 G2 

P1 
G1 

G2 I1 

G2 
G1 
P1 

    P1 G1 
I1 I2 

P1 G1 
I1 G2  

P1 
G1 

P1 G1 
I1 

P1 G1 I1 

Other traffic 
participants 

P1 P2 
G2 

P1 
G1 

G2 I1 

G2 
G1 
P1 

    G2 I1 
I2  

P1 I1 
G22 

P1 
G1 

P1 G1 P1 G2 

Most 
appriopriate 

solutions 

P1 P2 
I1 

P1 
G1 

G2 G1 I1 G1  G1 G1 I1 P1 I1 P1 
G1 

P1 G1  
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Every of them represents various scopes and preferences, almost always difficult to reconcile, bit it couldn’t 

be find as a barrier to cooperation in city transport system improvements’ implementation processes. Taking 

into consideration main scopes’ areas, regarding social (more specific characteristics distinguished within 

social area are: local accessibility S1, traffic safety and traffic noise emission S2, health benefits S3), effective 

(characteristics within effectiveness area are: cost savings Ef1, sufficient partnership Ef2, geographical scale 

Ef3, sufficient ammount of users Ef4), and environmental (environmental issues regard: reduction in CO2 En1, 

congestion and emmisions En2, traffic safety En3, efficient usage of loading space En4) issues and more 

specific characteristics distinguished between them, practical crowd logistics initiatives (Table 2) which are 

most possibly ways to solve urban logistics system problems, were indicated.  

6.  CONCLUSIONS  

This paper is intended to contribute to the development of city transport system solutions with the aim to 

minimize all negative impacts. In order to ensure and organize a more efficient, sustainable and ecological 

transport processes within the cities, the integration of passengers and cargo flows within the urban areas 

should be planned and implemented. Congestion, air pollutions and noise problems are the most visible issues 

faced by urban system participants.  

In order to achieve the main scope and verify the hypothesis, following steps have been developed. The first 

stage was a literature review within the share economy area, the role of crowd logistics in modern economy, 

city logistics and main stakeholders engaged in urban transport system. Then, on the basis of literature 
approach, the practical crowd logistics initiatives have been examined and for the needs of the paper were 

divided into main groups. On the basis of mentioned analysis, the interviews questions were prepared, and 

then have been used in practice during the interviews with representatives of city halls and forwarding and 

transportation companies within the Pomeranian region. The last stage of the research was to answer the 

research questions and obtain information about crowd logistics initiatives that are approaching the goals of 

stakeholders engaged in city transport system and from the other side - which are most satisfactory from their 

social, effective and environmental perspective.  
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Abstract 

The Cost Index CESMAD BOHEMIA is a monitoring system of cost development for Czech freight carriers. 

This Index is based on the methodology of the Dutch company NEA and the methodology of transport experts 

from the Czech Technical University. Cost Index CESMAD BOHEMIA has a goal to give information about 

costs per kilometre for different relations in Europe and to describe general trends across freight transport 

market. The paper is focused on web application for monitoring of costs of international road freight 

transportation and on the development of basic macroeconomic indicators, which have main influence on the 

cost index (interest rate, inflation, wage developments, toll rates, exchange rate) in the period 2016 - 2018.  

Keywords: Costs, indexation, freight transportation, web application, wage rate, toll 

1. INTRODUCTION 

The goal of creating the cost index is to capture changes in the cost of road freight carriers based on statistical 

observation of indicators of the economic system. The result is the percentage change of the costs in 

calculation units. Cost unit, i.e. the unit, by which the model calculated the internal costs of carriers, is 1 

kilometre (1 km). [1] The actual index expresses the change in costs compared to the previous period and is 
therefore expressed (both for individual types of costs and for a total cost of 1 km) in percentage (%). In terms 

of traditional classification of expenses (costing) of carriers, the cost index contains these following items 

[2], [3]: 

1. Fuel 

2. Direct material and tires 

3. Depreciation and leasing 

4. Repairs and maintenance 

5. Wages of the drivers and compulsory payments 

6. Per diem and travel allowances 

7. Tolls 

8. Other direct costs (incl. insurance) 

9. Indirect costs 

For the creation of the index it is necessary to choose the model vehicle that has the following parameters: 

 model set: tractor unit with trailer 

 weight: 40 tons (of which 24t is payload) 

 number of axles: 5 (tractor unit with 2 axles and trailer with 3 axles) 

 emission category of trailer truck: Euro V and Euro VI (the combination in relation to the transportation 

performance which are registered in toll system of the Czech republic) 

 type of trailer: tilt, low-deck 

 annual mileage: 120,000 km (10,000 km per month) 

 average fuel consumption: 30 litres per 100 km (Euro V), 28 litres per 100 km (Euro VI) 

 leasing: type - financial leasing, payback period - 5 years (60 months) 

 lifetime of vehicles: tractor unit - 5 years, trailer - 8 years 
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 acquisition price of tractor unit (excluding VAT): € 83 000 (V) and € 90,000 (VI) 

 acquisition price of trailers (excluding VAT): € 27,000 

The index is further calculated for routes to Spain, Italy, Germany, Slovakia and the United Kingdom. One 

route is internal. 

2. THE WEB APP DESCRIPTION 

The ČESMAD BOHEMIA Index is presented to the public via the web application at www.indexcesmad.cz. On 

the home page (see Figure 1), the user finds the individual index options described in the previous first chapter. 

Here is the option to choose route, emission standard, fuel costs, and toll costs. The user also chooses the 

range of periods for which the index is to be set. Based on the user-specified option, the appropriate values of 

the given index variation in the implementation of iQ (Quarterly index) and iB (Base index) are immediately 

displayed. For selected index variants, it is possible to display a chart of development of index trend, which is 

compiled in cooperation with the website of traffic data: www.ioda.cz. 

 

Figure 1 The home web app page offers sufficient possibilities for index calculation 

 

If the user is interested in more detailed values for each index folder, they can be displayed for each period by 

clicking on the Detail button. (see Figure 2). 

A share of different 

items in the index

Quarterly index

Base index

Fuel Material Vehicle acquisition Repairs Wages Per diem costs Toll Other Overheads Total  

Figure 2 Index components divided by the types of the costs 
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Index components divided by the types of the costs display 9 basic index components: fuel (1), material (2), 

vehicle acquisition (3), repairs (4), wages (5a), per diem costs (5b), toll (6), other (7), and overheads (8). Index 

component values are set for iQ and iB. Additionally, it also shows a share of different items in the index in the 

percentage. If the user does not enter an optional component (e.g. Fuel) in the index variant selection, there 

is displayed and proportionally calculated only the limited selected set of index components (see Figure 3), 

where the Fuel (1) and Toll (6) components are missing and the index is calculated without them. 

 

Figure 3 Selected view of a limited set of index components 

For a continuous index determination in the current period, for example, for the last quarter, some components 

of the index may only be preliminary since some components of the index are already known as final, but 

others are only to be estimated by the time of publication of the final data. This applies, for example, to the 

Wages component (5a) in which the data base for its final determination are known with a certain time delay 

compared to the data base of the other components. If the index values are only preliminary, the user is notified 

by the red coloration of the given value (see Figure 4). 

 

Figure 4 The display of preliminary index values due to the absence of final data of the component  

„Wages“ (5a) 

3. DEVELOPMENT OF COSTS IN 2018 

What the results of the cost index show in the last period. After the phase, when the costs had fallen (ca. until 

mid-2017), this year there was a significant turnover and increased international freight transport costs faster 

than in the past. [4] In particular, in the third quarter of 2018, four basic trends met: 

 rise in prices of fuel, their growth started in 2016, then slowed down in 2017 by strengthening the Czech 

crown (see Figure 5), [5] 
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Figure 5 Development of fuel prices (source: Eurostat) 

 growth in interest rates, if we follow the 3M PRIBOR indicator, which is used to determine the interest 
rates of various financial products, has risen approximately fivefold since mid-2017 (Figure 6), [6] 

 

Figure 6 Rate development 3M PRIBOR (source: Czech National Bank) 

 Intensive drivers´ wage growth, increase on average by about 3 % per quarter, the basic wage growth 
index of truck drivers compared to Q1 2015 is 1.45, i.e. a 45 % increase. [7] The growth of truck drivers' 

wages is captured in Figure 7. [8] 
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Figure 7 Drivers' wage growth (source: ISPV, Index ČESMAD) 

 weakening of the Czech currency (CZK), which is not significant, but the assumption that the CZK should 
steadily strengthen after the end of CNB interventions is not fulfilled in the last two quarters. There is no 

reduction in the cost of purchases made abroad (in particular tolls). [9] 

 

Figure 8 Drivers' wage growth (source: ISPV, Index ČESMAD)  

The value of the base index (Figure 8) is higher for the domestic route and for the route to Slovakia, as there 

is no effect of strengthening the Czech currency between Q2 2017 and Q2 2018 for purchases abroad (e.g. 

toll payments). In the third quarter of 2018, the high values (around 5 %) reached a quarter-on-quarter index, 

in sharp contrast to the month-on-month inflation, which was around zero. Specific values for individual routes 

are shown in Figure 9. Year-on-year (i.e. when comparing costs in Q3 2018 and Q3 2017, the index reaches 

10 %, which is also the anticipated increase in prices for Czech carriers in 2019. 
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Figure 9 Values between the quarterly index ČESMAD BOHEMIA in Q3 2018 - against Q2 2018  

(source: Index ČESMAD) 

4. CONCLUSION 

Through the cost index, the costs of international and domestic transport are monitored from 2014. In 2016, a 

web application was launched, which, besides its own index values for particular routes, also includes 

comments on developments in individual quarters and cost indexing methodology. In 2018, the cost of road 

haulage has increased significantly, by an average of five percent during the third quarter. The main reasons 

include the strong growth in drivers' wages, rising fuel prices and, last but not least, the rise in interest rates. 

Even the exchange rate of the Czech currency, the strengthening of which ended in the second quarter of 

2018, has a negative impact on carriers' costs. 
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Abstract  

Production companies in today's economic environment are undertaking many activities leading to increasing 

their competitiveness. They participate in complex processes of logistic chains that largely affect their 

relationship with the market environment. Logistic strategies play an important role by binding together the 

objectives in the area of supply, production and distribution. The author analyses the distribution system of a 

production company in the aspect of formulating its logistic strategy. This is one of the most important areas 

related to managing relations in the supply chain and thus strengthening the competitive position on the 

market. The analyses and research presented in the article were conducted on the basis of statistical data and 

information obtained directly from the enterprise. On this basis, strategic options for the development of 

logistics activities were formulated.  

Keywords: Management, strategy, logistics 

1. INTRODUCTION  

The area of distribution is necessary to ensure the cohesion and appropriate functioning of an enterprise. 

Manufacturing companies with a wide assortment of goods require a well-built network of intermediaries in 

order to supply goods to the widest group of clients possible. The prerequisite of attaining profit from sales is 

the fulfilment of the requirements of clients in terms of the quality of the goods and offering the consumer a 

product at the appropriate place and time. Currently enterprises build their sales networks on the basis of 

distribution channels. Few firms decide on the simplest form of distribution channels, namely direct sales. This 

first and foremost is the result of the possibilities of reducing the costs of supplies, shortening the time of the 

execution of orders, reaching a greater number of consumers, as well as increasing the familiarity of the 

trademark among the clients. The appropriate management of the sphere of distribution brings the expected 

profits and provides the potential opportunity to increase the group of clients. Enterprises have been trying to 

base the policies of their companies on strategic management for decades. The people who manage 

enterprises whose business activity encompasses a wide area of production, distribution and supplies are 

forced to correct problems of location, time and the costs of business operations. The implementation of a 

logistics strategy becomes obvious as it may help in terms of the general management of an enterprise and in 

particular to enhance the competitive advantage. A correctly formulated strategy for the development of the 

distribution network strives towards ensuring the efficient flow of goods between manufacturing units and 

consumers, while also strengthening the position of the enterprise on the market. The aim of the herein paper 

is to conduct an analysis of the current system of distribution in a footwear manufacturing enterprise and to 
formulate the strategic variants that facilitate its development.  

2. STRATEGIC MANAGEMENT AND POSITION OF LOGISTICS STRATEGY IN MANAGEMENT OF 

AN ENTERPRISE  

Contemporary enterprises constantly ask themselves the question of how to adjust the functioning of the 

enterprise to the current requirements and social needs. By taking account of the consumer trends in the 
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environs of modern-day firms operating on the market, it is necessary to focus on the process of shaping their 

ties. Its aim is to create a model of strategy that is not only capable of keeping up with the identified situation, 

but is able to have a significant advantage over it [1].  

The principal aim of each enterprise is to achieve the intended economic aim. By observing the economic 

changes occurring on the markets over the past few years, it is necessary to bear in mind that the achievement 

of the intended goals and stable development constitutes a big challenge for firms. It is increasingly difficult to 

foresee the occurrence of fluctuations and modifications that have an impact on the pace of growth, the degree 

of impact and dependency between the processes. This refers to the strategic approach, while also 

concentrating on overcoming the difficulties of the existence of a firm at the same time, while also creating new 

ideas for business operations. Strategic management is to help with the attainment of a market position in 

difficult market conditions. This constitutes an intricate, multi-directional, multi-phase and multi-level process 

in the creation of a strategy that is to guide the development of the firm over a long-term perspective, while 

availing of the potential opportunities, as well as avoiding threats [2].  

Strategic management has been defined on the basis of the general definitions of management. The term 

management first and foremost relates to the very essence of an enterprise, the principles of its functioning 

and focuses on the internal environment of the particular organization [3]. The strategic aims of an enterprise, 

while also the manner of their achievement (the strategies) refer to the areas of functioning that are usually 

key to the development of the enterprise" [4]. Strategic management should be perceived as the sequence of 
activities which include planning, organizing, managing, controlling and verifying the organization and 

execution of the intended strategic goals of the enterprise [5]. According to G. Gierszewska and M. 

Romanowska, strategic management is a process consisting of the following three phases: analysis, planning 

and management, which is understood as a stage in the realization of strategies. By developing this notion in 

terms of the stages of creating strategy, it is necessary to include the following [6]:  

 analysis of the current situation of the firm on the market, thus enabling the definition of the factors that 

have an impact on the environment of the enterprise, 

 formulation of the aims, missions and visions of an enterprise, thus defining the development concepts, 

 implementation and control of the implemented strategy of the enterprise.  

Basic elements of strategic process shown in Figure 1. Strategic analysis relates to the analysis of the current 

and future changes and their impact on the environment of the enterprise and its potential with the aim of 

defining the opportunities of development and the future competitive position. This constitutes the main 

element of strategic management that has an influence on the structure of the effective strategy of operations. 

 

Figure 1 Elements of strategic process [7] 

In the general analysis, the strategies of an enterprise may be distinguished by a group of integrated methods, 

which present a set of factors of the environment with an analysis of the interior of the organization. The most 

popular integrated method is the SWOT analysis, thanks to which the attributes and weaknesses of a company 

are viewed in terms of the conditions of opportunities (possibilities) and threats created by the environment [8].  
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A strategy is a concept of the functioning of an enterprise in a future time period, while taking account of the 

changes that may occur in both the external and internal environment of the firm. This encompasses the 

activities that are of key significance with the aim of acquiring the desired competitive advantage. An enterprise 

that wants to develop in times of fluctuating conditions should prepare and implement strategies at different 

levels of management. The prepared strategy gives rise to the procedure of activity for the particular sectors 

of the enterprise. In this manner, the strategy of the firm is formed, which encompasses the strategy at the 

highest level of management and is of the highest importance in the context of the management of the 

enterprise [9]. An organization that wants to successfully execute its strategy should divide its basic strategy 

into the particular functions of an enterprise, such as the following: marketing, production, sales, finance or 

logistics and ensure the integrity between these functions.  

A logistics strategy is one of the types of functional strategies. These are based on the strategies of an 

enterprise and render the achievement of the aims of the enterprise in the sphere of logistics possible. They 

provide the possibility of preparing optimal solutions in the area of planning, relocating resources, organizing 

distribution, while also shaping ties with suppliers and clients. Combining these strategic concepts causes the 

fact that the general strategic assumption of logistics management is directed towards the formulation of the 

strong development of both the logistics areas of the enterprise and the preparation of the strategic plans [10]. 

Figure 2 presents the position of logistics strategies in the shaping of the competitive advantage of the 

enterprise. 

 

Figure 2 Logistics strategy as an element of achieving a competitive advantage [11] 

Out of the existing logistics strategies with regard to the historical aspect, it is possible to distinguish two 

orientations as follows: strategies based on the actual demand (pull approach) and strategies based on the 

predictions of demand (push approach) [12]. Logistics strategies are variously defined and perceived 

depending on the needs of the organizations, their environment and subjectivity of the creators. One of the 

concepts of identifying various dimensions of logistics strategies is presented in the work of Autry, C.W., 

Zacharia, Z.G. and Lamb, C.W. [13]. On the basis of the research conducted, they distinguished two 

fundamental types of strategy, as well as the associated logistics activities: [14] 

 The strategy of functional logistics (FL): management of resources and orders, while also the order of 

processing, supplies and storage. 

 The strategy of externally oriented logistics (EOL): coordination and cooperation of activities, socially 
responsible logistics, strategic planning of distribution, while also technological and IT systems. 

 The additional three areas of logistics activities, which did not have significant differences in terms of 

the enumerated strategies: customer service, operational control and management of transport. 
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In the table below, the main logistics strategies that match the chosen logistics factors have been presented 

(Table 1). 

Table 1 Modern logistics strategies [15] 

Dominant logistics visions 

Minimization of 
costs of logistics 

High and differentiated 
level of customer 
service 

Shortening of 
cycle of execution 
of orders 

Lean Logistics Integrated 
supply chain 

Virtual and 
agile logistics 

Sample modern logistics strategies  

Concept of logistics 
costs, analysis of 
trade-off, logistics 
controlling, VMI, 
cross-docking 

Perfection in the 
execution of orders, 
standards of customer 
service, CRM, logistics 
audit, perfect service 

JiT system, cross-
docking, faster 
reaction system of 
Q-R, AI, ECR 

Logistics 
outsourcing, 
reengineering, 
deliveries in 
"sucking" 
system 

Q-R, ECR, 
EDI systems, 
strategic 
partnership, 
CPFR 

Electronic 
platforms 

The choice of the appropriate logistics strategies is determined by the conditions of the potential of the 

enterprise, as well as the market conditions facing the organization. When creating and implementing the 

logistics strategies of an enterprise, it is necessary to take account of good planning and the effective execution 

of the assumed activities by simultaneously constituting an important part of the basic strategy of the 

enterprise. This must refer to the areas of production, supplies, storage, transport or distribution and must be 

coordinated in terms of time and space. Strategic and operational management also relate to the area of the 

logistics of production, in which medium and long-term decisions are taken that lead to the creation of the 

appropriate conditions of production [16]. 

3. ANALYSIS OF THE STRATEGIC DISTRIBUTION SYSTEM OF A FOOTWEAR ENTERPRISE  

The leading area of production of footwear in the world is currently Asia, which has almost 90 % of global 

production. The giant among these manufacturing countries is China, which in 2014 produced approximately 

14.6 billion pairs of shoes. In Europe, 40 % of global production of footwear is sold. According to the report by 

the World Footwear Yearbook [17], Poland managed to achieve 15th position in 2016 (0.9 % share in global 

exports) in the ranking of the largest exporters worldwide. In 2016, the quantity of footwear imported amounted 

to 7,310,200 PLN, in which exports amounted to 5,509,500 PLN. This simultaneously signifies a deficit with 

relation to Polish goods. Despite this fact, the situation of exports to other EU countries looks much better, as 

in 2016 footwear worth up to 1018 million euro was exported there [18]. 

The analysed enterprise is one of the largest producers of waterproof and specialized footwear in Poland. The 

firm has several key competitors on the Polish market that may have an impact on their sales level. Its products 

are available all over the country which encompass supplies via retail shops, as well as large wholesale shops. 

Direct sales and indirect sales are conducted where utility footwear is supplied to manufacturing plants. The 

basic foundation of the efficient functioning of the enterprise and the attainment of profits is the effective system 

of distribution that ensures effective contact with purchasers. The enterprise exports approximately 50 % of 

the total amount of its own production.  

3.1. Research methodology 

Strategic SWOT analysis is the fundamental and the most well-known method worldwide in terms of the 

subjective and precise evaluation of the situation of the enterprise, thanks to which it is possible to create the 

appropriate strategy. Of the currently known strategic analyses, it is the only comprehensive analysis that 

simultaneously encompasses the macro-environment and micro-environment analysis, while also the analysis 

of the potential of the company. Thanks to this, it was possible to identify the strong points and weak points of 
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the enterprise, grasp the potential opportunities and threats that are derived from the environment. The 

analysis conducted facilitates the streamlining of the functioning of activities, but first and foremost the 

definition of the effective strategies that enable the acquisition of a competitive advantage. The aim of 

conducting this analysis is the choice of the appropriate strategies that the enterprise should implement in 

order to significantly improve the position of the company in the footwear sector. The SWOT analysis is 

complemented by the TOWS analysis carried out in reverse order. In the TOWS analysis one should start by 

identifying the opportunities and threats facing the company, and then comparing them with the company's 

predispositions to use these opportunities and overcome the threats. Based on the data provided by the 

company, seven factors were selected for each area (strengths, weaknesses, opportunities and threats) to 

analyze. Each of the selected factors was weighted to create a matrix for subsequent operations. These 

activities are carried out in order to look for links and interactions between identified factors.  

Table 2 Summary of the SWOT/TOWS analysis results [own study] 

Considered combination 

The results of the SWOT 
analysis 

The results of the TOWS 
analysis 

Juxtaposition                
SWOT / TOWS 

Sum of 
interaction 

Sum of 
products 

Sum of 
interaction 

Sum of 
products 

Sum of 
interaction 

Sum of 
products 

Strengths / Opportunities 56/2 8.6 44/2 7.2 100/2 15.8 

Strengths / Threats 42/2 6.15 30/2 5.0 72/2 11.15 

Weakness / Opportunities 32/2 4.85 36/2 5.15 68/2 10.0 

Weakness / Threats 32/2 4.4 29/2 4.4 61/2 8.8 

Actions taken during the analysis include the creation of extensive correlation tables by means of which the 

interaction between possible external and internal factors is investigated. Table 2 presents the summary of 

the results obtained from SWOT/TOWS analysis. 

3.2. The results of the analysis 

Analysis of this situation shall commence with the examination of the external and internal factors that have 

an impact on the situation of the company. Subsequently, a strategy matrix was created by taking account of 

the results from the summary report - the sum of interactions and the sum of products. By entering the 

appropriate positions from the set to the matrix, it was possible to read the optimal choice of strategy for the 

case under analysis. In Table 3, the results of the conducted SWOT analysis, as well as the marked 

appropriate variant for the potential strategy for implementation have been presented.  

Table 3 Strategy matrix [own study, SWOT analysis results] 

 Opportunities Threats 

Strengths 

Aggressive strategy 

Number of interactions - 100/2 

Weighted number of interactions - 15.8 

Conservative strategy 

Number of interactions - 72/2 

Weighted number of interactions - 11.15 

Weakness 

Competitive strategy 

Number of interactions - 68/2 

Weighted number of interactions - 10.0 

Defensive strategy 

Number of interactions - 61/2 

Weighted number of interactions - 8.8 

The result from Table 3 indicates that the analysed enterprise should adopt an aggressive strategy as the best 

result of the sum of interactions and their products in the SWOT and TOWS tables was achieved for this 

variant. The aggregate results achieved after conducting the analysis unequivocally indicate that with the 
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external and internal factors, as well as the defined system of weighted factors, the best of the possible variants 

for the company under analysis is the adoption of the aggressive strategy (maxi - maxi). Prior to the 

interpretation of the chosen variant of analysis, it is necessary to mention that the results of the analysis are 

merely of an auxiliary nature and do not impose any specific actions. Strategic analysis provides the possibility 

of accumulating and segregating information on the analysed enterprise, thanks to which it is possible to 

characterize and adopt the optimal strategic variant, which should be implemented and systematically 

inspected. The results of the analysis facilitated the formulation of the general strategy of development 

described in the subsequent sections of the work. The results for each area of the organization, including the 

sphere of distribution have been presented below.  

By analyzing the tables built on the basis of questions relating to the interactions between the factors, it is 

possible to state that the principal strong points, on the basis of which the strategy of the enterprise is built, 

are as follows: the high quality of the manufactured products, their own technical resources, wide assortment 

of goods, effective policies of the distribution of goods and multi-channel promotion of products. Expansion of 

the activities of the listed areas enables the utilization of the occurring opportunities, such as the following: 

implementation of new technologies of production, acquisition of new groups of clients, as well as the possibility 

of entering other markets for goods. Thanks to the synergy of its strong points and opportunities, the analyzed 

enterprise may enter new markets with its products and gain new groups of clients. With this aim in mind, it is 

necessary to control the currently operating distribution network and specify whether the distribution channels 
built bring the expected benefits. On the basis of the analysis, the variants of the development strategy of the 

enterprise, including the distribution network, were stipulated. 

4. LOGISTICS CONCEPTS IN THE STRATEGIES OF DEVELOPMENT OF NETWORK OF 

DISTRIBUTION IN THE PERCEPTION OF SCM 

The first of the possible variants is the expansion of the current structures of the distribution channels, thanks 

to the high quality of goods and the competitive price. The channels based on several intermediaries require 

the application of competitive prices, particularly with regard to the first link of the distribution chain - in the 

case of studied company, these are distributors or wholesalers. In terms of the issue of applying this type of 

distribution channel, it is possible thanks to the smooth flow of finished goods from the producer to the 

suppliers. The inventory ratio is relatively low, while the firm does not bear additional costs for the maintenance 

of warehouses. The prerequisite for the functioning of this distribution network is the execution of orders: 

 in a relatively short timescale, 

 at an appropriately low price, 

 of high quality of the manufactured goods. 

This technique facilitates taking the opportunity in the form of the expanded network of clients. This variant 

takes account of the requirements of clients with relation to the price - quality. This is also why the enterprise 

should take the opportunity to implement new technologies of production. The most effective method of 

achieving these capabilities is the gradual replacement of machines with new and more automated machines 

that provide the possibility of enhancing the quality of the goods produced. Unfortunately, this variant is costly 

and must be taken into consideration in the long-term strategy of the enterprise. Likewise, when availing of the 

maxi-maxi strategy, it is important to grasp the opportunities that facilitate the achievement of the expected 

goal. Utilizing the strong points of the enterprise, including the high quality of goods produced, their own 

technical resources, the wide assortment of goods, the multi-channel promotion of products may have a strong 

impact on the development of this area. Despite the high costs of purchasing machines, the implementation 

of new techniques and the improvement of the quality of the footwear produced may influence the growing 

number of clients, while also improve the organization of work. Increasing the number of wholesalers in the 

country may bear fruit in the growth of market share in terms of total sales via the distribution of goods to retail 
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chains. Significant growth may also be noticeable by means of the increased number of distributors in 

European countries. This provides the possibility of increasing the opportunities to enter new markets thanks 

to the location of distributors close to the countries that were not encompassed in the hitherto sales targets 

due to the following, among others: the high costs of transport, high export duty, political competences and 

cultural circumstances.   

Another possible strategic variant is the building of direct channels for the sale of products. With this aim in 

mind, the multi-channel promotion applied by the enterprise is essential, as well as a profound analysis of the 

market needs. Up to now, the enterprise has been availing of this type of distribution in the case of multi-series 

orders, while also supplying products directly to firms that utilize the products sold. With this aim in mind, the 

firm should concentrate on acquiring clients on the basis of agreements for mass production. This model is 

based on the expansion of the direct distribution channel that increases profits and control of sales. The 

enterprise is not dependent on intermediaries - wholesalers or retail shops, in which the unit price of a product 

is higher. On the other hand, the sale of products by a direct channel signifies greater costs of promotion, 

market research and the acquisition of purchasers.  

An aggressive strategy creates the opportunity to take courageous moves that may improve the current 

situation of the enterprise. One such strategy is to take over a firm with a similar production profile, or in other 

words, eliminate the threat of competition. Its strong points may facilitate such action on condition that a 

competitor can be found that could potentially threaten the development of the company, but is now in a weaker 
position with regard to the enterprise under analysis. This solution generates high costs of execution and is a 

rather risky solution at the moment of acquiring new groups of consumers. 

5. SUMMARY 

The distribution system executed in the company and the implemented strategies undoubtedly bring a 

multitude of benefits to the producer itself, as well as the increase in the level of customer service. The 

expansion of the distribution network requires the synchronization of a multitude of logistics activities. With the 

aim of finding an easier way to take steps in this direction, it is also necessary to commence activities with 

regard to eliminating the weak points that may compound the force of threats. The implementation of the 

strategies of development leads to the achievement of the intended goals, as well as helping to eliminate the 

factors that have a negative impact on the enterprise. Likewise, it may have a positive impact on the possibility 

of implementing new technologies, as well as the replacement of old machines with new ones with the aim of 

modernizing the plant. The analysed enterprise currently holds a high position on the footwear sector in Poland. 

The analysis conducted indicates that the firm has great perspectives ahead of it that on the one hand, arise 

from its good position on the domestic and foreign markets, while on the other hand, from the possibilities of 

taking the available opportunities. Deliberations on the subject of the development of the enterprise on the 

basis of the analysis conducted are however debatable, while the achievement of the intended goals requires 

long-term observation and strong involvement on the part of all the functioning departments. The 

implementation of the strategies of development in the enterprise first and foremost translates to the 

improvement of the tools for predicting and planning. Taking the decision to implement change in the 

management of the enterprise in terms of a strategic direction lies with the highest levels of the organization, 

namely the Board. The formulated strategy would undoubtedly bring profits for the analysed enterprise. What 

is important is to maintain the level of control of the achievement of goals after implementing the planned 

strategy. 
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Abstract 

In the present era of economic growth, most industries in developed countries are calling for people. In the 

Czech Republic a low unemployment rate also persists, which is the problem for most employers. There is 

lack of people in all positions, which often makes it impossible to use existing capacities, let alone extend them 

to meet demand. Logistics is the backbone of supply chain management. If the economy grows, businesses 

produce more products and they need to ensure their transport to customers, but also to buy and store more 

products. That is why human resources play a key role in these areas of logistics. Their number and structure 

indicate the pace of business development. The article therefore focuses on the human resource situation for 

business logistics in the Czech Republic.  

Keywords: Human resources, logistics, Czech Republic 

1. INTRODUCTION 

Globally, the logistics industry has emerged as a significant growth sector in most countries [1]. Logistics 

includes planning and management of goods flows from material procurement through production, storage, 

distribution, sale, to the complaint and reuse all the while watching the added value. Many manufacturing 

companies have allocated some logistic processes through outsourcing logistics providers. It is estimated, that 

such long-term contracts make up to 16 % of global logistics services [2].  

Over the past few years the world economy has been experiencing unprecedented development. The 

prosperity can be seen in both traditional driving forces of the global industry, e.g. Germany, China and Japan 

and the US and, consequently, the smaller economies, i.e. Czech Republic. [3] In compliance with the 

principles of economic growth, consumers spend more than before; both producing and services prosper. 

Logistics plays a crucial role, but it also represents a bottleneck for the growing number of orders. [4] 

The existing capacity of many logistics operators is becoming insufficient. [2] They lack both storage rooms 

and human resources in particular. Logistics in the Czech Republic has become in many respects a part of 

European and global trade and thanks to its geographic location and lower prices and wage level, it is an 

interesting destination in the EU for international distribution centres that are moved here from Western 

Europe. Their high concentration in several locations quickly swept away job applicants from the job market. 

The lack of people forces companies to increase investment in recruitment, wages and benefits. The demand 

for employees in logistics is also rapidly increased with growing production and sales in wholesale and retail. 

In the case of practically zero unemployment it is also extremely difficult to manage seasonal fluctuations that 

are most distinctive in retail logistics. [1]  

As a result, the whole Europe has been afflicted by the lack of qualified employees in logistics and transport 

for several years. Logistics dispatchers, storage workers and, above all, experienced truck drivers are missing. 

Companies deal with this situation in different ways. The article represents the most currently widely used tools 

and techniques for addressing the shortage of applicants in this sector in the Czech Republic. [5] 
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2. PROBLEM DEFINITION - HR IN CZECH LOGISTICS  

Czech suppliers of logistics services are involved in transnational production and distribution chains. 

Application of modern practices and technology has thus become a part of a portfolio of logistics services. [6] 

Due to the rapid economic development over the last few years, a number of companies have grown practically 

from scratch, others have emerged as branches of established European logistics companies. [6] The 

infrastructure is the second most significant aspect in deciding a business location among Czech companies 

[7]. The company development also requires the development of logistics services.  

Nevertheless, global integration brings global problems, so the Czech Republic is struggling with similar 

problems as its neighbours. There is a major shortcoming in job applicants in logistics [8]. There is a lack of 

qualified employees in places as logistics specialist and managers, truck and lorry driver, as well as unqualified 

employees.  

There are many logistics companies that compete with their service with each other and are therefore trying 

to minimize costs, including wage costs. When people's salaries are reduced to a minimum, the problem of 

finding suitable employees is even more pronounced. People prefer work in production mainly because of 

higher salaries, but also often due to less responsibility and better working hours (compared to drivers) [8]. 

The lack of manpower is intensified by the retirement of a strong generation of workers. Thanks to lower wages, 

strong demand for employees and low labour supply, people with lower education, older workers, school 

graduates and juveniles have now the opportunity to work in logistics.  

Negative impacts of the lack of logistics staff are seen in many sectors - restaurants report several-day delays 

in beer delivery, businesses do not manage to store material and store their production, and e-shops do not 

have their goods in warehouses on time. According to HR agencies, the Czech Republic lacks more than ten 

thousand professional drivers and companies have more trouble than ever before to find personal drivers. [9]  

Companies are gradually improving financial conditions to ensure enough drivers and timely delivery of 

production. But this can only be afforded by larger businesses. Some smaller shipping companies in the Czech 

Republic are considering ceasing their business completely. But the situation is critical even for lager carriers. 

For example, O.K. Trans Praha logistics company had to sell roughly fifty trucks last year because there was 

nobody to drive them. So the company now has to reject new orders. [9]  

Logistics, transport and employment are three important topics for one of the largest human resources 

agencies in the Czech Republic - ManpowerGroup. In the rankings of the positions that are hardest to occupy, 

the positions in logistics are high up. The 3rd place in the Czech ranking is held by drivers and the 4th place 

by unqualified operators. This is a major change in the work market - when a person willing to work as a 

warehouse manipulator or an operator in production is one of the positions lacking the man power the most 

and the demand for this work profile continues to grow rapidly. [8] 

3. POSSIBLE SOLUTIONS TO LACK OF STAFF IN LOGISTICS  

There are more ways companies face the lack of people in logistics and industry in general. In addition to the 

aforementioned wage increase and widening of benefits, it is also education provided by the company for given 

positions, targeted motivation for education, seeking people abroad or automation. These approaches coincide 

with possibilities of other industries. 

3.1.  Education provided by the company 

The goal of each employer should be to increase the value of the human capital of the enterprise because it 

is the main source of business competitiveness now more than ever. [10] 
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Acute excess of demand for man power brings the availability of employees mostly lacking expertise, and who 
do not meet the requirements of companies. One of the measures to attract new employees and to avoid 
losing existing employees is a sophisticated system of corporate education. The trained employees are more 
motivated and, thanks to new competencies, reach a better salary rating. Surveys show that in companies with 
a right set up of internal training system, the turnover of employees is much lower, and the companies attract 
new workers from the work market more easily. And because there is a lack of unqualified job applicants as 
well [11], and newly recruited young people often soon leave, the companies want to invest in education of 
more secure, stable employees (which cannot be said about the young Y generation) and transfer and train 
their employees from positions that are not in such a state of necessity or are replaceable more easily to the 
positions of operators, warehouse employees or drivers. They ensure the necessary training and certificates 
at the company’s expense accompanied with motivation measures both to education and to new work. An 
employee should be motivated, not forced to further education. This means, among other things, that there 
should be a balance between the expertise and the experience of the workers and their wages. [12] 

The companies more often educate their employees during their full work load. External training or getting 

appropriate qualifications or expertise on courses organized by outside institutions are not common in the 

worker professions - with the exception of those professions where it is given by law, and neither the employer 

nor the worker have a choice other than to pay for them and to complete them, respectively. However, only a 

low level of progress or rather the maintenance of expertise can be expected from these workers, and they 

are not more motivated to increase their work performance. The essential educational and progress activities 

take place within the companies. [8]   

Large businesses have been running their own educational facilities for several years. For example, the Škoda 
Vocational School of Mechanical Engineering has more than 20 thousand students and graduates in 14 fields. 
The most popular branches of the four-year high school finished with the graduation exam are the industrial 
logistics and IT-mechatronics. Education at the school is free of charge. The students get money for the work 
they do during their studies and after successfully completing their studies, they get a job in the Skoda 
company. Eighteen years ago, ŠKODA AUTO founded ŠKODA AUTO University (SAVS). It is the only 
university in the Czech Republic founded by a large multinational company. In the year 2017, Škoda signed a 
Memorandum on Collaboration in Postgraduate Education with the Automotive Industry Association 
(AutoSAP). At the end of 2017, SVAS opened a new MBA programme "Global Management in the Automotive 
Industry". [11] 

3.2.  Motivation to changing and extending qualification  

Educational activities of the company should be linked to incentive measures so that employees are interested 

in changing or expanding their expertise. Increased expertise and above all willingness of workers to self-

development should be reflected in their career growth, in their wages and benefits, or during downsizing.  

Another form of motivational development of employees is to use a so-called situational leadership according 
to Hersey and Blanchard. Situational leadership means acting on your subordinates through various styles of 
leadership, adapting to the current work and psychological maturity (in the sense of autonomy) of your 
subordinates. Maturity means that the worker is ready to perform a particular task. Ability represents the 
knowledge, experience, proficiency of an individual to accomplish a particular task. Willingness expresses the 
extent to which a worker has self-confidence, devotion and motivation to perform tasks. Depending on the 
level of maturity and independence, the superior should express one of the four leadership styles from the 
directive style applied in the case of minimum maturity and independence, through coaching, supporting to the 
delegation of tasks in the case of a fully mature worker. The maturity level should be taken into account when 
determining the basic salary that should be graded into four levels when using the proposed form. This 
procedure limits the subjectivity of decision-making of executives concerning the level of the basic salary of 
subordinates, while at the same time motivating the workers themselves to faster development of own skills 
and knowledge. [13] 
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3.3. New ways in recruitment 

Businesses are more and more forced to employ foreigners who are no longer considered cheap labour but 

as fully-fledged employees. For a long time, the Confederation of Industry has been engaged in projects aimed 

at simplification of this process, whether it is a so-called Fast-Track scheme (a fast procedure for intra-

corporate transferees of foreign investors) or a Welcome Package for investors. However, Czech companies 

most frequently use the Ukraine Project, which focuses on people with qualifications. The Confederation seeks 

to extend activities similar to this project in relation to other countries. Rules set by the state rule out unserious 

subjects and allow employers to legally recruit the necessary man power. At the same time, there is an official 

overview of who, in what company, under what conditions and for how long they are coming to the Czech job 

market. The interest of the companies is great, by the end of 2017 the project was used by over 100 companies, 

though the time from applying to the arrival of the worker is almost four months long. [9] According to data of 

the Czech Statistical Office, the second largest group after Slovaks are Ukrainians (more than 20 %). 

Employers are satisfied with them, they especially appreciate their diligence (82 %), responsiveness (41 %) 

and easy integration into the work team (33 %). At present, over 13,000 people work in the Czech Republic 

through this project. The number of companies interested in workers from Ukraine almost doubled over the 

year and this trend, according to the Chamber of Commerce's estimates, will be even stronger due to the 

tightened job market. [14]  

Next way of recruitment is more targeted recruitment methods. The most effective recruitment technique has 
proven to be benefits for recommendation of employee. This benefit is in order of tens of thousands CZK, but 

it still pays off because the recommended employees are more stable man power. [13] 

For companies, it is not enough to reach out to people who actively look for a job. These make up 20 % max 
[8]. It is necessary to find and reach people who are in favour of change, although they are not searching 
actively for it, using modern marketing procedures. Potential employees from other companies can be offered 
both rational arguments and emotional stories of specific employees. Logistics firms invest in improving 
working conditions and build their recruitment campaigns on this fact. Truck drivers appreciate quality vehicles 
with a well-equipped cabin for rest and sleep. The Czech Republic has long been using ruthless management 
and its efforts to increase sales by pressuring the drivers to break the rules. This management should be 
replaced by a rational, human approach that will show the job seekers that their employer cares about their 
working conditions. Comfort and safety are also improved in warehouses and this should be seen in the 
advertisements. [8] 

3.4. Automation  

To some extent, poor staff availability in logistics can be solved by the automation of production, storage and 

transportation and adopting smarter storage systems that can make some of the processes automatic. 

Consequently, this results in lowering the number of medium-qualified logistics specialists needed and a 

variety of tasks can be managed by an operator without sufficient practice in logistics. On the other hand, it is 

necessary to increase the number of qualified professionals for the management, planning and analysis of 

sophisticated processes. [15]  

There are many activities that can be automated in warehouses, that is, replacing the workers with a machine 

or information system such as automatic control of handling equipment, order picking processes, 

replenishment, mobile racking systems, and so on. The introduction of automation leads to a reduction in 

personnel costs. It also reduces the warehouse operating costs, such as heating or lighting, which do not have 

to be so intense in automated operation. The result is also a higher warehouse capacity. Warehouse 

automation technology is undergoing a fairly rapid development, and in the near future, we can certainly expect 

a renewed interest in these technologies. [16]  

More sophisticated processes usually carry much more flexibility, multifunctionality, but also responsibility. 
That's why some people in the companies can be concerned about introducing these new technologies. It is 
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therefore necessary to carefully explain the benefits of these technologies in advance. The robots can relieve 
people of stressful, monotonous, boring and tiring and often dangerous work, especially on assembly lines and 
in warehouses, and to make them available for more creative tasks as a part of production process optimizing. 
[16] 

4. CONCLUSION 

In the era of economic development, the logistics positions in storing and transport play a key role. Due to an 

acute labour shortage in Czech logistics (and the industry in general), the qualification and practice is no longer 

the key quality of human resources, rather the willingness and ability to learn new things. This has impact not 

only on the need to create and adapt educational programs, but also on their systematic interconnection with 

motivational tools. To ensure new employees in logistics it is also necessary to evaluate and modify not only 

the techniques for recruitment, but also sources of potential candidates. Many businesses are already using 

foreign employees as a fully-fledged workforce. A good example is a female bus driver from Ukraine, who was 

originaly hired as a cleaning lady in a transport company and subsequently retrained as a driver. While the 

difficulty of recruiting logistics operators lies in the demand for a high quantity of reliable and educated people, 

it is difficult to find individuals interested in the drivers’ positions.  

Experts expect deepening the lack of people at all levels of logistics. Central European countries will be able 

to use the workers from Eastern Europe for a short time, however, in the long run, it will be necessary to find 

a solution in automation, robotization and, above all, emphasis on good personal work with people. Although 

in the world of Industry 4.0 and Logistics 4.0 many things will look and work differently, it should not be forgotten 

that human work will still be needed. 
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Abstract 

In recent years, the concept of Industry 4.0, called the fourth industrial revolution, has become increasingly 

popular. Application of automation, data exchange, cloud computing and the Internet of Things can transfer 

enterprises into a new reality and give an unprecedented greater opportunity to effectively compete with current 

market moguls and gain competitive advantage on the market. The following questions arise: How to 

successfully implement the concept of Industry 4.0? How to manage emerging, new supply chains to make 

their efficiency very high? 

High volatility and unpredictability of the environment of modern enterprises causes the need for frequent 

changes of strategy in order to use the emerging market opportunities and avoid threats. As a result of the 

development and popularization of the Industry 4.0 concept, this trend is intensifying. For this reason, there is 

a need to create new solutions, methods and procedures to support the supply chain management in such a 

way that its efficiency is very high and dynamic, continuously growing. 

The article proposes a new approach to supply chain management, the main objective of which is to support 

the process of implementing the Industry 4.0 concept. The application of the Balanced Scorecard method to 

the management and control of modern supply chains has been proposed. Thanks to the introduction of 
significant areas to the strategy map the proposed approach effectively supports the Industry 4.0 

implementation eliminating some threats and allows to effectively manage the emerging modern supply chains 

based on building and control the implementation of a frequently updated strategy. 

Keywords: Management of supply chain, Industry 4.0, Strategy of supply chain, Balanced Scorecard 

1. INTRODUCTION 

In recent years, the concept of Industry 4.0 has become increasingly popular. It introduces technical 

innovations and a new organization of the value chain, which changes the previous production in a 

revolutionary way. For this reason, it is called the fourth industrial revolution. Such solutions as: automation, 

data exchange, cloud computing, Internet of Things, etc. lead to create innovative production management 

systems based on on-line communication between elements of the production process and advanced analysis 

of large amounts of data, which results in much greater flexibility of production processes with low operating 

costs. They can transfer enterprises into a new reality and give unusually greater opportunity to effectively 

compete with current market leaders and gain a competitive advantage on the market. As a result of the 

implementation of the Industry 4.0 concept, supply chains are created with incomparably greater possibilities 

of quickly adapting to market needs. The implementation of the Industry 4.0 concept seems to be necessary 

as the new technologies, solutions and methods introduced transfer companies and supply chains to a different 

dimension of efficiency and flexibility while maintaining low costs. This results in a huge competitive advantage. 

The following questions arise: How to successfully implement the concept of the Industry 4.0? How to manage 

emerging, new supply chains to make their high efficiency and profitability? 

High volatility and unpredictability of the environment of modern enterprises cause the need for frequent 

changes of strategy in order to use the emerging market opportunities and avoid threats. This trend is 

intensifying as a result of the development and popularization of the Industry 4.0 concept. For this reason, 

there is a need to create new solutions, methods and procedures to support the supply chain management in 

such a way that its efficiency is very high and dynamic, continuously growing. 
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The article proposes a new approach to supply chain management, the main objective of which is to support 

the process of implementing the Industry 4.0 concept. The application of the Balanced Scorecard method to 

the management and control of modern supply chains has been proposed. The presented approach effectively 

supports the Industry 4.0 implementation eliminating some threats and allows to effectively manage the 

emerging modern supply chains based on building and controlling the implementation of a frequently updated 

strategy. It is possible to introduce of significant areas to the strategy map. 

2. SUPPLY CHAIN STRATEGIES 

Customer needs cause strong pressure on wide range of high quality products, low prices, short delivery times, 

quick and high level of customer service, etc. For these reasons nowadays supply chains should be 

sustainable, long-term and customer-focused, in which a well-design and properly implemented strategy plays 

a significant role. This strategy should gain a competitive advantage [1].  

According to the Porter's opinion the company can realize two main types of competitive advantage: low cost 

or differentiation. Additionally, there are three generic strategies for achieving excellence and market success: 

cost leadership, differentiation and focus. Enterprises that use cost leadership strategy strive to maintain the 

position of the lowest cost producer. They use economies of scale, proprietary technology or preferential 

access to raw material. In differentiation strategy products and services should be unique in its industry [2]. 

Differentiations means number of logistics constraints, several operational practices and also difference in 

technical capabilities.    

One of the significant goals of a typical supply chain strategy is to ensure smooth flow at minimum cost [3], [4], 

[5]. Another sources underline that supply chain strategies determine material procurement, transportation of 

material, manufacture of product and distribution of product [6]. Generally, supply chain strategies can be 

divided on strategies based on material flow and strategies based on relationships between supplier and 

manufacturer. A material flow in a supply chain can depend on demand (product nature) or on supply (process). 

Material flow strategies are presented in Table 1, and relationship strategies are included in Table 2. 

Table 1 Material flow strategies [3]   

Strategies Applicability 

Agile Highly innovative product with more uncertain demand and supply 

Lean Stable demand and functional products 

Leagile Products wih unpredictable demand and long lead times 

Risk-hedging Functional products and evolving processs 

Table 2 Relationship strategies [3]   

Type of relationship Applicability 

Partnership type supplier relationship The product uncertainty is high and for lower volumes 

Strategic alliances (complex innovations networks) Complex technologies 

Cooperation Global reach achieving and time reducing to innovate complex 
technologies 

Positive relationship Technological uncertainty 

Agility means the ability to match supply and demand in turbulent and unpredictable markets. It is strategy 

which is used for highly innovative products. The lean strategy is about an elimination of waste. This concept 

works well in conditions of relatively stable, predictable demand when variety is very low. Leagile strategy 

contains assumption of lean and agile strategy. It is used for unpredictable demand and long lead times. Risk 
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hedging strategy is applied for uncertain product when demand is less and uncertain supply process is high 

[3].  

Summarizing, it should be noted that the strategy of supply chains has a significant role. Its strategic goals 

should be transferred to the strategy of individual elements of the supply chain, that is enterprises, setting 

mandatory directions for enterprises forming the supply chain and constituting superior priorities. In conclusion, 

there is a need to use methods that help quickly realize the often changing strategies in the supply chains. 

Therefore, the following questions arise: What changes do the enterprises which implement the Industry 4.0 

concept require? Can the control of the introduction of this concept in the supply chains be controlled by 

strategy? What threats appear? How to avoid threats related to the implementation of the Industry 4.0 concept? 

3. EFFICIENT BUILDING AND IMPLEMENTATION OF A COMPANY STRATEGY RELATED TO THE 

SUPPLY CHAIN STRATEGY USED THE BALANCED SCORECARD METHOD 

Implementation of the Industry 4.0 concept is a huge challenge for companies which build supply chain and 

requires many different changes in the area of used technology, software and business management. It is 

necessary to prepare a well-design plan of implementation, which minimizes the risk of significant threats and 

weaknesses.  

The preliminary research which was conducted on the basis of numerous observations in manufacturing 

enterprises of western Poland and the interview technique of industry experts carried out in years 2016-2017 

showed four fundamental areas of changes [7]: 

 technical infrastructure (demand for machinery and equipment); 

 automation of device operation and communication between them;  

 employee competences (the skills of employees needed to control an automated manufacturing 
system); 

 collaboration with other companies which means building relationships and competencies together (in 

different way: collaboration networks, supply chains, etc). 

Introducing such changes in the companies causes the risk of some main threats which are presented in 

Table 3, what underlined the aforementioned research. The significant strategic goals should be: maintaining 

liquidity, return on capital improvement, improvement of cost method and improvement in budgeting method. 

Table 3 Main threats related to the implementation of the Industry 4.0 concept - area of management and  

 finance (own study) 

No Reason Main threat 
Strategic goal area minimizing 
threat 

1 
High expenditures for machines, 
devices, technologies, software, 
communicators, sensors, etc. 

The risk of losing liquidity Maintaining liquidity 

2 Fast technological progress  
Fast economic consumption of 
fixed assets 

Quick return on capital 

3 High increase in indirect costs 

The devaluation of traditional 
methods of accounting for costs 
that are too inaccurate and 
averaging many values without 
showing the real cost 

Improvement of costing method 

4 Frequent changed strategies 
Budgeting is too static, too time-
consuming to make changes 

Introduction planning cost 
methods including possibility of 
frequent changes in strategy 
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For these reasons, it should be noted that there is a need to use methods that will help quickly relate the often 

changing strategies in the supply chains that implement the Industry 4.0 concept. The main goal of the research 

described in the article is to develop a solution that will also allow for the rapid introduction of the Industry 4.0 

concept and will allow to control and reduce the risk of threats arising in connection with this implementation. 

Therefore, in the article a new approach to supply chain management is proposed. Its main objective is to 

support the process of implementing the Industry 4.0 concept. The application of the Balanced Scorecard 

method (BSC) to the management and control of supply chain strategy is suggested. It is possible to introduce 

of significant areas of changes to the strategy map. 

According to the BSC approach the strategy map consists of four basic perspectives: financial, customer, 

internal process and learning and growth. It allows a strategy realization to be monitored and controlled used 

a system of Key Performance Indicators (widely [8], [9]). The proposed approach consists in introducing certain 

permanent areas within which strategic goals are planned. This solution means that the strategy is guaranteed 

to include the objectives that reduce the risks that the implementation of the Industry 4.0 assumptions implies. 

Such an introducing of certain permanent strategic goals to the strategy map which helps to control 

implementation of the Industry 4.0 concept according management and finance area and avoids threats is 

presented in the Figure 1.  

 

Figure 1 The strategy map - main goals according to the Industry 4.0 implementation (own study) 

4. CONCLUSION 

Implementation of the Industry 4.0 concept requires significant changes in the company. As the research has 

shown, these changes mainly concern the following areas: technical infrastructure, automation of device 

operation and communication between them, employee competences, and also collaboration with other 
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companies, especially in the group of small and medium. Introduction of such changes is connected with 

threats which according to the conducted research mainly include: a risk of losing liquidity, fast economic 

consumption of fixed assets, devaluation of traditional methods of accounting for costing that are too inaccurate 

and averaging many values without showing the real cost and budgeting is too static, too time-consuming to 

make quickly changes in strategy. 

The method of building a strategy map for enterprises from the supply chain proposed in the paper, which 

implements the Industry 4.0 concept, is to primarily support the company in the quick and effective 

implementation of this concept, but also to help avoid the most important threats associated with such 

implementation. It is based on the Balanced Scorecard method and through the introduction of specified goals 

defined on the basis of research into the strategy map enables continuous monitoring and control of the 

implementation of these goals, and thus also the avoidance of the most important threats. 

The presented approach effectively supports the Industry 4.0 implementation eliminating some threats and 

allows to effectively manage the emerging modern supply chains based on building and controlling the 

implementation of a frequently updated strategy. 

In future research it is planned to extend the strategy map to the most frequently used tools such as RFID 

technology and many new innovative solutions [10], [11], [12]. 
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Abstract 

Concerns about the marginalization of Europe in world production prompted the development of the concept 

of Industry 4.0, which will allow highly developed countries to regain the status of leaders in industrialization. 

As part of the proposed concept, which is to form the basis of the fourth industrial revolution, it is planned to 

closely connect physical objects with the information network. The application of new production strategies, 

such as Agile Manufacturing and Mass Customization, are causing manufacturing companies to be 

transformed into integrated networks in which they combine their core competencies. The idea of Industry 4.0 

is to create sophisticated business networks, connected by intelligent resources communicating via the 

internet, using well-known and already used technologies, including the Internet of Things (IoT), big data, cloud 

computing, etc. As a result of applying these solutions, autonomous systems exchange data between 

themselves and the boundaries between enterprises are disappearing more and more. Therefore, the aim of 

the article is to identify key challenges of today's logistics (called Logistics 4.0) in the perspective of the 

development of the industry concept 4.0.   

Keywords: Industry 4.0, Logistics 4.0, production networks management, Internet of Things (IoT) 

1. INTRODUCTION 

Development of the concept of Industry 4.0, dictated by the need to reverse the trend of decline in industrial 

production of European enterprises, is forcing modern enterprises to adapt quickly and flexibly to changing 

demand conditions, reduce labour costs and search for new strategies of the business. Due to novel 

manufacturing strategies such as Agile Manufacturing and Mass Customization, manufacturing enterprises 

are transformed into integrated networks, in which they join their core competencies. Consequently, industrial 

production is moving towards globalization, open supply chain network, short-term business connections and 

cooperation between the stakeholders [1,2]. As part of the proposed concept, which is to form the basis of the 

fourth industrial revolution, it is planned to closely connect physical objects with the information network. The 

idea of Industry 4.0 is to create sophisticated business networks, connected by intelligent resources 

communicating via the internet, using well-known and already used technologies, including the Internet of 

Things (IoT), big data, cloud computing, etc. This means that today's enterprises, especially small and medium-

sized ones, which want to stay on the market must cooperate within cyber-physical systems.  

In order to gain a competitive advantage in the market, a completely new, incomparably more modern and 

innovative approach to manufacturing and management of a company is needed which dramatically increases 

productivity and also helps to build very fast, efficiently managed supply chains [3]. 

One of the key problems of implementing the Industry 4.0 concept is the efficient implementation of logistics 

processes both in terms of physical and information flows in the entire logistics chain [4]. Therefore, the aim 

of the article is to identify the key challenges of modern logistics (called Logistics 4.0) in the perspective of the 

development of the industry 4.0 concept. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

791 

2. ASSUMPTIONS OF THE INDUSTRY 4.0 CONCEPT 

Since 2011, Industry 4.0 has been a subject of discussion regarding the new direction of economic 

development worldwide. The process of moving enterprises outside Europe increases the danger of deepening 

the decline in the industrialization of countries such as Germany, France, Italy or Switzerland. Maintaining the 

potential of the industry in Western Europe is now becoming an important goal of the strategic development 

of these economies. Concerns about the marginalization of Europe in world production have prompted German 

experts to develop the concept of Industry 4.0, which will allow them to regain the status of the industrialization 

leader of highly developed countries [5]. The most intensive discussions are in the process of development 

and are taking place in the German industry because German managers are fighting to improve the competitive 

advantages of their automotive industry with the aim of maintaining leadership in the world market [6]. 

Furthermore, strong competition and growing customer expectations in today’s markets mean that along with 

an increase in production efficiency, product customization is also taking place [7]. There is now a product 

manufacturing model in which the customer decides about the product configuration. At the same time, the 

price of the product should be close to the price of products manufactured in mass production. This is exactly 

what the Industry 4.0 concept provides, on the assumption of the creation of a fully integrated system of 

suppliers, producers and clients creating so-called the Cyber-Physical Systems (CPS), which are open socio-

technical systems, capable of implementing a number of functions and actions imposed by production, logistics 

or management [8]. 

These systems must be flexible and self-controlling. The concept of a smart factory should be oriented towards 

high profitability of production plants and value added to industries. Companies have to change from existing 

forms of business activity to the new platform. This task requires a total transformation of organizations and 

their processes. The process should be managed in a new way where a significant element of a success is 

digital thinking and collecting and analysing data. All production areas should be fully integrated and controlled 

using advanced IT technologies. Production organization is aiming for much greater efficiency, flexibility and 

speed. The main elements of Industry 4.0 development are shown in Figure 1. Bauer et al. identified five 

technology fields, which are considered in the Industry 4.0 concept. For them, smart objects embedded in 

CPS, the concept of a Smart Factory, robust networks, cloud computing, and IT-security constitute the 

technological cornerstones for future production and success [9]. 

 
Figure 1 Elements of Industry 4.0 development [17] 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

792 

Kagermann et al. [10] and Hermann et al. [11] identified three components of Industry 4.0. These are CPS, 

IoT and smart factory. CPS is understood as integrations of computation and physical processes, with 

embedded computers and networks monitoring and controlling physical processes. CPS comprises smart 

machines and production facilities that are capable of autonomously exchanging information, triggering actions 

and controlling each other independently. They most often occur in the form of built-in systems and monitoring 

and physical processes controlling networks operating in feedback loops. In CPS systems, physical processes 

are the source of data for calculating a signal controlling object [12]. The use of CPS may support both 

horizontal as well as a vertical integration of IT systems integrating the entire supply chain or other areas 

(objects) of a particular industry. Slack et al. [13] described IoT as a combination of RFID chips, sensors and 

Internet protocols that allowed networking of the location and state of physical objects. A result of the 

development of the Industry 4.0 concept is the creation of fully automated and Internet-based smart factories. 

This means progress in three significant areas [14,15,16]: 

 digitalization of production (information systems for production planning and management); 

 automation (systems for data acquisition from machines and production lines); 

 Automatic Data Interchange (linking manufacturing sites in a comprehensive supply chain). 

In smart factories, the priority is a mass customization (MC). In mass customization, the customer determines 

the characteristics of the product that he wants to purchase and automatically, such a personalized product is 

manufactured very quickly. This solution is very attractive to the customer, but it is a real challenge for the 

manufacturer, who must prepare the procurement system and production system to automatically and quickly 

produce customized products. The expectations and needs of every client are fulfilment, however this is 

connected with an increase of design and manufacturing costs. Products meet customer's needs the best with 

almost mass production efficiency. Mass customization is possible when an enterprise has a flexible 

manufacturing system and can also quickly design and implement new products and processes. The design 

process must be accelerated by the use of simulation and analytics in such a way that the first sample produced 

is efficient and fulfils customer expectations. Using simulation and 3D printing will enable rapid prototyping, 

which will greatly increase the cost savings of materials and energy [18]. 

Mass customization brings many benefits such as: increased customer satisfaction, reduced cost of capital, 

reduced cash flow variability, increased brand equity, reduced price sensitivity, increased chances to cross-

sell and up-sell, increased customer loyalty, increased share of wallet, increased purchases, reduced 

promotion costs, ease of launching new products [5].  

Implementation of the of industry 4.0 concept means not only the introduction of digitization and robotics, but 

also decision processes based on virtual simulations and processing enormous amounts of data in real time, 

new machine-man relations and the use of new manufacturing technologies in the industry. The idea assumes 

digital integration of the industry, energy and logistics. Thus, the transformation must apply to logistics and its 

systems and processes to form a new digital, flexible and efficient network structure precisely matching the 

economic environment and requirements of the customer [19]. 

3. DEVELOPMENT OF LOGISTICS 4.0  

At the same time, with the development of industry in the era of subsequent industrial revolutions, the 

development of logistics is progressing (see Figure 2).  

The key logistics activities of transport, inventory management, material handling, supply chain structure and 

information flow are affected in Logistics 4.0. The following examples can be used to describe the Logistics 

4.0 environment [22]: 

 real-time big data analytics of vehicle, product and facilities locations can find optimal routing for material 

and product transportation, 
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 on-site, on-demand, rapid manufacturing reduces the need for storing products in warehouses, 
autonomous robots and vehicles along with tracking and decision-making systems keep control over 

inventory, 

 real-time exchange of information among different actors removes the traditional boundaries of logistics, 

which enables a reduction in the bullwhip effect, 

 smart products and cloud-supported network keep the information flow intact. 

 

Figure 2 Development of logistics during subsequent industrial revolutions [20,21] 

Logistics 4.0 comprises of five functional areas: data collection and processing, assistance systems, 

networking and integration, decentralization and service orientation, self-organization and autonomy [23]. 

These functional areas are supported by mechanisms of horizontal integration through value networks 

facilitating inter-corporation collaboration, end-to-end integration creating integrated networks of stakeholders, 

products and equipment along the product life cycle [24]. Furthermore, logistics of the future is focused on 

more advanced conceptions of the value stream that involves the blockchain, the physical Internet, 

autonomous vehicles, automated warehouse operations, and perhaps even the elimination of warehouses and 

advanced data analytics and (semi-)autonomous decisions enabled by AI (Artificial Intelligence).  

Thus, modern Logistics 4.0 is faced with considerable challenges related not only to the use of modern 

technologies like CPS, IoT, the blockchain, etc. or the concept of the physical internet, but must meet the 

expectations related to the development of Industry 4.0. Modern logistics should, therefore, provide [22]:  

 increased sharing of resources (machines, devices, tools, materials, design, know-how, software, data), 

especially among small and medium-sized enterprises; 

 the transformation from value chain to a network (enterprise collaboration networks especially cyber 

industrial networks); 

 the total systems approach to managing flow of materials, service and information; 

 “cloud manufacturing” ̣utilizing dispersed resources to produce the desired product; 

 easier to create “virtual” and “reconfigurable” supply chains. 
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In order to meet the requirements and decentralization of industry 4.0, an automatic, intelligent and more 

independent flow of assets, goods, materials and information between all participants in the supply chain (or 

collaboration networks) is crucial. Thus, the main goal of future research is to develop the platform for creating 

Cyber Industry Networks (CINs) which will be available online on the Website. The idea of a production network 

called the Cyber Industry Network (CIN) means the manufacturing of joint production orders using fully 

automated processes of individual network partners, in which communication takes place via the Internet, and 

the necessary data is stored in the cloud (cloud technology). The platform will help facilitate the exchange of 

information between the customer, who provides information about the customized product, and enterprises 

with the specific production capacity sufficient to carry out that product. 

4. CONCLUSION 

After three industrial revolutions, the fourth is coming which moves production to sophisticated networks of 

companies equipped with intelligent devices, machines, means of transport communicating with each other 

through the use of new technologies such as cloud computing, big data and internet of things (IoT), blockchain, 

etc. This poses new challenges for enterprises and requires significant investments in automation, robotics 

and digitalization, which in the future will allow more intelligent communication technologies, especially those 

related to the Industry 4.0 concept, to be used. The application of the Industry 4.0 concept presents quite a 

challenge to modern logistics, in turn called Logistics 4.0. Today's logistics must ensure a full and instant 

exchange of information, implementation of automated solutions and multi-formal analysis of data in real time. 
It also assumes a complete integration between stakeholders in real time under actions. This means applying 

more advanced conceptions of the value stream that involves the blockchain, autonomous vehicles, automated 

warehouse operations and the physical Internet concept. 
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Abstract 

Labelling collective cartons of food products is crucial element that is often neglected in industry. Labels have 

to meet the requirements of food law, specificity of the company, requirements typical for this sector, the chain 

of supply and the demands of individual customers - retail companies. Additionally we have to take into account 

possibilities of frequent changes which are mainly due to the changing law as well as market needs, but 

particularly because of retail companies. This article analyses the process of introducing automated production 

of labels on the example of large corporation in food sector. In the research the following tool was used - the 

WMS software cooperating with ERP system. The development of WMS system was suggested with the a 

labelling programme and panel of label printing adjusted to the conditions existing in the corporation. 

Keywords: Labelling, food industry products, warehouse management system 

1. INTRODUCTION 

Constant growth of consumption, strong competition and the automation of production processes have led to 

significant increase in production rate. It also concerns the processes of production in the food industry where 

each product has to be properly labelled in order to identify its parameters. Labels applied for this purpose are 

used to tagging single containers as well as packaging (cartons, multipacks, palettes, boxes, etc.) In modern 

production systems reliable, legible and permanent labelling of products is required, what arises not only from 

internal procedures, but in case of some sectors such as the food industry, pharmaceutical industry or FMCG, 

it results from imposed legal requirements. Consequently all failures made during the process of creation and 

production of labels as well as labelling products may have negative influence not only in business and image 

dimension, but they can also lead to legal sanctions - if any abnormalities are established, entrepreneurs may 

face financial penalties, reusulting mainly from the law concerning the trading quality of agri-food goods. The 

approach to avoid this type of adverse effects may be central system of managing labels' lifecycle integrated 

with the ERP/WMS software. 

In the available scientific literature much attention has not been given to the processes connected with the 

production and the usage of labels. In many references the authors list them as one of the stages or 

warehousing leaving aside complexity of the issue. In the work the authors presented the problem concerning 

the quality control of labels of fresh products for any potential failures. They also checked whether there is 

optimal approach to the control of labels. For that purpose, they organised the observation in a large 

warehouse and they interviewed main quality inspectors. Researchers emphasise that expenses paid by the 
tested chain of production supermarkets, as a consequence of incorrect preparation and printing of labels, 

estimate 8-10 milion pounds annually. Some works refer to legal requirements imposed on labels and tagging 

goods. In the area of European Union exist a few regulations and directives concerning different aspects of 

food labelling. Mentioned legislative instruments refer to all foodstuff as well as to particular items, what 

ensures establishment of compulsory requirements concerning labelling and regulates information which may 

be placed freely by entities operating food business (e.g. retail chain) or producers[1,2]. 
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The purpose of the article is the analysis of the process of implementation automated production of labels by 

the example of a large corporation in the food sector and evaluation of its effectiveness and efficiency. In the 

corporation empirical tests have been carried out with the use of the software of WMS category as well as 

units collaborating with them that enable managing the lifecycle of labels. 

2. CHARACTERISTICS OF THE TESTED PROCESS 

As indicated above, food produced and placed on the market on the teritory of Poland must be labelled, as the 

provision of information aims to protect the consumers' health and enables them to make an informed choice 

from the wide range of products available on the market. The most important requirements concerning labelling 

food are included in European Parliament and Council (EU) Regulation, No 1169/2011 from the 25th of October 

2011, on providing consumers with information regarding food products[2]. 

Labels on the multipacks must meet the following assumptions: 

1) Legislation concerning labelling of food products; 

2) Rquirements of recipients i.e. trade chains, brokers, shipping companies (customary, but also special 

for some recipients e.g. product code according to Tesco system), 

3) Own requirements including these resulting from the specyfic nature of the workplace in the discussed 

case: 

 applying additional code GS1 128, 

 necessary verification of the quality of code EAN 13/ITF 14 according to ANSI, 

 materials selection (glue, thermal-transfer tape) to existing conditions of storage i.e. in the 
temperature of -25 °C. 

In the tested producing company of the food industry there are six hundred items in the range of products, 

which can be divided into two groups: labels for multipacks and labels for products sold in bulks, that have to 

meet the requirements of unit packets. Both groups of labels are created by a purchasing specialist in Corel 

Draw program and they are sent to a printing office together with an order. Technologists additionally have to 

take part in the creation of the second group of labels. 

Each model of a label in the number sufficient for the estimated nearest production is stored in the office 

located in the production hall, and the variable elements are made by enumerator before each production 

process. The labels themselves are applied manually on cartons by putting with the use of a roller some 

amount of glue, attaching the label, and pressing it firmly with the same roller. 

The process of ordering labels consists in placing an order by the production department at a purchasing 

specialist, then at a labels' producer. The average lead time is five days. Frequent shortages take place due 

to failure in delivery or in ordering labels. 

In order to solve the above problems the full automation of labels preperation and the process of printing them 

in a production office has been chosen. An application Labeling Manager has been designed to produce labels. 

It is based on the software Optipromag WMS (Warehouse Management System) category used in the 

company, which supports the warehouses of raw materials and finished products, and in the future its scope 

for action will be widend to planning and clearing production process. Labeling Manager module in principle is 

used only for printing and introducing variable data on labels. Any data (if existing) are entered or collected 

from the computer from WMS Optipromag system. 

Existing labels have been analysed precisely and they have been divided into four groups according to the 

way of introducing data: 

 labels for products by weight, 
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 labels for semi-fabricated products, 

 labels in polish only, 

 labels in many languages or without polish language. 

Additionally the second bar code has been added to the labels in the GS1 128 format, in which there were 

placed data which had been so far entered manually while receiving ready pallets to the warehouse with the 

inner receipt document PW. The receipt takes place with the usage of hand terminal in the freezer located next 

to the production - in the temperature - 18 °C. The data for the individual labels are entered in four ways: 

 they are taken from the data existing in WMS software (trade name, legislative name, bar code, content), 

 they are taken from the outer file (variable data for each label: content, language...), 

 they are added by modification of tables in WMS software (counterparty/logo, type of labels, fixed data 
for the specific format of label e.g. methods of storage, producer, etc., 

 variable data are entered at the stage of label printing (batch number, carton number, expiry date). The 

Labeling Manager application has been created for this purpose which uses data existing in WMS 

system. 

The first group is the least numerous, but at the same time it undergoes modifications the most often. This 

group is subject to the legal provisions in the form of unit packs as well as multipacks. Fixed data have been 

entered in the files of WMS software. For variable data there has been created spreadsheet as a work file for 

easier modifications. It should be imported to the WMS Optipromag system. 

The design of the label is presented in Figure 1 

 

Figure 1 label for products sold by weight 

The second group - semi-fabricated products - uses only the data already included in the WMS system and 

variable data entered during the process of label printing. These labels are for internal use and they account 

for 30 % of all labels being. They are used for semi-finished products but also for products in so called 'mix' 

which means that the content of the carton is not complete and it will be complemented with another product. 

This applies when the manufacture of a few types of products simultaneously is not possible. The idea of a 

few products in one carton is used by discounts stores. The image of the label has been pictured in Figure 2. 

Moreover possibillity of entering the number of items/number of kilograms at the final printing stage has been 

introduced what enables defining expected number in each production batch. 
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Figure 2 the image of labels for semi-fabricated products 

The third group of products is the most popular and accounts for 60 % of models being used. It is presented 

in Figure 3. Also in this format all data are taken from the WMS system complemented with missing 

information. Client's code, recipient's logo (for easier identification of good) and the recipient have been 

complemented. Individual client's code has been added in the client's system. Where possible the name of the 

product has also been changed in ERP and WMS. Variable data are complemented in Labeling Manager. 

Readability of codes GS1 128 was additionally tested in warehouses of recipients. Labels from this group and 

also from semi-fabricated products are created automatically while entering basic data to ERP system which 

are imported to WMS (they recquire complementation with data missing in ERP). 

 

Figure 3 labels in one language only 

The fourth group includes labels in one or more foreign languages. Contrary to the previous formats the 

creation of label is semi-automatic. It has been able to simplify the work and automate most changes. 

Legislative names for each product and translations of all language versions must be imported from the 

spreadsheet file. Basic settings of parameters are shown in Table 1. Fixed elements from labels have been 

translated into all necessary languages and it has been marked with a tag applied to a product which language 

is activated. 
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Table 1 Basic settings of parameters in application (own study) 

 

For each language fixed elements 
have been translated 

 

In products tab we can check active 
language versions for each product 
(earlier they have to be imported 
through MS Excel file) 

 

By clicking twice on each product we 
can mark which language versions 
are activated and which supposed to 
be printed on a label 

 

With the priority sliders we can set 
the order of language printing-> the 
higher prioriy the language is printed 
in the first place. 

Two bar codes have been used on labels: GS1 128 for personal use and EAN 13, which is also applied by 

recipients' warehouses e.g. in Makro/Selgros halls and by scanners on the cash registers etc. Bar codes are 

verified randomly from each printer according to ANSI method with the use of verifier. 

According to the provisions minimum quality of bar code should equal D, however, in warehouses they work 

using mainly scanners with only one laser beam, that is why expected figure is C (1.5-2.5). This quality enables 

to read the bar code during the first scanning. Verification of bar codes takes place at random once a week on 
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the basis of checking at least three labels and after changes made in the equipment: replacement of the print 

head, printer etc. 

3. ANALYSIS OF TESTS RESULTS  

Creation of collective labels is a difficult activity that requires experience. It can be prepared through basic 

office applications e.g. Microsoft Word; or graphic programs Corel Draw as well as special aplications used fo 

this purpose often available with printers e.g. Zebra Designer. Labels produced in this way cause the following 

difficulties: 

 cataloguing, 

 modifications management (resulting mainly from legislative changes). 

Establishment of the tool which allows to create and manage labels has solved completely basic difficulties 

identified in the tested corporation. Entering variable data by scanning bar code has reduced the number of 

failures to zero. Placing the data in the MS Excel table enables collective modification of data, and updating of 

Labeling manager application consists in the importing of configuration file. For labels of semi-fabricated 

products additional applying of glue type S2045N enables smooth removal of a label and sticking its final 

version. Earlier the products of this type were marked only at the stage of pallets and often by assembling a 

few products mistakes took place. What is more the veterinarian supervising the workplace used to question 

the lack of labels of each carton. Applying final labels on semi-producs' label was negated by some clients, 

therefore arises additional benefit allowing simple removal of a label. 

The previous version of labels cost PLN 0,015 per item and it engaged office workers in about 80 hours of 

work monthly. New labels including consumables cost PLN 0.025 (annual difference equals PLN 80.000). 

Preparation of work station costs PLN 88.000 and the process of implementation PLN 50.000. The advantages 

are: reducing the amount of work dedicated by office workers to 10 hours per month, reducing returning orders 

because of unreadible labels by PLN 1,2 mln (expenses for this purpose estimate PLN 150.000). Additionally 

the number of failures at the stage of PW has decreased where the savings can be estimated at PLN 30.000. 

4. CONCLUSIONS 

The use of the WMS/ERP software available in the company with the drafted and implemented labeling 

Manager modification allowed the process of producing labels as well as their supervision and the process of 

managing changes to be completely automated. Aesthetic of packaging and readability of codes have been 

improved and the number of returning orders has been reduced in the discussed corporation what has cut the 

operating costs. 

The further assembly lines will be equipped with printers and possibility to tape cartons directly during the 

production process and the WMS system will be expanded to managing the production process and launched 

there. 
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Abstract 

A number of domestic and foreign companies have long been struggling with the problem of storage and 

supply. Warehouses are an important part of the logistics chain as a link among the supplier, the manufacturer 

and the final consumer. As such, their concepts and use should be considered in the light of defined strategic 

objectives of the company. Inventories in all their forms (input materials, semi-finished products, inter-

operational supplies, stocks of finished products, etc.) significantly affect the entire logistics system, which they 

conclusively belong to. Their optimal management is reflected in the economic performance of the company. 

The paper presents a case study of the distribution warehouse design in conditions of engineering company. 

This store should serve to balance unequal customer demand. A specification of key factors had been carried 

out, in particular, the types of stored materials and their distribution by type of packaging, inventory analysis, 

sales analysis. Subsequently, the size of the expedition store was determined. The proposals were verified 

with a dynamic simulation. That helped determine the suitability of the proposed solution.  

Keywords: Storage, expedition, material analysis, dynamic simulation 

1. INTRODUCTION 

In the past, warehouse management was regarded as a passive, subordinate part of the supply chain in a 

number of companies. Currently, this attitude is being changed and the efforts to streamline these processes 

are leading the companies to optimization of the warehouse management and thereby the increase of the 

company´s competitiveness [1,2]. Thus, effective warehousing and right choice of warehousing technology 

(warehousing automation) are aimed at achievement of logistic goals of the company and also create the 

potential to save storage costs [3]. The warehouse is an important component of the supply chain. Bartholdi 

and Hackman define warehouses as “points in the supply chain where product pauses, however briefly, and 

is touched” [4]. Warehouses have their place in the company although they are related to the necessary 

technology and costs which are associated with their operation. They are important because they balance 

demand and supply and, in case of assembly warehouses, create added value this way [5]. 

The scientific contribution to the problems can be seen especially in the possibility of verifying the design of 

the distribution warehouse in a dynamic simulation. This paper provides an example of using a simulation 

model for inventory size determination and appropriate layout of storage space and handling equipment in the 

warehouse. Dynamic simulation contributes to the right choice of the suitable option at the lowest costs.  

2. METHODOLOGICAL BASE 

When designing a warehouse, it is necessary to classify its type properly and to identify all of its connections 

with the surroundings [6,7]. It is needful to gain complete information about the stored material (size, weight, 

dimensions) and, based on the obtained information, then design the means and storage units including the 

choice of appropriate handling equipment, aisle width and overall warehouse dimensions. When designing, 

we also have to take into account the areas that are vital for the receipt, storage, subsequent release from 

storage, packaging and loading.  
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2.1. Warehouse design methodology 

The basic process for designing the warehouse is shown in the scheme (Figure 1). 

 

Figure 1 Warehouse design scheme  

Input information essential when designing the warehouse: 

 volume of all materials or goods received into the warehouse in a certain period of time,  

 number of receipts in a period of time, 

 average size of one receipt, 

 volume of all materials or goods released from the warehouse in a certain period of time, 

 number of releases in a period of time, 

 average size of one release.  

2.2. Dynamic simulation 

Dynamic simulation is a very effective tool to support the decision-making. Dynamic model is a part of real 

world that sufficiently accurately predicts real results and enables us to trigger What-If scenarios. In specialist 

literature, we can find a plenty of definitions of simulation. R. E. Shannon defines it as follows: „Simulation is a 

process of creating a real system and doing experiments with this model in order to achieve a better 

understanding of the studied system or to evaluate different variants of the system´s activities“ [8,9]. 

The simulation was carried out according to the following steps: 

 characteristics and amount of handling equipment, 

 setting the distance matrix, 

 creating the simulation model, 

 doing experiments and analysing the results.  
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3. THE CASE STUDY DESIGN OF THE EXPEDITION WAREHOUSE 

The case study was prepared for a company which has several separate production facilities within the Czech 

Republic and which is engaged in the manufacturing of bearings for both the domestic and foreign markets. 

The aim of the project was the design of the central warehouse directly at one of the key production plants that 

could replace the four local warehouses of individual plants. In addition to the central function, this warehouse 

should also become a distribution warehouse and a place where supplies will be completed. The warehouse 

should be able to release any amount and type of products in the shortest time possible [10]. 

3.1. Key factors specification 

At the inventory analysis phase, it was necessary to analyse the input data and to determine the total volume 

and number of receipts of all types of goods into the warehouse in the given period of time, the average size 

of one receipt, the total volume of releases in the period of time and the average size of one release. Based 

on the obtained data, the appropriate warehouse size will be proposed. The key feature that served to divide 

the stock items into particular groups was the type of packaging since it has the greatest impact on the optimal 

choice of handling and storage devices in this case. Four material groups were proposed:  

 a “tatranka” is a special name for a package containing a certain number of smaller one-piece boxes. 
This kind of package is especially used due to easy handling and storage it serves primarily for the 

storage of small and medium sized bearings. 

 a box is a package with only one piece of bearing. 

 a bandage is a specific type of package that ensures perfect protection from external influences and 
that prevents the damage of bearings during handling. 

 a tube allows easier handling and storage of a larger number of bearings with a small diameter.   

In the proposed warehouse, standardized pallets will be used for the loading, transport, handling and storage 

of the above-mentioned types of packaging [10]. 

3.2. Inventory analysis  

An important role in the design of the total storage capacity is played by the purchase and sales analysis that 

took place in 2012 a 2013. The term purchase in our case does not represent the conventional exchange of 

goods for money but only an administrative transfer of the finished product from the production to the 

corresponding warehouse. Based on the processed data, summary graphs (Figure 2) were compiled which 

summarize all items and their division into four groups according to individual types of their packaging 

described above.  

 

Figure 2 Total purchases and total sales for the reference period by packaging type [10] 
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3.3. Proposed solution 

For the design of the storage space, it was essential to determine the number of orders and the average 

ordered quantity of particular bearings. The maximum quantity to be stored in the warehouse was determined 

from the revenue and expenses record. This value represents the maximum quantity that must be 

accommodated in the proposed warehouse and its value is 4 410 000 pieces of bearings including the 

necessary reserves. It comprises 2724 different types of design versions. This given quantity is divided into 

four material groups according to their storage method.  

Therefore, the total storage space was divided into two specific parts. The method of storage is important for 

the verification proposal of the handling and storage equipment. The first part of the warehouse will serve as 

the storage of poor sales bearing types. These bearing types and variants are mostly packaged individually 

(boxes and bandages). For these types of packaging, pallets are intended to be used for handling and storage. 

This first part of the warehouse will be labelled as a pallet warehouse. The other part of the warehouse will 

consist of a storage device enabling quick and easy release of any amount of high sales bearings stored 

primarily in tatranka-packages and tubes. This section will be labelled as a sales warehouse. 

 
Figure 3 Individual solution proposals [10] 
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Particular designs of the warehouse differ mainly in the overall dimensions and internal layout of the warehouse 

(Figure 3). A simple pallet is used for handling. A vertical lift system, a pallet rack system and storage racks 

using the Pick to Light system were used in the storage section. 

Selected handling devices: diesel forklift, electric forklifts, forklifts with extensible lifting device, rack stackers, 

manual forklift, manual pallet truck STILL HPS 25. 

Identical input data were used for the dynamic simulation. The models varied in warehouse layout, defining 

the distance matrix, using the handling devices. Output data for individual variants were compared with regard 

to the following parameters: 

 usability of handling devices, 

 travelled distance, 

 cost evaluation, 

 average time of request implementation. 

The functionality of warehouse layout in individual designs was compared. The dynamic simulation enabled to 

evaluate the above-mentioned parameters. The most significant differences were found mainly in the pallet 

section of the warehouse. A different layout of rack system was proposed there and two variants of handling 

equipment were selected for their operation which affected especially the different length of the warehouse 

and also the various distances among the defined points on the warehouse area. The graphs make it obvious 

that the travelled distance is larger for design number 1 than for design number 3 (Figure 4). 

 
Figure 4 Comparison of proposals 1 and 3 and evaluation of proposals [10] 

The following graphs show that the usability of handling devices converted to the unit of the handling equipment 

is comparable in the first two designs. The lowest usability is in design number 3 (Figure 5). 

In other parameters, simulation results were very similar. 

Criteria were assigned to the individual items that resulted from the dynamic simulation and particular 

proposals were evaluated. After evaluating the results of the dynamic simulation, it is apparent that designs 1 

and 2 have a comparable order. It is necessary to look at the overall design of the warehouse for both given 

variants. Design 1, which brings the following benefits, seems more suitable: 

 sufficient space for temporary storage, 

 brick partition, 

 the possibility of extending the storage area.  
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Figure 5 Usability of handling devices converted to the unit of the handling equipment [10] 

4. CONCLUSION 

Modern storage systems should meet the requirements of the particular warehouse type. The right choice of storage 

equipment and proper layout of storage systems allow easy release and receipt of the required material in the 

shortest possible time intervals. The use of simulation represents a significant advantage in contrast to real systems, 

it enables experiments and has a certain degree of variability and repeatability. The case study was aimed at a 

proposal of a dispatch warehouse of a mechanical engineering company. It has proved that the practical use of the 

simulation model based on real layout of the storage systems and equipment enables a very reliable planning of 

their optimal usage. Verifying several variants by means of the dynamic simulation allows to choose the one which 

will effectively use the particular system and thereby reduce the level of inventory that will only take up the necessary 

amount of financial resources but will be large enough to ensure production continuity and release of required 

material. An effective way of managing the material stocks allows the enterprise to invest free financial resources 

in its development or innovations, for instance.  
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Abstract  

Project management is based on a process concept by which we understand all the activities and subjects 

involved in the project. When planning a process, it is necessary to meet the basic requirement that is that the 

activities must be planned and logically connected to each other. Due to the uniqueness of each project, it is 

relatively difficult to determine the specific processes, methods and techniques generally applicable to each 

project. On the other hand, it is especially important for more sophisticated projects to set certain procedures 

and processes so that the project can be effectively managed. Each project contains considerable uncertainty. 

An agreement on how the project should be managed contributes to the reduction of this uncertainty that is a 

description of the key processes and game rules for the project team and its closest surroundings. The authors 

of this article capture their experience in project management of a research plan in its first phase.  

Keywords: Project management, process, methods, organization  

1.  INTRODUCTION  

A project is a controlled process that has its beginning and end and precise rules of control and regulation. 

The project is unique, defined in time, money and resources, is implemented by a team of people, is risky and 
solves the partial activities of the project in order to achieve the desired results. The first phase of the project 

management process includes the activities and subjects involved in the project. The authors describe the 

selected research project processes in the first phase. They apply their own knowledge and experience from 

a project team and capture the issues that have already occurred in past in planned project. The article 

describes selected tools and techniques applied in the project in relation to procedures and processes. Gantt 

chart, the organizational structure of management team, the responsibility and competency matrix for each 

position in the management team are applied in practice. The article provides instructions in the first stage of 

project process control, method and organization according to certain rules and principles.  

2.  PROJECT MANAGEMENT AND PROCESS MANAGEMENT  

Project management is based on process concepts by which we understand all activities and subjects involved 

in the project. When planning a process, it is necessary to keep the basic requirement, that the activities must 

be planned and logically connected to each other. No idle time should occur during which work is needed to 

be finished in order to eliminate duplication and achieve optimal use of logistical procedures. We also include 

all preparatory work that is necessary to ensure the smooth running of the project in each process, especially 

if the project partners also participate in the project. To understand the procedural concept of project 

management, it is necessary to clarify the basic concepts: project, process, project management and process 

management. [1]  

Project can be perceived as an action that is unique, defined, diverse, complex and risky. It is unique because 

it is not a recurring process, it’s something new. It is determined materially, temporally, financially, or possibly 

has further determination. It is diverse because, according to the set objective, it requires different skills of 

different people. It is complex because the solution is not easy and can’t be done in only one consultation. And 

it is risky because it's always something new and we lack experience; there is little time, money, a lot of different 
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people are involved, everything is quite complex, so there are a lot of uncertain events that can somehow 

disrupt such an action. [2,3]  

Process occurs in everyday life without us realizing it. We are all going through the educational process, i.e. 

we gradually acquire knowledge of the program for life and occupation. Production processes, their fluidity and 

performance are on the agenda of most business management meetings. The ever-increasing level of 

automation and control of workflows requires that specific processes to be mapped and imprinted into 

technological backgrounds. Processes of all kinds surround us in such a close proximity that we take them for 

granted. We do not see their essence anymore, but we get excited or worried by the results we use. A process 

is a series of logically related activities or tasks to create a predefined set of results. When we talk about 

processes, we often deal with process design and description, process models and flows. [4]  

Project management is a tool to introducing a defined change that cannot be ensured otherwise than with a 

project perceived as a sum of activities forming the path from the initial state to defined final state. Project 

management is the effort of people involved in the project who use their knowledge and project management 

methods to get to predetermined goals in a pre-defined time. At the same time, it is necessary to ensure a 

balance not only between the range of work, time, cost and quality, but also between interest groups, their 

needs and our expectation from the project outcome. [5]  

Process management focuses on what creates and adds value from the customer’s point of view. Process 

management is not a set of functions, but a set of processes. This means the successive sequential activities 
performed by individual sections in order to achieve the desired goal that is negotiated in the contract. Process 

management needs to be elaborated in detail, for rational logistics, time savings, and expedient and cost-

efficient spending. [1] Project process management scheme in the first phase is shown in Figure 1.  

 
Figure 1 Project process management scheme in a first phase 

Project management is carried out through processes that are organized in two dimensions.  
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1. In 5 basic process groups:  

 launching,  

 planning,  

 realization,  

 monitoring and control,  

 termination.  

These process groups are linked by the results produced by the respective processes. The output of one 

process is the input to the next process. The final outputs of one process coincide with the necessary inputs 

of the following process, which are linked to each other and thus logically interconnected, so the change in 

the output of the previous process is reflected at least in one of the following processes.  

2. In 10 thematic process groups [5]:  

 Integration: processes of interdependence management.  

 Interest groups: processes related to stakeholders.  

 Scope: processes related to defining the project scope and managing its change.  

 Sources: processes related to workers (allocation and use of human resources in project framework).  

 Time: processes related to time limits (planning and its control).  

 Costs: processes related to costs (budget and its control).  

 Risks: processes related to risks (identification, analysis, elimination).  

 Quality: processes related to quality and verification of project product quality and quality of project 
management.  

 Procurement: processes related to purchasing (specification of purchase requirements and its 

realization).  

 Communication: processes related to communication with stakeholders.  

Looking at both dimensions, we get the matrix of processes that are required to establishing the procedural 

character of project management. [5]  

3.  METHODS AND TECHNIQUES USED IN PROJECT MANAGEMENT  

For successful project management, it is essential to use tools and techniques to help project managers control 

and effectively manage the procedures and processes to achieve the intended objective. The basic tools are 

statistical, mathematical, economical and information models and methods that help leading, predicting and 

evaluating the project course. Basic tools and techniques include network analysis methods, logical framework 

methods, Gantt charts, methods of evaluating the project state of work, methods of project economic efficiency 

evaluation, financial analysis methods, presentation methods and many others. [5,6]  

 

Figure 2 Gantt diagram for a first phase of a project 
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These techniques are applied creating a project schedule that represents a plan of interrelated activities with 

assigned dates, durations, milestones, and resources. The most commonly used are bar graphs, milestone 

charts or network diagrams. An example of a project plan in a first phase is shown in the form of the Gantt 

chart in Figure 2.  

For successful teamwork, various walkthroughs or brainstorming methods are used. For dealing with the 

behaviour of people in the project, a definition of a team role, group leadership styles, assertiveness principles, 

mind maps, change coaching are used. [1]  

4.  RESEARCH PROJECT ORGANIZATION 

Organization is one of the core managerial activities that is an essential component of a project management 

organization. The specifics of the project management are logically followed by the organizational specificities. 

The most important are the labour distribution, creating of organizational units and the project organizational 

structure, including the delegation and balancing of the competences and responsibilities of the subjects 

(persons or organizations) involved in the project. The main input into the project organization process is the 

project plan, resource requirements, stakeholder register and approved changes. The main output is the 

descriptions of roles and organizational chart of the project organization. The organization of the project 

involves the establishment of a project team, the definition of the temporary project organizational structure 

and the organization of the activities, performances and functioning for completing the project. This requires a 

description of the future project organizational structure elements relationship to individual activities (clear 
description of competencies of managers and project team members - determining responsibility and 

delegation of authority). [5,7]  

The result of management is organizing the project as a group of people with infrastructure. In this group, 

superiority and subordination, and authority and responsibility are agreed upon. The organization of the project 

involves the design and maintenance of the relevant project roles, organizational structures, responsibilities 

and capabilities for the project, see Figure 3 Organization chart of the project management team.  

  

Figure 3 Organization chart of the project management team  

The project management level fully depends on the people who make up the organizational structure of a 

specific project. Although it is important to accomplish the individual partial tasks that result from the work of 

individuals or smaller working groups, the overall success of the project in reaching the stated objective is 

strongly dependent on the cooperation of the entire project team. Each project has its organizational structure, 
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which has its rules of decision, superiority and subordination, negotiation rules and task execution rules, and 

a hierarchical system of sharing responsibility for partial results to the overall goal of the project. [8]  

We can use a responsibility matrix that represents a clear and specific definition of the competences of the 

persons in team for specific project activities (tasks). The responsibility matrix clearly defines the competences 

of the identified persons for all elements of the Word Breakdown Structure (WBS). The example of 

responsibility matrix for a management team is shown in Table 1.  

Table 1 Responsibility matrix of management team  

Position  

Project 
Manager  

Assistant 
Project 

Manager  

Finance 
Manager  

Assistant 
Finance 
Manager  

Secretary’s 
Office  

Public 
Procurement 

Specialist  
Webmaster   

Activities  

Planning  
approves 

and 
implements  

prepares 
backgrounds  

    
prepares 

backgrounds  
    

Budget  approves    
performs  

consults  

prepares 
backgrounds  

preparing 
backgrounds  

    

Communication 
with project 

partners  
performs  informs  

consults 
the 

budget  
        

Communication 
with the 
Ministry  

performs    performs          

Preparation 
and 

announcement 
of PP  

approves          performs    

Communication 
with PP 

suppliers  
          performs    

Checking 
partial project 

activities  
approves              

Website  
informs  

approves  

prepares 
backgrounds  

        performs  

Partial activities 
evaluation  

performs 
approves  

            

In the case of a large project, it is a group of different specialists with different competencies. The Project 

Manager is responsible for the project team coordination in achieving the objectives, setting up a project 

management plan, setting the rules for the operation of the project team, managing and motivating the project 

team, monitoring and evaluating the project progress in time, changing management, communication with 

project partners, delegating responsibility for delivering outputs to project team members. [9] The Assistant 

Project Manager carries out tasks of the project manager under his or her direct leadership. He or she 

coordinates tasks among members of the project team, analyses the status of partial activities, writes meeting 

minutes, prepares background papers, and reports to the project manager. The Secretary’s Office job is to 

serve all the administrative, documentation needs of the project and ensure the smooth running of all project 

information flows. The Finance Manager is responsible for the project budget, prepares the payment request, 

sends substantial and minor changes to the project in the financial field, checks the financial milestones, 

vacation days and all the financial project activities. Assistant Finance Manager prepares background to 
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payment requests, accounting documents, invoices, orders, delivery notes and all documents required by 

financial management. The Public Procurement Specialist prepares tenders in accordance with pre-

established rules of the Ministry (grant provider) and the Public Procurement Act. He or she records all tenders 

and bears full responsibility for them. The Webmaster publishes project information according to pre-defined 

mandatory publicity on websites and updates them.  

5.  THE MOST COMMON PROJECT MANAGEMENT PROBLEMS 

The most common project management problems do not come from a bad management or control but they 

are the result of poor assumptions. Here are some examples. In most cases, the objectives of the project are 

incorrectly defined both in material and formal terms. Lack, vagueness or ambiguity in the formulation of 

objectives, misunderstanding in communication in the project team or between the grant provider and the 

project manager. Under- or overestimation of resource consumption, including human resources, availability, 

or qualification. Weaknesses in the elaboration of a detailed work schedule, methodical deficiency in putting 

the work schedule into the project schedule and budget. [8]  

If individual processes are not planned in detail, it is possible, especially in more complex projects, that these 

processes will not run at all or will be carried out in error. This is likely to lead to delays and financial losses. 

In an extreme case this may endanger the entire project. [2]  

It is therefore very important to set and plan procedures and processes so that the project can be effectively 

managed. It is necessary to comply with the basic requirement that the activities must be planned and logically 
linked.  

6.  CONCLUSION  

The article deals with project process management and at the beginning clearly presents a set of processes 

occurring during the first stage of the project plan. It is a series of logically related activities and tasks performed 

by individual sections in order to achieve the intended objective. In this case it is the procedural character of 

the process when the individual processes transform inputs to outputs using tools and techniques.  

The article describes selected methods and techniques such as Gantt chart, which represents a plan of 

interrelated activities with assigned scheduled times and milestones. It further describes the organizational 

structure of the management team that has its rules of superiority and subordination, including a matrix of 

responsibility and a description of competencies for each position in the management team. The authors and 

their own knowledge and observation conclusions describe the most common mistakes in project 

management. In conclusion, it is necessary to provide feedback, solve problems, and manage changes in the 

project team so that the project achieves the objective.  
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Abstract  

Transport of goods belongs to the most important sectors of the global economy. The optimization of the 

organization and implementation of the transport process is significantly influenced by professional forwarding 

services. In shipping, the main factors affecting the reliability in customer service is the price and time of 

transport service. Therefore, nowadays the implementation of forwarding services is very important in order to 

obtain optimal conditions for the client: price and time, efficient communication between entities, providing 

current information on shipment status, ease of completing documents, and increased control over each 

element of the chain transport. Nowadays, in forwarding companies, comprehensively serving customers, to 

ensure efficient and optimal conditions of service, it may be important to use appropriate tools of computer-

aided forwarding. 

The aim of the article is to propose an algorithm for a forwarding service consisting of six functional blocks, 

where not only blocks associated with standard forwarding operations play an important role, but also those 

that allow to quickly obtain statistical data on profitability, the number of clients served and the quality of 

services. 

The programs available on the market are universal and do not cover all of the company's forwarding activities. 

Analysis of all stages of forwarding activity on the example of a selected company led to the creation of its own 

algorithm. It should lead to the creation of a forwarding service program. 

Keywords: Forwarding services, transport, IT systems 

1. INTRODUCTION 

Modern information systems are increasingly becoming part of the freight forwarder's daily work. They are not 

only of great help, but in some cases, they are necessary for the reliable operation of the business entity. A 

properly selected forwarding software enables companies to obtain financial benefits and improve the quality 

of customer service, alongside which the company's competitiveness on the forwarding services market 

increases [1]. 

Forwarders are expected to be able to make quick decisions, adapt to changing client needs, as well as provide 

services in a comprehensive way. Therefore, businesses that fail to adapt to emerging market trends may 

encounter difficulties in keeping afloat [2]. 

The IT software should cover different aspects, depending on the type of services offered by the forwarding 

company. In the activity focused exclusively on road transport of containerized cargoes, the most important 

elements of software support include: 

 browsing the company's client database, 

 shipment tracking, 

 monitoring the current order status, 

 vehicle records, 

 settling fuel consumption costs, 

 registering orders and printing them, 
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 calculation of transport costs and selection of the optimal route, 

 issuing documents necessary during transport, e.g. the CMR, 

 transfer of data to the accounting system [3]. 

There are also dedicated support platforms available on the market, such as transport exchanges offering the 

possibility of matching the needs of various transport services and containing the base of cargo available for 

transport. Using such tools, the transport company can avoid transports with an empty semi-trailer, while the 

trading company can find the best transport offer for its load. Terminal systems have also gone digital, so that 

forwarding companies now have the possibility of individually notifying containers to either enter or depart from 

the port, as well as of creating orders for container manipulation, revision, disassembly and of updating 

container data, including seal numbers, product name or customs status [4]. In the case of forwarding 

companies offering services involving land and sea transport of containers, the software should be extended 

to include the following: 

 issuing bills of lading and electronic shipping documents, 

 preparing the ISF + 2 documentation, 

 the possibility of AMS, ACI submission. 

Sea transport is associated with high operating costs, which is why it is so important to quickly provide 

documents necessary to move on to the next stage of the process. Recently, the traditional bill of lading has 

been increasingly replaced by its electronic equivalent, the Sea Waybill or Express Bill of Lading, which allows 

the recipient to receive it without sending original bills of lading to the shipowner's office. This solution 

significantly facilitates the release of goods and customs clearance, which at the same time minimizes the risk 

of additional costs related to the container's stoppage at the port. 

2. AN OVERVIEW OF SELECTED FREIGHT FORWARDING SOFTWARE 

Following the current trends and the needs of the forwarding market, increasingly more computer programs 

are being developed that are responsible for improving and facilitating the work of the forwarder. Each business 

entity should become familiar with the services offered and the price list in order to be able to choose the 

software that best meets their requirements. For the purpose of this study, three selected software programs 

for handling land and sea forwarding of containers were presented, along with an overview of their main 

features. 

The first software is PasCom Forwarding II, a program targeted to forwarding companies focused on sea, air 

and intermodal transport of goods. The software supports customer service practically at every stage of the 

order fulfillment process, and it can draft documents such as: 

 offers, 

 forwarding orders, 

 revenue and cost forecasts, 

 invoices, 

 container notification letters, 

 CMR waybills, 

 delivery and acceptance protocols, 

 orders to take the container, 

 orders to place the container, 

 phytosanitary declarations: Sanepid (Sanitary and Epidemiological Inspection), WIOR (Regional 
Inspectorate of Plant Health and Seed Inspection) [5]. 

The PasCom Forwarding II software can also notify containers and send notifications about their current status, 

plus it contains the database of business partners, goods transported and currency exchange rates. The 
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documents are drafted on the basis of current information entered into the program and are compiled into the 

so-called forwarding briefcases. The big advantage of the software is the ability to use data sets in other 

programs, which facilitates the process of drawing up reports. 

The next software is SPEDTRANS, whose extended version comes with the tools necessary to handle orders 

in road, sea and intermodal transport of containers. Spedtrans enables issuing all kinds of waybills (including 

bills of lading), invoices, receipts, notes, pay invitations, and more. In addition, the system collects and 

generates information on the current status of settlements with the client, keeps a register of goods and 

contractors with the option of verifying them in the debtors' register. Spedtrans can also create a register of 

employees together with HR and payroll data, information on business trips, bonuses, work schedules, etc. 

The program also benefits from cooperation with transport exchanges and messengers, as well as the 

possibility to export data to many financial and accounting programs [6]. 

Last but not least, there is the TMS interLan SPEED software which supports sea freight (container turnover) 

in connection with the transport of goods by road and rail. Furthermore, it contributes to the improvement of 

service in the area of billing services with the client, calculation of the offer based on current price lists and the 

drafting of a number of documents related to forwarding. The software additionally allows to perform cost-

revenue calculations, including determining the profitability level of a specific order, generating reports and 

sending electronic notifications to clients [7]. 

The presented examples of software programs used in container forwarding services certainly offer many 
advantages, especially considering the relatively low cost of their acquisition and implementation. On the other 

hand, purchasing a tailor-made software, although burdened with a higher cost of usage fees, provides the 

opportunity to adapt it to the needs of the company, and thus, it can potentially improve the quality of that 

company’s forwarding services..   

3. A DEDICATED FREIGHT FORWARDING SOFTWARE ALGORITHM 

A desired solution for developing specialized software for the needs of forwarding activities would be to design 

it already tailored to the needs of a given company. Due to their universal nature, the presented examples of 

software programs cannot fully meet the requirements of a specific business. Therefore, the best solution 

seems to be a detailed recognition of the processes carried out in a given company, and based on this data, 

the development of a dedicated algorithm, which should include within its scope a set of specific forwarding 

activities. This, in turn, will lead to the optimal performance of the task under the given conditions. The next 

step would be to provide the algorithm in the chosen language of the software, although this is not the goal of 

this article. For the purpose of this study, a number of consecutive actions performed by the freight forwarder 

were defined from among the activities related to the implementation of a specific forwarding order. They will 

serve as building blocks of the proposed algorithm. The blocks in question should form a relative whole in 

which the performance of specific activities by the forwarder - constituting in selecting appropriate, suggested 

options or entering the necessary data - will lead to the completion of a given stage of order fulfillment. 

The proposed model includes the following blocks: 

 offer, 

 sea transport organization, 

 transport monitoring 

 finance and vindication, 

 profitability analysis, 

 customer service analysis. 

Figure 1 shows an example of the algorithm that includes the blocks mentioned. 
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Figure 1 Freight forwarding software algorithm [own study] 

The first element of the proposed algorithm is the Offer block, which allows to prepare an offer that is sent to 

the client. The block must be active, which means that the client must be able to enter the necessary data. 

The client’s basic data can be retrieved from the database as long as it has been previously entered there. 

This block should allow to enter prices and values of all fees collected from carriers, which in turn will help 

generate a service price including the freight forwarder's profit margin. The condition for proceeding with the 

subsequent stages of the forwarding order is acceptance of the offer by the client. 

The second element is the block called Sea Transport Organization. Bearing in mind the tasks outlined for this 

block, it can be considered the most important part of the algorithm. The main variables that need to be 

included in this block include, among others, the issues pertaining to arrangements for deadlines, cargoes, 

contractors, ports, sanitary and customs clearings as well as the organization of cargo transport in the inbound 

and outbound connections with the port. Obviously, the individual components are active and enable 

introducing and updating the adopted solutions. All things considered, the block should mainly allow to 

generate a series of documents (both electronic and paper) related to the organization of this stage of the 
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forwarding order, which include the bill of lading or the sea consignment note, as well as customs and port 

documentation. 

The third element of the algorithm is the block called Transport Monitoring and, as the name suggests, it uses 

current information from the course of the transport of cargo shipped by shipowners on the tracking websites. 

This allows the forwarder to track the load route, timely delivery, and thus, makes it possible to inform the client 

about the current status of the shipment. Among the advantages of this block one should also name the ability 

to inform the client well in advance about the estimated time of arrival (ETA) of the ship to the port. 

The Finance block is used primarily to generate invoices. It is also an active block, as it allows differentiation 

of VAT rates. It is used for debt collection, and in the case of delays in payment for a given service confirmed 

by invoice, e-mail reminders are automatically sent. The system should enable in its settings the specification 

for how long such notifications are going to be sent before any further debt collection activities are undertaken. 

Moving on, the goal of the Profitability Analysis block is to assess the service performed in terms of its 

profitability. This block should also have the feature of evaluating the profitability of all orders during the period 

analyzed. Another useful functionality would also be the ability to generate profitability analyses of orders 

divided into specific clients or forwarders responsible for their implementation. 

Finally, the Customer Service block is to examine the level of customer satisfaction from the provided 

forwarding service. The task is carried out on the basis of a multi-criteria survey questionnaire, which is sent 

automatically after the completion of each order. The filled out questionnaires are analyzed by management, 
constituting the basis for taking remedies or corrective measures to improve the individual elements of the 

forwarding chain. 

The proposed blocks of actions represent the mapping of the most important activities carried out in connection 

with the provision of a forwarding service. The correct implementation of each of the proposed blocks of the 

algorithm enables the provision of the forwarding service at the optimum level, i.e. at a level consistent with 

the client's expectations, which at the same time guarantees profits to the forwarder. 

4. CONCLUSIONS 

Transport of goods, especially by sea, is a dynamically developing branch of the economy and a process that 

requires professional approach from forwarding companies. In order to professionally and efficiently carry out 

forwarding services, modern IT tools are necessary, especially that forwarding activities are particularly 

susceptible to the development of modern IT solutions. Developing a freight forwarding software is a complex 

endeavor, which needs to account for a number of variables that may be subject to further changes even 

during the implementation of a given forwarding task. Currently, there are many software programs available 

on the market that support forwarding services, but most are universal, i.e. they are not tailored to the specifics 

and needs of a specific forwarder. An alternative solution would be to develop a dedicated software that allows 

active participation of the forwarding company in creating algorithms aimed at coming up with optimal IT 

solutions for a specific forwarding company. For the purposes of this paper, a software algorithm for freight 

forwarding services was proposed, focused mainly on the organization of sea transport. The algorithm 

intentionally takes into account all important, well-defined forwarding activities, divided into blocks of actions, 

which are to help the forwarder provide services in a professional and efficient way. 
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Abstract 

Proper implementation of the objectives and tasks of logistics and logistics management requires the gathering 

of appropriate resources, both material and immaterial. These resources are part of the (sometimes shared) 

many processes carried out in the enterprise, that mutual synergistic interaction largely determines the size of 

the financial result. A properly functioning logistics system can thus support the proper functioning of 

enterprises, but at the same time a number of other systems may have a positive or negative influence on it. 

Appropriate coordination of individual processes is possible only with a thorough understanding of the goals 

set before them and the role attributed to them in the enterprise. The key issue in this context is the proper 

management of knowledge and its associated processes. Correct, consistent with the current and future 

capabilities and objectives of the enterprise and the requirements of the environment, acquisition, 

dissemination and development of knowledge, can contribute to the synchronized targeting of the company's 

activities in all areas of its operation. The strategic role in this type of activities is played by people that are the 

only resource of a subjective nature with the capacity to make decisions and create and exploit the enterprise 

potential. This study attempts to analyze selected issues related to the company's management style, the 
existing variant of the organizational structure and the general assumptions of the knowledge management 

system. The main goal of the study was to identify trends and dependencies between these factors in the 

context of knowledge management from the point of view of improving logistics processes. The research, using 

the questionnaire, involved 105 enterprises (both production and service). In individual enterprise the 

questionnaire was each time filled in by the representative of the company's top management. 

Keywords: Logistics, human capital, management of knowledge 

1. INTRODUCTION 

Effective management of a enterprise is currently a difficult and complex task. The number of variables that 

should be taken into account when analyzing the reasons for success or failure is becoming increasingly larger. 

Market phenomena, often of a turbulent nature, develop on the basis of complex and in many cases not fully 

explained mechanisms. At the same time, the level of connections between these variables increases, which 

is often accompanied by difficulties to identify and understand the nature of the relationship or influence. 

Therefore, determining the cause and effect relationships, so useful in the management process, is not always 

fully possible and the effects of actions taken must be measured indirectly due to the lack of direct methods. 

In this reality, enterprises must have the ability to continuously improve in all processes and create a system 

in which these activities are mutually coupled in a way that increases the likelihood of a synergistic effect. One 

of the effects of such a situation is the departure from a typically subjective approach to shaping the economic 

result of an enterprise based solely on financial, technical and technological resources for increasing the role 

of intangible assets in the processes of building a competitive advantage. The basic capabilities of modern 

enterprises depend on the ability to create, transmit, integrate and use knowledge [1]. It is a key element 

enabling the identification and effective use of accumulated potential. Knowledge arises as a result of 

interactions between people and is, by its very nature, very dynamic (it is needed to create the future but 

becomes obsolete at the time of its creation), also provides a social basis for business management, directing 

them to do what is good and appropriate for the enterprise and society [2]. Knowledge-based management 
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complements traditional management schools by introducing a new way of thinking in relation to three 

dimensions [2]: placing people at the center of the strategy, treating the strategy as a dynamic process, having 

a social program. Proper use of the knowledge resources they possess allows enterprises to obtain a variety 

of different benefits, of which the most important include: building effective value chains, better recognition of 

employee competencies and more effective use of them, as well as developing specific market advantages. 

According to the results of long-term research [3], enterprises that had a stable fiscal policy on higher priority 

expenditure on knowledge and organizational capital, achieved better financial results over the 25 years of the 

study. 

Many elements in the knowledge management are also common in logistics management processes. What is 

more, their goals overlap in many areas. The basic goal of logistics management - in line with theories 

presented in the subject literature - is to maximize the value provided to clients while minimizing the costs 

incurred as a result of managing all the related activities of the flow of materials and goods from supply sources 

to the finished product user [4]. The logistics system functions practically within the whole enterprise, 

contributing to the creation of series of relations between individual elements of the enterprise [5]. One of the 

main tasks of logistics is to thoroughly learn about various types of logistics processes, their mutual 

relationships and relations of logistics processes with other areas of management [6]. Following the occurrence 

of these relations, the logistics system significantly contributes to the implementation of strategic and tactical 

goals set by the management staff [7]. From the point of view of logistics management effectiveness, it is 
necessary for the knowledge management system to support the implemented logistics processes in a 

planned, conscious manner and correlated with other areas of the enterprise functioning. This system must 

take into account the need to streamline logistics processes in five basic areas: economic, technical, 

organizational, social and ecological [8]. 

Currently, one can observe significant changes in knowledge management expressed by the customer-

oriented approach [9], in which the customer is perceived as the most important source of knowledge [10], his 

approach more often goes beyond the traditional and he also actively engages in co-creating value with the 

enterprise [11]. The enterprise interacts with customer through a very large number of contact points, and each 

such interaction contributes to changes (of varying scale and importance), which must be continuously 

analyzed and implemented in the way the company operates and makes decisions. These changes require 

enterprises to integrate many business functions, and even with external partners, so that it is possible to 

create and deliver positive experiences to customer [12]. It should be mentioned that the customer involvement 

in the enterprise improvement process can be expressed in three ways: as a source of information, as a co-

creator and as an innovator. Each of these forms of customer involvement should be based on different ways 

of using his knowledge, which in turn will strongly depend on the nature of the customer knowledge, knowledge 

management strategy in the enterprise and organizational support for the implementation of knowledge 

management [11]. 

All activities undertaken as part of knowledge management should lead to intensification of improvement 

processes in the enterprise in every area of its functioning, including the area of logistics. It includes not only 

generating knowledge but also a methodology of conduct, understood as a more efficient operation, allowing 

greater use of the potential accumulated in the enterprise and the knowledge gained from the environment. In 

general, streamlining improvement processes and intensifying pro-innovation activities are possible thanks to 

several basic factors [13]: creating a structural solution supported by a properly structured organizational 

culture, concentrating on maintaining an appropriate pace of innovative processes, increasing the use of data 

access systems conducive to lowering production costs, improving company skills in terms of absorbing and 

implementing ideas from external sources, as well as seeking inspiration in a way that goes beyond the 

networks operating within the enterprise. 

The results presented in this article are part of a study aimed at identifying good (effective) and bad practices 

in managing people and knowledge in Polish enterprises, inter alia, in the context of the proper implementation 
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of logistic functions. An attempt was also made to identify and characterize the relationships between the size 

of the enterprise and the specifics of its operations, and the way managers approach issues related directly or 

indirectly to knowledge management. Selection of research facilities was based on a few basic criteria: (a) 

there must be functioning knowledge management mechanisms in the enterprise, (b) knowledge management 

system must be consciously introduced and located in the company's strategy, (c) employment must be stable 

for at least two years. The study was conducted on a group of 105 enterprise located in the southern part of 

Poland, mostly in the province of Silesia and Malopolska. The research sample included both production (59) 

and service (46) enterprises. In addition, when analyzing the data in this study, the enterprise size criterion 

was applied, divided into small entities (up to 49 employees), medium (from 50 to 249 employees) and large 

(over 250 employees). The study used a questionnaire research concerning the four basic areas (each time 

the representatives of the top management were surveyed, who on the bipolar scale of -5 to 5 were to indicate 

the value most suited to the situation in a given enterprise at the defined extreme values): 

 general assumptions of knowledge management (5 questions: 1. strategic goals: clear or hidden from 
employees, 2. the nature of the enterprise activities: active or passive, 3. improvement processes: 

continuous or depending on the needs, 4. knowledge acquisition: purchase or creation, 5. type of 

knowledge: codified or personalized), 

 structural and organizational solutions (5 questions: 1. organizational structure: flat or slim, 2. priority 

forms of communication: informal or formal, 3. information exchange: free or hierarchical, 4. space 

management: hierarchical or task-oriented, 5. developing rules: hierarchical or participatory), 

 communication and knowledge transfer system (3 questions: 1. knowledge transfer: push or pull, 2. 
memory type: collective, individual, 3. obtaining information: easy or difficult), 

 human resources management (5 questions: 1. meetings with managers: frequent or rare, 2. working 

conditions, shaped or direct control, 3. human resources development: human capital or sieve model, 

4. working mode: individual or group, 5. interpersonal relations: cooperation or competition). 

2. THE ANALYSIS OF RESULTS 

 

Figure 1 List of answers regarding issues 1 - 5 

Figure 1 presents the results of the first part of the study focusing on the strategic aspects. It was found that 

in the majority of the surveyed enterprises, the strategic objectives are unclear to the employees and hidden 

from them (Question 1). At the same time, enterprises prefer to run their business based on passive rather 

than active operations (Question 2), although the average of the answers was very close to 0, and the median 

was 0. The effect of such an attitude was taking actions depending on needs and not based on continuous 
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improvement programs (Question 3), although in the group of production enterprises the average answer was 

-0.1. Enterprises were more likely to purchase the required knowledge than to create it themselves (Question 

4) - for both manufacturing and service companies the average value was -1. At the same time, the strategy 

of knowledge codification dominates (Question 5) - the maximum value obtained for the personalization 

strategy in the group of production enterprises was only 3. 

 

Figure 2 List of answers regarding issues 6 - 10 

Figure 2 presents the results of research from the part characterizing the organizational solution occurring in 

enterprises. In the majority of surveyed entities, there is - in line with current market standards - a flat 

management structure (Question 6). In the group of service enterprises, a very strong emphasis was put on 

the use of informal structures (Question 7) expressing the average at -1.3 and a median of -2. At the same 

time, in manufacturing enterprises, emphasis was placed on formal structures (average 0.52, median 1). A 

slight discrepancy in trends was also found in the context of information exchange (Question 8), which for 

service enterprises was rather free (mean -0.3) and production formal (0.1) - in both cases the median was 0. 

Space management (Question 9) was rather task-oriented, but this tendency was much more pronounced in 

the group of service enterprises (average 1.23 and the minimum value only -2). An interesting distribution of 

data was observed regarding the development of principles (Question 10), which in service enterprises was 

rather hierarchical (average 0.8 and median 1) and production participative (average -0.9, median -1). 

 

Figure 3 List of answers regarding issues 11 - 13 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

825 

Figure 3 contains the results of research regarding the general strategy of knowledge management in 

enterprises. In general, there is a strategy of obtruding knowledge in the subjects under analysis rather than 

extracting it (Question 11), although this result is the effect of very targeted responses in the group of 

manufacturing enterprises (average -1, maximal value 2), because in service enterprises the data distribution 

was more similar to 0 (mean 0.18, median 0). Discrepancy in the data distribution was also found in the context 

of the type of preferred memory (Question 12), which for production enterprises was collective (average -0.7) 

and services definitely individual (average 1.55, minimum value -2). In both types of enterprises, emphasis is 

placed on the ease of obtaining the information required by employees (Question 13), although in service 

enterprises the activities in this area are more intense. 

The last group of examined issues was about interpersonal issues and cooperation principles (Figure 4). The 

group of surveyed enterprises is dominated by styles based on frequent meetings with managers (Question 

14) and rather direct control of work than shaping working conditions (Question 15). An important discrepancy 

in the data distribution was found in the context of the human resources management model (Question 16), 

which in service enterprises was based on selection (average 0.77, median 1) and in production by education 

of successors (average -0.8, median -1). The surveyed enterprises were dominated by an individual rather 

than a group work mode (Question 17) - which was definitely more pronounced for service enterprises 

(average 1.82, median 3) than production (respectively 0.64 and 1). Managing people was focused more on 

cooperation than on competition (Question 18) - the average for service enterprises - 0.1 and production - 0.9. 

 

Figure 4 List of answers regarding issues 14 - 18 

3. CONCLUSION 

Knowledge management systems operating in enterprises have to fulfill many tasks and functions, among 

which the most important are: selecting information flowing into the enterprise, preventing knowledge loss, 

constant improvement of key skills, facilitating knowledge sharing by employees, improving the processes of 

introducing new products to the market and creating new markets or increasing the level of innovation of the 

company. These - and other goals - can be achieved in many ways, using different management styles, 

variants of a structural solution or with different configurations and ways of using resources. The basic 

elements facilitating knowledge management, such as: flat management structures, can be indicated; creating 

communication networks based on informal structures, using IT tools, free and not hierarchical information 

exchange, shaping the process conditions not direct control, stimulating employee creativity, financial 

incentives, stability of employment, implementing a system revealing all errors, benchmarking (both internal 

and external), codification of key knowledge, as well as recognizing the superiority of collective memory over 
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individual. However, the solution present in a particular enterprise must be specific to a certain extent, tailored 

to its potential, market situation, goals and skills. The conducted studies do not of course allow to draw specific 

conclusions, but they give a certain picture of the situation and allow to observe the trends and differences 

between the specified groups of enterprises. The results allow to state that both the size of the enterprise and 

the type of activity have an impact on the method of knowledge management, the management styles used in 

this context and the of the organizational structure variant. Obtaining more detailed results will be possible 

after a significant increase in the size of the research sample. 
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Abstract 

Life Cycle Assessment (LCA) is an analytical method for assessing the potential environmental impacts 

generated by product manufacturing, use and disposal. LCA in transport area most often concerns the analysis 

of alternative fuels based on Well-to-Wheel (WTW) approach. WTW is a special type of LCA because it focuses 

on the fuel life cycle and its impact on greenhouse gas emissions. The aim of this paper is to compare GHG 

emissions from diesel and CNG fueled trucks according to WTW analysis and to identify the main sources of 

GHG emissions. 

Keyword: Life Cycle Assessment, Well-to-Wheel, CNG, diesel, truck 

1. INTRODUCTION 

Nowadays, logistics processes must meet sustainable standards driven mainly by investment to modern 

technical features and technologies, which usually generates also energy savings. It is primarily a transport 

that causes a heavy environmental burden and key global players are publicly claiming that they are already 

working with a zero-emission vision. Can be these optimistic visions realistic in the foreseeable future? 

Perhaps in the case of local environmental impacts, but on a global scale, from the whole life cycle perspective, 
the vision of zero emissions generated by transport is only a dreamed idea. 

Each car must be made from materials that need to be extracted, processed or recycled, and each type of fuel 

or energy to be used for propulsion must be first obtained and distributed. The acquisition, processing and 

distribution of all these sources will always generate a significant amount of emissions, even thousands of 

kilometers from the area where is the transport operated. 

Unless we deal with global influences together with local environmental influences, all efforts to save our planet 

from total ecological disposal will be useless. Therefore, we should learn to use tools and methods that will 

reveal other environmental influences than just emissions produced during transport, when assessing the 

effects generated by the implemented practices. One of such suitable tools is LCA (Life Cycle Assessment) 

methodology. 

The environmental impact assessment of products within the LCA methodology takes into account not only 

the direct impacts of a product use on the environment, but also the impacts associated with its production and 

disposal. 

Environmental analysis in transport most often concerns the analysis of alternative fuels based on Well-to-

Wheel (WTW) approach. WTW is a special type of LCA because it only focuses on the fuel life cycle and its 

impact on greenhouse gas (GHG) emissions. The aim of this paper is to compare GHG emissions from diesel 

and CNG fueled trucks according to WTW analysis and to identify the main sources of GHG emissions. 

2. LITERATURE REVIEW 

The idea of the LCA was conceived in the 1960s when the public began to worry about the deteriorating state 

of the environment and, moreover, the human population was much more aware of the problem of limited 
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access to exhaustible resources. Life cycle methods, which were the predecessors of today's LCA, have been 

developed in collaboration between universities and industry. At the beginning, it was an analysis of resources 

and environmental profiles [1], or a description and quantification of ecological equilibrium. 

A framework for LCA, as it is known today, was created especially by two organizations: Society for 

Environmental Toxicology and Chemistry (SETAC) in August 1990 [2] and International Organization for 

Standardization (ISO) in June 1997 [3]. The term LCA is firmly established and standardized in the 1990s. The 

development of the LCA methodology, which began in the United States, was subsequently significantly 

involved in North European countries as well. These methods can be characterized as a systematic concept 

of measuring material and energy consumption within the material flows under investigation and including 

focusing on the consumption of basic raw materials, materials and energy (oil, steel, water, etc.), production 

of emissions and waste generation in industrial processes and throughout the lifecycle of product systems. 

Since the comprehensive results of the evaluation of the monitored material inventories were extremely 

comprehensible to the public, the initial focus on material flow assessment in the life cycle of the product was 

gradually extended by assessing possible environmental impacts [4]. These methods for assessing 

environmental impacts should soon tend to present evaluated emissions to quantify the volumes of clean air 

or water required to eliminate emissions to a safe level or below the regulatory limits. That was the case for 

the Swiss method ecopoints in the eighties of the last century [5]. The first environmental impact assessment 

methodology covering a complex set of medium impact categories (as explained below), similar to what we 
know today, was CML92. This classification method was based on the method published by the University of 

Leiden in October 1992 [4]. Modelling of increasingly sophisticated product systems for impact assessment 

methodologies using Life Cycle Inventory (LCI - Life Cycle Inventory) data led to the need for specialized LCA 

software. The first two software tools were SimaPro and GaBi. These programs were developed and launched 

around 1990 [6]. In accordance with the principles of sustainability, the social dimension emerges and the 

initiative has also strengthened efforts to develop methods for social LCAs to quantify the social impacts of the 

product lifecycle. Currently, the Life Cycle Sustainability Assessment (LCSA) aims to take into account the 

environmental, social and economic dimension of sustainable development [7].  

The SETAC report summarizes the current status of the field and outlines the technical basis for life cycle 

studies. LCA definition according to SETAC seas that LCA is a process to evaluate the environmental burdens 

associated with a product, process, or activity by identifying and quantifying energy and materials used and 

wastes released to the environment; to assess the impact of those energy and materials used and releases to 

the environment; and to identify and evaluate opportunities to affect environmental improvements. The 

assessment includes the entire life cycle of the product, process or activity, encompassing, extracting and 

processing raw materials; manufacturing, transportation and distribution; use, re-use, maintenance; recycling, 

and final disposal [7]. This definition is adopted by wide spectrum of other authors (see e.g. [8], [9], [10], [11]). 

In the literature is presented a lot of results of LCA for passenger cars, however, there is very few publications 

of environmental assessment taking into account GHG emission of alternative fuels for trucks. 

3. EXPERIMENTAL PART 

3.1. Materials and methods 

The aim of the study was to perform LCA of trucks, taking into account two kind of fuels - diesel and CNG 

(Compressed Natural Gas). The analysis was done using IPCC 2013 method. IPCC 2013 method is the 

successor of the IPCC 2007 method, which was developed by the Intergovernmental Panel on Climate 

Change. It contains the climate change factors of IPCC with a timeframe of 100 years. Total amount of GHG 

emissions produced to directly and indirectly support human activities is expressed using the reference unit, 

kg of CO2. The GHG emissions are calculated based on the Global Warming Potential (GWP) [12]. The IPCC 

method is useful for assessment the most important impact category - GHG emission according.  
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The comparative analysis is based on WTW approach. The WTW analysis allows assessment of the 

environmental aspect and identification of this aspect related, both directly and indirectly to the life cycle of a 

vehicle, taking into account fuels life cycle. The analysis was conducted in accordance with the ISO 

14040:2006 [13] and 14044:2006 [14] guidelines. The scope of the analysis, the functional unit, system 

boundary and basic assumptions were defined. Analysis was made using the SimaPro v. 8.5 with Ecoinvent 3 

database [15]. All analyses were referred to the same functional unit - one ton-kilometer (1 tkm). The system 

boundary includes fuel life cycle with two phases: fuel production (Well-to-Tank, WTT) and fuel exploitation 

(Tank-to-Wheel, TTW), see Figure 1. 

 

Figure 1 System boundary of the analysis 

The analysis involved inventory of data and environmental assessment based on IPCC 2013 method. The 

main data source used for analysis was the Ecoinvent database and literature review. The dataset was 

parametrized with respect to the trucks which was analyzed. 

3.2. Description of the analyzed trucks 

The LCA study analyses truck transport between two production plants located 75 kilometers away. This 

transport is realized by diesel and CNG trucks with gross vehicle weight (GVW) of 25 metric tons. Further 

specific data on the analyzed trucks is available in Table 1. 

Table 1 Specifications of analyzed trucks 

Truck 
brand 

Truck 
type 

Fuel 
type 

Year of 
production 

Engine 
displacement 

(cm3) 

Number of 
cylinders 

Engine 
power (kW) 

Euro 
norm 

Declared fuel 
consumption 

(litters/100 km) 

MAN TGX 500 Diesel 2017 12,419 6 368 EURO 6 34.3 

Scania  N 320 CNG 2016 9,291 6 250 EURO 6 38.4 

Diesel production

• Inventory of data

Diesel consumption
in truck

• Inventory of data

CNG production

• Inventory of data

CNG consumption
in truck

• Inventory of data

WTT

The impact of greenhouse gas
emissions connected with 

fuel production

TTW

The impact of greenhouse gas
emissions connected with the 
exploitation and consumption 

of fuels in vehicles
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4. RESULTS 

The results comparing the GHG emissions from diesel and CNG life cycle are shown in Figure 2 and  

Figure 3. Figure 2 presents WTW GHG emissions. It is obvious that higher GHG emissions was indicated for 

diesel life cycle than CNG life cycle. In both cases the TTW GHG emissions are strongly predominant.  

Figure 3 shows the proportion of direct emissions in the TTW phase. On the basis of input data used, direct 

emissions of CO2 and CH4 were considered. The figure shows that CH4 emissions are negligible compared to 

CO2 emissions. 

The share of main determinants of GHG emissions for CNG and diesel life cycle are presented in Figure 4 

and Figure 5. The core source of GHG emissions from CNG and diesel fueled trucks is direct emission of CO2 

that arise during combustion in an internal combustion engine. 

 

Figure 2 Comparison of WTW GHG emissions for CNG and diesel fueled trucks 

 

Figure 3 Comparison of TTW GHG emissions for CNG and diesel fueled trucks 
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Figure 4 Determinants of GHG emissions from diesel life cycle 

 

Figure 5 Determinants of GHG emissions from CNG life cycle 

A deeper analysis showed that the main sources of GHG emissions in WTT phase are connected with 

petroleum production (53 %), heat burned in furnace (27 %) and heavy fuel oil burned in refinery furnace (14 

%) in case of diesel and with natural gas production in case of CNG. 

5. CONCLUSIONS 

It was concluded that the GHG emissions from CNG life cycle are less than from diesel life cycle. It was also 

proven that direct emissions of CO2 are the most important source of GHG emissions for both analyzed trucks. 

In general, it can be stated that the analysis based on life cycle approach is appropriate and useful for 

comparison of haulage environmental impacts and can support the decision making in transport sector. 

The results of this study can be used as the first step in performing LCA of trucks included all the stages of the 

truck life cycle and many impact categories. GHG emissions management has become important element of 

sustainable transport. This analysis focuses only on one impact category - GHG emissions. Next research will 

cover other impact and damage categories like human health, cumulative energy demand and fossil fuels 

demand and other environmental categories according to circular economy guidelines during the stages 

related to the life cycle of trucks. 
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Abstract  

The objective of the paper was to indicate internationalisation barriers of Small and Medium-

Sized Enterprises (SMEs) from Great Britain. Expectations of SMEs towards activities supporting 

internationalisation were demonstrated. According to the respondents, SMEs require not only 

institutional aid (offered by government authorities), but also constructive aid from international leaders in the 

transport and logistics sector. International enterprises of the transport and logistics sector have already been 

providing support for the internationalisation of British SMEs. The paper presents selected solutions that 

support marketing, e-commerce, and management of cross-border transport. The research goal of the work 

was to identify logistic services that will have an impact on raising the level of internationalization of small and 

medium-sized enterprises (SMEs) from Great Britain. In the research process, a hypothesis was made and 

confirmed the hypothesis that "IT platform (with the functions described in the article) implemented by by a 
leading international logistics service provider have an impact on the decision to internationalise British SMEs". 

Keywords: Cross-border transport, transport and logistics, internationalisation of SMEs 

INTRODUCTION  

The enterprise internationalisation process is long-lasting [1] and is characterised by organisational changes 

and an increased exposure to risk [2]. The studies conducted so far have identified barriers to the 

internationalisation of SMEs [3, 4]. The researched have identified external barriers to the internationalisation 

of SMEs. They include: different government regulations of countries of reception; economic and political 

instability; cultural differences; currency fluctuations; and difficulties in the management of flows of goods, 

information, and money in distribution channels. Other researchers identified internal barriers which are 

associated with a lack of resources, attitude of the management towards international expansion, perception 

of risk, and inadequate knowledge of foreign conditions and markets [5]. Fillis [6] demonstrated that two types 

of internal internationalisation barriers may occur: those caused by the domestic market (e.g. poor government 

assistance) or by the foreign market (e.g. intensity of the actions taken by competitors, currency fluctuations). 

Rundh [7] argued that the most important barriers concern a lack of financial resources, language and cultural 

differences, and administrative difficulties. On the other hand, Ibeh [8] claimed that SMEs require assistance 

when it comes to overcoming barriers to international expansion. E-commerce has been identified as a factor 

that definitely facilitates the internationalisation of SMEs. Other researchers [9] presented financial and 

organisational risks, which are impossible to eliminate without partners experienced in international business. 

Terziovski [10] recommend communication with experts outside the company as a method for filling knowledge 

gaps. In their opinion, "internationalisation takes a lot of time and resources", which is a great hindrance to 

SMEs. They show that an international logistics service provider has the necessary knowledge and resources. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

834 

1. PARTICIPATION OF SMES IN OVERSEAS TRADE OF GREAT BRITAIN 

Great Britain is one of the five largest economies in the EU. Services and goods make up almost 80 % and 

20 % of the Great Britain economy respectively. Great Britain is an open economy. Approx. 28 % of GDP 

includes goods and services sold abroad (for approx. EUR 670 billion per year). In 2016, goods made up 

approx. 56 % of export; however, service exports have been on a constant rise for years. The data presented 

in Figures 1-5 were collected using the document examination method. Figure 1 presents the ratio of service 

exports to goods exports in EU member states, in countries being the largest EU economies acc. to GDP 

(France, Germany, Italy, Spain, Great Britain) and in Great Britain itself. 

 

Figure 1 Ratio of service exports to goods exports in EU-28 member states, the five largest EU economies, 

and in Great Britain in 2016 

Source: [12] 

Great Britain is the only country that exports more to non-EU countries. Great Britain exports to the US the 

most. Small and Medium-Sized Enterprises located in the countries being among the five largest economies 

carry out up to 40 % of export and up to 50 % of import. However, their role in international trade does not 

correspond to value added that they generate (they generate more than 50 % of value added) and to 

workplaces (two thirds of workplaces are available in SMEs). Most of SMEs in France, Germany, Italy, Spain, 

and Great Britain are not involved on the international front. SMEs mainly export to EU member states (approx. 

30 % of their goods and services), while only 3 % of their goods and services are exported beyond the EU. 

International activity of British SMEs is also poor. According to Eurobarometer public opinion surveys, 17 % 

and 11 % of Great Britain SMEs exported to EU member states and non-EU countries in 2015 respectively. 

Naturally, trade flows only give a partial picture of cross-border activities of companies (including SMEs). 

Foreign direct investments (FDI) are an important form of internationalisation (but not for SMEs). Companies 

can invest abroad in order to: obtain a better access to their foreign markets; be closer to customers or 

suppliers; strive for the fragmentation of manufacturing processes to develop comparative advantages. Large 

companies in the EU make a significant contribution to global direct investments (five largest EU member 

states have a total of 19 % of global foreign resources obtained via FDI). Only very small SMEs are involved 

in FDI. Contribution of SMEs in the total value of FDI is limited to less than 1 %. FDI has three components: 

equity capital (purchase of shares of an enterprise in a foreign country), reinvested earnings in a foreign 

enterprise, and intra-company loans. None of these forms is favoured by SMEs. The survey revealed that 68 % 

of British SMEs have no experience in any internationalisation form [11],[12]. Figure 2 shows the exports (of 

British enterprises) broken down by size class to EU countries. Figure 3 exports outside the EU in 2016. 
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Figure 2 International activities of UK SMEs Inside The EU (%) Value of export (goods by size class,  

intra - UE, 2016.  

Source: [11] 

Figure 3 International activities of UK SMEs Inside The EU (%) Value of export (goods by size class,  

extra - UE, 2016 

Source: [11]  

The aforementioned figures demonstrated that British SMEs appear to be focused on intranational activity. 

Despite this apparent reluctance to export, import and other internationalisation forms, it was found that only 

approx. 10 % of British SMEs declare that they will never be involved in export or import. A great many British 

SMEs were potentially interested in export or import; still, the respondents argued that there are barriers that 

are yet to be overcome [12]. The barriers indicated by the respondents are shown in Figure 4. 
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Figure 4 Main barriers to the internationalisation of British SMEs with and without international experience 

(2016 surveys; they present % of responses) 
Source: [12] 

2. INSTITUTIONAL SUPPORT FOR THE INTERNATIONALISATION OF BRITISH SMES 

National policies that support the internationalisation of British SMEs include: - Department for International 

Trade - provides operational support to exporters and facilitates internal and external investments. British 

Business Bank is a supporting authority of the Department for International Trade. - UK Export Finance - 

provides financial products and services. 

UK Export Finance offers a wide range of products: working capital loans and insurance of risks. It makes it 

possible to recover the costs associated with a failure to comply with an export contract; direct loan and 

guaranteed loan intended to encourage foreign companies to purchase British products. Apart from financial 

and insurance products, Export Finance also provides advice with the use of Export Finance Managers. 

Regional contact points offer advice and provide information on: - payment methods and types; - types of 

available financial resources; - trade financing (before and after export); - loan insurance; - foreign exchange 

risks. Options for activities on individual markets and insuring such activities may be discussed with managers; 

in addition, contact with insurance brokers is ensured. The Department for International Trade offers advice 

and support in terms of development relationships, available grants and other incentives; it also provides 

advice on hiring and training employees and shares observations about specific markets. The British Business 

Bank, national promotional organisation, provides specific credit lines to finance export and investments of 

SMEs based in Great Britain. It also offers a three-stage programme to help entrepreneurs implement their 

international objectives, while at the same time minimising risks.  

The first step involves a detailed assessment of the readiness of the company for export by advisers. This step 

includes the analysis of the organisational structure of an SME, its financial standing, leadership and 

involvement in the internalisation plan. The analysis of this type allows companies to prepare and to eliminate 
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weaknesses and management gaps. Another step involves the selection of the best market to expand into 

with the use of a structured approach based on careful analysis and market research. The last step is 

associated with advisers' helping companies to develop their strategy for entering the market through: 

identification of the best partners on the target market and competitors and development of a comprehensive 

action plan. 

In addition to the described specific assistance, the Bank also offers free content and tools that will help 

companies with export. This content and these tools include videos, numerous articles and an eBook entitled 

"How to be successful". The guide for entrepreneurs was developed in cooperation with institutions from other 

countries, i.e.: Export Development Canada and the Canadian Trade Commissioner Service, Canada Tariff 

Finder.  

The study involved [12] expectations of SMEs towards the internationalisation support in five largest EU 

member states (including Great Britain). SMEs expect more support in terms of help with financing export and 

consider it to be most useful, which is presented in Figure 5. 

 

Figure 5 Desires forms of support for the internationalisation of SMEs activities (2016 surveys; they present 

% of responses) 

Source: [12] 

The needs of SMEs in terms of support are changing for various reasons. Previous studies demonstrated that 

the performance of niche strategies combined with recognisability of the British brand was key for the 

international expansion of SMEs to be successful. The success was achieved by focusing on a narrow range 

of products and on a clearly identified market segment [13]. Over time, SMEs involved in export started to 

adapt their products and activities to local preferences on foreign markets [14]. Identity of a company brand 

with the British brand is still a key asset as well as a precedent in trade with the US (Americans love British 

products and the quality associated with them). Recent studies by Hutchinson et al. [15] reveal that the success 

made by British SMEs is increasingly dependent on internal and externals factors supporting 

internationalisation. Internal factors include: global vision (stop thinking from the angle of national pride)/ way 

of thinking (considering the needs and identify of foreign customers), entrepreneurial mindset, and informal 

personal relations on foreign markets. External factors include: government aid and consultancy of 

international logistics service providers. Morgan and Katsikeas [16] identified four major sets of internal barriers 

that explain why SMEs are becoming reluctant to export. The authors mentioned: strategic, operational and 

information barriers as well as barriers based on processes. The last three barriers may be transcended by 

companies using e-commerce (c-commerce, m-commerce, sale on social media). If companies are not experts 

in e-commerce operations, they should use logistics service providers. 
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3. EXAMPLES OF INTERNET PLATFORMS THAT SUPPORT THE INTERNATIONALISATION OF 

SMES OPERATING IN SERVICES  

Hidden Art is a non-profit organisation that helps SMEs involved in design in London and surrounding areas. 
The objective of support is to provide access to a competitive and global market for SMEs. Hidden Art provides 
a dedicated network platform that connects businesses on the market. Designers are given training and 
information. A project by Hidden Art entitled "Innovative cooperation networks for smart growth" is aimed at 
stimulating the growth of a local community of designers. Designers may sell their designs or design services 
all over the world via a Hidden Art e-shop, pop-up retails, or international trade fairs. Apart from the dedicated 
B2B platform, the Hidden Art project offers guidance tailored to your needs and offered by individual advisers. 
The support model consists of adapting the development path, raising commercialisation skills, and directing 
activities towards the appropriate community: co-designers, makers, or distributors. Programmes of project 
development are also organised in order to help participants to develop their ideas and to put them on the 
market. The Hidden Art network is open to all designers and has approx. 2,000 members at the moment. 
Around 100 designers offer their services/products on the Hidden Art e-shop, while approx. 300 designers 
have their own page in the Hidden Art catalogue Joint marketing activities, events, and programmes are 
organised or controlled by Hidden Art. 450 companies have received support so far. The Hidden Art project 
inspired confidence in the community of designers in London. 

4. EXAMPLES OF INTERNATIONAL COMPANIES OPERATING IN TRANSPORT AND LOGISTICS 

AND THEIR SOLUTIONS TO SUPPORT THE INTERNATIONALISATION OF SMES 

FedEx makes it possible for SMEs to reach new customers and international markets relatively easy. FedEx 
identifies the global environment, political powers, logistics and transport infrastructure, and distribution 
capability on export markets for SMEs. It provides IT systems (CRM, WMF systems etc.) for its customers. In 
2016, the IT system by FedEx for export carried out by SMEs was transformed. Due to the organisational, 
cultural, and technical transformation, studied (i.e. operated by FedEx) SMEs do not feel alone when it comes 
to the organisation of transport or logistics operations in cross-border trade. FedEx combines physical and 
digital networks (bringing the development of the Internet of Things closer), which helps and accelerates the 
increase in the number of cross-border transactions, and thus making it possible for flows to be faster, cheaper, 
and more convenient. FedEx provides support to SMEs through dedicated and geographically targeted branch 
teams, tailors its services to suit the individual needs of SMEs and prepares various options for international 
shipments such as e.g.: International Priority. It also provides training to SMEs, believing that employees need 
to be updated with new platforms, in order to maintain competitive advantage and reach global customers. 
FedEx has prepared convenient order forms and simplified payment methods to work in c-commerce. 
According to SMEs, it is FedEx that has the best operational platform, which provides the highest level of 
service. The changing nature of the relationship of FedEx with SMEs thanks to new functionalities of CRM 
modules and use of the new possibilities, which are offered by the digital economy, improves indicators of the 
internationalisation of SMEs. According to "FedEx Export report for SMEs", European SMEs have introduced 
e-commerce (38 % of SMEs with the help of e-commerce reach foreign markets, among them 55 % generate 
their revenues using m-commerce, and 65 % of SMEs use social media for promotional purposes and sales 
on foreign markets). According to FedEx, the use of e-commerce and system integration with an international 
logistics service provider makes it easier for SMEs to start and to operate internationally.  

XPO Logistics, a leading global provider of transport and logistics solutions, has established a pioneering 
partnership with the GS1 UK organisation. The cooperation concerns the implementation of standards for 
identification of food commodities in the supply chain. XPO manages physical checks of compliance with the 
standards of the products for leading suppliers and retailers of food products. The productDNA:Hub service 
simplifies sharing of the trusted data concerning the products and their management, passing them for use in 
stores and on the Internet. The service provides the branch a uniform and agreed way of working. The 
recipients of productDNA:hub were to be initially food industry giants as Nestlé, PepsiCo, Sainsbury's, Tesco, 
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Unilever, Waitrose. The service has also been started to be used by SMEs, expecting that the new standards 
will improve the traceability of products exported and bring savings by: reducing the cost of lost sales, improved 
product safety, storage, inventory accuracy and visibility in the supply chain. High-quality data and standard 
information is expected by the international consumer especially for the products originating from SMEs. XPO 
manages the productDNA:hub operations in the multitemperature warehouse in Easton, Lincolnshire. A 
special team tests food products to make sure that the labels accurately reflect the contents in accordance 
with the GS1 directory, using specialised software for data collection and validation of results. In addition, XPO 
Logistics has launched a new service of pallet and bulk cargo transport between Europe and third countries. 
Customers are now able to dispatch the consignments from European countries to certain selected sites using 
LTL, Red Europe® network services, offered by XPO. Services are available in both directions. The new 
transport service is available free of quantitative restrictions (starting from one pallet), which allows SMEs 
customers to import and export goods in any quantity on a regular basis. XPO Logistics offers daily pickup and 
dispatch twice a week in both directions. KeyPL is an integrated package of transport solutions by the XPO 
Logistics company for the automotive industry, which optimises the flow and provides sound operational data 
on even the smallest parcel. The standard EDI documents dedicated to the branch can be displayed in real 
time at the supplier, customer, carriers. A 14-person KeyPL team, fluent in six languages, organises cash flows 
in six currency zones. The team's objective is to expand the customer base with companies of the SME sector 
- joining the international supply chains. The above information on the functionality of the implemented IT 
platform was obtained using the diagnostic sounding method. The research technique was a direct interview. 
Using the method of examining accounting documents, the data presented in the Table 1 was obtained. 
Table 1 shows the growing number of British SMEs involved in export benefiting from the services of a selected 
international logistics service provider and declaring that offered services facilitated expansion into foreign 
markets. 

Table 1 Number of British SMEs that use the services of a selected international logistics service provider 

EU member state Number of British SMEs with 
international experience 

(cooperating with the provider) 

Number of British SMEs 
without any international 

experience 

(starting cooperation with the 
provider) 

Sale of cross-border services 
for SMEs  

January 2017 11 0 Styczeń 2017 =100 

February 2017 12 1 100,5 

March 2017 17 1 100,7 

April 2017 20 2 101 

May 2017 25 0 101,7 

June 2017 30 3 102 

July 2017 32 2 103 

August 2017 34 2 103,5 

September 2017 36 2 103,5 

October 2017 40 4 104 

November 2017 45 5 104,9 

December 2017 50 4 106 

January 2018 58 4 108 

February 2018 67 4 108 

Source: [Author's own elaboration based on an interview with a manager and examining accounting 

documents logistics operator - XPO Logistics] 
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CONCLUSIONS 

Not only did the results of the study make it possible to look at the difficulties encountered during the SME 

internationalisation process and to show the expectations of SMEs towards supporting actions taken by the 

government, but they also demonstrated business solutions to make is easier for SMEs to cross national 

borders. It is desirable to consider new technologies and platforms and their effect on the internationalisation 

and development of enterprises. The above-mentioned consideration was continued in the papers by 

Stawiarska, Sobczyk [17] 

The diffusion of logistics and transport innovations is not only the responsibility of companies operating in 

transport and logistics, but also what SMEs need.  

The paper was an attempt to suggest: - implementing solutions for SMEs under internationalisation to 

managers of logistics companies. They copied interesting solutions from those that have already been 

successful in the support of SMEs, i.e. from international logistics service providers. The paper serves as a 

confirmation that the implementation of the aforementioned solutions is necessary (the number of SMEs 

involved in export/import increases) and cost-effective (turnover of SMEs goes up). The study (desk research 

from the introduction of this paper and Chapter 1) reveals that SMEs expect logistics service providers to 

develop platforms to help overcome barriers to their internationalisation. - relying on logistics partners to 

managers of SMEs. The knowledge of a specialist-partner who understands the nuances and subtleties as 

well as the requirements of a foreign market is of particular importance given limited resources of SMEs. 
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Abstract 

All logistics activities both in the field of distribution logistics and in the logistics of customer service are closely 

related to the customer to the ability to satisfy his needs and expectations. Analysis of the level of customer 

satisfaction in enterprises is treated as a valuable source of knowledge about the degree of customer 

satisfaction from the company's operations. The basis of any quality management system is to reveal and 

improve the resulting nonconformity within a company. In accordance with the principle 1-10-100, the costs of 

the complaint are many times higher than they would in real terms and also result from the loss of trust and 

reliability of clients. For this reason, each complaint should be treated exceptionally and analyzed in detail in 

order to eliminate the cause of its creation experience. The purpose of this article is to analyze the quality of 

the offered products and the course of the complaint process, as they significantly affect customer satisfaction. 

Keywords: Distribution logistics, customer service, quality, complaints, customer satisfaction 

1. INTRODUCTION  

In the modern world, one of the most important criteria for the functioning of enterprises and their assessment 

by customers is quality. Issues related to quality should be treated by management with particular care in every 

area of the company's operation - also in the context of logistics. Therefore, the quality management process 

and logistics must be linked to each other in such a way that these aspects are mutually compatible and 

merged. 

The distribution logistics subsystem is responsible for coordinating all the flows and activities aimed at 

physically delivering products to the customer [1]. The tasks and functions of the distribution logistics 

subsystem concentrate mainly on operations and warehouse manipulations, packaging and delivery of 

physical goods to final purchasers by its own transport or through an external provider of logistics services [2]. 

Customer service is one of the most important areas of business management. The position of the company 

on the market depends on the effectiveness of actions that are aimed at satisfying the clients' needs both in 

terms of products and services rendered. Logistics customer service is primarily associated with transactional 

activities, but it is also present in post-transaction activities. Handling complaints and grievances should not 

be treated as a necessary evil. It should be noted that a well-served customer in the post-transaction service 

is often more loyal than the one who was immediately satisfied with the acquired goods [3]. 

The purpose of this article is analysis of quality of products manufactured and procedures that are used in the 

analyzed undertaking to reduce the number of noncompatible products which are going to the ultimate 

purchaser and proceeds in the situation when the customer reportes the claim. The 8D method was used to 

verify the complaint. 

2. DISTRIBUTION LOGISTICS 

In terms of logistics, E. Gołembska defines distribution logistics as an integrated process of planning, 

organizing and controlling streams of goods and related information, whose task is to provide the right goods 

in terms of the type, quantity and quality to the right place and at the right time, at the lowest possible costs 

[4]. The subject of the logistics of distribution processes is, therefore, the movement of raw materials, materials 
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and finished products from the places of their manufacture or production to the user or consumer. It covers all 

the activities that are necessary to supply the customer with finished products. As follows from the definition 

of distribution logistics, its purpose is to ensure product availability for the customer, according to his 

preferences, at the lowest possible cost. In a general way, these costs are defined as costs arising between 

the moment the product leaves the production facility and delivery to the customer's door [5, 6].  

Distribution logistics integrates all the physical processes and streams in the sphere of marketing and sales 

into a single management system whose main task is to minimize sales costs while satisfying clients' various 

needs [4]. Due to the importance and economic significance of decisions regarding the distribution and sale of 

final products, they are included among the most important strategic decisions that affect the company's 

results. The scale and nature of logistics distribution processes in an enterprise are varied and depend on [4]: 

 the type and nature of the enterprise; 

 the subject of the company's activity; 

 the market competitiveness of the company and its market position. 

3. LOGISTICS CUSTOMER SERVICE 

Logistics customer service is one of the most important concepts of modern logistics. All logistics activities are 

closely related to the client, with the ability to meet his needs and expectations [7]. Positive and lasting 

interactions with buyers are often the result of customer satisfaction with the quality of service provided to 

them, which is reflected in the company's profits [8]. 

M. D. Dobrzański defines logistics customer service as all the necessary activities related to receiving, 

preparing and filling orders, while at the same time supervising its correctness and intervention in the event of 

errors in order to compensate for damage. Logistics customer service is also the reliability of supply of products 

to buyers, in accordance with their requirements. The whole can be defined as an activity that includes all 

business areas whose aim is to satisfy customers while realizing the objectives of suppliers [9]. 

The elements of logistic customer service (so-called features) can be called those parts of the service that are 

of particular importance for customers, but the weight assigned to them by customers may change depending 

on the market segment, type of products, distribution methods or size of competition [8]. 

Customer service is the object of interest in many areas of the company's operation, however, from the logistics 

point of view, we can analyze it with its division into four main elements [10]:  

1. time (control of delivery time, transfer of orders, preparation of orders, transport time);  

2. reliability (inventory level and costs of their exhaustion, complaints, proper filling of order);  

3. communication (information about the order between the seller and the customer in both directions);  

4. convenience (flexibility).  

The elements of customer service in logistics can be divided due to many different criteria. One of the most 

popular and most often distinguished is the division, whose criterion is time. We can identify three phases 

here: pre-transactional, transactional and post-transactional elements [11]. 

Enterprises choose to provide customers with the quality of manufactured products, professional service and 

a developed after-sales service. For this purpose, products are inspected at all stages of manufacture. The 

low level of quality of manufactured products increases the probability of a complaint which according to the 

1-10-100 principle is very costly for the company both financially and image. 

Despite the fact that the products are currently controlled on the market, there are defective products, which 

customers are dissatisfied with and then they can advertise the product. Complaints are most often the result 

of [12]: inadequate product quality, unsatisfactory customer service level, price differences in relation to the 
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price at the time of ordering, quantity differences in the batch delivered, delivery of a different product than 

ordered or delivery delay. 

4. CUSTOMER SATISFACTION AND PRODUCT QUALITY 

Customers are a very important factor in all organizations. Unfortunately, in terms of quality, performance or 

service, not all organizations are able to fully adapt their business to the needs of their clients. Therefore, every 

company should be aware that improving the quality perceived by customers is not a matter of choice, but a 

requirement that determines the survival of the organization [13, 14]. 

Organizations depend on their clients and therefore it is recommended that they understand the current and 

future needs of the client, meet his requirements and make efforts to exceed his expectations. [15]. 

Logistics customer service is related to transactional activities as well as pre- and post-transactional activities. 

One of the most important activities in the sphere of customer contacts is the handling of complaints and 

returns. For it is not only selling products, but also activities undertaken in connection with comments appearing 

after the sale that have an impact on customer satisfaction [3]. 

Among the reasons for customer dissatisfaction, the poor quality of products is mentioned in addition to errors 

in their service strategy [3]. And it is the satisfaction of the client's needs that has a huge impact on the 

competitive position of the company. Therefore, one should strive to eliminate products that do not meet the 

expected properties, e.g. by monitoring the production process, quality control of manufactured products and 

analysis of the causes of noncompliance. These processes are focused on meeting the expectations of the 
company's clients, as this satisfaction is one of the most important elements of customer service [7-9].  

In order to maintain the expected level of product properties, nonconformities should be identified first. 

Figure 1 presents the data from 2017 regarding the production volume and the amount of produced 

nonconforming products in the analyzed production company (Figure 1). 

 
Figure 1 Size of production and the amount of nonconforming products  

Based on these data, it can be concluded that in 2017, 1,192,802 electric beams were produced, and 7,273 

nonconforming products were detected. The largest number of electric beams was produced in February, 

March and June (on average over 140,000 units), while the most nonconformities were detected in January, 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

845 

October and November (on average over 1,000 items). The percentage distribution of the analyzed data is 

more objective to analyze the quality level (Figure 2). As can be seen from the data included in Figure 2, the 

share of nonconforming products in the total number of manufactured products is at the level acceptable for 

this type of production and amounts to 0.6 %. The most nonconformities were revealed in the winter months 

(October, November, December, January). 

 
Figure 2 Percentage of nonconforming products in total number of manufactured goods 

In the analyzed company there are 43 types of nonconformities (T1 - T43) occurring in the production process. 

The nonconformities arising in 2017 classified according to these groups, allowed us to conclude that 25 types 

of nonconformities occurred in the analyzed period. 

The main types of nonconformities that occurred in 2017 can include T1 nonconformities - others - in this 

category, approx. 95 % of nonconformities are products that have inappropriately joined (glued) plastic 

components that are worse in periods of low temperatures (the most analyzed nonconformities were detected 

in January 2017) (Figures 1, 2); T2 - poorly fixed cable and T3 - lack of one of the components of the finished 

product. The company should first of all introduce improvements that will eliminate these three types of 

nonconformities, as they in the following months of 2017 constituted about 45 % of the total number of 

nonconformities. 

The largest number of nonconformities arising in 2017 is due to human error. This is largely related to the high 

turnover of employees that takes place in the company, which is due to the fact that they are inexperienced 

and do not have sufficient competences. In addition, they are employed for a trial period, which often results 

in a lack of motivation to work, as well as a lack of diligence in performing work. 

In this enterprise, in accordance with the adopted strategy, employees are treated as internal customers, i.e. 

that each of them is the recipient of products provided by other employees, therefore, it is necessary to strive 

to satisfy their requirements as fully as possible. In addition, each employee is convinced that it is his work 

(task, process) that is the most important in the whole process, the end result of which is a finished product, 

which is an electric beam. 

In the studied facility in accordance with the existing ISO system, at each stage of the production process the 

product is regularly inspected in terms of maintaining the technical parameters specified in the documentation 

in order to detect nonconformities as early as possible. 

The designated quality control points (Figure 3) are aimed at the earliest possible detection of nonconformities 

to reduce the costs associated with occurring errors and in addition, the nonconforming product will not be 

delivered to the customer. However, if this happens, complaints are dealt with as diligently as possible, bearing 
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in mind above all to obliterate the negative impression about the company and show that the customer is the 

most important for us.  
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Figure 3 Block diagram of production process occurring in analyzed enterprise 

In the analyzed company in 2017 there was one complaint. In this enterprise, the 8D method was used to 

verify the complaint, as it allows correct identification of the cause of the defective product that was delivered 

to the customer and implementation of improvements in the production process that will prevent this type of 

defect. The 8D method is used to eliminate external errors, i.e. those that are reported by clients and internal, 

reported by employees (internal clients), including those who inspect the quality of manufactured products or 

production workers who have noticed a defect in the product. Reported problems are important from the point 

of view of quality costs and meeting customers' expectations of the purchased product [16, 17]. 

After the complaint was filed by an external client, a team of five persons was appointed: quality manager, 

quality specialist, operator, maintenance engineer, operational manager and an appointed leader, who 

became the quality manager (1D). The task of this team was first of all to precisely determine the problem 

(2D). After reviewing the complaint, it was found that the defective product had exchanged components; this 

nonconformity was detected in the Type A electric beam. In the examined enterprise, immediate complaint 

actions were taken (3D): 

1) the recipient set aside the Type A electric beams for later selection - 3917 pcs, 

2) due to the high similarity of the Type B electric beams, a decision was made to secure them (preventive 

action) for later selection - 1596 pcs, 

3) selection of secured products (Type A - 1307 pcs, Type B - 548 pcs) made by a team established in the 

analyzed company at the recipient's premises, 

4) selection of secured products (Type A - 2610 pcs, Type B - 1048 pcs) made by an external company 

(hired by the analyzed enterprise) at the recipient's premises, 

5) operator training and conversation about the problem. 

Another element of the analysis was to determine the causes of the complaint together with their percentage 

share (4D). It was found that this problem was mainly due to human error, because the operator did not follow 

the correct procedure of the performed operation, he did he did not have work experience due to his short 
length of service (80 %). In addition, this operator did not perform the test after the performed activity (10 %), 

it resulted from the fact that the test label from the previous test was not removed from the analyzed product 
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before the start of the next operation (10 %). To sum up this stage, the main reason for not detecting the 

resulting defect was the operator's failure to perform the planned procedure. 

In order to prevent such flaws in future, corrective actions (5D) were defined, i.e. operator training was planned 

regarding the correct procedure for performing operations and the need to conduct quality tests.  

The appointed team performed the validation and implemented permanent corrective actions (6D) and 

preventive actions (7D), i.e. at the workplace where the analyzed activity was performed, photos of the 

nonconforming product were posted, as well as additional instructions regarding the performed operation and 

quality tests.  

The final stage of the analysis (8D) was closure and evaluation of the conducted reporting. 

5. CONCLUSION 

In the analyzed production company, the level of quality of the offered products (electric beams) is at an 

acceptable level, which is 0.6 %. The management staff of the examined company cares about good relations 

with clients, among others by satisfying their expectations as to the finished product. One of the strategic goals 

of the company is the quality of the products because it is of great importance in the fight for clients, moreover, 

according to the PDCA principle, processes are carried out aimed at continuous improvement and perfection 

[18]. 

In the examined enterprise, in order to ensure the quality of manufactured products, the focus should be mainly 

on eliminating T1 defects. To this end, appropriate employee training should be planned and personnel 
turnover reduced through the use of an appropriate incentive system, an increase in remuneration or 

concluding long-term contracts. These activities will aim to minimize the number of complaints, because 

according to the 1-10-100 principle, the earlier we detect and solve a given problem, the less it will cost us, 

and our company will not lose its reputation or market share. 

In the event of a complaint outside of the procedures adopted by the company (8D, 5 Whys, Ishikawa), action 

should be taken to minimize its effects, thus showing care for customer satisfaction and maintaining good 

relations with them. 

The actions taken by the team of employees in the examined facility were correct because the response to the 

complaint was immediate. Additional measures were also taken, i.e. one additional product (Type B) was 

secured due to the high similarity to the defective product (Type A) to prevent customer dissatisfaction and 

additional losses. 
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Abstract  

E-commerce is still developing at a fast pace. Early growth was slowed by many barriers, such as inadequate 

privacy and data security in transactions, low customer’s confidence and even by problems with access to 

Internet. A lot has changed during the last 10 years. Both demand and supply increased as the number of 

customers, shops and products offered grew. Customers’ expectations changed in many aspects also with 

regards to cost and timing of deliveries. In search of efficiency improvements e-commerce companies 

innovate. In this paper we use research data to analyze the relation between the size of warehouses and 

delivery options offered and the size of the company and relate findings to business and logistics strategies of 

e-commerce companies. We find that there is a direct link between net revenues and size of warehouses, 

which means that companies prefer to use own facilities and that regardless of the company’s net revenues 

delivery options offered to clients remain the same.  

Keywords: E-commerce, warehouse, fulfillment, strategy 

1. INTRODUCTION  

Global retail e-commerce sales are expected to growth to from $1.5 trillion in 2015 to $4.1trillion in 2020, 
making up 14.6 % of total retail spending [1]. 

The ongoing growth of the e-commerce sector is caused by factors such as the ease of access and use, 

competitive pricing, accesss to product specifications and opinions of other users. The main barriers to e-

commerce growth include the lack of physical contact with products and the lack of trust in Internet transactions 

[2, 3]. Further barriers refer to conversion rates defined as percentage the number of visitors who make a 

purchase directly from a website as a percentage of total visitors. Two of the main barriers refer to speed of 

delivery speed and cost of delivery costs [4]. They are often a reason for “abandoned baskets” in e-commerce 

and determine revenues and profits [5].  

E-commerce is not clearly defined. World Trade Organization defined production, distribution, marketing, sale 

or delivery of goods and services by electronic means [6]. 

Warehousing, can be defined as the intermediate storage of goods in between two successive stages of a 

supply chain. The basic functions of warehousing are receiving, storage, order picking, and shipping [7]. 

Catalog or e-commerce fulfillment warehouses typically receive may, small (1-3 items) orders which are to be 

filled and shipped immediately after receipt [8]. These characteristics can be linked to the characteristics of e-

commerce.  

The main factors affecting warehousing in e-commerce are internal and external. Small orders result from the 

fact that individual customers are being served: 

 small orders. Private consumers order small quantities per purchase. Boysen, de Koster and Weidinger 

[9] report that the average order at Amazon Germany amounts to 1.6 item. 

External, competitive factors include (Figure 1): 

 large assortment, 
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 fast delivery, 

 volatile demand. 

E-commerce retailers offer much larger assortment of goods than brick-and-mortar shops. Customers await 

fast delivery and e-commerce companies are offering that. Seasonal sales cause volatile demand for goods 

in some periods.  

 

Figure 1 Factors affecting e-commerce warehousing 

Competition is the main driver in developing warehousing in e-commerce ever since its early days [10]. It is 

affecting assortment, delivery times and seasonality of sales. It also affects innovation [11], which became a 

necessity both within e-commerce companies and their warehousing operations. 

Apart from IT improvements, such as mobile robot fulfillment systems several solutions have been developed 

and are being implemented by e-commerce companies: 

 cluster picking - multiple order containers have been developed to improve the efficiency of small orders 

handling, 

 mixed shelves storage - large-sized facilities (with large assortment) adopt a system of breaking down 
loads into individual units that are placed in multiple locations in the warehouse, 

 intermediate storage - consolidation areas within large warehouses where individual picking orders are 

assembled, 

 pop-up fulfillment - seasonal fulfillment centers developed to address volatile demand. 

As fulfillment becomes more efficient and complex many ventures find it too expensive to create and sustain 

own facilities. Some companies outsource this part of their business by purchasing fulfillment services or by 

drop shipping. Although the concept seems to be rather old [12] increasing competition, and expenditures 

required to build and sustain own warehousing facilities are likely to increase its popularity. The concept may 

also be supported by suppliers as their production and warehousing systems become increasingly complex 

due to increasing popularity of production networks [13]. 

This paper is related to the research stream that deals with multi-channel distribution networks used by retailers 

to serve customers in online sales channels. In a comprehensive survey of literature on multi-channel 

distribution and fulfillment, Agatz, Fleischmann, and Van Nunen [14] identified a gap in literature on multi-

channel distribution. The scientfic goal of this paper is to investigate the relationships between: net revenues 

and size of warehouses utilized by e-commerce companies and between net revenues and available delivery 

options. We focus on small and medium size companies operating in Poland.  
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2. DATA 

We sent an e-mail questionnaire to 2,000 internet shops and received 204 responses. Data was as gathered 

as part of larger study of e-commerce. The sample included both start-ups as well as more experienced 

companies (Table 1). 

Table 1 Age of companies in the sample 

Years after founding up to 1 year 1-2 years 2-5 years 5-10 years over 10 years 

Share of companies in the sample (%) 6 14 40 31 9 

The number of e-commerce companies operating is difficult to estimate. Poland’s Central Statistical Office 

data doesn’t provide direct answers. The number can be estimated based on number of companies included 

in NACE 47.91 Retail sale via mail order houses or via Internet classification. It is estimated there are from 

25,000 to 30,000 e-commerce companies operating in Poland [15]. IT companies are characterized by 

relatively low employment compared to service companies and manufacturing companies.  

Most of the companies in the sample employed one or two employees (58 %), 8 % employed over 20 people 

(Table 2). 

Table 2 Sample characteristics - number of employees 

Number of employees <3 3-5 6-20 >20 

Share of companies in the sample (%) 58 22 11 8 

Net revenues of most of the companies in the sample was below 5 million PLN/year (Table 3).  

Table 3 Sample characteristics - net revenues division into classes 

Net 
Revenues 

(in PLN 
thousands) 

<10 
10-

49,999 
50-

99.999 
100-

499.999 
500 - 

999.999 
1,000-

4,999.999 
5,000-

9,999.999 
10,000-

49,999.999 
>50,000 Total 

Share of 
companies in 
the sample 

(%) 

11.3 19.6 10.3 21.1 13.7 14.2 2.0 4.9 2.9 100 

Taking into consideration the definition of small and medium size companies adopted by the European 

Commission all but 16 companies were micro enterprises, 10 were small enterprises and 6 were medium 

enterprises. 

3. METHOD AND RESULTS 

We formulated the following hypotheses: 

H1 the size of the warehouse in e-commerce depends on company’s net revenues. 

H2 shipping options offered to customers depend on company’s net revenues of the company. 

Statistical calculations were used to verify the formulated hypothesis. The significance level of the tested 

hypothesis was set at 5 % (=0.05).  

We calculated 2 test of independence, Pearson’s p-value and Pearson’s contingency coefficient 

(Pearson’s C). 
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Null hypothesis of no association has been rejected based on 2 and p-value < . Pearson C is way from zero, 

hence there is a relationship (Table 4). It therefore can be argued that size of warehouse depends on the net 

revenues of the company. Companies with bigger revenues operate bigger warehouses.  

Table 4 Hypothesis H1 data and results 

 Net Revenues (in PLN thousands) 

Size of the 
warehouse <10 

10-
49,999 

50-
99.999 

100-
499.999 

500 - 
999.999 

1,000-
4,999.999 

5,000-
9,999.999 

10,000-
49,999.999 >50,000 Total 

none 2 4 1 3 2 2 1 0 0 15 

< 50 m2 13 25 14 15 7 1 0 1 0 76 

50 to 100 m2 6 7 4 13 10 6 0 0 1 47 

101 to 150 m2 2 1 1 7 3 5 1 0 0 20 

151 to 300 m2 0 2 0 1 2 10 1 1 0 17 

300 to 500 m2 0 0 0 1 0 2 0 2 0 5 

> 500 m2 0 1 1 3 4 3 1 6 5 24 

Total number of 
stores 

23 40 21 43 28 29 4 10 6 204 

2 = 152.89 

p-value = 0.00002 

Pearson's C = 0.654519 

In e-commerce logistics US market seems to be somewhat ahead of Europe, driven by large players like 

Amazon, Walmart, Apple and Staples, which dominate the market [16]. Changes in warehousing and 

developments in the US indicate future trends for less consolidated European markets. Especially growth in 

third party logistics [17] and sales forecasts [18] should be continuously monitored. Study results indicate that 

lowering order fulfillment costs is a better approach for retailers to improve profitability than reducing order 

delivery costs [19]. Improving profitability may become crucial as investors review their portfolios in search for 

results rather than potential [20]. 

Table 5 Hypothesis H2 data and results 

 Net Revenues (in PLN thousands) 

Size of the 
warehouse <10 

10-
49,999 

50-
99.999 

100-
499.999 

500 - 
999.999 

1,000-
4,999.99

9 

5,000-
9,999.9

99 

10,000-
49,999.

999 >50,000 Total 

Polish Mail 21 34 16 33 16 15 4 4 4 147 

courier 
services 18 38 19 42 26 27 4 9 5 188 

own delivery 6 5 5 6 4 5 1 3 2 37 

store pickup 17 31 14 25 17 24 3 6 4 141 

other 2 5 2 4 2 5 1 3 0 24 

Total stores 23 40 21 43 28 29 4 10 6 204 

2 = 17.57 

p-value = 0.98183 

Pearson's C = 0.178005 
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As Pearson’s p-value >  and Pearson’s C is close to zero H2 hypothesis should be rejected in favor of null 

hypothesis (Table 5). It therefore can be argued that delivery options do not depend on company’s net 

revenues. Regardless of size of operations e-commerce companies prefer to use mail and courier deliveries. 

Surprisingly we have not observed any relation between company’s revenues and any particular form of 

delivery. Similar conclusions regarding the use of couriers and light goods vehicles in e-commerce were 

obtained in a study last mile delivery in London [21]. 

The limitations of our study include focus on small companies and Polish market. Conclusions may be different 

in other markets. We also expect changes in warehousing and fulfillment operations as the market matures 

and large companies increase their market share in retailing and fulfillment operations.  

4. CONCLUSION 

In a modern e-commerce supply chain, retailers use multiple warehousing and fulfillment options to fill online 

orders. This paper is focused on managers’ choices related to the size of warehousing facilities and delivery 

options offered to clients. Using data collected from e-commerce companies located in Poland, we developed 

managerial insights that are useful to understand how warehousing and delivery options change depending 

on size of the company (measured by net revenues). 

We found that companies with bigger revenues operate bigger warehouses. Although this finding seems 

obvious in traditional retailing for e-commerce this means that third party logistics and drop shipping is rarely 

used. Our second finding implies that delivery options do not depend on company’s net revenues. Companies, 

regardless of size, prefer to use mail and courier services. That indicates that few companies attempt to create 

own distribution networks. Both conclusions point to e-commerce companies still operating without building 

cooperation, focusing on exploiting new market niches instead of improvements in efficiency of operations. 
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Abstract 

The paper presents an example of a storage system that was designed applying the logistics principles. The 

process of designing a storage system includes the application of design logistics systems. This process 

consists of several phases: project identification, design process paradigm selection, system analysis, 

synthesis, and project evaluation. The main focus is on the synthesis of two alternatives of the rack assembly. 

Keywords: Design, storage system, pallet rack, layout 

1. INTRODUCTION 

The storage process, as one of the logistics processes, currently holds an irreplaceable position in logistics 

systems in companies and in the supply chain. The proper function of storage operations depends on, inter 

alia, the type of the used technology (storage systems) and their utilisation. 

The analysis of the warehouses designing processes described in the literature [1] clearly indicates that 

designing a warehouse comprises a large number of interrelated decisions that are made while applying 

various methods and procedures. The source [2] describes five areas to be addressed when designing a 

warehouse: the determination of a general structure, selection of an operating strategy, the determination of 

the warehouse capacity and layout, and selecting the warehouse technology. The present article deals with 

one of the above listed areas, that is, the selection of warehouse technology, in particular a storage system. 

Obviously, designing a storage system is also related to the remaining four areas. Such designing process is 

carried out while considering the principles of logistics: the systematic approach, coordination, planning, 

algorithmic thinking, and global optimisation [3]. 

The systematic approach means that we view the processes and objects we manage as a system. Within the 

systematic approach, storage may be characterised as a process but also as a part of the logistics system - 

the storage subsystem. 

Within the systematic approach, the process is generally characterised with five components [4]. With regard 

to the storage process, they may be characterised as follows: 

A. Process Inputs and Outputs (stored inventory, groups of inventory, storage units, etc.); 

B. Flow Units within the Process (kilograms, tonnes, numbers of pallets, containers, etc.); 

C. Activities (receiving, placing, picking, shipping, etc.); 

D. Sources (warehouse technology, handling equipment, staff, etc.); 

E. Information Structure (information system, bar codes, etc.).  

The above listed components represent the parts of a company’s internal or external warehouses that may, 

obviously, exist in various forms.  

2. METHODOLOGY 

The process of designing a storage system represents the application of the process of designing logistic 

systems that is carried out in several consecutive phases described by authors Malindžák and Takala in the 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

856 

paper titled Designing Logistic Systems: project identification, selection of the designing process paradigm, 

system analysis, synthesis of the logistics system, and project evaluation [5]. This process was applied to the 

desig process of raw material transportation as well [6]. 

The basic steps within the process of designing a logistic system, adjusted to the requirements of the storage 

system design, are listed in Figure 1.  

 

Figure 1 Modification - designing a storage system. 

The process of designing a storage system for a part of the distribution warehouse is divided into six phases 

that comprise the modification of the process of designing logistic systems, as show in Table 1. 

Table 1 Process of designing a storage system 

1 Defining the design and selection of the paradigm Step 1, Step 2 

2 System analysis - analysis of the object and of potential theoretical solutions  Step 3 

3 Defining a storage unit  

Step 4 4 Designing two alternatives of the storage system (selection of the rack assembly, designing 
the rack field and the rack cell, selection of the operating technology, layout alternatives and 
evaluation thereof) 

5 Evaluation of the alternatives by applying the selected methods of the multi-criteria 
evaluation, and selection of an acceptable alternative 

6 Evaluation of meeting the objectives and of the benefits Step 5 

3. RESULTS - A DESIGN OF THE STORAGE SYSTEM FOR A PART OF THE DISTRIBUTION 

WAREHOUSE 

3.1 Defining the design and selection of the paradigm 

Designing a storage system for the new walk-in cooler with the temperature of 8 - 12 °C to be used for the 

storage of pallets carrying several types of inventory in the racks. The cooler is a part of the distribution 

warehouse. The purpose is to design a storage system that would consist of a rack assembly and the handling 

equipment that would facilitate the use of the maximum possible warehouse area at minimum costs.  

STORAGE SYSTEM DESIGNING PROCEDURE

Step 1: Project identification 

Step 2: Selection of the 
designing process paradigm

Step 3: System analysis

Step 4: Synthesis of the 
system

Step 5: Evaluation of 
meeting the objectives and 
of the benefits

Defining the problem – a storage 
system design
Defining the project objectives
Identification of the requirements and 
limitations regarding the storage system 
design 

Selection of the paradigm (designing 
method)
Case study, modelling approach, re-
engineering

Analysing the object – the warehouse, 
and the available storage systems

Selection of and defining the storage 
system that corresponds to the defined 
factors and requirements

Evaluation of meeting the objectives 
and the benefit of the storage system 
design
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On the basis of the available information, a paradigm - the modelling approach was selected to be applied in 

the following phase of the designing process because the present design is a design of a new storage system. 

The company is extending its business activities with storage services to be provided to its long-standing 

partner.          

3.2 Object analysis 

The storage system area was determined as the area with the dimensions of 20 m and 30 m, and with the 

height of 5.5 m. Therefore, the maximum height of the storage system is 5.4 m. On the basis of defining the 

design inside the walk-in cooler it was proposed to consider the technology of storing pallets in racks. Only 

two operations will be carried out in this particular warehouse, i.e., racking and picking the pallets. Receiving 

and shipping operations will not be carried out there. The storage area is 600 m2.  

For the design purposes, the analysis of racks and handling equipment available on our market, as well as 

relevant suppliers, was carried out. 

3.3 Defining the storage unit 

The rack assembly will be used for the storage of storage units placed on EPAL pallets with the dimensions of 

1,200 mm, 800 mm, and 144 mm, and with the loading area of 0.96 m2. The maximum height of the inventory 

to be placed on the pallet is 1,500 mm; the weight of the storage unit is approximately 800 kg. 

3.4 Storage system design 

On the basis of the analysis of the available and typically used rack assemblies, two alternatives of the rack 
assembly were chosen, as shown in Figure 2: 

Alternative 1: Standard pallet rack with wide aisles. 

Alternative 2: Dynamic flow racks. 

 
                                        Standard pallet rack                                              Dynamic flow rack 

Figure 2 Storage rack alternatives [7] 

The dimensions of the rack cell depend on the dimensions of the storage unit and the number of storage units 

in a rack cell.  

In Alternative 1, the capacity of the designed rack cell was three pallets placed next to each other in the rack 

depth of 1,200 mm. With this type of racking, the cell width was 2,700 mm. The height of the rack cell was 

calculated as the value of 1,750 mm (including the allowance and the height of the beam). The loading capacity 

of the rack cell was 2,400 kg. The rack cell comprised three levels (storeys). The first level represented the 

warehouse floor. The height of the rack cell represented the height of three storage levels loaded with pallets. 

The height of the rack cell was determined as 5,250 mm; this meets the requirement defined in the beginning 

of the article, i.e., the maximum height of the storage system of 5.4 m. 

In Alternative 2, the rack cell width was 2,700 mm again, and for the given storage unit (within the pallet width 

of 800 mm) three segments of a roller conveyor will be placed next to each other. The height of the cell (flow 
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tunnel) was 1,750 mm. It was assumed that the rack field will also consist of 3 vertically arranged tunnels. The 

length of the tunnel was determined on the basis of the layout. 

For the design purposes, the use of the STILL ESM 1 electric fork-lift with the loading capacity of 1,000 kg was 

considered as the handling equipment. The width of the aisle was to be determined by the manufacturer. 

The layout of A1 of the storage system is shown in Figure 3. As can be seen in the Figure, in this case there 

are 7 racks with the length of 27,100 mm. In each rack there are 10 rack cells. The first rack is located by the 

wall on the right side of the door, in the distance of 100 mm from the warehouse wall, in order to eliminate the 

contact with the storage unit. Then there are 3 double rows of racks with the spacing of 100 mm that 

corresponds to the space between two adjacent pallets in adjacent rows. The total depth of the double rack, 

including the stored pallets, is 2,500 mm. The width of the handling aisle is 2,800 mm  2,711 mm (determined 

by the manufacturer). The width of the two-directional transport aisle is 2,900 mm. 

  

                            Figure 3 Layout of A1                                             Figure 4 Layout of A2 

The layout of A2 of the storage system is shown in Figure 4. The rack assembly consists of 10 flow racks with 

the tunnel depth of 14,416 mm. The dimensions of the rack assembly are 27,100 mm and 14,408 mm; the 

superelevation of the tunnel between the entry and the exit is 2° (503 mm). In the tunnel there are 12 storage 

units (pallets). The height of the rack assembly at the entry into the tunnel is 5,753 mm  5,400 mm. How can 

we reduce this height? By reducing the number of vertically arranged tunnels or reducing the depth of the 

tunnel? Table 2 contains the results of calculations for both of these methods. Table 2 indicates that two of 

the concepts meet the requirement regarding the maximum height of the storage system, i.e., 

Table 2 Concepts of reducing the height of the rack assembly at the entry into the tunnel below 5,400 mm. 

 

Concept 

Number 
of tunnel 

levels 

Number    
of pallets 

in the 
tunnel 

Depth of 
the tunnel 

[mm] 

Superelevation 

[mm] 

Height of the rack assembly 
at the entry into the tunnel 

[mm] 

Capacity 

[number of 
pallets] 

1 3 12 14,416 503 5,753 - 

2 3 7 8,410 293 5,543 - 

3 3 4 4,810 168 5,418 - 

4 3 3 3,610 126 5,376 270 

5 2 12 14,416 503 4,003 720 

Concepts 4 and 5. With Concept 4, the rack assembly reaches the capacity of 270 pallets; if 2 such assemblies 

were installed (which is possible with regard to the warehouse area), the capacity would increase up to 540 
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pallets. However, the capacity of the system may be increased with Concept 5, that is, by reducing the rack 

assembly down to 2 levels; this corresponds to the capacity of 720 pallets. In such case, the width of the 

handling aisles would be 2,796 mm and the width of the two-directional transport aisle would be 2,900 mm.   

3.5 Evaluation of storage system alternatives and selection of an acceptable storage system 

alternative 

In the introductory part of the present article, the following definition was provided: “The purpose is to design 

a storage system ... that would facilitate the use of the maximum possible warehouse area at minimum costs”. 

In order to fulfil such objective, it was necessary to make a decision on which of the alternatives meets this 

requirement. The decision on the acceptable design was made on the basis of the results of the multi-criteria 

evaluation [8] and applying three selected methods: Ratio-Index Method, Saaty's Method and Method of 

Pairwise Comparisons [9]. 

The evaluation was carried out by applying the values on the basis of five evaluation criteria: 

A - Capacity - the number of pallet places in the assembly, in pieces; 

B - Percentage of the storage area out of the total warehouse area; 

C - Percentage of the storage space out of the total warehouse space; 

D - Access to individual pallets using a fork-lift; 

E - Investment costs of 1 pallet place, in €. 

Table 3 contains the parameters of the criteria that were applied in the determination of weights and partial 
utilities of the alternatives.  

This task was defined as maximising; the alternative with the highest value of the total utility represents the 

best solution. The results of the multi-criteria evaluation are compared in Table 4 [10]. 

Table 3 Parameters of evaluation criteria 

Criterion Alternative 1 Alternative 2 

A 630 720 

B 39.75 65 

C 38.64 43.69 

D to all pallets to pallets located at the entry and at the end of the tunnel 

E 18 175 

Table 4 Comparison of the results of the multi-criteria evaluation 

Method Alternative 1 Alternative 2 

U1 U2 

Ratio-Index Method 7.3300 5.5300 

Complete Method of Pairwise Comparisons  0.3333 0.6667 

Saaty's Method 0.4807 0.5150 

3.6 Evaluation of meeting the objectives and benefits 

The purpose was to design a storage system so that the storage area is used to the maximum extent at 

minimum investment costs. Through the implementation of the proposed procedure, two alternatives of the 

storage system were designed. On the basis of the multi-criteria evaluation, Alternative 2 was chosen as the 
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acceptable design of the storage system. This design represents a dynamic flow rack and considers the 

handling operations to be performed using fork-lifts. 

The inventory in the dynamic flow rack is replenished applying the FIFO principle (first in, first out) which 

facilitates easier control of shelf lives, batches or series of products. Individual tunnels are filled with pallets on 

the racking side and the picking is carried on the other side. The advantage is that the receiving and picking 

operations are performed at different locations and, therefore, collisions of fork-lifts are prevented.   

4. CONCLUSION 

The article presents a design of the storage system adjusted to particular conditions in the real warehouse. 

The storage system was designed by applying the process of designing logistics systems while laying 

emphasis on the synthesis of the system - designing a rack assembly on the basis of its layout. The article 

presents two alternatives of the rack assembly intended for racking in rows or in blocks. The concluding part 

of the article contains the description of the multi-criteria evaluation upon which an acceptable, a better 

alternative was chosen. The chosen design may also be supplemented with the calculation of the required 

number of trolleys for handling the inventory in the warehouse, or other potential alternatives of the rack 

assembly arrangement in the warehouse may be designed and subsequently assessed. 
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Abstract 

Due to an ever-increasing population, urban transport is becoming one of the main factors negatively impacting 

the quality of the environment. Road transport plays a fundamental role in contributing to the creation of 

greenhouse gas emissions and air pollution to the greatest possible extent. At the same time, noise and 

dependence on oil resources are also increasing. 

Worldwide, the inventories of conventional fuels such as oil, natural gas and coal are decreasing, and their 

rapid depletion is realistic threat. Therefore, more attention must be paid to alternative means of running our 

means of transport. One way to reduce the environmental burden while simultaneously making transport more 

environmentally friendly, is the use of alternative fuels or alternative modes of transport. 

Subsidizing alternative fuels is one of the possible solutions for creating sustainable transport and leading not 

only to economic savings, but also to conservation of the environment. 

At present, the use of alternative fuels is not very widespread in the Czech Republic, but some cities are 

already using alternative fuel vehicles and testing the economic aspects of these transport variants. 

The aim of the article is to analyze the use of alternative fuels in urban transport and to recommend the best 

alternatives for urban transport. 

Keywords: Alternative fuels, economy, ecology, urban transport 

1. INTRODUCTION 

The article aims to carry out economic and environmental analyses on the possible use of alternative fuels for 

urban transport in the Moravian-Silesian Region. 

The idea of sustainable development is based on meeting the needs of today's generations while avoiding the 

risk of failing to be able to meet these needs for future generations. The comprehensive approach that 

sustainable development requires brings economic, social and environmental aspects into synergy. [1] 

The UN's Sustainable Development Agenda 2030, adopted by world leaders, sets 17 sustainable development 

goals. One of these goals is to address the problems associated with urbanization, part of which is an 

increasing share of the population living in cities. Cities must provide employment, suitable housing and basic 

services without burdening land and resources. Additionally, emphasis must be placed on expanding 

infrastructure and reducing air pollution, safe removal and handling of solid waste in a way that correlates with 

prosperity and the continuous growth of cities. [2] 

The way to meet the main ideas of sustainable transport development is based on the use of suitable 

alternative fuels. The introduction of these alternative fuels will lead to a more cost-effective solution that will 

be in line with reducing the environmental burden within the context of operating transport fleets of municipal 

transport companies. 

Most cars today use gasoline or diesel engines to propel them. These fuels are made from petroleum and their 

combustion generates a wide variety of pollutants. One of the possible ways to achieve environmentally-

friendly transport and a lesser environmental burden is to use alternative fuels. [3] 
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Applied alternative fuels in transport without direct ties to crude oil [4]: 

 Gas fuels - CNG (Compressed Natural Gas), Hydrogen (H), 
 Liquid fuels: 

 I. generation biofuels - clean biofuels (FAME, vegetable oils), 
 II. generation biofuels - in the near future, producing fuel from non-food biomass is being  

  considered (for example, cellulose from wood pulp or other plants), 

 Electricity - electric vehicles and hybrid motor vehicles. 

Figure 1 shows the individual alternative fuels and standard fuels from the perspective of local burden on the 

air (vertical axis) and the global burden on the climate system (horizontal axis). [5] 

 
Figure 1 Alternative and standard fuels from the perspective of their burden on air quality and global burden 

on the climate system [5] 

2. ANALYSIS OF ALTERNATIVE FUELS  

Regulation and across-the-board bans on operation of older diesel cars in some cities boost the case for the 

use of alternative fuels, which are backed by both state authorities and the European Union. Every transport 

company must consider several factors when deciding on the use of alternative fuels. [6] 

One of the main factors is the composition and number of vehicles in the fleet, their amortization and possible 

investments in purchasing new vehicles. Another factor is the daily action radius of individual vehicles as well 

as the availability of alternative fuels. 

The differences in technical and design solutions of alternative propulsion vehicles are so great that it is almost 

impossible to make their overall comparisons and to say unequivocally which of the alternative engines is best. 

It will be more appropriate to carry out economic and environmental comparisons of the factors providing the 

main reasons for the creation and introduction of these new engines in the real world. 

2.1 Economic Comparisons 

The economy plays a key role in the proliferation of alternative engines in urban transport. In particular, return 

on investment, vehicle operating costs, economy and availability of filling stations. 
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The price of oil, which is a strategic raw material and a determinant for other fuel and energy prices, can rise 

and fall depending on a large number of factors. From a short-term perspective, the price of oil can be 

influenced primarily by a supply that is very inflexible and unable to respond quickly to higher demand, but also 

by the US dollar exchange rate, unfavorable weather conditions and seasonal fluctuations (summer holidays). 

Another possible factor is unpredictable war conflicts and political instability in the countries (most commonly 

in the Middle East), where this raw material is extracted. [7] 

Table 1 shows the development of the average prices of CNG, gasoline and diesel in the years 2010 - 2017. 

[8] From the perspective of price, CNG appears to be an advantageous alternative fuel, whereas 1 liter of gas 

or diesel corresponds to consumption of 1 m3 CNG, because the price of natural gas in the individual years is 

up to one half the price. 

Table 1 Yearly Average Prices of CNG - Gasoline - Diesel in the Czech Republic [8] 

 2010 2011 2012 2013 2014 2015 2016 2017 

CNG (CZK/m³) 16.46 16.7 16.95 17.19 18.1 18.39 17.69 17.25 

Gasoline (CZL/l) 31.74 31.57 33.65 36.21 36.5 31.42 28.75 30.39 

Diesel (CZK/l) 30.57 34.25 36.53 35.91 36.15 30.75 27.08 29.57 

Another fact that impacts the return on future investments is the acquisition cost of a vehicle, or, the difference 

between the price for a vehicle using a classic motor and the price of a vehicle using an alternative motor 

design. 

2.2. Environmental Comparisons 

Environmental reasons are one of the main arguments supporting the idea of using alternative fuels in urban 

transport. Gas and diesel fuels, to a large extent, contribute to environmental pollution, and substances that 

are part of exhaust gases can cause a host of serious illnesses. [9] 

The impact of alternative fuels on the environment will be clearly lower or completely zero, for example, with 

fuel cells. Inside the fuel cells, hydrogen and atmospheric oxygen are stored in the pressure tank. This reaction 

produces energy that is transformed into electric current and water vapor. Vehicles with exhaust fuel cells do 

not discharge any harmful substances. This solution would therefore make a significant contribution to reducing 

CO2 emissions while increasing the energy independence of public transport. Hydrogen production technology 

using natural gas generates half the CO2 emissions compared to conventional gasoline production and 

combustion. If hydrogen was produced through water electrolysis, this would result in lower emissions of this 

greenhouse gas. When renewable energy is used, emissions may theoretically approach zero. [5,10,11,] 

Electric cars may seem to be an appropriate solution, because their advantage is entirely clean operation, but 

we also need to take into consideration the large amount of energy required to extract minerals for the 

production of photovoltaic cells. The question is also the subsequent method of eco-friendly disposal of these 

cells. An environmental problem in the Czech Republic may also be the fact that electricity is produced largely 

in thermal power stations that are detrimental to the environment even if they do not pollute the atmosphere in 

the given city. [12] 

Life Cycle Assessment (LCA) is a tool that enables us to identify and quantify the environmental impacts of a 

product in terms of its entire lifecycle; that is, resource generation, fuel production, distribution to the consumer 

and final consumption of the vehicle. [13] 

LCA analysis is further separated into several additional analyses, where to find the answer to the question of 

the impact of fuels on the environment, the most appropriate tool is called Well-to-Wheels (WTW), which is 

most commonly used to assess the effects of fuels depending on vehicle types and engines. This analysis is 
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further divided into two parts. The first one is WTT (Well-to-Tank) - assessing the energy intensity and 

production of greenhouse gas emissions during the various phases of fuel production. The second is the Tank-

to-Wheels (TTW) - assessing the energy intensity and greenhouse gas emissions of burning the fuel in the 

vehicle. [14] 

When evaluating the most suitable fuel in terms of environmental impact, it is not possible to focus only on the 

final production of pollutants arising from fuel combustion in a vehicle, but it is necessary to consider the entire 

fuel life cycle, which includes the initial phase of fuel production, through its actual production and final 

combustion in the vehicle. 

According to the WTW analysis, we can state that almost all alternative fuels, except for CNG and LPG, the 

initial stages of production preceding their final consumption are very demanding. Based on the WTW analysis, 

greenhouse gas emissions from the use of CNG as a fuel in vehicles relative to usable energy content are 

generally lower than the corresponding emissions for petrol and diesel. The riskiest factor in this type of 

alternative fuel is the distance of the deposits and the possibility of limiting / interrupting gas supply, where all 

market participants must comply with the limitation of gas consumption. [15,16] 

Generally speaking, CNG vehicles produce significantly less pollutants than conventional petrol or diesel 

vehicles. From the environmental point of view, this involves, above all, a significant reduction in Particulate 

Matters (PM), smoke, as well as a reduction in other NOx emissions and carbon monoxide (CO) emissions. 

Another advantage is noise reduction, both within the vehicle and outside the vehicle, because natural gas 
engines are quieter than petrol or diesel engines. [17] 

Based on the assessment, it can be said that CNG is one of the possible, suitable alternative fuel variants. 

3. CONCLUSION - CNG AND HYDROGEN AS THE MOST SUITABLE FUELS  

In the near future, we can expect a wide range of alternative fuels to be combined with a variety of production 

technologies. The use of synthetic fuels or hydrogen is effective in reducing GHG emissions in the end-use 

phase only if it is possible to capture and store the CO2 generated in the production process. Synthetic motor 

fuels and hydrogen have a higher potential for replacing fossil fuels than conventional biofuels, bioethanol and 

biodiesel. The development of large-scale production of these fuels is currently hindered in particular by the 

high cost and complexity of production. [18] 

CNG - compressed natural gas (98 % methane) appears to be the most suitable fuel because, from the 

ecological point of view, CNG vehicles do not produce particulate matter (PM10), their emissions of nitrogen, 

sulfur and carbon oxides are significantly lower, and contamination of soil, roads and garages cannot occur. 

Significant reduction of exhaust emissions leads to air protection. The economic view is that in the case of 

natural gas consumption, there are significant savings in the operation of vehicles, by up to 50 % when 

converted to cost per 1 km. Another advantage is sufficient supply of natural gas deposits as well as the 

possibility of biogas production. From a safety point of view, CNG is the safest fuel, which is stored in thick-

walled pressurized gas bottles with a protection valve against gas leakage, there is no contamination of the 

soil and its ignition temperature is many times higher than for other fuels. 

From an environmental perspective, Hydrogen (H) - is among the very promising alternative fuels. During 

combustion, only water vapor or water is generated, potentially along with small amounts of nitrogen oxides. 

Hydrogen is an almost inexhaustible source, but its acquisition is energy-intensive and hydrogen technology 

would not solve the problem of resource exhaustion. The solution is to use energy from the core, renewable 

sources, or to develop new technologies to produce hydrogen. [19,20] 

The barrier to greater proliferation of CNG and hydrogen in transport means is the filling station infrastructure 

compared to a dense network of petrol stations for vehicles using conventional fossil fuels to drive. Another 

possible obstacle is significantly higher acquisition costs for CNG or hydrogen vehicles. In the future, however, 
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placement of greater emphasis on protecting the health of the population may be anticipated, with which the 

negative impact of transport pollution is associated, and therefore these alternative fuels will be preferred 

despite the abovementioned obstacles. 

Today, big cities are striving to make urban transport as environmentally friendly as possible, in particular by 

changing the fleet of transport companies, integrating the transport system, and increasing the comfort and 

safety of passengers. 

A significant contribution to improving the environment in Ostrava and, at the same time, reducing the cost of 

operating public transport buses is to invest in low-floor CNG-compressed natural gas buses that will replace 

diesel buses by 2020. The city has also built terminals to allow the direct connection of suburban public 

transport to the city transport system, thereby increasing its attractiveness and efficiency. At the same time, 

this results in a decrease of the impact of transport on the environment. [21] 

A possible comparison can be made with the City of Birmingham, located in the UK, which aims to reduce the 

level of NO2 on key bus routes by investing in the acquisition of 20 new hydrogen-powered vehicles. [22] 
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Abstract  

Software Kolator is a classic web application working with a relational database. It is the first software with a 

focus on the calculation of traffic costs, which is created primarily for the needs of the academic sphere. The 

aim of the software is to provide students with a simple tool for calculating the costs of road transport and 

haulage, and its task is to teach the users logical procedures for calculating cost tariffs (CZK/km, CZK/hour, 

CZK/person, CZK/personkm, CZK/time, CZK/timekm), i.e. the costs of the carriers related to the transport of 

goods or persons. Calculation of cost tariffs is made possible by a predefined calculation formula and a 

predefined amount of particular cost types that the user certainly can modify. Within the user account, the user 

can automatically calculate the cost rate after entering the data on planned transport output of the vehicle fleet. 

Subsequently, the user can define individual orders and the software determines the appropriate expenses.  

Keywords: Kolator, software, application, cost, cost calculation 

1. INTRODUCTION 

The aim of the article is to introduce the new Kolator software, through which users can easily calculate the 

cost of their fleet traffic. Cost calculation is the computation of the costs that are essential for arranging of 
production (products, services). The critical points of each such calculation are selected procedures of cost 

calculation - a methodology that must be compatible with in-house processes of the company. Indirectly, it 

follows that also the cost calculations, i.e. price calculations, must be linked to in-house processes. It is 

therefore important to assign the revenue to the outputs to which the costs are related (according to the 

calculation formula). This is also related to the necessity to properly define the so-called calculation unit, i.e. 

the production unit (of output) to which we relate the costs. The purpose of cost calculation is not only the 

determination and control of the amount of costs, but also the calculation of the costs for the subsequent price 

calculations to the customer. For this reason, it is necessary to distinguish whether the cost calculation is a 

preliminary one (plan) or the resulting calculation (reality). 

1.1 Motivation to create software 

Although the knowledge of cost calculation is necessary to identify and control the cost of transport and 

haulage, schools apply a minimum of space to this problem, which is detrimental not only to carriers and 

hauliers but also to civil servants. 

For no mode of transport there was no official and legally required calculation methodology (cost calculation 

method) and is still does not yet exist, although almost every market subject welcomes comparison with its 

competitors. From the point of view of the transport service clients (and thus from the point of view of the 

provider of operating subsidies), it is also necessary to have an orientation in the matter for reasons of control 

of economically justifiable costs that the carrier claims. 

1.2 Legislation and history 

Before 1990, the Ministry of Finance announced the so-called Directive for Cost-Calculation and other 

components of the price of performances. In 1990, in the Collection of Laws a decree No. 21/1990 Coll. was 
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issued, On the calculation of costs, and for the first time, cost calculations were legislatively enshrined. In 1990 

came the Act No. 563/1991 Coll., On accounting, which repealed the regulations on the calculation of costs 

and other components of the price of performances. This status continues to the present. 

At present, it is true that the area of calculation of costs is, more or less, legislatively enshrined only very 

generally in the implementing decree to the Act on Prices. Unlike the procedures for accounting for costs, i.e. 

for bookkeeping, this is strictly prescribed in the Act on Accounting. Legislative regulations only de facto 

prescribe the cost structure. [1] 

1.3 Current status 

In road transport, the Road Transport Tariff, known as TR4, has previously served for orientation for carriers. 

However, its reporting value declined gradually after 1990, as it was not continuously updated in consequence 

of the transformation of the economy. Any current efforts (carriers or their associations) are perceived by the 

Office of Fair Trading as an attempt to influence the price level. That's why it's hard to follow market trends. 

The Faculty of Transport of CTU tried to respond to this situation, which, in cooperation with the Association 

of Carriers of Bohemia and Moravia, created a Methodology for the calculation of road transport costs. It was 

published on the faculty web site http://www.fd.cvut.cz and also on the web page of non-profit organization 

IODA, z.s. - http://www.ioda.cz. 

In the area of calculation of costs, the requirement of carriers recently has been confirmed not only for 

information how to calculate the costs (methodology) but also for data to have a comparison with competitors 
(data - current status and development). In this sense, the application of INDEXCESMAD is offered - 

http://www.indexcesmad.cz - depicting the development of freight transporting goods carried out by the Faculty 

of Transport of CTU, in cooperation with the ČESMAD Bohemia Association,. 

Similarly, for carriers in public line transportation (PLT) is for comparison and market orientation used the 

statement of Ministry of Transport of the Czech Republic, called Dop (MD) 2-04, which expresses, among 

other things, the average costs of domestic PLT carriers. This is the only official document in which the absolute 

data on road transport costs is regularly reported. The reports are available at the portal VýRočenky - 

http://www.vyrocenky.cz.  

Although the Kolator software is primarily designed for calculation of road transport costs, the claim of need 

to methodically unify and rationalize the costing process can be applied also to other modes of transport 

(railway, inland waterways, public transport, etc.). 

1.4 Expected benefit of Kolator software  

The aim of the Kolator software is to educate students and the academic community about calculation of traffic 

costs. While this issue is still being taught "in the old-fashioned way", when each student at first creates 

calculating tables, and then searches for input data, often with no power or time to analyze the results then, 

the Kolator software should make it possible to simplify (and from the perspective of teacher evaluation it 

should also unify) the method of calculating the costs and to increase the time determined for data mining and 

understanding the logical links between the principal quantities. 

2. SOFTWARE KOLATOR 

The Kolator software is designed to allow the user to create in the administrator environment a so-called initial 

(default) calculation pattern in the usual generic cost classification, with the option of adding an unlimited 

number of N-(sub) items of costs, and also adding an unlimited number of N-vehicles and N-orders. Vehicle 

overview page displays the resulting cost-per-vehicle fares that allow you to compare the benefits of vehicles 

for use on a given commission. 
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2.1 Input data 

In order to calculate cost rates, the user of Kolator software must enter certain values that are divided into the 

so-called performance-related (traffic and transport performance - km, hour, km/h, t, tkm, person, person/km) 

and economic (fuel consumption, unit prices etc.). By dividing the costs (Figure 1) of direct and overhead 

expenses, fixed costs (independent of performance) and variable costs (depending on time or performance) 

and their conversion to the required cost rates CZK/km (and derivatives) and CZK/hour, the user will achieve 

the desired effect, i.e. he will quickly get cost rates with the chance to think over the alternative mode of 

transport in order to minimize transport costs. [2,3] 

 
Figure 1 Preview on calculation formula 

(Note: In rows descending - Fuels and oils, Direct material and energy, Maintenance, Depreciation, Leasing, 

Wages, Social and health insurance, Travel, Fee for infrastructure, Road Tax, In columns - Costs, Variable 

costs per km, variable costs per hod, Fixed costs) 

2.2 Administrator and user environment 

The use of the Kolator software application should be gradually in a way that the user defines the calculation 

formula in the administration environment (direct vs indirect and fixed vs variable costs, the costs in the tariff 

vs outside the tariff) and the key for dividing of the overhead expenses (non-homogeneous park or company 

structure). 

In the user environment, it is subsequently allowed to passportize the transport park (number of means of 

transport and their parameters), the definition of calculating units of transport and haulage (person, person/km, 

t, tkm, ...), quantification of transport and haulage, calculation of cost fares for transport (CZK/km, CZK/hour 

of standing), calculation of cost fares (including profit) for transport performance (CZK/person/km, CZK/tkm), 

calculation of vehicle operation or contracts, addition of non-tariff costs and determination of prices.  

2.3 Outputs and their interpretation 

The output of the application (Figure 2) is the cost tariffs - CZK/covered km (excluding parking costs), 
CZK/covered km (including parking costs), CZK/bulk km (removed from the impact of handling km), CZK/hour 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

870 

of standing (used only for certain types of transport, such as travel transportation). Together with the predefined 

calculation formula, the user of the application obtains a detailed overview of the structure and amount of costs 

within the cost rates and may consider the appropriate method and the corresponding transport price. 

 
Figure 2 View calculated cost rates 

(Note: In rows - car, train, in columns - vehicle, type, hourly tariff, tariff km A, tariff km B, tariff C, note, 

function, změnit = change, smazat = delete) 

3. TECHNICAL SOLUTION OF THE KOLATOR SOFTWARE 

From a technical point of view, Kolator is a web application based on PHP and Javascript. Communication 

between modules is secured by Ajax's advanced techniques. Application data is stored in the MySQL database 

(Figure 3). Application strictly separates the user and administrative part. Based on the login information, the 

user is redirected from the start-up screen to the appropriate service modules that are no longer 

interconnected, except for data sharing through the SQL database. This ensures the maximum safety of both 

parts when, from the point of view of protection against external attack, this solution can be imagined as 

separate flood chambers in the ship's deck. 

 

Figure 3 Kolator Application schema 

In addition to SQL data communication, some internal messages are forwarded in the JSON universal format. 

Design of the application has the standard solution by using HTML and CSS. The application is responsive 
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and dynamically adjusts its appearance of the display on mobile phones, however, the table nature of the 

application considered as the optimal device for the user a typical desktop or laptop or larger tablet. 

Due to the used solution, the application has minimum requirements for end user equipment. From the point 

of view of the claim to the server, the application is functionally optimized for the middle PHP 7.1. and MySQL 

5.6.12. Because of the way of work with databases, at least PHP 7.0 is required.  

4. CONCLUSION 

The goal of the Kolator software is to create real user-friendly platform for cost calculation of various transport 

modes, especially road and rail. Database-based software has been developed for an unlimited number of 

users. Within the current version of the software, the default calculation formula and default values were 

defined to serve the user as an excellent guideline for cost calculation. From the context of input data as well 

as their value, students will better understand what input data they need to calculate cost rates. 
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Abstract  

The basis of frequency inventory analysis is ABC analysis. It is one of simple tools that can be applied in a 

variety of modifications and various fields such as in management of assets and liabilities, management of 

completion in production, sales management. The major use of the ABC analysis is in the inventory 

management of the company. The objective of the ABC analysis is that the company consistently increases 

its attention to important areas. It is inappropriate to pay the same attention and to monitor and to manage 

closely in detail all the purchased and stocked items. That’s the main aim of the presented paper. On the 

contrary, it is better to differentiate the different groups of stocks at all stages of the purchase process, i.e. 

when designing the management of purchasing, when forecasting, purchasing and managing inventory. The 

aim of the article was to point out the potential that ABC's analysis has and on its various modifications that 

are well-used in practice to reduce inventory costs. 

Keywords: ABC, inventory, criteria, analysis 

1. INTRODUCTION  

Frequency inventory analysis is analysis that aims to sort individual inventory items according to predetermined 

criterions. The importance of categorization in the process of analyzing but also controlling and regulating 

inventories is primarily in a different approach to individual items that an enterprise buys, stores, handles and 

sells. The goal is to create inventory portfolio by differentiating individual items according to the impact of the 

selected criteria on the final result [1-3]. The most important and most used method is the ABC method, based 

on Pareto's principle (80/20 rule, which was founded at the University of Lausanne of his research on the 

population structure of property in Milan: the result was that 80 % of assets accounted for 20 % of the 

population) and M. O. Lorenzo, which were first used in theories of management [4-6].  

2. IMPORTANCE OF ABC'S ANALYSIS IN INVENTORY CONTROL AND MANAGEMENT 

The purpose of frequency analysis of inventory is to determine the most important items in terms of the criterion 

under review and focus on these items (ABC method is group A and B). The graphical processing of the 

analysis is shown in the so- Lorenz's curve, this can help in finding hidden reserves in the company's 

purchasing strategy. Optimal is when the Lorenz curve is copying a diagonal. The greater the concentration of 

consumption in a smaller number of items, the more important is the detailed analysis of the items in Group A, 

as the greatest reserves are present in relation to the optimization of costs related to the inventory, Figure 1 

is a comparison of the Lorenz consumption and supply curve, it can be stated [4,6,7].: 

 inventory curve is above the consumption curve - it is a higher accumulation of inventory in the decisive 
items, thus prolonging the turnover of these items compared to the average turnover of the inventory as 

a whole, it is creating the possibility of reducing inventory turnover by lowering inventory maintenance 

costs, 

 inventory curve is below the consumption curve - the cumulative amount of inventory is lower than 

consumption, i.e. turnover of inventory of critical items is shorter than average. 
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Figure 1 Graph of Lorenz curve [4, 5] 

Research has shown that in most cases, with 20 % of the products it is possible to reach up to 80 % Application 

of the analysis is concentrated mainly into material management to determine the extent of purchase by 

material groups, according to the supplier's turnover, according to the acquisition of materials (delivery time), 

suppliers according to respecting the time of delivery, materials according to the inventory (stock-turn), division 

by capacity, quality, purchase prices, etc. ABC analysis is based on the mentioned steps with the help to which 

an overview of the following is formed: 

 what products and services are most important for the company turnover, 

 customers who are the most important ones for the company thus key customers, 

 purchased spare parts in connection with the acquisition are of the greatest importance. 

Main steps in process of items classification according to ABC analysis are [4]: 

1) parameter selection i.e. factor that best captures the essence of issue tracking, 

2) calculation the percentage of items on total value and of the total number of items, 

3) items sorting after the calculated percentage in step 2, 

4) graph creation in the coordinate’s % of the total number of elements -% of the total value of the 

parameter,  

5) items separation into groups A, B, C for selected factors, 

6) processing the results of ABC analysis using Lorenz curves. 

Application of methodology for classification of material items by analysis ABC/XYZ and the creation of the 
material portfolio is processed in literature [5]. 

Prerequisite for successful implementation of the ABC analysis in the manufacturing plant is to meet some 

basic conditions [2-6]: 

 to establish a complete order and clarity in the labelling of material types, to develop an overview with 

all the terms and to introduce systematic numerical characters, 

 to enhance the material standardization that is to examine assortment in terms of needs in design and 
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technology department and in terms of sales requests and comments in purchasing department, to 

eliminate technically replaceable (substitution) and economically disadvantaged materials, to develop 

an obligatory material assortment standard of the company, 

 to adjust the flow of information with regard of material group classification and the difference in 
signalling and inventory management. 

The ABC analysis can be carried out depending on a number, resp. a range of factors examined: 

 one - factor analysis 

The application of this method is relatively simple because only one factor is taken into account when 

assessing and no further calculations need to be carried. For example: "a purchase price" as a subject 

of the study - various entities of the acquisition such as materials, parts, services have different 

purchase price. When considering only the purchase price as the assessing factor then the following 

dividing can be achieved by this analysis: 

A = entities of the acquisition with high purchase prices, 

B = entities of the acquisition with moderately high purchase prices, 

C = entities of the acquisition with low purchase prices. 

Decision between A, B and C is made with respect to these class limits. Another crucial factor in 

assessing can be for example "delivery time" - various entities of the acquisition have usually different 

delivery times. When considering only the delivery time as the assessing factor then the following 

dividing can be achieved by using the ABC analysis: 

A = entities of the acquisition with long delivery times, 

B = entities of the acquisition with moderately long delivery times, 

C = entities of the acquisition with short delivery times. 

 two - factors method 
This method takes into account two assessing factors e.g. an amount and a purchase price. By 

multiplying the amount and the purchase price as a unit of quantity (e.g. a piece) it is got a value range 

of current entities purchased in the acquisition. 

 more-factors method - most often, it takes into account the value, the purchase risks, the nature of 

consumption of a specific item, the possibility of substitution, the consequences of the deficit,  

Figure 2. 

 

Figure 2 Schematic view of combination of selected analyses [modified by 4, 6] 
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It is possible to differentiate assortment and inventory according to different criteria by using the ABC analysis 

(according to quantity: the volume of items, frequency of consumption, according to the book value: the use of 

so-called stock prices, the full production cost, selling price, according to the covering contribution: added 

value, margin). Combined analyses of ABC/XYZ focused on analysis of consumption frequency and the size 

of inventory is a great importance for warehouse management. 

Improvement of the classical approach in stock by using ABC / XYZ methods is so-called EW matrix 

(developed by a consulting company Economic Wizard). EW matrix (Figure 3) segments a complete portfolio 

of the company stocks. It is suitable for inventory management of raw materials, materials and semi-products 

as well as the final products. The result is a matrix of nine rows which are the results of the ABC analysis. The 

columns show the division of items according to the results of the structure of stock analysis. EW matrix thus 

includes the following analyses [4-7]: 

 ABC analysis according to the amount (volume, a number of taken supplies) 

 ABC analysis according to the book value (use of the full cost of their own) 

 ABC analysis by covering contribution (added value, margin) 

 analysis of the stock structure: an analysis of turnover and trend analysis (identification of the 
consumption stability, determination of the main trend: increase, decrease, a constant process of 

consumption) 

 forecast of demand (used to forecast the future potential strength of material security of the company). 

 

Figure 3 EW matrix - a sample application of the matrix by Economic Wizard focused on the structure of the 

company stock during the previous 6 months [modified by 4] 
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Another use of the ABC analysis is within the structuring the production program i.e. P-Q graph. The structure 

assessment of the production programme takes place mainly in terms of the size of production volume of 

particular assortment items expressed in physical units. Such a comparative factor depending on the goals 

and objectives of the production unit can be e.g. labour content of each product expressed in standard hours, 

or material intensity, but also value categories as the own full costs, a level of prices, etc. [4, 7-10]. According 

to the importance of those aspects, the range of products is divided into three basic product groups in 

compliance with the rules of the ABC analysis. Such realization of the analysis then provides an overview of 

supporting and developing elements of the production programme (A and B group). At the same time the PQ 

graph can be used as a supporting tool for further analysis. On the ground of the economic analyses it is 

possible to indicate in the graph e.g. the cost structure for particular assortment items. An example of the P-Q 

diagram is shown in Figure 4. 

 

Figure 4 The cost structure of products expressed in the P-Q graph [modified by 4] 

3. DISCUSSION ABOUT POTENTIAL OF ABC ANALYSIS AND MODIFICATION 

By the optimization of the inventory control and management process it is necessary to know the entire 

process and try to make it more effective, thus to focus on the specific areas that appear as potential for 

further improvement [4, 7-10]: 

 the structure of purchasing process - its organization and realization of the particular stages, 

 realization of the plan assessment and its comparison with the reality in the system with IT support - 
functionality improvement so to increase flexibility and streamline of planning and evaluation process 

 purchasing strategy - improvement of scheduling: a production plan, purchase and sales plans, 

consumption and inventory plans, a plan of additional costs, of income statement, of balance sheet and 

a financial plan and the optimization of flows throughout the entire logistic chain, 

 the operational purchasing behaviour, 

 obtaining relevant information for evaluation of suppliers, leading negotiations, 
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 transparent purchase - precisely defined materials to be procured through the framework agreement 
and how they are ordered. 

It is always necessary by optimization to perform a thorough analysis of the entire acquisition process, thus 

when the need arises through the approval of requests and orders, communicating with suppliers up to 

supplying material to the actual warehouse (or directly to production). The main criteria for the material 

procurement are a price of the material and quality of a supplier. It is not necessary to take a choice by each 

order. Based on previous orders it is possible to do a list of real, long-term ordered materials and conclude 

them in a contract. It is actually a contract of intent with agreed framework conditions for each material. When 

realizing individual requirements it is no longer needed to search for suppliers and subsequent price offers. 

This represents a significant time reduction of acquisition. Another significant change can occur in the transfer 

of powers to the competent staff who operate with information on the specific characteristics and requirements 

for ordered material. According to the negotiated conditions defined in contracts for the duration of the contract 

negotiated in advance by customers, these concrete employees can order through amendments to the contract 

material of their choice without the need for further approval. Transfer of responsibility to professional 

departments reduces the load from employees of purchase while maintaining their full control over the 

purchase process. 

CONCLUSION 

The ABC analysis can be implemented to meet different objectives for different types of a particular area e.g. 

by inventory it is another goal for the input items, for unfinished production and for stocks of the finished 

products. The aim of the ABC analysis for the input items is the management optimization and planning of the 

items in terms of production continuity, ensuring a sufficient number of inputs to solve the current production 

requirements, reducing the risk of deficiency or the accumulation of unusable inventory. The aim for stocks of 

unfinished production is focused more on the optimal use of production capacity (ensuring the coverage of 

free time in production), reducing the risk of lacking in items for further processing derivable from the excessive 

length of continuous period of production. Concerning the finished products it monitors and reflects the 

development of a particular market segment. The common aim of all these areas is generating the output 

report providing an update on those items needed for the management. 
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Abstract 

Research on transport risk focuses on adverse events occurring in particular modes of transport. A review of 

literature and project works indicates that risk analyses are carried out separately for road, rail, air and water 

transport. A different approach to risk assessment in particular modes of transport results from significant 

differences occurring in the performance of transport in each of the distinguished transport systems. This 

procedure is fully justified. However, there is a common approach to risk assessment in water transport that 

combines inland and maritime transport. The review of publications on water transport risks in recent years 

indicates that while the scope of research into the risk of maritime transport is very well developed (e.g. [1]), 

the number of publications devoted to risks in inland transport is small. Meanwhile, the specificity of transport 

on rivers is completely different from the sea transport. Therefore, it is not possible to use analytical inference 

from research into the risk of maritime transport for inland transport management. The aim of the article is a 

comparative analysis of threats occurring in sea and river transport and indication of the need for a different 

approach to risk assessment in inland waterway transport. A comparative analysis was carried out on the basis 

of a literature review of 2007 - 2017 and interviews conducted among river vessel owners. 

Keywords: water transport, risk assessment, comparative analysis 

1. INTRODUCTION 

The issue of risk assessment in transport has been the subject of numerous studies in recent decades. Due 

to the human being presence in the surveyed transport systems, the most important criterion in assessing the 

carried out transports is humans’ safety [2]. Risk management in individual transport systems is therefore 

aimed primarily at reducing the number of transport accidents and limiting their effects [3]. 

Risk management in water transport includes maritime and inland waterway transport. In some publications in 

this area, research devoted to the risk assessment for this mode of transport is compiled under one phrase 

[4]. This approach seems to be wrong, as the specificity of both types of transport requires a different approach 

to the conducted analysis. For this reason, the purpose of the article is to show significant differences in both 

water transport systems, which generate the need to diversify the approach to risk assessment. This objective 

will be achieved on the basis of a critical analysis of literature sources, comparing adverse events occurring in 

each of the examined transport systems. Therefore, Chapter 2 will present the results of research into the risk 

in maritime transport described in the literature. Chapter 3 will conduct a comparative analysis of adverse 

events occurring in both water transport systems. The final conclusions will be presented in Chapter 4, on the 

basis of the tests and analyzes carried out. 

2. RISK ASSESSMENT IN MARTIME TRANSPORT 

The main international institution responsible for the level of maritime safety in the seas and oceans of the 

world is the International Maritime Organization, which is also a specialized agency of the United Nations 

Organization (UNO). The major document on risk management in maritime transport is published by 

International Maritime Organization so-called FSA (Formal Safety Assessment) [5]. This document is intended 

to support the decision-making process in the aspect of assessing the impact of changes in regulations on the 
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safety of navigation. FSA is a five-stage process that uses a generally accepted risk management 

methodology, including: (a) hazard identification; (b) risk assessment; (c) recommendations for decisions 

making; (d) analysis of economic efficiency; (e) risk control options. The second important organization is the 

International Association of Marine Aids to Navigation and Lighthouse Authorities IALA. It also deals with 

maritime safety and methods of risk assessment and its control, but almost exclusively in ports, on waterways 

(routes) and in other limited water areas. Within the framework of the IALA organization in 2005, two methods 

for risk assessment and control were published and recommended for use. These are [6,7]: (1) the PAWSA 

method and (2) the IWRAP method. 

Table 1 The scope of research conducted in the area of risk assessment in maritime transport, own study  

   based on [1] 

No. group Subject of study Scope of research 

Group 1 Risk of ship collision  

 Determine frequency and cost of collision [8, 9, 10, 11, 12, 13]. 
 Determine the accident probability [14, 15, 16, 17] and consequences 

[18, 19]. 
 Determine the collision risk in a part waterway through a vessel-

conflict technique [20]. 

 Evaluate effect of speed limits [21]. 

Group 2 Risk of oil spills 

 Quantify effect of risk reduction measures on oil spills [22, 23]. 
 Environmental oil spill risk from ship accidents [15, 24]. 
 Determine the oil spill probability and consequences [25]. 

 Determine expected oil spill costs due to maritime accidents [26]. 

Group 3 
General accident risk 
(other than collision) 

 Determine the expected number of accidents / probability and 
consequences [24, 27, 28, 29]. 

 Quantify effect of risk reduction measures on accident risk [30, 31]. 

Group 4 Risk of the ship grounding 
 Determine the grounding frequency [32] and consequdences [9]. 
 Determine the effect of implementing a navigation service of collision 

and grounding risk [33]. 

Group 5 Other  
 Determine the relative risk of coastal areas and determine risk level is 

acceptable [34]. 
 Linear modeling technique to risk analysis of navigation [35] 

As it can be seen in Table 1, the subject of risk analysis in maritime transport is first of all the assessment of 

the possibility of an accident occurrence. There are many classifications of navigational accidents identified by 

various authors and various organizations [4]. The most commonly used is the simplified classification, 

specifying: (a) collision between ships; (b) ship grounding and (c) collision with fixed obstacles. In order to 

compare the magnitude of the risk caused by very different marine accidents to people and property, the levels 

of threats must be expressed in equal measure. It is generally accepted that the measure of the magnitude of 

the risk is the number of fatal accidents that can happen per unit of time, usually within one year [36]. 

3. RISK IN INLAND AND MARITIME TRANSPORT 

Europe has over 30,000 km of canals and rivers that connect hundreds of major cities and industrial areas. 

The main network, approximately 10,000 km long, connects the Netherlands, Belgium, Luxembourg, France, 

Germany and Austria. In Poland, inland freight traffic is concentrated on two main rivers - Odra and Vistula. 

The analysis of the source data indicates that inland waterway transport in Europe is characterized by a high 

level of security. An analysis of press publications from the last decade, dedicated to ship-related accidents 

on rivers, has identified only one serious accident with fatalities. It was an event that took place on 11/09/2016 

in Erlangen (Germany) at Main-Donau-Kanal. A cruise ship "Viking Frey" with 47 crew members and 181 
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passengers on board hit the bridge. Two crew members were killed in the incident. Also in Poland, inland 

transport remains one of the safest modes of transport. Analysis of Central Statistical Office (GUS) data, 

presented in Table 2, shows that the number of accidents in recent years was small. None of the accidents 

were related to the carriage of dangerous goods. 

Table 2 Number of accidents in inland transport on rivers in Poland in 2010-2017, own study based  

     on the [37] 

Year 2010 2011 2012 2013 2014 2015 2016 2017 

Number of accidenst 9 5 5 12 10 8 4 6 

The analysis performed as a part of the comparison of the risk assessment range in both types of water 

transport focused on the comparison of the frequency of adverse events set out in Table 3 and their effects. 

The analysis was based on information on the occurrence of investigated events on Polish waterways routes. 

The analysis was based on (a) information published on websites dedicated to inland navigation and (b) 

information on the fines issued in 2013 - 2017 by the Offices of Inland Navigation. 

Table 3 Frequency and effects of adverse events in inland waterway transport 

No. group Subject of study Scope of research 

Group 1 Risk of ship collision  Low freguency 

 The effects mainlt concerned repari costs 

 No deaths 

Group 2 Risk of oil spills  Low freguency 

 Ecological and financial effects related to activiting preventing 
ecological disaster 

Group 3 General accident risk 
(other than collision) 

 Average frequency 

 It mainly concerns the collision with infrastructure (bridges, cableways 
running over the river) 

 Ship repair costs and damaged infrastructure 

Group 4 Risk of the ship grounding  Average frequency 

 Towing costs of the ship (effects considerably lower than in the case 
of sea transport) 

Group 5 Other  Low freguency 

 Adverse events related to damage or improper operation of 
infrastructure (sluices) 

 Flooding of ships with water (partial or leading to the sinking of the 
unit) as a result of incorrect placement of the cargo on board 

 Fires on ships (occasionally, effect depending on the rate of fire 
extinguishing) 

 Dropping over a crew member (average frequency, effect depending 
on the size of the damage suffered by the victim) 

As a result of the analysis, it can be concluded that, unlike in maritime transport, the greatest risk of occurrence 

has events related to the ship grounding and collisions with infrastructure (this event is usually not considered 

in the case of maritime transport). At the same time, it should be noted that events such as ship collisions and 

the possibility of leaks in maritime transport are the subject of numerous studies and publications. The authors 

of these studies indicate in their research the high probability of occurrence of these events. Meanwhile, in the 
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case of inland waterway transport, these events are characterized not only by a low rate of occurrence, but 

also by relatively low effects (in relation to the effects of maritime transport). At the same time, the analysis of 

fines from 2013 - 2017 issued by the Offices of Inland Navigation proves that the most frequent offenses 

include cases in which the ship's captain or crew member did not have the required documents (Article 61 

[38]) or did not sail with the required documents (Article 60 [38]). This reflects the low incidence of other 

adverse events that are the subject of marine transport research. 

4. CONCLUSION 

It should be noted that research on risk assessment in maritime transport is highly developed. In the databases 

of scientific journals one can find numerous publications on the subject. [6] presents an analysis of publications 

from 1974 - 2014 devoted to research on risk assessment in maritime transport. The literature review includes 

a total of 135 literature items. There are far fewer publications devoted to the risk of inland transport. It can 

therefore be considered as a research gap. It may result from the fact that spectacular disasters on river ships 

are very rare and outside the borders of Western civilization. In Europe, the effects of accidents on inland 

waterways are so low that it is difficult to find information about them in the daily press. However, this does not 

change the fact that although inland transport is considered as the safest mode of transport, this branch also 

requires an individualized methodological approach to risk assessment. This method should be aimed at 

identifying undesirable events that are not necessarily related to transport safety. The purpose of the transport 

process is timely and complete delivery of the cargo at the agreed costs. This means that the identification of 
undesirable events should focus on those events that disrupt the achievement of such a defined goal. Today, 

it should be stated that in the area of research on transport risk, such an approach is lacking. For this reason, 

it will be the direction of further research carried out by the authors. 
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Abstract  

Transport is the main process connecting all the participants of the supply chain. Without it, transferring the 

load from the supplier to the client would not be possible. At the same time, however, it is a process that is 

highly prone to the occurrence of undesirable events. The aim of the article is to present the method for 

assessing operational risk in road transport basing on a 2-dimensional decision matrix. The research 

conducted by the author among road transport companies indicates, that the managers planning transport 

service operations take into account mostly the group of transported products and the customer segment. 

These are the elements that strongly influence both the frequency of undesirable events and their 

consequences. The article presents the results of risk assessment conducted in line with this approach. The 

analysis was prepared basing on real data from the researched transport company. The managers responsible 

for the transport process in the company took on the position of experts. The assessed risk indicators for 

different classes of transport services prove the proposed approach to risk assessment in road transport to be 

right.  

Keywords: Risk assessment, decision matrix, road transport, logistic service 

1. INTRODUCTION 

The increasing significance of risk for companies participating in materials outflows in supply chains has led 

to a new concept of Risk Supply Chain Management (RSCM). This concept is becoming increasingly popular, 

which is manifested in an increasing number of publications on the subject. Research conducted by Ho [4] and 

Choi [3] confirms it. The authors of both publications point out a significant increase in the number of 

publications on RSCM - from 44 in 2006 to 239 in 2015. Among the publications on risk in supply chain there 

is research whose authors distinguish between operational risk and strategic risk (e.g. [2, 3, 7-9]). The 

operational risk management is then strongly connected to the operational decisions and planning the outflows 

in the logistic network [7]. Within the operational risk, Chen has distinguished 3 groups [2]: (1) delivery risk; (2) 

demand risk; (3) process risk.  

It needs to be pointed out, though, that the publications pay too little attention to the operational risk in the 

transport process. The results of research in this field should be described in articles on delivery risk or process 

risk. However, the analysis of the publications in this field proves, that: 

 The risk connected with deliveries is analysed mostly in the aspect of potential deviations in incoming 
deliveries connected with time, quality and quantity, which might arise from disturbances. The 

discrepancies in the deliveries assessed are affected by limited efficiency of the supplier and increasing 

demand risk [6]. The analysed factors that influence the efficiency of the supplier are mostly: limited 

production capacity, lack of proper quality control, bottlenecks in the production process and machine 

damage [10]. This is proved by research conducted by AMR [1], where it is stated that failures at the 

suppliers’ end are the most important risk factor.  

 Process risk is described as a potential variance from producing the required quality and quantity of 

goods in proper time [6]. There are many varieties of that risk in different production systems. Hopp and 

Spearman [5] distinguished two main types of variability in the production system, which affect the extent 
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of the risk - (1) process variability (caused by factors such as machine shutdown, wrong configuration, 

unavailability of the operator) and (2) flow variability (caused by the way works are completed in the 

system).  

The operational risk, which is the scope of the research conducted within the SCRM concept, concerns mostly 

the risk connected with production process and the so-called supply risk, which refers to the availability of the 

products within the delivery. Literature review prepared by Ho [4] clearly proves, that in the SCRM concept the 

main focus of the researchers is on risk factors connected with demand, production and deliveries (supply). 

Significantly fewer authors raise in their research issues of risk connected with physically moving the load, 

even though transport is the main process connecting all the participants of the supply chain. Without it, 

transferring the load from the supplier to the client would not be possible. At the same time, however, it is a 

process that is highly prone to the occurrence of numerous undesirable events. More than anything, the source 

of hazards stems from the need to coordinate at the same time at least 3 subjects (the carrier, the sender and 

the recipient of cargo) and the need to make use of the existing external infrastructure together with the other 

transport network users. 

Due to this fact, the aim of this article is to present the method for risk assessment basing on a 2-dimensional 

decision matrix. The research conducted by the author among road transport companies indicates, that the 

managers planning transport service operations take into account mostly the group of transported products 

and the customer segment. In order to realise this aim the following structure of work has been adapted. Point 
2 briefly describes the proposed approach to risk assessment basing on the ISO 31000 guidelines. The next 

point shows selected results of risk analysis conducted for a transport company. The conclusions that followed, 

including in particular the influence of the type of both customer and product, are presented in point 4.  

2. METHOD FOR RISK ASSESSMENT BASING ON A PRODUCT - CLIENT MATRIX 

Risk assessment in a company, in line with ISO 31000, encompasses 4 action steps:  

 Establish the context, 

 Identification of undesirable events,  

 Analysis of risk 

 Evaluation of risk. 

As a first step, it is necessary to establish the context of the conducted risk analysis. This method for risk 

assessment proposes basing all the proceedings on a 2-dimensional decision matrix which takes into account 

the customer segment and the kind of product that is transported. This matrix was presented in Figure 1.  

 

Figure 1 Decision matrix [own study] 
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Depending on a group of products, we can identify different types of possible undesirable events which might 

occur during the transport process. At the same time, however, the client segment affects significantly the 

scope of results of such occurrences. Therefore, the decision-makers responsible for the conducted risk 

analysis should first and foremost distinguish the classes of transport orders for which risk indicator will be 

assessed in the process of analysis.  

The class of transport orders assigned to presented decision space can be described as:: 

             (1) 

where: 

zt - transport orders class, 

ZT - set of transport order classes, 

P - set of product groups, 

K - set of customer segments, 

p - product group,  

k - customer segment,  

where: 

              (2) 

where: 

ztxy - class of transport orders for products from the x group, which are realised for the customer from 

the y segment.  

With the context set in this way, the conducted identification of undesirable events and the risk of their 

occurrence relates to particular classes of transport orders. In order to assess the risk we can use key risk 

indicator calculated as the frequency of the occurrence of a particular undesirable event multiplied by its 

results.  

               (3) 
where: 

 Rxy - risk indicator for a particular transport orders class 

 Oxy - frequency of occurrence of an undesirable event for a particular transport orders class 

 Exy - results of the occurrence of an undesirable event for a particular transport orders class  

Particular transport orders classes can differ in the aspects of frequency of the occurrence of the undesirable 

event as well as in its results.  

3. IMPLEMENTATION OF THE METHOD IN THE RESEARCHED TRANSPORT COMPANY  

The proposed approach to risk assessment was implemented in the selected road transport company. Basing 

on the proposed method, the undesirable events have been identified and a risk analysis for each particular 

transport order class was conducted. In this transport company, 4 groups of products and 4 customer 

segments have been distinguished in order to meet the decision-making needs. These groups are shown in 

Table 1. 
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Table 1 Distinguished groups of products and customers [own study on the basis of information received from  

  the company]  

Product group symbol Product group 
description 

Client segment symbol Client segment 
description 

HP Hazardous products SA High priority customers 

SP Sensitive products SB Project customers 

FP Fresh products SC Standard customers 

OP Other products SD New clients/one-off clients 

The estimation of size of particular parameters constituting the risk indicator was performed with the application 

of a linguistic approach. The set of linguistic terms together with their interpretation and the applicable points 

is presented in Table 2. 

Table 2 Interpretation of the terms used for the linguistic variable Frequency of occurrence and Results of  

  occurrence [own study]  

Point 
range 

Frequency of occurrence Results of occurrence 

Time  Interpretation Time Interpretation 

1-2 Occassionally Less often than once every 2 years Irrelevent A small loss of client’s trust, no 
financial losses 

3-5 Rarely Happens once a year / once every 
two years 

Not very 
significant Costs up to 10.000 PLN 

6-8 Often Happens a few times a year Significant Loss of a client, costs up to 
100.000 PLN 

9-10 Very often Happens at least once a month Very 
significant 

Loss of a market share, costs 
threatening with liquidity crisis 

In the process of identifying the hazards 31 undesirable events have been distinguished, including: 

 6 events concerning dangerous/reckless driving, 

 4 events concerning technical condition of the vehicle,  

 9 events concerning organisation / completion of servicing transport order, 

 7 events concerning drivers, 

 5 events connected with the load. 

The managers from the researched company were drawn into the process of risk assessment and they took 

on the role of experts. 496 cases had the risk indicators estimated (taking into account 16 classes of transport 

orders). Table 3 shows selected risk indicators, which prove the approach to risk assessment basing on a 2-

dimensional decision space to be right.  

Table 3 Risk indicator for selected undesirable events [own study]  

Undesirable event Product Client Frequency Result Risk indicator 

Accident involving our driver HP SA 2 10 20 

Accident involving our driver OP SD 3 3 9 

Third parties entering the vehicle FP SA 3 8 24 

Third parties entering the vehicle OP SD 4 4 16 

Damage to the tyre HP SA 4 8 32 

Damage to the tyre OP SD 6 2 12 

Theft of the load HS SA 2 9 18 

Theft of the load OP SD 2 4 8 
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The examples presented in Table 3 show clearly how big an influence the kind of product and the customer 

segment have on the assessed risk. Occurrences such as “damage to the tyre” might be minor incidents, with 

no effect on the process of servicing the transport (in case of standard products), but they might as well entail 

considerable losses for the company (in case of transporting dangerous goods). 

4. CONCLUSION 

The risk connected with the occurrence of undesired events during the process of servicing a transport order 

depends largely on the kind of product being carried as well as on a client who places an order. Therefore, risk 

assessment in road transport should be performed for each class or transport orders which belong to the 

decision matrix described by product groups and customer segments. This is the only approach which will 

allow in a credible manner to assess risk indicator for the transport order being serviced. The results of a risk 

analysis conducted in this manner can then serve to improve both operational planning and transport 

processes in the organisation.  

The evaluation process conducted in the selected transport company has proved this approach to be right. For 

the same undesirable events, the risk indicator for each particular class of transport orders took on different 

values. Therefore, the decision-makers deemed it necessary to embrace different approaches to risk for the 

same undesirable events depending on the class of transport orders. The results of the assessment conducted 

in this manner can form a starting point for further risk management in particular transport order classes.  
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Abstract  

The quality of provided services relating to the product is considered one of the most important elements of 

development and sustaining effective and successful relationships within supply systems and a key factor of 

corporate competitiveness in the B2B market. The paper deals with targeted literature review that is focused 

on current concept of customer services mainly in B2B market, as well as on the interpretation and definition 

of service quality and on the way of its assessment using INDSERV tool. On the basis of a comparison of the 

outcomes of a targeted literature review and an analysis of creation of supplier’s assessment by a selected 

manufacturer of non-woven textiles for the automotive industry, the paper identifies the deciding criterions 

used for assessing service quality provided by suppliers from a manufacture´s perspective.  

Keywords: B2B market, non-woven textiles, service quality, INDSERV, Q-LanYs 

1. INTRODUCTION  

Service quality enhancement is thus currently one of the most popular corporate strategies, as improvement 
of processes that do not directly result in an increased competitive advantage is predetermined to fail [1]. 

Service quality is therefore perceived as the key factor of corporate competitiveness in the B2B market, and it 

is considered as one of the most important elements of developing and maintaining fruitful and successful 

relationships in different areas of marketing [2]. Companies find servitization as a way to increase value and 

differentiate themselves from competitors [3]. In spite of the growing importance of services, it is difficult to 

measure and control its quality because the services are intangible in nature and because many factors affect 

an individual’s perception of service quality. The SERVQUAL, SERVPERF and INDSERV methods have been 

developed to evaluate service quality. There are significant differences between B2B and B2C markets, e.g. 

different shopping behaviour, and so there are also different concepts of these services [4].  

Services provided in the B2B market are much more complex and require administration of a larger number 

of parameters to ensure their flawless provision and achievement of the desired outcome [5]. They are 

provided by qualified staff, whose experience and skills are the key to the quality of a provided service. 

Therefore, assessment and making decisions about continuation of relationships with companies in the B2B 

market is not a matter of routine. A service these companies provide is mostly specifically tailored for each 

customer, and so it can be considered as a unique solution to a specific problem. This means that there are 

different approaches to assessment of services in B2C and B2B markets. Gounaris points out that application 

of the SERVQUAL method, which has been developed by Parasuraman, requires significant modifications for 

service quality assessment in the B2B market. Therefore, he suggests using the INDSERV (industry + service) 

method for service quality assessment in the B2B market [4].  

Manufacturing companies operating in the B2B market in the Czech Republic also need to assess quality of 

provided services as a part of the process of evaluation and selection of their suppliers. Similarly, 

manufacturing companies are then evaluated by their customers in relation to the needs and requirements of 

all the supply system entities. However, scientific literature has not paid adequate attention to this topic to date, 
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which can be, besides other things, explained by the fact that this problem is perceived by companies as their 

know-how. For this reason, the paper does not specify the name of the given company.  

This paper deals with the service quality assessment in the B2B market. The research included our own survey 

conducted at a selected company manufacturing non-woven textiles in the area of assessment of its 

satisfaction with raw material and semi-finished product suppliers. The company operates in the automotive 

industry, where the quality requirements are typically very high. The survey explored the service quality 

assessment system in a part of the supply chain on the basis of evaluation of satisfaction with suppliers. The 

paper particularly aims to identify the applied method and decisive parameters of assessment of the quality of 

services provided by suppliers from the point of view of a manufacturer operating in the B2B market. It first 

identifies, on the basis of a scientific literature review, the basic service quality assessment methods and 

service parameters. Our own research was performed in the form of an analysis of supplier assessments 

process of the given company from the point of view of its satisfaction, applying our own personal experience 

acquired within surveys focussed on customer services conducted at other companies.  

The research was performed using the method of in-depth interviews on the basis of a questioning scenario 

and content analysis of the key suppliers' assessments by the manufacturing company. Directed interviews 

and analysis of the assessments were conducted in 2017-8, mainly with the purchasing director of the given 

company and other employees of this department.  

The outcomes of the conducted survey thus cover the applied way of evaluation of the given company’s raw 
material and semi-finished product suppliers, and the crucial parameters used for service quality assessment 

in the context of evaluation of satisfaction with suppliers in the B2B market. Knowledge of these quality 

parameters and of the method of the applied assessments makes it possible to seek ways to strengthening 

cooperation in the area of service quality enhancement, to maximization of the value created by the entire 

supply system and to an increase in corporate competitiveness in the B2B market. 

2. CUSTOMER SERVICE QUALITY IN B2B MARKET  

Svensson [2] has created an overview of the most significant authors, who have tried to define service quality, 

e.g. Parasuraman defines her as the difference between expectations and perception of a provided service by 

customers. This assumes that the customer’s view of service quality is created on the basis of performance of 

the service they have encountered [6]. Service quality is also defined as the difference between the customer’s 

expectations relating primarily to the level of service performance, rather than to the encounter and interaction 

connected with a service, and experience connected with purchase of a service or as the customer’s overall 

impression relating to relative subordination or super ordination of the company and its services [7]. 

Nevertheless, the customer’s perception of overall super ordination or quality can be affected by perception of 

the value or by experience of other customers, which might not necessarily be as good. Service quality can be 

perceived also as a tool for overall evaluation of a company in its approach to services from the point of view 

of the customer [8]. According to Svensson [2] service quality is closely related to provision of a service, which 

takes place on the basis of interaction between the service provider and the service recipient. Pérez et al. [9] 

point out that a significant aspect of service quality is based on the quality of the relationship between the 

service provider and the service recipient.  

The authors also identify 1 to 5 service dimensions the customers use as service quality assessment criteria. 

Service quality itself also exists as a separate dimension, as customers often consider individual service quality 

components as their know-how, and so they include them in a separate dimension of service quality in their 

assessments. Parasuraman et al. [10] have created a widely used comprehensive set of 5 service quality 

dimensions called RATER: reliability, assurance, tangibles, empathy and responsiveness. Each attribute 

includes several other items. Kotler and Keller [11] call them a scale of 21 items determining service quality, 

which they also consider as the basis of method SERVQUAL. This method enables service and retailing 
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companies to evaluate consumer perceptions of service quality and helps to identify areas requiring 

managerial action. It is based on the gaps, i.e. GAP, model between expectation and the perception of the 

service delivered. Quality is measured for each factor. Using this model suggests that manipulation of 

individual customer expectation through marketing or brand management can alter perception and hence the 

quality of the service.  

Respondents from different industries operating in the B2B market have confirmed effectiveness of two 

attributes. The first one is tangible elements, and the remaining four have been joined into the second attribute 

[12]. However, due to the effort to create a universal service quality assessment tool, SERVQUAL faces a lot 

of criticism. Companies mostly have to modify it in accordance with their needs and it is necessary dual filling 

out by the respondents, which decreases the quality of outcomes. That is why they find SERVQUAL more 

suitable for use in the B2C market, rather than in the B2B market. When assessing service quality, the 

customer is also affected by some standards SERVQUAL does not take into consideration. Customer 

expectations are generally very high. For these reasons, a tool based solely on performance, so-called 

SERVPERF was created and tested. It is based on the same concept as the SERVQUAL. However, to achieve 

more accurate outcomes, the customer only evaluates perception of the service, or performance of the service, 

they have encountered. Data collection is thus relatively less demanding, it requires 50 % less information, 

and so also less time to fill out questionnaires, and the responses can thus be more reliable [13]. However, it 

is based on the same attributes and items as SERVQUAL, and so its application in the B2B market again 
requires significant modifications. SERVPERF is again considered as a suitable tool for application in the B2C 

market [14].  

The first person to deal with definition of service quality in the B2B market and its assessment was Grönroos 

[15]: service quality should be evaluated from the point of view of the customer as technical and functional 

quality. Technical service quality refers to relatively measurable service elements customers receive within the 

course of their interaction with the service provider. Functional service quality expresses how customers are 

provided with a service. It is subjective and can be affected e.g. by the environment where the service is 

provided, behaviour of the company’s staff, the length of the waiting time, etc. Grönroos was followed by 

Morgan, who identifies the process (evaluation how the customer perceives service provision in interaction 

with the service provider) and output (what the customer has achieved by provision of a service) service quality 

dimensions [4]. Szmigin distinguishes hard and soft (they express the same thing as technical and functional 

quality), and output quality of the process of service provision (it differs from hard quality in the fact that 

although the company may achieve excellent results in the area of hard quality, it still does not necessarily 

achieve the desired target, i.e. output) [16]. Gounaris [4] has been inspired by findings of authors who have 

dealt with service quality in the B2B market, and he has created the INDSERV tool for service quality 

assessment in the B2B market. It is based on evaluation of four service quality dimensions [4, 17]: 

1. Potential quality - PTQ is the primary input, which activates the process of services. It consists of 

elements the customer takes into consideration when choosing a supplier and without which the 

company would not be able to provide services, e.g. the number of employees, facilities, corporate 

philosophy. 

2. Hard process quality - HPQ represents the process of service delivery. It refers to objective and task-

oriented elements within a B2B delivery, e.g. sticking to the budget, meeting delivery time and deadlines. 

3. Soft process quality - SPQ represents the customer rating, e.g. whether employees were neat, empathic, 

whether they listened to them with enthusiasm and pleasure, the course of communication with them.  

4. Output quality - OQ refers to the relative impact of the supplier services on the customer’s profitability, 

strategy, and ability to do business, and it is variously affected by the three previous service dimensions. 

Individual INDSERV dimensions can appear in different places and at different times of the entire B2B service 

satisfaction process [17]. Each dimension includes some other items (total 22) for evaluation of the supplier’s 

performance, for which the customer uses a seven-point assessment scale. An overview of such items has 
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been provided e.g. by Gounaris [4]. INDSERV is a relevant, valid, and reliable method, which makes it possible, 

on the basis of customer evaluation, for the company to measure quality of services provided in the B2B market 

[4, 17, 18]. The elements on the basis of which it was created depict unique aspects of services in the B2B 

market. Service providers can seek evaluation of each question by their customers, and thus determine areas 

that require correction/improvement. The effectiveness of INDSERV has been proven at a number of 

companies. For example, a chemical company has discovered, through its application, a shortcoming in the 

soft process quality, where they identified insufficient attention to customer interests. It was recommended that 

the company is consistent in developing customer relations [18].  

3. SUPPLIER QUALITY ASSESSMENT - CASE STUDY 

The analysis of the assessment of the given company by 22 suppliers obtained in 2015−2016 revealed that 

each customer determines the frequency, applied criteria and time period for which they send assessment by 

themselves [19]. On the basis of this experience and for its needs, the given company (hereinafter referred to 

as the manufacturer) has created its own supplier assessment system, which also includes quality assessment 

of provided services. The customers are obliged to draw up and send these assessments in compliance with 

the IATF 16949:2016 standard, an amendment to the ISO 9001:2015 standard for automotive industry. This 

assessment is required across the entire automotive industry supply chain. Such assessment aims to 

determine overall customer satisfaction with individual suppliers and to classify them into one of groups A, B 

or C. The given manufacturer has been making these assessments since 2009, when the company became 
certified to the ISO/TS 16949 standard. Observance of the standards is checked by a supervisory audit 

conducted every year; a recertification audit is performed once in four years. 

Services represent one of the decisive parameters for selection of suppliers for the panel of verified suppliers 

to the given manufacturer. They are included in the manufacturer’s code as a part of requirements the suppliers 

have to accept. The code refers to the rules and guideline on demanding and accepting advantages between 

the manufacturer and their suppliers, fulfilment of requirements concerning working and social environment, 

child labour, the environment, and communication. In the area of services, it refers e.g. to reporting bribery 

and corruption, provision of clear identification of hazardous waste. If any of the requirements has been 

breached, the manufacturer is entitled, without any compensation, to terminate all the existing contracts with 

the supplier with immediate effect, as well as to cancel all the existing orders. 

The purchase department sends the assessment to suppliers with annual turnover exceeding CZK1 million at 

the beginning of each year. Such an assessment includes evaluated indicators, their weight, awarded overall 

assessment and the intervention limits. Creation of such an assessment is facilitated by the program Q-LanYs, 

which administers all the information about the suppliers, correspondence with them, and other important 

information about them, e.g. the number of deliveries in a selected period, the number of warranty claims, 

assessment of the suppliers according to user-defined criteria, and an overall satisfaction indicator (weighted 

mean of all the above mentioned indicators), including the possibility of graphic illustration.  

The specific indicators used by the manufacturer for the above assessment are: quality per shipment/COA-

certificate of authenticity, PPM (parts per million) quality, timeliness of deliveries, service, quality management 

system, price, delivery and payment terms and conditions, shortcomings in accompanying documentation, 

external visual defects and discrepancy in technological documentation. Each indicator consists of several 

criteria, which are crucial for the manufacturer in the given area. The manufacturer assigns weights to each 

indicator so that the resulting assessment corresponds to the actual satisfaction with individual suppliers. The 

manufacturer considers these criteria and their weights as their “know-how” and protects it. The criteria relating 

to service quality are divided by the manufacturer into objective ones (e.g. whether a supplier is certified to an 

ISO standard or not) and subjective ones (those relating to the quality of provided services). For an overview 

of the subjective criteria applied by the manufacturer within individual indicators and their evaluation, see 

Table 1.  
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Table 1 Subjective criteria for service quality assessment and method of their evaluation [own study]  

Indicator Service Timeliness Quality of Supplies 

Criterion Technical 
Support 

Flexibility  
Delivery 

Time 
Delivery 
of COA 

Approach to Handling 
Complaints Evaluation  

Exemplary  they initiatively 
cooperate in 

solving technical 
assignments 

quick response to 
requirements/required 

changes 

material 
delivered at 
the required 
time ± 1 day 

1 day 
before 

arrival of 
goods 

they quickly respond to and 
look into the causes of 

complaints, they cooperate 
in elimination of 
consequences 

Acceptable they readily 
cooperate, but 

they need a 
longer time for 
implementation 

responsive approach 
to implementation of 

changes, but the 
manufacturer has to 

lead him 

material 
delivered 2-
3 days later 

delivery 
on the 
day of 

receiving 
goods 

they have a longer 
response time in replying 

and they look for 
documents, e.g. order, 

satisfactory agreement is 
made subsequently 

Problematic they have an 
evasive attitude 

to tailored 
solutions, there 

are 
organizational 

obstacles 

they reluctantly 
accept required 

changes, but there is 
a final improvement 
within the monitored 

period 

delivery 
delayed by 
4-5 days 
  

- lengthy solutions, 
avoidance of responsibility 
for arisen complaints, they 

only accept complaints 

Unacceptable they have an 
attitude of denial 

towards a 
request for 
technical 

cooperation 

they do not respond 
to calls for changes, 

shortcomings in 
documentation and 
lack of interest to 

solve them 

delivery 
delayed by 
more than 5 

days 

failure to 
deliver 
by the 
day of 

receiving 
goods 

careless approach, 
unwilling to accept or 

discover the cause, ending 
the claim for more than 3 

months, there is no 
agreement in terms of the 

amount of damage 

The suppliers are not informed about the definition of individual criteria or their weights within the sent 

assessments to prevent undesirable misunderstanding of interpretation or a dispute over the reason for a 

removal of points. If a supplier receives a number of points that is lower than the maximum in any of the 

indicators, they are, at the end of the assessment, informed in writing about improvements and remedial 

measures they are expected to implement. The supplier thus gets a detail explanation of why they got a lower 

rating and, at the same time, they receive precise instructions on how to proceed to achieve the maximum 

satisfaction on the side of the manufacturer - the customer. 

4. CONCLUSION 

The outcomes imply that it is not possible to define service quality or determine its dimensions unequivocally. 

It is based on the customer’s interaction with the product, and so it is suitable to specify its dimensions in 

relation to the product type and the character of corporate activities. It is also important to remember that 

service quality is closely connected with its provision, which is carried out through interaction between the 

recipient and the provider. The analysis of the supplier assessment process and the applied criteria showed 

that the given manufacturer includes service quality in the overall evaluation of satisfaction with their suppliers. 

The assessment is performed using the Q-LanYs software, adapted to the requirements stipulated in the IATF 

16949:2016 standard, which is required in the entire automotive industry supply chain. The manufacturer has 

determined their own indicators and criteria used for evaluation of service quality and their weights, which he 

has however protected as his “know -how” from his suppliers. He submits them only in the case of displeasure 

with their services. There is a disproportion between practice and theory. The most important ones are service, 

timelines and quality of supplies. Assessment is made using a four points scale. They apply the basic 

assessment principles through the INDSERV tool, but only some of their criteria have been adapted to their 

needs. By application of such a created own standardized method of assessment of all their suppliers, the 
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manufacturer, according to his statement, is able to strengthen cooperation in the area of service quality 

enhancement, which finally results in an increase in the competitiveness of the entire supply chain. 
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Abstract  

Background. Over half of the world's population lives in urbanized areas, cities emit over 75 % of global 

greenhouse gases [1]. One of the sources of pollution is transport. Therefore, striving for the development of 

sustainable transport systems in cities is crucial. Observing global trends in mobility allows noting the 

development of economy, automation and electrification of the automobile. These tendencies seem to have 

enormous potential to improve the functioning of transport systems and to maximize economic and 

environmental effects. Therefore, the aim of this article is to identify the benefits of using low-carbon 

autonomous vehicles, to spread the sharing mobility and to identify possible development scenarios in this 

area. 

Method. The article is theoretical in nature and is based on a literature review. 

Result. Automation of vehicles, their electrification and sharing mobility offer numerous opportunities to 

improve the functioning of transport systems in urban areas. The integration of these technologies is becoming 

more and more popular. However, it is not entirely sure whether these modern concepts will revolutionize ways 
of moving within the city, or will only result in changes in individual mobility. 

Keywords: Public transport, automated mobility, vehicle electrification, sharing mobility 

1. INTRODUCTION 

Our world is a subject of enormous changes. The growth rate of cities is huge (Figure 1). At the beginning of 

the 19th century, less than 1 % of the population lived in cities. In one hundred years this percentage increased 

to 13 %, and at the turn of the century it amounted to 47 %. It is predicted that it will reach 68 % by 2050 (ESA 

2018). Such a rapid rate of growth of the city population will cause the huge overcrowding and also very 

negative effects on the natural environment. One of them is the growing demand for mobility and availability 

of (public) transport. Along with the increase in the number of urban populations, mobility needs are growing. 

There are a lot of travels carried out in large urban agglomerations. Only in Warsaw, there are over 3.5 million 

per day [2]. Such a large number makes citizens experience stress in the city, resulting from the awareness of 

the loss of time that they must devote to moving around. For many years it seemed that the panacea for 

improving the quality of life in the city and reducing its congestion is to expand the communication infrastructure 

and increase its capacity. However, the increasing number of roads does not improve the situation, but only 

leads to a vicious circle - the development of infrastructure increases the residents' tendency to use individual 

forms of movement. Therefore, in order to improve the conditions of the city's functioning and to reduce 

congestion, it is necessary to look for other, alternative forms of overcoming space and ways to change the 

mobility habits of the residents. 

In this context, the automation of transport means and the dissemination of the sharing mobility concept seem 

to have great potential [3,4]. Although fully automated vehicles are not yet available for general use, it can be 

expected that this is the prospect of the next 10-15 years. But already today, there are known many examples 

of their use in public transport. We mean solutions like Personal Rapid Transit (PRT), Group Rapid Transit 

(GRT), Automated Transit Networks (ATNs), and Automated People Movers (APMs), that are deployed at 
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most major airports in the world. The PRT system combines comfort with the availability of public transport. 

This system has already been applied in Masdar City. Changes in the area of mobility have an impact on the 

perception of the distance and availability of a particular place. Bearing this in mind, the aim of this study is to 

identify the benefits of using autonomous vehicles in urban transport and to spread the sharing mobility. 

 

Figure 1 Growth rates of urban agglomerations [5] 

2. SHARING MOBILITY AND ITS POTENTIAL TO REDUCE THE CITYCONGESTION 

Sharing economy has become popular due to the inhabitants' knowledge about IT techniques and their 

readiness for interactivity. Generation Y, so-called Millenials are looking at the world differently, and they adapt 

and perfectly understand peer-to-peer systems. In addition, raising the awareness of residents and striving to 

limit consumerism means that they need and they are looking for alternatives to their properties, and thus are 

open to sharing economy. The internet platforms are an important element connecting the sharing economy 

and the city, allowing to share large amounts of data. Thanks to the possibilities of offering access to large 

data sets, cities can offer a wide range of services tailored to the expectations of residents. Because of them, 

sharing mobility can be developed [3]. 

Due to the residents' tendency to move cars, sharing mobility seems to be the natural direction of transport 

system development in the city. However, sharing does not have to be limited only to the shared use of the 

vehicles, but may also involve the use of other low-carbon modes of transport. We mean solutions like 

carsharing, bike-sharing, ridesharing (carpooling/vanpooling), public transit services, on-demand ride services, 

scooter sharing, and alternative transit services such as shuttles and microtransit [3]. The number of sharing 

operators is constantly growing, and it is expected that it will grow even more rapidly. This is confirmed by a 

study conducted in 2017 by McKinsey's which shows that among the current users of nontaxi ride-hailing 

services, 63 percent expect to increase their usage “a lot” in the next two years, and even more (67 %) say 

that they will do the same concerning car sharing [6]. 

According to the Boston Consulting Group report, 20 million people will benefit from car-sharing services until 

2021, which will use cars for 1.5 billion a month, which will allow the annual value of the global market to be 

estimated at EUR 4.7 billion. The global car sharing market included at the end of 2015 86 thousand of cars, 

of which 22 thousand in North America vehicles, in Europe 31 thousand vehicles, and in Asia and the Pacific 

33 thousand vehicles. At the same time, 5.8 million users used global car-sharing systems including 1.5 million 
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in North America, 2.1 million in Europe, and 2.3 million in Asia and the Pacific. In total, all users have used car 

sharing during 2.5 billion minutes per year, and all car-sharing revenues totaled 650 million euros per year [5]. 

Sharing allows users to have short-term access to the means of transport and can appear in several models. 

The most popular is the free-floating system, under which cars can be collected and returned in any places 

within the scope of the service. Other models are stationary systems in which the client collects and returns 

the car to one of the databases provided by the operator and P2P system relies on hiring private vehicles. 

There are also concepts that do not require prior reservation, deposit or membership fees. "Free" cars can be 

found online from PC, smartphone or just passing by. Sharing mobility not only contributes to the reduction of 

the number of cars on the roads, which allows to "regain" the city space - especially in places where parking 

spaces are the most lacking. Sharing mobility (bike sharing, car sharing) allows the reduction of congestion, 

leads to reduction of greenhouse gas emissions, and opens up new mobility opportunities for people with 

limited financial resources. The experience of cities in which sharing has already been widespread shows that 

one car sharing can replace from 9 to 14 individual cars. This is confirmed by research carried out in 2016 on 

the one-way car sharing operator car2go in five North American cities [3]. The large sharing potential induces 

more and more people, especially the younger generation to use this form of communication. Positive 

perception encourages, in turn, to expand the offer. In many cities, even mobility stations are created, being a 

kind of transfer stops, where most sharing options are available, e.g. scooters or bicycles. Ease of an access 

to them is undoubtedly a factor which positively influences the use of alternative means of transport or the 
choice of low-emission vehicles, reducing environmental problems [7].  

Discussions on sharing mobility are increasingly accompanied by the issue of electrification and automation 

of vehicles. They are increasingly becoming a component of the fleet available to users as part of sharing 

mobility.  

3. SHARING MOBILITY AND VEHICLE AUTOMATISATION - SCENARIOS FOR THE FUTURE 

Automation is a common phenomenon of modern civilization. Automation supports, among others, mobility of 

people and goods, and is supported by satellite navigation, automatic multi-level car parks, automated 

container terminals, mentioned Group Rapid Transit (GRT), or Intelligent Transportation Systems (ITS). As a 

result of the development of Information and Communication Technologies (IST), the phenomenon of sudden 

and unrecognized change is revealed - automatic systems gain the ability to independently make decisions in 

conditions that have so far required human response. As a result, we observe evolutionary (and maybe even 

revolutionary) changes in the ways people are moving around the cities. The so-called new mobility is borning. 

It consists of several interpenetrating elements; (1) e-mobility and using alternative fuels, (2) sharing mobility, 

(3) connected mobility, i.e. vehicles exchanging information on road safety with each other and with road 

infrastructure. The condition for success, however, is the cooperation and integration of all these elements, 

because e-mobility only makes sense if it is related to the right strategy in the field of electricity generation. 

Moreover, the spread of electric vehicles must be connected to the sharing economy. Because of it, it is 

possible to develop new business models that allow reconciling the three challenges of contemporary cities at 

the same time: (1) growing demand for transport services, (2) overcoming of increasing ecological barriers 

(environmental pollution, congestion of roads, depletion of fossil fuel resources) and (3) rising development 

costs. The above means that new mobility in the near future may become an alternative to conventional forms 

of movement. Today, the sharing operators, thanks to modern technologies, have become a significant 

competitor to traditionally operating taxi services, public transport and even an individual car. And with the 

dissemination of individual solutions, is increasing their impact on the transport system as well as on the use 

and shaping of space. This is to be expected because the main players - automotive manufacturers, develop 

sharing mobility services and cooperate by combining their functionalities together to counter the threat of 

transport startups, such as Uber or Lyft. 
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The shared mobility with the use of autonomous vehicles will be an especially important factor affecting spatial 

development in the future. The most important feature will be the unmanned, extending coverage that users 

will be able to overcome during their daily trips. This, in turn, affects the decision of relocating the place of 

residence. In the near future, many scenarios may occur, characterized by a different share of the three 

methods of movement: individual mobility with personal vehicles, with a significant degree of automation and 

autonomy (owned), car sharing with autonomous vehicle and collective transport. Gruel and Stanford envisage 

three scenarios: (1) nothing will change; (2) there will be a significant increase in traffic, further urban sprawl 

and public transport that do not meet public needs; (3) there will be fewer cars, but more carriages (up to 

30 %), than in the first scenario, carried out using various means of transport [8]. Mc Kerracher et. al. claim 

that the share of car-sharing and car-on-damond journeys will definitely increase, which will be supported by 

the drop in the costs of sharing autonomous vehicle fleets. It will be possible thanks to the elimination of 

professional drivers, generating up to 50 % of overheads [9]. However, the increase in the number of vehicle 

kilometres travelled can cause congestion at critical points in cities. As a result, sharing mobility and 

autonomous vehicle will not necessarily revolutionize movement within the cities, but will only change individual 

motorization. A similar conclusion can be drawn with regard to e-mobility. It is estimated that by 2030, electric 

vehicles will account for three-fifths of all cars, of which vehicles with self-steering capabilities can exceed 40 

% share in selected cities [9]. Bearing the above in mind, the earlier mentioned authors distinguished three 

directions of development of city mobility: (1) sustainability sharing mobility in poorer, densely populated urban 
areas. (2) individual autonomous vehicle mobility in the rich suburbs and (3) mobility on demand for richer 

populations, densely populated urban areas. 

The report on automated mobility in United Kingdom, developed at the request of KPMG, shows that by 2026 

the production level will be reached 100 % of connected vehicle, i.e. vehicles exchanging information about 

the traffic situation between them (vehicle-to-infrastructure). In addition, it is predicted that by 2030 as much 

as 75 % of vehicles will reach 3.4 and 5 level of automation (Table 1) [10].  

Table 1 SAE Vehicle Automation Level Definitions [11] 

SAE Level  Name Description 

Level 0 No Automation No automation 

Level 1 

Driver  

Assistance 

Automation of one primary control function, e.g. adaptive  

cruise control, self - parking, lane - keep assist or autonomous braking 

Level 2 

Partial  

Automation 
Automation of two or more primary control functions “designed to work 
in unison to relieve the driver of control of those functions” 

Level 3 

Conditional  

Automation 

Limited self driving; driver may “cede full control of all safety critical 
functions under certain traffic or environmental conditions,” but it is 
“expected to be available for occasional control” with adequate 
warning 

Level 4 

High  

Automation 

Full self - driving without human controls within a well - defined 
Operational Design Domain, with operations capability even if a 
human driver does not respond appropriately to a request to intervene 

Level 5 Full Automation 
Full self - driving without human controls in all driving environments 
that can be managed by a human driver 

Fraedrich and Lenz present different scenarios, focusing on four technical and organizational solutions: (1) 

Pilot using the driver for extended availability: on motorways or similar roads the driver can give control to the 

vehicle. The driver does not have to pay attention to another movement or driving task at this time and can 

perform other activities; (2) Autonomous parking of the car: after leaving the vehicle, all passengers can drive 

to the previously determined parking space, and from there to the delivery address; (3) Full automation with 

the driver for extended availability: Whenever it is desired or required, the driver can give control to the vehicle. 
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The driver does not have to pay attention to another movement or driving task at this time and can perform 

other activities; (4) Vehicle on demand: a vehicle on demand drives passengers without the presence of any 

human driver. The people themselves can no longer drive such vehicles - the interior of the vehicle will 

therefore have neither steering wheel nor pedals [12]. From the research carried out by the authors, the 

smallest level of social acceptance is characterized by the fourth scenario, i.e. mobility on demand. The 

reasons may be attributed to the lack of respondents' experience in using such a solution and their natural 

fears about technology innovation. Despite the scepticism of users regarding technological novelties, it should 

be assumed that in the perspective of the next 10-20 years, we will observe an increasingly frequent 

resignation of residents of urban areas from owning a car, for the benefit of car sharing and car on demand. 

We believe that the number of individual vehicles may decrease by up to 30 %. The thesis can be confirmed 

by calculations made by Bischoff and Maciejewski. In their opinion, 1.1 million private vehicles currently moving 

in Berlin can be replaced by 90 to 110 thousand autonomous taxibus [13].  

An unambiguous definition of what will be the acceptability of autonomous vehicles in the near future is still 

not possible today. Although the observation of communication behaviours, especially of the generation Y, 

allows us to hope that sharing mobility together with vehicle automation will become popular, leading to the 

relieve of infrastructure and reduction of congestion. The most optimistic solution would be the complete 

resignation of urban residents from individual communication to sharing autonomous mobility. The worst is the 

dominance of autonomous individual vehicles, which encourages the deterioration of the transport situation in 
cities, and at the same time the increase in environmental pollution and, as a result, the quality of life of 

residents. 

4. CONCLUSION  

The growth of cities around the world means that transport service providers have to cope with the growing 

demand for displacement and adapt infrastructure and public transport models to create sustainable mobility 

solutions. Sharing concepts, combined with the autonomy and electrification of vehicles have the huge 

potential for improving the quality of public transport systems in cities. Sharing autonomous vehicle can 

significantly optimize travel time (among others by saving time searching for a parking space). It can be 

expected that sharing mobility will significantly reduce the use of individual vehicles and thus reduce 

congestion. Autonomisation of vehicles (from level 2) will allow them to increase their self-service and facilitate 

their movement, which in turn may reduce the tendency of residents to use public transport. Sharing 

autonomous vehicles bring in the possibility of increasing vehicle capacity and lowering overall transport costs 

(environmental pollution, road accidents and civil liability, etc.). Thus, sharing mobility can facilitate the 

revitalization of cities, e.g. by reusing parking structures - "giving away" to their residents for housing or 

entertainment. It is difficult to say today whether and to what extent sharing autonomous mobility will affect the 

functioning of public transport in the city. It results not so much from the still little popularization of sharing 

mobility, but of sharing autonomous mobility. Therefore, it seems important to analyse the dynamics of the 

evolution of transport systems and technological innovations in transport on a current basis, based, among 

others, on an analysis of good practices. With appropriate knowledge about the adaptability of innovative 

solutions, cities could be able to adequately control the pace of autonomous vehicle implementation and 

automotation of fleet. 
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Abstract 

In the presented paper, authors focus on the investigation of the concept of supply chain safety in the relation 

to the risk assessment in transportation process performance. Thus, the disruption event definition is explained 

and the literature review on supply chain safety is given. The case study conducted in the transportation 

company presents risk analysis in the context of supply security assessment. The work ends up with 

conclusions and directions for further research.  

Keywords: Supply chain, safety, risk, transportation process performance 

1. INTRODUCTION 

The current economic environment, in which supply chains perform their functions and tasks, is characterized 

by a high dynamics of change. The constantly changing customer requirements, technological development, 

as well as social and legal conditions accompanying business processes have an impact on this dynamics. 

These high dynamics of changes characterizing current conditions of material flows along the supply chain 

makes the identification and risk management occurring in logistics processes ever more important in the 

business planning process. The importance of this approach is now confirmed e.g. by a lot of research work 

conducted in the field of risk management in the supply chain. And while only a few years ago, when 

investigating the risk in supply chains, the authors focused exclusively on the chemical and nuclear sectors, 

today the risk assessment becomes a popular tool supporting the decision-making processes of managers 

from all sectors of the economy. This is due to the fact that currently managers want to create not only lean 

and flexible supply chains, but above all safe and reliable ones. 

Following this, the purpose of the article is to present the concept of supply chains safety and to analyze the 

influence of undesirable events identified for the transport process performance on supply chain security. As 

a result, in the next section, there are presented the most important theoretical issues regarding risk and safety 

in the supply chain. Later, the results of research carried out in a selected transport company were presented. 

The carried out analysis was aimed at identifying adverse events in the transport service process performance 

and assessing their impact on supply security. At the end, final conclusion and summary were presented. 

2. SUPPLY CHAIN SAFETY 

Supply chain vulnerability, resilience, risk and safety have become a field of research over the past 15 years, 

and a number of definitions have been made [1,2]. In order to properly explain these concepts, first the 

disruption definition and disruption profile should be explained. Any threat which could cause an interruption 

in the flow from raw material to the end user is a supply chain risk and any interruption in the flow of material 

is a supply chain disruption [3]. Disruptions can be divided into three categories to facilitate estimating their 

likelihood [2]: natural disasters, accidents (faults, failures), intentional attacks and the methods of estimating 

their likelihood are different. Moreover, based on [4,5,6], main supply chain disruptions may arise from such 

sources as: natural disasters (e.g. earthquakes, cyclones, epidemics), terrorist incidents, accidents (e.g. fire 
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of supplier’s factory), or operational difficulties (connected with e.g. variability in supply, demand uncertainties, 

or price variability).  

Svensson in his work [7] considers them in terms of analysis inbound logistic vulnerability and divides them 

into direct and indirect sources of disturbance. Moreover, following [8, 9], terrorist attacks, wars, politic 

problems or natural disasters should be considered as risks external to the supply chains. Risks related to 

processes and activities should be considered as internal to the company, and risks coming from the market 

or from suppliers should be considered as external to the company and internal to the supply chain. Treating 

supply chain disruptions as unexpected events occurrence, they can be described as having uncertainty in 

logistic process operation [10]. Uncertainty in the process is connected with definition of perfect operation of 

logistic system and may be described by 7R formula: Right product, Right quantity, Right quality, Right place, 

Right time, Right customer, Right price. Thus, different aspects are taken into consideration, such as [10]:  

 time (in the sense of duration of activity/process, starting/ending moment of activity realization, 
frequency of activity/demand occurrence), 

 quantity (of supply, demand or physical transfer of goods), 

 location/place (where activity starts/ends), 

 quality (of service/products), 

 cost (fluctuation, occurrence.  

However, not every disruption occurrence leads to logistic system failure appearance. The critical factor which 

determines the logistic system failures is time. In a situation, when disruption (connected with e.g. improper 

delivery quality/quantity, improper location) occurs, there is a necessity to find out if we have enough time to 

correct the problem. When the spare time let us to remove the disruption - logistic system is not defined as 

failed. In other words, time redundant system has the ability to tolerate interruptions in their basic function for 

a specific period of time without having the negative impact on the system task performance. 

It is therefore necessary to define the supply chains safety. According to [11], safety can be treated as a sense 

of certainty that the state of threat will not occur as a result of various random events, both predictable and 

unpredictable. In the aspect of crisis management, the following are safe: an individual, a social group, a 
nation, an institution, a state, when they do not feel threatened for their being and their existence, are calm 

and confident in their interests, do not need someone to look after them [12]. In terms of system analysis, 

safety is captured in two dimensions [13]: 

 as the property of an object characterizing its resilience to dangerous events (threats), 

 the system's ability to protect internal values against external threats. 

Thus, safety means absence of critical/dangerous events while security is focused on protecting system 

environment against the effects of these damages. Safety is measured generally by risk - two-dimensional 

combination of probability of an undesirable event and possibility of loss (consequences). Risk assessment 

consists on process of risk identification related to threat, includes its possibility (likelihood or probability), 

impact, and consequences [14].  

One of the more frequently cited definitions of supply chain safety is that proposed by [15] - “managing supply 

chain safety means applying policies, procedures and technologies to protect supply chain resources 

(products, equipment, information and personnel) against theft, damage or terrorism and preventing the entry 

of smuggling and unauthorized people or weapons of mass destruction into the supply chain”. This definition 

is multidimensional and refers to both material and information flows, being carried out in the logistics chain. 

A similar context of understanding the concept of supply chain safety is presented in [16], where the authors 

define three groups of tasks related to the safety of supply chains including physical security, information 

security, and freight security. Later, the authors of [13] postulate that ensuring the desired level of safety of the 

logistic network means the necessity of (1) quality management (goods, services), (2) reliability management 
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(technical means, devices), (3) risk management of external threats (vulnerability, resilience of network 

elements). However, the author in [12] defines the security of the logistic system as a non-threated state of 

logistic objects, connections (external and internal supplies), an environment and users. The analysis and 

classification of the main threats to the supply chain safety is presented in [12].  

3. IDENTIFICATION OF ADVERSE EVENTS OCCURRENCE IN TRANSPORT SERVICE 

PERFORMANCE 

Transport is a key element of the material flow process between individual links in the supply chain. The 

correctness of its implementation has a significant impact on the parameters of the assessment of the delivery 

performance. At the same time, it is the process most exposed to the occurrence of numerous adverse events. 

This is due to two main reasons: 

 the transport process is carried out with the use of external infrastructure, which is shared with other 
users, whose behavior cannot be controlled; also the road infrastructure itself is not under the control of 

the enterprise, which limits its impact on the condition and availability of the infrastructure elements 

used, 

 the transport process requires a high degree of coordination of activities, as it combines the activity of 

at least three links in the supply chain - the carrier, the sender of the cargo and the recipient of the cargo. 

There are a lot of publications on safety and hazards in various modes of transport (e.g. [17-22]. However, 

only a few publications focus on the assessment of operational risk related to freight transport performance 

[23]. Meanwhile, research conducted in a road transport company shows that when assessing risks in the 

cargo transport process performance, one cannot focus only on adverse events related to classic transport 

safety (reduction of accidents). Adverse events affecting the safe and timely delivery of transport should be 

identified much more widely. 

The research was carried out in a road transport company, which currently has a fleet of 60 own vehicles and 

a crew of 80 professional drivers. The conducted analysis was based on expert opinions. The following 

employees were asked to be experts: the manager of the forwarding department, the transport manager and 

the manager of the HR department. The identification of adverse events gave the possibility to define 20 

adverse events that were classified into 5 groups. These events are related to: 

 Group 1 - driving fluency/safety, 

 Group 2 - technical condition of vehicles, 

 Group 3 - organization / implementation of transport order service, 

 Group 4 - drivers, 

 Group 5 - cargo. 

The identification of events was carried out in the context of their impact on the achievement of the assumed 

goal for transport service. This objective was defined as providing timely and complete delivery of undamaged 

cargo in accordance with the assumed implementation costs. Table 1 presents the identified adverse events 

with an indication of their impact on the final result of the process. 

The results of the analysis presented in Table 1 prove that for the 20 identified adverse events only 7 events 

can be included in the risk related to road safety. Other adverse events result mainly from errors in planning 

and organization of the transport service process performance. This gives a wide range of opportunities to 

improve the service process, in particular when the source of danger is the company's own resources or 

applicable procedures and standards. In this situation, the managerial staff may take actions aimed at 

improving the company's internal procedures and implementing the scenario planning. However, the basis for 

these activities has to be a multi-criteria risk assessment, which will allow a comprehensive analysis of the 

conditions for the implementation of the service process. 
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Table 1 Adverse events that occur in the process of transporting cargo in the examined enterprise  

   [own study] 

Group Adverse event definition Type of influence 

G1 

An accident on the route of third parties Delivery delay 

Accident in which our driver participated Delay of delivery, damage / loss of cargo 

Increased vehicular traffic on the route causing a 
congestion 

Delivery delay 

Route maintenance Delivery delay 

Third party intrusion into the vehicle Delay of delivery, damage / loss of cargo 

G2 
Electrical system defect  Delivery delay 

Vehicle failure Delay of delivery, increase of operational costs  

G3 

Lack of proper documentation Increase of operational costs 

Exceeding the driver's working time limit Delay of delivery, increase of operational costs 

Incorrect place of loading / unloading indicated Delay of delivery, increase of operational costs 

No guarded parking places along the route, which meet 
the requirements of the company 

Damage / loss of cargo 

Poor time management Delivery delay 

G4 

A sudden driver's absence Delivery delay 

Lack of driver with the required permissions Delay of delivery, increase of operational costs 

Drunk driver Damage/loss of cargo, increase of operational 
costs 

Failure to comply with traffic regulations by the driver Damage of cargo, increase of operational costs 

G5 

Theft of cargo Loss of cargo 

Inadequate securing of cargo Damage / loss of cargo 

Exceeding the permissible payload of the vehicle Loss of cargo, increase of operational costs 

Incorrect load labeling Damage / loss of cargo 

4. CONCLUSIONS 

The classic risk analysis performed for road transport focuses primarily on negative events concerning road 

safety. The subjects of the analysis are therefore road accidents and their causes. The identification of adverse 

events for the transport service process proved that when assessing the risk in the context of the reliability of 

the supply chain and the safe achievement of the assumed goal for the transport service process, the analysis 

cannot be limited only to the issue of road safety. The safety and reliability of the transport service process is 

influenced by the correctness of the current procedures and planning, taking into account the possibility of 

adverse events occurrence.  

When assessing the risk in the context of the supply chain, the attention of decision-makers is not focused 

solely on the issues related to possible road accidents. Transport safety is only an element ensuring 

achievement of the assumed goal defined by the 7W rule. For this reason, when analyzing the risk for handling 

transport orders, they are evaluated through the prism of ensuring a safe and reliable delivery. It is a business 

approach that dominates in supply chain management. 
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The results presented in this article are the part of a broader study on the design of safe and reliable supply 

chains. The next stage of the work will be connected with the identification of factors characteristic for various 

sectors that influence the risk assessment for material flows in the industry supply chains. 
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Abstract 

The issue of international, illegal trade in wild fauna and flora is important, still valid, but extremely complex. It 

is a growing problem for the whole world. Wildlife trade covers all stages of the supply chain, from the 

acquisition of wild fauna and flora and its habitats, through trade, import, export, processing, possession, 

acquisition and consumption. This process causes global consequences for the environment, people and 

communities as well as national security. Despite many solutions already applied, new problems are still 

emerging. It is necessary to ensure safety and sustainable development by conducting multi-faced research 

and undertaking effective interventions. There is a need to better understand markets by monitoring the illegal 

trade, demand and prices of wild animals, what will allow for a holistic approach to this problem and a deeper 

understanding of it. Integration of information with an existing trade database will allow a more realistic 

assessment of the results of trade controls and can contribute to making the right decisions. Traffickers abuse 

transport systems, and when traveling from source to market, they also use airports in transit.  

Keywords: High-value natural resources, wildlife trade, supply chain, safety, sustainable development 

1. INTRODUCTION 

The article concerns the management of high-value natural resources. These resources include wild animals 

and protected species. Their management is aimed at ensuring sustainable development and national security. 

This objective can be achieved through cooperation with organizations that carry out complex operations on 

an international scale. In order to carry out these operations it is necessary to involve many people and apply 

innovative methods and modern technologies.   

The aim of the article is to analyze key problems related to the management of high-value natural resources 

and propose solutions. This research is based on the literature review and data analysis for the last years. 

This paper presents possible solutions in the scope of the analyzed global problem and it ends with implications 

for future research. Smuggling and trade in the supply chain were analyzed. Animal trafficking at the state 

border is another type of illegal immigrant, linked to the corruption process. Some say that we are currently 

experiencing a six mass extinction, with up to 100,000 species every year in human activity. The main areas 

of activity of international criminal group are: South Africa, Thailand and China. The global illegal immigration 

network and the economic incentive to smuggle animals are difficult to overcome. International criminal groups 

are using increasingly sophisticated methods and diverse means of transport. Illegal smuggling of animals can 

take place by: sea, land or air. Smugglers are increasingly using postal items. Polish scientists rarely address 

the issue of illegal trade in wild animals and protected species. The reason for this situation may be the 

complexity of the problem and difficult access to specific, integrated data, as well as latent data. Moreover, 

even internationally, there is little research focused on the transport. 

2. THE SMUGGLING OF AND ILLEGAL TRADE IN WILDLIFE AND PROTECTED SPECIES 

Illegal wildlife trade is little known among people around the world. Many people think that this is a problem 

that affects Africa in the first place, as a key source, while Asian regions are the main destination. 
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The simplified process of smuggling animals and protected species is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Simplified smuggling of wild flora and fauna and protected species 

Meanwhile, it is a global problem, and controlling the entry of illegal products into the European Union is a 

challenge [1]. A simplified process of illegal trade in wildlife and protected species is shown in Figure 2. 

Transporters can operate within countries and across borders. Transporters can travel using a variety of 

transportation modes and use a number of techniques for concealing wildlife products. Not all transporters 

may realize that they are participating in the illegal wildlife trade [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Simplified Illicit Trade in Wildlife and Protected Species 
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Wildlife trafficking encompasses all stages in the supply chain, from taking wild fauna from its habitat, to 

trading, importing, exporting, processing, possessing, obtaining and consuming of these species [3]. The 

European Union is a center for trade in illegal wildlife products. Spain plays an important role in the global 

wildlife trade, being the main entry point for trade from South America and Africa. If such a product reaches 

Spain, it can move freely throughout the European Union, through the Schengen Zone. The European Union 

is an important region for endangered species between continents, especially Africa and Asia. Spain is at the 

heart of this trade. European eel is the main illegally traded species originating in the European Union. 

European countries, first and foremost: Slovakia, the Czech Republic, Belgium, Italy and Germany are transit 

points for the illegal trade in rhinoceros horns [1]. Poland is a leader in terms of the volume of online trade in 

protected flora and fauna in the central and eastern parts of the European Union, is a destination country, but 

is also used for transit purposes.  

3. TRANSPORT SYSTEMS USED FOR TRADE IN WILDLIFE AND PROTECTED SPECIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Suggestions for solutions for the management of high-value natural resources 

Traders of wildlife and wildlife products rely mainly on logistics, land, air and sea. Wildlife traders depend on 
an interconnected logistics and transport network. This network includes: airports, land and sea ports, 
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Airports should be active leaders in preventing illegal wildlife trade. China, Thailand and the United Arab 
Emirates have detected the most cases of smuggling by air. Cases of animal smuggling have been identified 
in 114 countries. In 2016, over 5,300 kilos of illegal ivory and rhino horn, and over 16,000 trafficked replies 
were seized at airports, either in passenger baggage or cargo shipments [5]. Wildlife trafficking has grown into 
a $20 billion a year industry. This is a fourth most lucrative transnational crime, behind drugs, humans and 
arms trafficking [6]. According to the report, large hub airports across the world, including Hong Kong, 
Johannesburg and Dubai, are used to move around 81 % of global trafficked wildlife. Organized criminal 
groups are a threat to airport security. It is important to implement precise and effective control systems for 
airport services. These systems are used for customs clearance procedures. In order to ensure the safety of 
people and cargo, modern technologies are used. One such method is RFID. This technology is used to identify 
suspicious parcels and shipments, increases the efficiency of operations and affects the speed of reaction of 
customs and security services. The content of baggage is scanned. Detection of illegal, suspicious, dangerous 
elements must trigger a strong and effective response from the relevant services. RFID systems also make it 
possible to take action remotely. Passengers carrying wild animals and protected species and illegal products 
can be identified by observing their body language and suspicious behaviour. Most confiscated live animals 
are placed in rehabilitation facilities and zoos after quarantine. Airports can influence their supply chain 
through: cooperation with ROUTES and other world leaders, understanding leadership, status, understanding 
trends and patterns of illegal wildlife trade [2]. Figure 3 presents proposals for solutions in the area of 
management of high-value natural resources in relation to the global problem of smuggling and trade in wildlife 
and protected species. 

4. CONCLUSION 

The study analyzed the process of smuggling and illegal trade in wild animals and protected species. As the 

literature review and analysis has shown, the process of illegal trade in wildlife and protected species and the 

smuggling process varies in nature and scope. However, some common patterns can be observed among 

commercial species. These relate to the following areas: the methods used by those involved in the process, 

the countries of demand and supply, and the objectives of trade. It is important to include interventions aimed 

at reducing trade. Interdisciplinary cooperation should contribute to a better understanding of how to mitigate 

illegal trade in wildlife and protected species worldwide. 

There are still many challenges related to monitoring in the online environment. The Internet is the largest 

market in the world, open at all times to buyers and sellers for the exchange of goods. The Internet has 

transformed and changed with the global economy and illegal trade in wildlife and protected species. 

Unfortunately, Poland is a leader in online trade in wildlife and protected species [7-12].   

The European Wildlife Action Plan focuses mainly on improving enforcement, better cooperation between 

Member States and more effective prevention of illegal trade. In April 2017, the European Commission adopted 

an action plan for nature, people and the economy for 2020. The main challenge is to coordinate all Member 

States.  

The main objective is to agree, implement and enforce the same rules. There are many uncertainties in 

European Union legislation that need to be clarified and improved. Irresponsible tourism and consumption 

habits also contribute to illegal trade.  

It is important to check whether airports have robust security systems and whether they need technical 

assistance. RFID, for example, has been implemented at the airport in Katowice-Pyrzowice. Customs 

authorities need to develop data-based risk profiles for trade in wildlife and protected species. Sophisticated 

criminal groups use the high level of corruption at some airports to transport wildlife and protected species and 

products obtained from parts of their bodies. It is possible to check whether the airport is exposed to trade in 

illicit goods, including products derived from animal bodies. The following criteria are taken into account 
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assessment of the airport: assessment of the airport’s size, flight, routes, screening procedures for trafficked 

goods, infrastructure [11].  

Traffickers can exploit capacity problems, corruption and other problems within the air transport sector to move 

products. The problem is that penalties for smuggling wildlife and protected species are too low. In many 

cases, the same people, routes and mode of action are used in the smuggling process.  

It is important to develop an appropriate system for managing high quality natural resources in order to ensure 

sustainable development and security in Poland, in the European Union and around the world [12].  
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Abstract 

In rail transport robustness issues are primarily used in planning. The sequence of subsequent transport 

processes depends on the planning. Problems occur with regard to passenger rail planning from long-term 

strategic decision-making to detailed planning. The structure of timetable is a key factor, that has effect on the 

transportation system robustness. For a robust timetable there is lack of disruption propagation. Correct 

dealing with time reserves is a multidimensional issue. Increasing time reserves increases also the robustness, 

while the network capacity decreases. Robustness is the system capacity to absorb or resist changes. This 

article presents survey of literature on robustness in the rail transport system. Rolling stock planning also 

affects the system robustness, taking into account the combination and train allocations to routes. Crew 

rostering is a problem of scheduling the work of train crew members. These steps can be subdivided into 

successive steps as, for example: crew planning which often consists of arranging work schedules, and the 

assigning them to employees in accordance with working time standards. There may also be combined stages 

such as integrated line planning (the infrastructure must satisfy the requirements of the timetable) and 

timetabling. Therefore, the paper shows an overview of robustness concepts and models in relation to given 
railway problems. 

Keywords: Rail transport, robustness, timetable, train delays 

1. ROBUSTNESS IN RAIL TRANSPORT 

The concept of robustness is used in different areas of science. Depending on the field, it has a different 

meaning. Its origins date back to the modern decision theory developed in the 1950s and use of scenario 

analysis and the Maximin Wald model as a tool to prevent unstable cases. It became an independent discipline 

as a robust optimization in the 1970s, developing in parallel in several scientific and technological fields. The 

concept of robustness has been used for years in statistics and operational research [1]. 

In railway, robustness is mainly used in planning, which determines course of depends further transport 

processes. It refers to the plan of work of machines, people and vehicles. According to [2], it means that 

unexpected problems can be dealt with without significant schedule modifications. In the article [3] robustness 

is defined as a tolerance for a degree of uncertainty, while in [4] it is the maximum initial delay that can occur 

without causing interference to other vehicles. This definition refers to the design of timetables and work 

schedules of conductor teams and drivers who are involved with the vehicle and perform tasks according to 

the timetable. Their timetable is closely related to it. In [5] the authors define robustness as the ability of a 

schedule to resist design errors, changes in parameters and operating conditions. Author of the article [6] 

described a schedule as robust when delays from one period do not spread to another. The approach is based 

on the fact that the schedule is periodic. The approaches for simulating planning processes are presented in 

[7, 8, 9]. In [10] robustness refers to 'robustness to inaccuracy'. Two definitions of robustness are provided. 

The first definition is the percentage of interference less than a certain unit of time that the timetable is able to 

tolerate without any current modifications. Disturbance refers there to one single event (delay) in the 

implementation of the schedule. The second definition refers to whether schedule can return to the initial stage 

unchanged by the disturbance for a limited period of time. 
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2. SUSTAINABLE DESIGN OF TIMETABLE STRUCTURE 

The authors of [11, 12] present a flexible structure management delay of trains. The improvement of the railway 

systems quality in terms of punctuality and travel time requires the schedule analysis in terms of robustness 

to operational disturbance. The authors classify possibility of eliminating delays on provisions included in 

timetable and real time response by train track changing. Two dispatch models have been proposed to recover 

a zero delay at the end of the route. The main parameters analyzed are: departure time, possibility of trains 

overtaking at the station, sequence of trains, buffer time and junctions points. Delayed train passing a junctions 

points distance or station completely changes the traffic situation and makes it necessary to react in real time 

at traffic stations and junctions points. 

The use of higher buffer times at stations allows for equalize the travel times, through reduction waiting time 

at the station to compensate for delays. The buffer can also be inserted in journey between stations. Figure 1 

shows buffer times on train diagram with other times limiting train movement. Two trains 101 and 102 running 

in opposite directions. The vertical axis is time (hours) and horizontal space (railway stations with track circuits). 

At two-track ”station A” affect two trains. 

 
Figure 1 Buffer times on a train diagram 

Figure 1 shows the following component times: 

 buffer time within the section makes it possible recovering punctuality during the journey between the 
stations, 

 station buffer time is a reserve within the station, which may consist in a longer stoppage, 

 interval of time after train's sequelae (ts) defines the minimum time between the arrival of a train at an 
adjacent station and expedition to the same path of the next train in the same direction, 

 interval of simultaneous reception and dispatching of trains (tpw) - time, which in case of conflict of train 

paths accepted and dispatched from the station must elapse from the moment of departure from the 

station of the train, which is dispatched on the pathway to the moment of arrival at the station of the 

train, which is received from another pathway, 
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 train crossings spacing [tk] - this is the minimum time interval between a train's arrival at a station and 
its departure on the same train path in the opposite direction. This interval is required for all activities 

related to preparation of the routes and announcement of trains [13]. 

These actions lead to significant increase in the total time of train travel. Travelling by train that does not take 

full advantage of the traction and infrastructure possibilities becomes unattractive for the passenger. However, 

these measures help to improve punctuality. 

If the possibility of delay in timetable is not taken into consideration, methods of current response to 

disturbances should be considered. This model is aimed at avoiding and leveling delays depending on the 

disturbances on the route. 

The first model is react to delays using only buffer time. Including the buffer time in the timetable is described 

in [14, 15, 12]. It is then possible that the delayed train arrives at the destination on time. In the present case 

only one of two trains arrived on time at the last station. In case of interaction of two trains on the route 

possibilities of reducing the delay value depend on infrastructure conditions (line section, number of tracks). 

The second situation is a model of responding to delays in the interaction of two trains using buffer times and 

rearrangement of train sequence. The less delayed train runs most closely to original track in graph of traffic 

and the second train overtakes the first train at the station. Compared to the previously described situation, it 

allows both trains to reach the end station on time. This case better use of infrastructure capacity and is 

therefore more advantageous in terms of time. 

The authors introduce topological list. They support dispatching activities in scope of change of train order. It 

shows the states in which a train may be in as a result of the action of another and possibility of displacing a 

delayed train set in a way that has as little effect on the others as possible. It is possible to save this algorithm 

in the form of an axis or a tree. On the topology transition axis the search procedure continues until a possible 

change in train order can be found. 

In [11] the process can be analyzed using the CPM critical path. When using the CPM in the topological list, if 

it is possible to change the sequence of trains, the CPM process is branching out. If it is possible to change 

the sequence of trains, successive levels of branches are marked and the CPM is applied to each sub-

topological list. This procedure continues until found another possible change of train. The proposed 

dispatching algorithm shown in the Table 1. 

Table 1 Dispatching algorithm [11] 

Step Description 

1 Check the possibility for changing the train order 

2 Branch on the current topological list 

3 Replace the current topological list for CPM 

4 Update the current best dispatching schedule 

5 Update the input timetable according to the dispatching schedule 

6 Move to the adjacent branch 

7 Backtrack to the branch in the previous level 

The dispatcher's algorithm should find a shipping schedule based on optimal topology transformation. Before 

using the CPM, the vertices are the first compiled into a topological list using a topological sorting algorithm. 

Each change in train order will also change the topological list of vertices. 
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3. MICRO-MACRO APPROACH TO ROBUST RAILWAY TIMETABLING 

The article [5] proposes a hierarchical framework of timetable design combining macroscopic and microscopic 

network model. Scheduling points operated by the relevant train type (local or interurban) are stations and 

stops. The frequency is represented by the number of trains per hour and the path of the train depends on the 

infrastructure capacity needed to run it. A conflict is defined as overlap in time and space between two train 

paths. This is due to the fact that one train cannot use the railway infrastructure without interfering with the 

running of another train. The efficiency of the schedule shall reflect the time periods spent on railway 

connections to the waiting times and the boarding of travelers. Scheduling feasibility is the ability of all trains 

to respect the scheduled timetable. The timetable is feasible if individual processes are feasible during the 

planned process hours and planned train paths are free from any conflicts between trains. All trains are then 

able to run smoothly with others. This is directly related to the occupation rate of the infrastructure. It is higher 

when the time reserves and stable timetable are lower. Schedule robustness is the ability to resist design 

errors, changes in parameters and operating conditions. 

A stable and feasible schedule is created at the microscopic level, and then optimized at the macroscopic level 

in terms of minimum travel times and maximum reliability. Timetable arrangement is an iterative process of 

two different models: the microscopic model and the macroscopic model. The microscopic model determines 

reliable train running times at a very detailed local level and checks the availability and stability of the timetable. 

The macroscopic model is an aggregated representation of the infrastructure and the schedule for the entire 
network by identifying arrival or departure times at or from stations that optimize a given destination function 

(e.g. minimize travel time). This macroscopic model contains methods for estimating the propagation of delay 

in order to evaluate decomposition for robustness to stochastic operational disturbance. Topics relating to 

reliability in rail transport are also described in the publication [16, 17]. 

The authors of the article [18] describe disruptions such as rolling stock breakdown, signal failures, and 

accidents. These are recurrent events during daily railway operation. Such events disrupt the deployment of 

resources and cause delay to passengers. Obtaining a reliable disruption length estimation can potentially 

reduce the negative impact caused by the disruption. 

The authors [5] described the process of designing the timetable on the basis of a hierarchical structure. In the 

first iteration, the schedule is not prepared yet, so the microscopic model calculates the minimum travel times 

that are sent to the macroscopic model to construct the schedule. The achieved macroscopic timetable is 

returned to the microscopic model which calculates the blocking times of the sections by the train necessary 

to detect track conflicts based on the operating times (i.e. time supplements planned by the macroscopic 

schedule). If there are path conflicts, they are resolved and calculated new times and retransmitted to the 

macroscopic model. The macroscopic model solves the problem of optimization, which includes heuristics 

linear integration, minimizing the weighted sum of working time, total time and reliability cost. The reliability 

cost is defined as the delay propagation time obtained from the Monte Carlo simulation of respective timetable 

solutions. This iterative process is repeated until all latent conflicts are detected and schedule is analyzed both 

macroscopically and microscopically. After feasibility, microscopic model assesses stability of the timetable 

(i.e. ability to reduce delays). If the schedule is not stable, new operating times are calculated, for example by 

increasing the value of time allowances or caching times. This is done until the verification of the schedule 

stability reaches the required level. Transformations from the microscopic to the macroscopic and vice versa 

require appropriate procedures that are designed to aggregate-deaggregate input and output data. This 

interaction continues until the schedule developed by the macroscopic model is microscopically feasible and 

stable. As a result, the final framework result is a feasible and stable schedule with a suboptimal interaction 

between performance and robustness. 

The time-distance diagram corridor with block section time-windows used is important with regard to the impact 

of delays and possibility of individual train movements. It represents the occupation of infrastructure on 
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particular sections of the route. The interaction between trains is easy to read. The vertical axis shows the time 

in minutes and the horizontal axis shows the stations on the route. In analyzed case trackside corridor is used 

in 70 %. It has been observed that the number of micro-macro iterations increases as the number of trains on 

the line increases. In case the number of trains was 16 the model required three iterations. For 20 trains the 

number of iterations to obtain a conflict-free model has risen to 10. 

A timetable is designed for a railway line with a few sections, and it locates trains in time and space. Therefore, 

a train timetable (train diagram) consists of few diagrams that combine a train path and a section. Definition of 

a single Train-Section Time-window (TST) and probability of train meetings in case of more than two trains are 

presented in [19]. Time windows to individual sections of rout in graphical timetable are shown in  

Figure 2. 

 

Figure 2 Train blocking time diagram 

Figure 2 shows the use of infrastructure on an exemplary railway line. Subsequent trains are shown in the 

figure as TST showing the occupancy of individual distances. Successive leaving sections unblocks previous 

block distances. Occupancy of the infrastructure affects the resilience of the railway transport system, because 

the delay of one train causes changes in the running of subsequent trains. The problem is described in [20]. 

4. PLANNING PHASES OF THE RAIL TRANSPORT SYSTEM 

The articles [21, 15] include problems of long-term strategic decision-making process in passenger railway 

and detailed planning of operations. Operational research methods have an increasing role in the planning 

process. Recently, more attention has been paid to the resilience of planning issues. In the context of the 

resilience of the railway system, it is often defined as the ability to continue operations at a certain level in the 

event of disturbances such as delays or failures. This has led to the need to pay attention to ways of ensuring 

continuity of operation in the event of disturbances. In approach integrated routing and passenger exchange 

at the station, the robustness measure is defined as weighted travel time extension (1). 

buu� � �Ù�BÙBÙ                (1) 

where: 

rt - realised passenger travel time (min) 

nt - nominal travel time (min) 
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Based on the calculation of the indicator is possible to compare the results between the timetables for different 

railway lines. A robust rail system minimises the real total travel time in case of small frequent disturbances 

taken into account during travel times. Another issue is to generate a replacement schedule in case of delays. 

Priority are decisions concerning the running of individual delayed trains on track sections. This method is 

based on a linear programming and is being tested on the Harz railway network in Germany. The problems of 

planning railway lines vary in different countries, but there are several basic planning stages from the longest 

decision-process to the daily operations on railway lines. These planning steps are relatively independent and 

cannot be considered as a single problem. The size and complexity of each individual problem means that 

only a sequential approach can be applied in practice. Possible steps of rail planning, indicating their relative 

time horizons is shown in the Figure 3. 

 

Figure 3 Overview of the possible steps of rail planning, indicating their relative time horizons [21] 

Network design involves determining the topological structure of the railway network, the location of the 

stations and passenger exchanges. Line planning is defining the subset of stations and the route between 

them, which are lines of trains, deciding on the frequencies, speeds and types of trains for each line. 

Timetabling is the determination of exact times for events that should occur in railway units, such as driving 

between stations, times spent on platforms and specific station infrastructure. This level of planning also 

applies to train paths. Rolling stock planning is a problem of allocating trains to timetables, taking into account 

the combination and stabling tracks of trainsets. Crew location is a problem of scheduling the work of train 

crew members described in [22,23]. These steps can be subdivided into successive steps as, for example: 

crew planning often consists of two steps: arranging work schedules and then assigning them to employees 

in accordance with working time standards. There may also be combined stages such as integrated line 

planning (the infrastructure must satisfy the requirements of the timetable) and timetabling. However, there 

are clear differences and discrepancies between the following steps: network design - rarely changes and the 

decisions taken during the design process must remain valid for many years, while the work schedule of the 

crew may vary from one day to the next. This planning process described in [24] makes the resilience of the 

rail transport system a complex issue that depends on the parameters assumed throughout the planning 

sequence. It is important that railway operator cooperate in the field of planning. The last stage, which takes 

place in the daily operation of railway connections, is to regain the state of uninterrupted disturbance. This is 

made possible by the time reserves provided for in the preceding stages. The sensitivity analysis described in 

[25] may also be carried out in the planning of the rail transport system. 

The time buffer included in timetable is disadvantageous for passengers. However, it does increase the 

system's robustness to operational disturbance. Therefore, a WAD (Weighted Average Distance) coefficient 

has been introduced. It is the weighted average distance of buffer times added to the travel time. This measure 

is intended to indicate the extent to which the buffer affects the train access to the final station and departure 

from the first station. If there are N + 1 trips on a line, from trip t = 0 to trip t = N, and each trip has supplement 
time st , then we may define WAD as follows (2) such as [26]. 
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b� � 	X ∑ �∙&o\o]�∑ &o\o]�               (2) 

In this case, a WAD value of 0 would mean that all buffer is assigned to trip t = 0 and a WAD value of 1 would 

mean that all buffer is allocated to trip t = N, and WAD of 0.5 would mean that the buffer is equal for both the 

first and second half of the trip. 

5. CRITICAL POINTS IN TIMETABLE 

Studies in the article [27] show that the robustness index at a critical point can be used to increase the stability 

of the timetable. This article presents the application of the optimization method: ex-post evaluation by means 

of a microscopic simulation. The aim is to understand the increase of the Robustness at critical point (RCP) to 

a certain level within the schedule for the pairs of trains analyzed. A case study is presented in which the initial 

schedule and schedule with increased RCP are reviewed. The RCP is calculated from the formula (3). 

��
 � a� O �� O `�              (3) 

Each critical point is represented by a specific station and a pair of trains that interact at that point. 

Geographical location at such a distance that there is a temporal relationship. Train 105 refers to a train that 

starts this journey from a critical point behind another train (103) or is overtaken at a critical point by a second 

train. 

The critical point robustness refers to the following three marginal parts, which are illustrated in Figure 4: 

 Lp - the time margin before the critical point at high Lp value increases the likelihood of train 103 arriving 

on time at station B, 

 Fp - time margin after critical point, high value of Fp increases possibility of train delay 105 in favour of 

punctual train journey 103, 

 Hp - safety time between departures of both trains at critical point, i.e. safety margin between train 103 
and train 105 at station A, at high value of Hp the possibility of punctual realization of timetable increases 

even in case of delayed delay. 

The ex-post evaluation shall include a quantification of the measures concerning train delays and resilience of 

operations as well as their impact on the quality felt by passengers in order to assess their wider effects. The 

following parameters were measured: total delay at the final station, share of trains delayed by less than 3-5 

minutes at the final station, total delay since scheduled arrival times and share of trains delayed by less than 

3-5 minutes at indirect stations. The result shows that resilience is increasing at local level and that there is a 

need to analyses the link between ex-post measures and RCP. The aim is to improve the method used to 

increase the RCP and thus its overall impact on timetable stability. The aggregated punctuality for all 

connected trains indicates minor changes between initial and optimized timetable. However, the problem 

needs to be tackled on a case by case basis. Trains at a critical point with a low RCP value in the initial 

timetable show significant improvements in the optimized timetable. 

In the article, critical points of RCP were inventoried on a selected section of the railway network in Sweden. 

The selected times are 8 - 11 in the morning and the total number of trains in this period is 79. The line is 

approximately 400 km long and includes long-distance traffic as well as suburban and freight trains. 33 critical 

points have been identified. On the basis of macro and microscopic analyses and train delays at the designated 

critical points, the timetable for the times constituting the RCP was changed. The simulation carried out 

reduced the real train delays by reducing or increasing the buffer times within the station. For critical points 

important is risk analysis presented in [28]. 
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Figure 4 Buffer times on a train diagram 

Article [29] is about timetable robustness in critical points. European rail networks are highly busy at many 

points in the railway network. This results in a delay-sensitive traffic system with low robustness. One of the 

key challenges is to assess its resilience and identify strategies to reduce its operational disturbance. The most 

common way is to analyze the schedule in terms of the rail line capacity and eliminate critical points. Existing 

measures of robustness are useful when comparing different timetables in terms of their robustness. However, 

they are not so useful as to suggest directly where improvements should be develop. In the article, the authors 

propose a new indicator taking into account the critical point concept. It is defined as the inverse of the sum of 

shortest differences in distance between rail vehicles in railway tracks. This concept allows to find critical points 

in the schedule. Reliability at critical points is calculated. This article presents the results of experimental 

studies, in which the benchmark of critical points was made. The evaluation concluded that attention should 

be paid to timetable points where trains enter or overtake the railway line. From the robustness point of view, 

the time difference between critical point is important. It is also proposed to delay trains that are already 

delayed by extending station stops in order to allow trains to run on time. The measures of resilience of train 

schedules can be divided into two groups: ex-ante measures related to timetable characteristics and ex-post 

measures which are based on rail line operational conditions. The operating conditions may not be calculated 

unless the schedule is actually realized or simulated with interference on rail line. Timetable measures can be 

calculated and compared at an early stage in the planning process without knowledge of operational 

disturbances. A similar method of assessment is presented in the article [30]. Figure 5 shows the basic 

difference between the two groups. 

 

Figure 5 Two types of robustness measures used for the analysis timetable robustness 
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A critical point is defined both in time and space. It always consists of two trains running in the same direction 

and on the same path of a given section of line. There are two situations that we consider critical point: the 

time and place when the train is about to enter the path just taken or when the train is about to overtake another 

train. These situations are similar with regard to the relationship between trains in case of delays. Analysis of 

decomposition for weak points should begin with finding these situations in the train diagram. An example of 

a critical point on the southern Swedish main line during the morning summit period is given. The suburban 

train is expected to start at 8.05, as soon as the long-distance high-speed train has passed at 8.02. This means 

that if a long-distance train is delayed by a few minutes, there will be a conflict with the suburban train; two 

trains want to use the tracks at the same time. Train dispatcher in Sweden have instructions that a train running 

on time should be given priority over a delayed train interacting with a critical point. 

The article describes the algorithm of timetable optimization with consideration of critical points. Stages of the 

algorithm can be found in Table 2. 

Table 2 Algorithm of timetable optimization with consideration of critical points [29] 

Step Description 

1 Finding critical points for trains entering the network 

2 Find the critical points when a train overtakes another train 

3 Calculate the headway margin at the critical points 

4 Calculate the runtime margin for the entering train after the critical point 

5 Calculate the runtime margin for the operating train before the critical point 

6 Calculation of the RCP as the sum of headway margin and two runtime margin 

The Weighted Average Distance (WAD) dependence is used to check the distribution of time reserves included 

in the timetable on the analyzed railway line. The even distribution of reserves facilitates the process of 

recovering punctuality in the event of a disturbance on the section and not only within the station points. 

The authors [26] use the WAD to calculate the relative distance to the execution margin from the beginning of 

the line to take the allocation. Dividing the line into N sections and letting st denote the amount of margin 

related to section t, WAD can be calculated as follows (4). 

b� � ∑ A �	AXî ∙ ( X �	               (4) 

WAD is a relative number between 0 and 1, where WAD = 0.5 means that the same margin amount is placed 

in the first half of line, as in the second half, where WAD < 0.5 means that a larger margin is placed in the first 

half. 

6. CONCLUSIONS 

Robustness has become an increasingly important factor both in research and in application to railway 

planning problems. The emphasis is clearly on the robustness of the timetable, but more authors apply similar 

ideas to other areas of the railway plan, such as rolling stock planning. For railway systems, several indicators 

and measures have been introduced to ensure robustness with an emphasis on timetable. However, it is not 

clear a one metric indicator can be achieved to the satisfaction of all stakeholders, as the different indicators 

focus on different interest. 

Structure of the timetable and the constituent times have a significant impact on the propagation of delays. 

The inclusion of additional reserves reduces the capacity of the railway network 
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Without considering the planning problems, the overall plan may lose the robustness that is planned at the 

different planning stages. Rolling stock plan designed to be robust. In large-scale disruption scenarios the 

rolling stock plan can always be restored to a good plan. If the crew schedules planned are not able to cover 

the required train movement in practice rolling stock plan may actually lose robustness. A robust line plan must 

not compromise robust timetables. 

Analysis of the critical points of the timetable is an important step in increasing robustness. It varies depending 

on the infrastructure and rail traffic conditions. No inventory has been made of the various possible situations. 

The probability of different types of critical point affecting the resilience of the rail network shall be considered, 

among them is how overtaking possibilities near a critical point affect the corresponding robustness. 
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Abstract 

Inland waterway transport is an important element of the freight transport throughout Europe. Waterways 

connect the most important points of transport infrastructure with each other, which provides direct access to 

the sea for countries that do not have it. Inland waterways are classified due to the width and depth of the 

pass. Currently, in Poland, many transport routes are not adapted to the requirements of companies dealing 

in water transport. Few sections have received the European Class IV, which allows the flow of cargo. By 

improving the conditions of navigation in Poland, there is a chance of direct connection between the Baltic and 

the Adriatic, which would be beneficial for international transport. The aim of this article is to present 

perspectives for 2020-2030, assuming changes enabling the development of inland waterway transport in 

Poland. 

Keywords: Inland waterways, development prospects, freight transport 

1. INTRODUCTION 

The basic component of the economy of each country is the transport system. Transport subsystems can be 

distinguished on: road, rail, sea, pipeline, air and inland. Each of them has its advantages and disadvantages. 

Modern logistics requires simultaneous and harmonious cooperation of all subsystems in order to improve the 

flow of goods. Unfortunately, inland transport is currently of marginal importance in Poland despite favorable 

geographical conditions. In 2000, the share of inland waterway transport in total freight transport was only 

0.8 %, and in 2016 it decreased to 0.3 % [1]. The downward trend in this area is caused by the deteriorating 

condition of waterways and the increasing importance and use of road freight transport. In many countries 

around the world, i.e. Canada, Russia, the inland freight transport subsystem is of equal importance compared 

to other modes of transport. This is due to the numerous advantages of inland waterway transport, among 

others [2] low noise emission, low energy consumption, high load capacity of means of transport and the use 

of mostly natural transport routes. 

Inland transport is considered to be environmentally friendly. It is also worth emphasizing that it can be used 

to transport large-size loads, which usually causes serious organizational problems in road traffic, may cause 

accidents and necessitate reconstruction of the point infrastructure on the cargo route. Inland transport allows 

the transit of very different sizes goods in a safe and non-obstructing manner. 

2. CURRENT STATE OF INLAND WATERWAY IN POLAND 

There are two main water transport routes in Poland - Vistula and Odra River. They are part of the European 

communication networks E30 and E40, but in reality their use is minimal, mainly due to natural conditions, 

including variable weather conditions that determine the height and condition of the water. [3]. Despite the 

unfavourable state of water resources and insufficient reservoir retention, the total length of transport 

waterways in Poland in 2014 amounted to 3655 km. Unfortunately, the vast majority are regional roads, whose 

classifications assigned to them do not correspond to the actual state. Only 6 % are waterways of international 

importance and international standards class. The poor condition of Polish waterways is the result of many 
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years of investment negligence, which led to the fact that 90 % of all transport of goods constituted domestic 

transport at a distance of no more than 50 km, which in the world gives a very unfavourable result. 

On the E-30 transport waterway, only the section of the Odra river is currently channelled, amounting to only 

183.5 km and combines the degree of water in Koźle with the Gliwicki Canal. This is currently the only section 

of class III where the transport depth is guaranteed. It consists of 23 water stages, thanks to which the cost of 

adapting this part of the Odra to the Va class will be much lower than in the case of other sections. The central 

part of the Odra River is a freely flowing river measuring 336 km, from Brzeg Dolny to Kostrzyn requiring a full 

sewage system to obtain the desired class. For this purpose, it is necessary to create 15 water levels [4].  

The E-40 waterway includes in Poland mainly the lower section of the Vistula. Already in 1912, Eng. T. Tillinger 

proposed the construction of water stages that would improve the flow of goods. A few years later, there were 

several new concepts in this field, differing in the parameters and number of water stages. The first element 

of the Lower Vistula cascade was to be the water level near Włocławek, the construction of which was 

completed in 1970. It was also assumed that at each of the stages a water power plant would be located, 

unfortunately, subsequent changes in the projects meant that the construction could not be continued [5]. The 

planned course of the cascade and the supposed location of its water stages is presented in Figure 1. Although 

there is only the lower section of the Vistula in Poland, it should be remembered that in combination with its 

central and upper part it is a natural connection of the Tri-city Seaport with other EU countries European Union. 

The first concept from 1999 assumed supplementing the existing Włocławek grade with seven more. The plans 
focused primarily on the use of the Vistula's energy potential and its transport functions. Investments, however, 

have not been realized and in 2014, due to the large degradation of the river bed, other options were planned 

that assumed the construction of ten rather than eight water levels so far, which would enable the Gdańsk-

Warsaw section to obtain the Va-class navigable class. The Lower Vistula Cascade project includes the 

creation of new and reconstruction of old water infrastructure facilities, among others flow tank with a length 

of 25-33 km around the Włocławek barrage.  

 

Figure 1 Location of water stages of the Lower Vistula River Cascade [6] 

The E-70 waterway on the section from Odra to Vistula was rebuilt at the beginning of the 20th century and 

adapted to ships with a load capacity up to 500 tons, not exceeding a draft of 1.4 m. All stages on this part of 

the road are hydrotechnological monuments, only one sluice in the whole section is fully automatic and quite 
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modern, which could be qualified for class IV. Unfortunately, the remaining objects of water infrastructure along 

the route, require most renovation, thus not reaching the level of class II [7]. Incorrect with the requirements of 

class II on the section from Odra to Vistula are: depth and width of transit, vertical clearances of bridges and 

radii of arches. Modernization of this section is an important element of the connection of the two main inland 

waterways routes in Poland. 

3. DEVELOPMENT PROSPECTS FOR INLAND WATERWAY 

3.1. Baltic - Adriatic corridor 

In accordance with the guidelines of the Baltic-Adriatic transport corridor plan, it runs through six Member 

States: Poland, the Czech Republic, Slovakia, Austria, Italy, and Slovenia, and connects the North and South 

of Europe. The course and infrastructure of the corridor were strictly defined in the regulations of the European 

Union [8,9]. Thanks to the combination of various transport systems, the Baltic-Adriatic corridor allows efficient, 

safe and high-quality flow of goods using multimodal supply chains. The 1800 km long corridor comprising 13 

urban nodes and airports, 10 ports and 24 road and rail terminals unfortunately currently does not include 

inland waterways passing through Poland, despite the fact that it connects to the basement TEN-T waterway 

network at its different sections. The North-South corridor starts in the ports of Świnoujście and Szczecin, or 

in Gdańsk and Gdynia, and runs directly to the south of Europe to Italy. In Poland, it runs through the largest 

cities, including Warsaw, Poznań, Łódź and Katowice. The entire route of the Baltic-Adriatic corridor is shown 

in Figure 2. 

 

Figure 2 The route of the Baltic-Adriatic transport corridor [10] 
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The Baltic-Adriatic transport corridor undoubtedly allows undisturbed intra-EU flow of goods, improving 

multimodal transport and contributing to the development of the market. The global role of the corridor is also 

growing, because it is a gateway to the European market [10]. 

3.2. Plans for the development of inland waterway transport until 2020 with the perspective of 2030 

Renovation of the E-30 waterway, development and implementation of the adopted assumptions regarding the 

change of navigability class to IV on the Odra River will depend primarily on political decisions and national 

and international financial conditions. The scope of works at the border section was defined in 2015 in the 

Polish-German agreement and included, among other things, obtaining a stable depth of the river bed at the 

level of 1.8 m. According to plans, the modernization was to be completed in 2028. During the design both the 

winter flood protection and the improvement of the conditions of shipping and transport of goods were taken 

into account. The plans for the national section of the Odra River have been divided into two stages and include 

the construction of 15 water stages. By 2020, the Lubiąż and Ścinawa and Malczyce water sluices are to be 

modernized, which have been under renovation for years. Investment plans on the national section of the Odra 

River are presented in Figure 3. 

 

Figure 3 Investment plans on the national section of the Odra River [4] 

The entire cascade of water degrees on the Odra River is to comprise 23 objects. The authors of the project 

also assume gradual drainage and deepening of the river. The whole investment requires, however, approval 

from the German side, because it also includes the modernization of the border section of the Odra River, and 

carrying out only a part of renovations, may prove insufficient and lead to damage to the riverbed. The 

modernization plans do not include the modernization of bridges, which must be no lower than 5.25 m from 

the navigable water status, so that the river can apply for the Va class. The main investments that should be 

made with the prospect of 2030 are presented in Table 1.  

Renovation of the E-40 road leading to Belarus envisages raising its paraments to the Va class. By 2020, it is 

necessary to prepare the necessary documentation and plans for the investment of the Lower Vistula River 

Kaskada. Another urgent investment is the construction of a new water level in the area of Włocławek, due to 

the instability of the existing one. By 2020, the plans also assume the promotion of inland waterway transport 

as a pro-ecological and advertising of renewable energy sources on the example of a hydroelectric power 

plant. The 2030 perspective with regard to the E-40 waterway includes the construction of further water stages, 

two major logistic centers and the development of the concept of the upper and middle connection of the 

Vistula.  
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The following years are also a vision of the construction of missing water connections between the Oder and 

the Danube, and between the Oder and the Vistula. Regardless of the location of the Odra-Danube 

intersection, the Polish authorities have already commissioned the development of possible variants of this 

route on our territory in 2002.  

The length of the whole combined route (river-canal-tank) was supposed to amount to 54.3 km and run 

between Ostrava and Koźle. By 2020, project and reconciliation tasks are to be undertaken between the Polish 

and Czech parties regarding the connection to Ostrava-Koźle, and then the construction of this road is 

expected to be completed by 2030.  

The connection between the Vistula and the Oder is to facilitate the Silesian Channel, thanks to which it will 

be possible to include the Polish inland road to the Central European Water Corridor. The ten-stage Silesian 

Channel is to be 93 km long and meet the operational requirements for class Vb. The construction will require 

reconstruction of the existing infrastructure, road bridges and modernization of hydrotechnical facilities along 

the whole section of the route. It is assumed that the Silesian Channel will be partially or completely ready by 

2030, and the cost of its construction will amount to approximately 11.0 billion PLN [4].  

The accession of Poland in 2017 to the AGN Agreement (European Agreement on Main Inland Waterways of 

the International Importance) opens the possibility of navigating the main waterways and entering them into 

the TEN-T network.  

Greater use of inland waterways in Poland as part of the intermodal freight transport system, in the cross-
border area of the Silesia and Opole Voivodeships, also assumes the European Grouping of Territorial 

Cooperation TRITIA. The basic objective of the strategy adopted by the group in the area of Transport and 

Infrastructure is: maximizing the geographical location of partner regions for their economic development 

supported by appropriate development of cross-border transport infrastructure and transport using the internal 

potential of cooperating regions, taking into account the needs of accessibility and safety while friendly 

treatment of the natural environment. 

Table 1 Major investments on the Odra River with a prospect until 2030 [own study based on 4]  

Investments on the River Odra, which should be 
completed by 2020 

Investments on the River Oder in the perspective 
of 2030 

Finish renovation works on the Gliwicki Canal On the Gliwice Canal, implement a phased 
reconstruction of the channel's positions up to V class 

Finish the construction of the Racibórz water reservoir Finish the construction of the Odra-Danube Canal 

Start planning the construction of the Odra-Danube 
Canal in agreement with the Czech Republic 

Complete the construction of the cascade of sluices 
along with adapting the geometry of the channel to the 

requirements of Va class  

Modernize the locks located on the sewered section of 
the Oder 

On the canalization section of the Oder, complete the 
reconstruction of the other locks and reconstruct the 

riverbed 

Modernize the existing ones and start construction of 
new slime stages on the Central Oder 

 

Perform necessary renovation works in the most 
limiting places in order to improve the navigational 

possibilities 
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4. CONCLUSION 

Inland waterway transport is one of the oldest ways of transporting goods between cities and countries. It is 

thanks to the systematic human work on the capacity and depth of waterways that it is possible to move more 

and more ships and barges. Every year, hundreds of tons of goods are transported across the whole of Europe 

through inland waterways. Inland navigation is a system that provides numerous benefits, such as: low noise 

emission, the use of natural resources of the transport network and the possibility of transporting large-size 

loads without causing major difficulties in land traffic. Currently in Poland, two main inland transport routes can 

be distinguished, along the Vistula and Odra rivers, which are not adapted to the standards and classes of 

navigability enabling their full use. Already in the times of the Polish People's Republic, changes were planned 

regarding inland water infrastructure, but due to the declining number of industrial plants, all plans to improve 

the quality of E40 and E30 routes have remained mainly in the plans. It is now known that the renovation of 

inland waterways in Poland and the combination of various transport systems may contribute to the opening 

of the Baltic-Adriatic transport corridor, which will enable safe transport of goods throughout Europe. Rivers 

are a natural line infrastructure whose potential in Poland remains unused. Prospects for activities undertaken 

in Poland assume the renovation of E30 and E40 transport routes, raising their navigability class to IVa and V 

class, construction of new water stages and channels enabling the flow of barges with high tonnage. The 

implementation of these perspectives would improve the quality of water routes in Poland, enable cheap 

transport of goods and enable Poland to co-create international transport routes. 
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Abstract  

Effective management of an enterprise needs to be based on financial security. Uncertain financial situation 

of a company limits the efficient making of short-term decisions that directly affect the level of net working 

capital. Net working capital is one of the basic measures of financial liquidity. It is important for the company 

managers to choose a working capital management strategy that will ensure the company safe functioning 

and systematic improvement of financial results. The choice and type of strategy used depend on the goals 

that the manager wants to achieve, but also on the industry where the unit operates. The working capital in 

trade, production and service enterprises is managed in a completely different way. The purpose of the article 

is to analyze and evaluate the working capital management strategy in LOT Polish Airlines. The company is a 

state-owned enterprise which is the leader of air transport in Poland. PLL LOT as a market leader, can use 

combinations of working capital management strategies. 

Keywords: Air transport, working capital, strategies 

1. INTRODUCTION 

Unexpectedly emerging payment delays are the most common cause of company failures. The lack of timely 

payments from contractors limits the possibilities for companies to settle their liabilities in a timely manner. In 

addition, uncertain saturation in global markets, trade conflict between the US and China should force 

managers to seek financial resources to secure their operations. The buffer protecting an enterprise against 

the loss of financial liquidity is net working capital. Managing it is very complicated and it is based on three 

classic management strategies. In the case of state-owned enterprises, the basic strategies for managing 

working capital are also used. In general, state-owned enterprises belong to the leaders in the Polish market, 

of which PLL LOT is an example in the area of transport service. In state units, some additional difficulties 

often arise which may complicate the current operation of the unit. Such type of events include strikes 

organized by labor unions and the politicization of supervisory boards of state-owned enterprises. In recent 

months, strikes have occurred in PLL LOT, which caused large financial losses. Adventitiously damaging HR 

policy and the filling of supervisory boards and managerial labor stances using the political key may cause 

financial difficulties. A very good example of low management skills are the numerous problems that arise. An 

example is the event of this month when the aircraft was grounded at an airport in Japan as a result of a Boeing 

787 Dreamliner defect. To repair the problem and complete the transport service to the end, the employee of 

PLL LOT asked the passengers to borrow money for which it was possible to buy the part, thanks to which the 

aircraft was repaired and was able to make a return flight to Poland. This situation is bizarre. On the one hand 

it shows the ingenuity of the employee, on the other it shows what mistakes managers of individual 

departments of state-owned enterprises make. Such an event will have a negative impact on the acquisition 

and protection of the enterprise. Securing that such situations will never happen again in the future is to create 

an appropriate policy for making payments and, above all, to find financial resources that will, in a sense, 

secure the most liquid cash. The positive net working capital is just a guarantee of financial security and 

improves the company ability to settle its current liabilities. The article presents and evaluates the management 

strategy of working capital in a state-owned enterprise that provides airport transport services. The purpose of 

the article is to analyze the working capital management strategy in the PLL LOT enterprise. The analysis was 

carried out on the basis of financial data for the years 2012-2016. In order to determine the working capital 
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management strategy, tools from the initial financial analysis and selected financial ratios were used. The 

measures related to the structure of current assets, indicators of financial liquidity, debt ratios as well as 

turnover ratios on receivables from customers and liabilities to suppliers were used. 

2. WORKING CAPITAL IN COMPANY 

Working capital management is an appropriate control of current assets and current liabilities. Currently, one 

can meet with various methods of defining working capital, most often it is defined as the value of current 

assets, which arises after reducing the current assets by the value of short-term liabilities [1,2]. This is the most 

popular definition of working capital. In the literature it is referred to as net working capital or working capital 

[3]. There are two levels for determining net working capital. The first is the accounting treatment, where net 

working capital is the difference between current assets and current liabilities. In turn, in financial terms, the 

net working capital is calculated as the difference between the fixed capital and the fixed assets. The level of 

capital calculated using the first method is a short-term one. The second method is the calculation of the level 

of working capital with a long-term horizon. To calculate net working capital in the short-term, one needs to 

identify current assets and liabilities. Current assets include inventories, receivables, short-term investments, 

cash and short-term prepayments. Short-term liabilities are balance sheet items such as trade liabilities, loans 

and borrowings, debt securities issued, advances received for deliveries, promissory notes, tax, customs and 

insurance liabilities, payroll liabilities and special funds. Working capital is recognized as a kind of safety buffer 

for an enterprise. Net working capital in an enterprise plays the following roles is primarily a measure of 
financial liquidity and protects against the volatility of supplies [4]. Companies need it in order to reduce the 

risk that results from the financing of current assets in the event of difficulties in the sale of manufactured 

products or in the case of problems with the recovery of receivables from contractors. Enterprises may have 

different levels of working capital. There are three levels of net working capital - positive, negative or equal to 

zero [5].  

The level of net working capital (NWC) is considered the most important information for the management of 

an enterprise. One can talk about a positive net working capital when part of the company's current assets are 

financed with fixed capital. Positive working capital means the security of the company. Current assets are 

financed through short-term liabilities and through fixed capital. And the part of the fixed capital that finances 

current assets is called positive net working capital. 

3. STRATEGY OF ROTARY CAPITAL MANAGEMENT STRATEGIES 

Working capital management should be treated as a process of shaping the size and structure of assets as 

well as acquiring sources of financing of these assets [6]. The most important areas shaping the level of 

working capital are short-term receivables, inventories and current liabilities. From the point of view of 

receivables and liabilities, the greatest attention of managers should focus on receivables from customers and 

liabilities to suppliers. An effective management strategy in these three areas should result in optimization of 

working capital, which should result in lowering the costs of managing it. The cost reduction will positively affect 

the profitability of enterprises. However, the most important task for the management staff is to determine such 

a structure and level of working capital, which will allow maintaining safe financial liquidity. Financial managers 

spend the most time on managing working capital, which is why it is very important to choose a management 

strategy that will not require additional time to verify them. The classic division of the working capital 

management strategy is as follows [7]: 

 Conservative, or safe, 

 Aggressive, otherwise risky, 

 Moderate, or indirect. 

The conservative strategy is characterized by maintaining a clear advantage of current assets over current 

liabilities. When analyzing individual components of current assets, it is necessary to observe a higher level of 
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inventories over receivables. Inventory secures the maintenance of liquidity, however, it quickly generates 

costs. Yes, so this type of working capital management due to the inventory management strategy will reduce 

the profitability of the enterprise. The level of receivables is, therefore, effectively reduced in this strategy. The 

negative feature of this mode of operation may be a decrease in the level of sales resulting from the 

discouragement of new customers by the lack of attractive offers of commercial loans and, in the case of 

verified customers, by the lack of new offers extending the buyer's credit. This type of receivables management 

policy generates the emergence of cash. It has a positive impact on the security of the company operation. 

However, this type of management can be dangerous because in the long run it can also limit the company 

development. The lack of openings to new customers will hamper development, limit the market. In the event 

of the appearance of a "strong player" in the market that applies an aggressive policy in the long run, such a 

strategy may lead to the collapse of the enterprise. Short-term investments are maintained at a higher level 

than the industry average. This is mainly due to the conservative policy of managing receivables. Current 

liabilities management also assumes maintaining lower levels than the industry average. The fewer current 

liabilities, the fewer problems with timely payment [8]. An aggressive strategy is characterized by maintaining 

current assets and liabilities at a similar level. The inventories are kept at a lower level which may cause 

downtime. This strategy may include costs of unused opportunities. The argument for using this type of 

management strategy is that, the risk of incurring additional expenses on the purchase of raw materials at a 

higher price in the event of stock shortages is usually small. Usually, the costs of maintaining stocks at medium 
and high levels are higher than the additional purchase expenses. [9] However, the cost of losing a new 

customer or permanent resulting from the lack of assortment at a given moment is very high. The aggressive 

strategy of receivables management is characterized by a high level of receivables. Their high level results 

from the offering of trade loans to virtually every company, whether new or old. However, there are problems 

with debt enforcement. The lack of inflow of receivables may lead to the collapse of the enterprise. Short-term 

investments are at a low level. The current measures cover commitments. This type of management strategy 

is characterized by maintaining a high level of liabilities to suppliers. 

The third type of working capital management is a moderate strategy. An enterprise using this type of method 

tries to minimize the weaknesses of the conservative and aggressive strategies and to maximize their benefits. 

This strategy should be divided into moderate - conservative and moderate - aggressive strategies. The 

moderate strategy will be largely indirectly related to classic strategies, so it should be divided into at least two 

groups. 

In the case of state-owned enterprises whose operation and risk management is at a different level compared 
to private enterprises, a new next strategy for managing working capital may appear. 

4. AN ANALYSIS OF WORKING CAPITAL MANAGEMENT AT PLL LOT 

When analyzing working capital management in the state company PLL LOT, it should first of all be stated that 

this capital achieves negative results. These strategies should be assessed negatively, because in the long 

run it may lead to the collapse of the company. The details are presented in Table 1. 

Table 1 Net working capital in the PLL LOT company 

Financial index 2016 2015 2014 2013 2012 

Net Working capital 131 825 235 -81 088 159 -143 371 739 -462 632 850  -277 740 812 

Source: author’s own studies 

The positive feature of the strategy is a high share of cash and low inventories. Thanks to this, LOT Polish 

Airlines obtains an average level for the fast liquidity ratio, which allows it saving current financial liquidity. The 

detailed share of individual elements in the structure of current assets and the credit position ratio is presented 
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in Table 3. The credit position ratio was calculated by comparing receivables from customers to liabilities 

towards suppliers 

Table 2 Structure of current assets in the PLL LOT company 

Financial index 2016 2015 2014 2013 2012 

Ratio of the share of receivables 
in current assets 

0.35 0.38 0.43 0.49 0.38 

Ratio of the share of cash in 
current assets 

0.36 0.24 0.23 0.16 0.33 

Ratio of share of inventories in 
current assets 

0.21 0.27 0.22 0.29 0.23 

Credit position ratio 0.40 0.34 0.38 0.30 0.29 
Source: author’s own studies 

When analyzing Table 2, it is clearly visible that PLL LOT is a borrower. To a very large extent it uses foreign 

capital, which may pose a serious threat to the financial security of the entity. 

A confirmation for the credit position ratio are the results of management effectiveness ratios for individual 

elements creating working capital. The detailed results for selected ratios of management efficiency of working 

capital components and for the credit position ratio are presented in Table 3. 

Table 3 Selected ratios of the effectiveness of management, structure and credit position in the PLL LOT  

  company 

Financial index 2016 2015 2014 2013 2012 

Receivables rotation ratio in days 35 35 45 41 36 

Liability rotation ratio in days 86 99 114 138 126 
Source: author’s own studies 

When assessing the receivables and payables turnover rates in days, we can observe a twice as long period 

in the case of paying liabilities to suppliers as compared to the inflow of receivables. If this period is the result 

of negotiations and a favorable offer in terms of settling liabilities, this result should be evaluated very positively. 

Perhaps in the analyzed specific industry there are very long deadlines for repayment of liabilities. However, 

a high level of liabilities compared to current assets indicates that an increase in overdue liabilities may affect 

the growth of this ratio. 

When assessing individual elements affecting the level of net working capital, one worrying fact is crucial, 

which is of key importance for financial security to the level of indebtedness. A high share of this ratio indicates 

low financial liquidity. This is confirmed by the financial liquidity ratios presented in the Table 4. 

Table 4 Financial liquidity and debt ratios at LOT Polish Airlines 

Financial index 2016 2015 2014 2013 2012 

Financial liquidity 1.1 0.9 0.8 0.6 0.7 

Quick ratio 0.8 0.6 0.6 0.4 0.6 

Debt ratio 0.98 1.09 1.05 1.07 1.09 
Source: author’s own studies 

When analyzing Table 4, it can be seen that the level of the debt ratio in the audited period is a huge advantage 

of liabilities in the structure of liabilities. The confirmation of this is the lack of financial liquidity and negative 

net working capital. 
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5. CONCLUSION 

Business management strategies should be assessed negatively. This is confirmed by the lack of profitability 

and financial liquidity, employee strikes. It is evident that the company should carry out controlling in the area 

of costs and management of working capital, especially cash flow. Reducing costs will increase profits, there 

will be cash, which will increase the level of current assets, which will certainly reduce the level of liabilities. 

For this purpose, it is worth trying to apply purchasing groups for spare parts and fuel. It will affect the level of 

costs positively [10]. 

These activities will result in the emergence of a positive NWC, which will be a buffer protecting the company 

against bankruptcy. Nevertheless, the specificity of the industry, despite these changes, will not change the 

applied working capital management strategy, which should be described as aggressive. It is likely that the net 

working capital will be kept low and the strategy that will be implemented will be an aggressive strategy.  

The biggest problem in the analyzed enterprise is the lack of positive working capital, apart from one period, 

which is confirmed by financial liquidity ratios. A high share of cash in current assets should be assessed 

positively, which in the analyzed periods achieves results from 16 % to 33 %. Inventories, in turn, constitute 

the lowest share in the structure of current assets. The high share of cash and low inventories allows obtaining 

high quick liquidity results from the level of 0.4 to 0.8. As a result, the company has funds and positive working 

capital for current operations. In addition, a large difference between the inflow of receivables and the payment 

of short-term liabilities strengthens the company's financial security. The receivables flow faster. The high level 
of liabilities is a big problem and burden for the company and in this area one should look for solutions that will 

increase equity in the structure of asset financing. 

If the level of liabilities of suppliers and the share of cash in current assets are significantly reduced, the 

aggressive strategy will be kept in a moderate-aggressive strategy. A change to this type of strategy would 

certainly result in the emergence of positive working capital and an increase in profitability and financial liquidity 

in the company. 
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Abstract 

The constant evolution of the Internet brings with itself changes in business communication with customers 

and in the distribution ways of products to customers. Nowadays, e-shop sales are in the forefront of all sales 

which puts higher demands on supply chains. Businesses lay down requirements because they need to deliver 

the materials in the shortest possible time and at the lowest cost to manufacturing so that their customers get 

their goods as early as possible and at the best possible price. If there is any weak link in the supply chain, 

damage can affect the entire supply chain, which often has a negative impact on reputation, especially for 

businesses that offer the final products to customers. This article focuses on impacts that can damage the 

reputation of businesses that are part of the supply chain. The methodological part of the article includes an 

analysis of secondary data sources from which it was possible to deduce a relation and influence on the 

reputation of components of the supply chain. In the discussion and conclusion of the article presents possible 

recommendations through which is possible help build the supply chain company's own reputation as well as 

the common reputation of the entire supply chain. 

Keywords: Reputation, Supply Chain, Impact on Reputation 

1. INTRODUCTION AND THEORETICAL BACKGROUND ABOUT SUPPLY CHAIN REPUTATION 

The supply chain represents a set of businesses and their business activities. Through these activities the 

businesses design, produce, send and use services and products. [1] All this aims to ensure the entire 

transformation process up to the delivery of the customer's product. According to Lu (2011), activities of 

cooperative enterprises within the supply chain also include activities that add value to the transformed input 

across the whole stream of the supply chain. [2] Lambert et al. (1998) define the supply chain as a set of 

harmonized companies that bring products and services to the market. [3] Chopra and Meindl (2001) extend 

this definition and the concept of the supply chain. According to them it also includes transport operators, 

retailers, warehouses and customers themselves. [4] The supply chain may also be seen as one aggregate 

divided into smaller parts, including suppliers, manufacturer, retailer, etc. The purpose of the supply chain is 

to maximize the profit of the entire system. [5] The supply chain structure according to Hittmar et al (2013) is 

illustrated in the following figure. 

The supply chain is characterized by the flow of material, finances and information in both directions. [6] On 

this basis, the supply chain can be understood as a system that includes various business activities within as 

well as between different businesses. These activities include in particular: [7] 

 selection and management of relationships with suppliers and related activities for a particular market, 

 purchasing, logistics and inventory management, 

 in-house and manufacturing activities, 

 distribution and marketing activities, 

 closing-the-loop activities in connection, for example, with recycling, re-use, reprocessing, etc. 

The scope of the structure and activities within the supply chain does not have to be precisely specified, as 

shown below in Figure 1. The structure, activities and flows within the logistics chain are subject to the 
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business model conditions between the partners, depending either on the requirements of the customer or on 

the delivered product, its parameters, complexity of production, etc. 
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Figure 1 Supply chain structure according to [7] 

Thus, the supply chain can be seen as a network of businesses that cooperate with one another. The purpose 

of this cooperation is to implement processes and activities to achieve the main goal, i.e. to create a product 

or service values. Subsequently, these products/services are provided to consumers or customers. The 

logistics chain consists of active and passive elements that are listed in the following table [7].  

Table 1 Active and passive elements of the supply chain 

Active elements Passive elements 

technical equipment and devices 

technical equipment and devices 

management 

material, unfinished and finished products, 

basic and supporting material 

packaging and shipping equipment 

waste 

information 

The concept of supply chain management originated in the late eighties of the 20th century [1]. Metzner et al. 

define supply chain management as a systematic and strategic coordination of business functions within 

affiliated companies within the supply chain. The goal of this activity is to improve the performance of 

businesses throughout the supply chain over the long term. [8] Hugos (2003) claims that supply chain 

management is the coordination of production, inventory, localization and transport among participants in the 
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supply chain [1]. According to the US organization The Council of Logistics Management, SCM represents the 

process of planning, implementing and managing efficiently the flow and storage of goods, services, and 

related information from the point of origin to the point of consumption. The goal of this process is to satisfy 

customer requirements. [6] Supply chain management also represents an approach that allows for more 

effective integration between suppliers, manufacturers, distributors, retailers and customers. [9] The purpose 

of SCM is to ensure that the products are manufactured in the right amount, at the right time and in the right 

place. The goal is to minimize costs and achieve the required level of service [10]. In general, the role of supply 

chain management is: [6] 

 increase sales through more effective implementation of customer requirements, 

 balancing supply and demand sides in order to better manage the production of each entity throughout 

the supply chain, 

 coordinate the activities of supply chain entities in order to optimize them as a whole, 

 use real-time data to increase transaction speeds, 

 maximize supply chain values across the entire network structure, that is, the difference between the 

cost of requested goods and the efforts that the supply chain spends on order fulfilment. 

Logistics chain management has a significant impact on the coordination of the activities of the individual 

entities within the chain. This includes in particular the promotion of the use of information and communication 

technologies to ensure the proper coordination of the above-mentioned tasks, thanks to rapidly available and 

relevant information. As every entity acts as an independent entity within the supply chain and pursues its own 

interests, it is necessary that these interests be coordinated and synchronized by a single system. This is the 

task of the SCM. 

As mentioned above, the supply chain contains individual elements and the quality of this whole chain depends 

on these individual elements. If one of the supply chain companies is irresponsible and fails to meet obligations 

on time, the whole supply chain will be perceived negatively, which will affect the reputation not only of a 

particular business company, that is, a particular element in the supply chain, but also the reputation of other 

elements of the supply chain. Today in particular, reputation is extremely important because it is an intangible 
asset for all businesses [11-15] Reputation creates a certain image of a business. This image presents the 

values of the business and how it tries to act towards the customers, but also towards other stakeholders, and 

other elements of the supply chain. At present, the internet and the online business environment imply a 

significant risk for corporate reputation. Today, customers can use different social media such as websites, 

social networks, blogs, etc. to get information about the business and its products. This information can be 

based on own experiences that can support or discourage any potential customers in their purchasing 

decisions, so it is possible to claim the following: Reputation is a prediction of future behaviours that is based 

on an assessment of how past behaviours meet the role expectations that follow occupying a particular social 

status [16]. Positive reputation is essentially a sign of quality for the businesses, which all stakeholders 

perceive and require during cooperation [17]. Reputation is also the issue of consideration by Farmer and 

Glass, and they claim the following about reputation: „Reputation is information used to make a value judgment 

about an object or a person“ [18]. Reputation also represents the views and the opinion of the stakeholders 

about the company and its products. Views and opinions about the company, if they are positive, create trust, 

respect and admiration. Reputation must be perceived by the whole business, and the whole business must 

strive to build it in a positive light. According to Fombrun, there is a relationship between reputation and 

enterprise strategy, but also marketing strategy [19]. Reputation building consists of building valuable content, 

its appropriate placement, promotion and communication to stakeholders. Building a reputation thus involves 

building the trust of stakeholders towards the business. Impression is a significant and important part of 

reputation. The company can produce a positive impression through marketing tools, which ultimately brings 

a positive reputation. In order to be able to influence positively the company's reputation, it must first know the 
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present state and must be able to identify the problematic areas which can be subsequently solved and thus 

provide positive results in terms of its reputation.  

2. METODOLOGY OF THE RESEARCH 

In the research was used the method of document analysis. It was obtained and analyzed data from secondary 

information sources. Literary sources and the Internet were used as sources of information. Based on this 

information, It was maked an analysis of reputation impacts in the supply chain. Subsequently, in the analysis, 

the method of qualitative data evaluation was used based on the theoretical and practical knowledge in the 

field of reputation. Based on the results of the analysis and synthesis it was possible to deduce impacts on 

reputation in the supply chain. 

3. ANALYSIS OF REPUTATION IMPACTS IN THE SUPPLY CHAIN 

We hear very often about reputation in the media, especially in the sphere of showbusiness, but in the last few 

years it has become important in business too. Continuous development in the area of information and 

communication technologies contributes to the expansion of customers' purchasing opportunities. In this 

sense, it is also possible to consider a rapid change in consumer/customer purchasing behaviour. The 

emergence of this phenomenon is caused, in particular, by sufficient information or over-information and in 

some cases misinformation of customers, as they currently have a lot of information, particularly through the 

global Internet network. Use of Internet by individuals (potential customers) or households (from an economical 

point of view) for purchasing is a common way of purchasing products today. The fact that online shopping is 
a common practice and also one of the most popular activities of Internet users is also proven by statistics 

data. For example, according to The Statistic Portal (statista.com), internet sales amounted to 10.2 % of all 

retail sales in the world. The trend in this field suggests that these sales will grow to 17.5 % by 2021. This 

information can be seen in the following figure. [20]  

 
Figure 2 E-commerce share of total global retail sales from 2015 to 2021 [20] 

As the Internet contains a large amount of data, it is increasingly difficult for the customer to evaluate these 

data and obtain the required relevant information for purchasing products. The Internet represents a free virtual 

space for disseminating information and the marketing message. This information can be distributed by 

individuals (Internet users) or businesses. Similarly, to spreading true messages, the Internet can also be used 

to spread false and misleading messages. These activities and information arise as a result of customer 

dissatisfaction or strong competitive struggle between companies active in the same market and offering 

substitution products. The customer's decision to purchase a product/service (or his/her purchasing behaviour) 

is thus influenced not only by the needs, requirements and aspirations but also by the available information on 

the Internet. The sources of this information include, for example, various manufacturers' websites, blogs, 

forums, social networks and media, or Internet feeds. If the customer does not have enough product 

information and experience with purchases over the internet, he or she may be exposed to misinformation in 

the media mentioned above which are produced by competitors or dissatisfied customers. It is for this reason 
that the reputation of the business is of great importance and why it impacts the consumer's buying behaviour. 
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As the supply chain is a set of cooperative enterprises, it is important for the reputation of these businesses to 

favourable influence the customers. This means that the final product purchased by customers does not have 

to be produced directly by the company selling the product, but it is only a part of the chain, i.e. the company 

acts as a distributor / retailer, etc. It is possible to assume that in the event of a customer's negative attitude 

towards a supply chain element, for example, based on negative references or own experience, the customer 

does not make the purchase or completes the purchase with competitors. Such a customer's decision then 

affects the entire supply chain as well as the reputation of the various elements of the supply chain. An example 

of such a situation is illustrated by the competition battle between Intel and AMD. Both companies are 

processor manufacturers for both regular and professional and corporate customers. The question is which of 

these products is better? In the case of ordinary customers (non-professionals), the answer to this question 

can be very complex. Answers to the question can be found on various sites, blogs, or forums that deal with 

this issue. The problem is that these sites are very large, which has a negative impact on time spent by 

customers. [21-23] Additionally, the information value for the customer may be misunderstood because of his 

or her knowledge, so the customer will use another alternative, for example, the rating by another customer in 

a catalogue portal or online product price comparator (such as heureka.sk). In this case, however, the 

customer cannot be sure that the information is true or just a misinformation by a competitor or dissatisfied 

customer. Negative reputation can ultimately act as a negative advertisement for the customer. This negative 

promotion subsequently leads to a negative perception of the brand and hence also the whole business which 
owns that brand and production. [24-26] In general, this means that if the customer has positive perception of 

Intel, but also perceives some negative reputation of ASUS, he or she would never, or probably never, 

purchase a product by ASUS as an Intel product distributor, i.e. ASUS and Intel are connected in the context 

of supply chain issues. 

In addition to the ever-increasing attractiveness of e-shopping and similar virtual shopping, it is also essential 

that there is also an increase of number of warehouses in recent years. The economy is evolving, e-shops are 

evolving, and so the need to rent storage space is growing. At present, approximately 44 % of US customers 

use online shopping instead of a store, and up to 51 % of B2B customers have their distribution chain based 

on online relationships. Today, most of the retail shops also offer e-shop purchasing so as to increase the 

number of customers as much as possible. In US, the number of these warehouses has grown by 6.8 % over 

the last 5 years, which also means a greater need for building and managing reputation for individual elements 

of the distribution chain. Reputation is affected by every business in the supply chain, and it is for this reason 

that it is necessary to automate as many processes as possible in the supply chain. As far as the automation 

of the supply chain is concerned, according to statistics, it is assumed that by the end of 2018, only 17 % of 

business will stay not automated, whereas the same figure would have been 40 % just 4 years ago. 

Consequently, competition in the supply chain is getting stronger and if businesses want to keep up with 

competitors, they must invest in continuous improvement, for example by using current trends in IoT and IoE 

[27]. According to a PwC survey, conducted in cooperation with 400 retail managers, up to 83 % of respondents 

believe, and are sure that their supply chains are ready for day-to-day business challenges. This means that 

if there is a failure in one of the supply chain links, there is a chance of a quick replacement, which for the 

business causing the disruption means a catastrophic scenario in terms of its reputation and the future of the 

business [28]. More than 51 % of retailers offer delivery of products on the same day as the day of purchase, 

with high responsibility and high expectations being placed on the supply chain. According to data of Invesp, 

up to 60 % of online consumers are 18-34 years old and expect delivery on the same day. Invesp further states 

that up to 61 % of these online consumers are willing to pay extra for fast delivery. In today’s bustling times, 

no one is willing to wait for 3-5 business days, with up to 96 % of retail customers thinking that fast delivery 

means delivery on the day of ordering [27]. In connection with supply chain failure, a survey was recently 

conducted by Deloitte Touche Tohmatsu Limited, which states that up to 85 % of the global supply chains 

surveyed have experienced at least one critical situation in a period of 12 months. This high number is alarming 

and points to the importance of proactive risk management, as the neglect of this issues may ultimately be 
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liquidating for the entire chain [29]. Increasing pressure on the supply chain through greater use of online 

purchases has been reflected in the US, for example, by the increased need for truck drivers. By 2017, 

approximately 3.5 million drivers were driving trucks, but in 2017 there was an additional demand of 100,000 

people for this job. [30]. If there is any shortage in the supply chain, whether it is transport drivers, shortage of 

warehouses, lack of material, etc., all this may result in a loss of trust in businesses. It can mean damaged 

reputation in B2B or in relation to the final consumer. Such a loss of trust and therefore damage to reputation 

does not require a long time, the loss of reputation of a business can occur in a second, but its correction takes 

years. Positive reputation for business means a competitive advantage. Businesses with a positive reputation 

can reduce costs, increase market prize, and even spend less time in recovery from a decline in market share 

[32]. 

4. DISCUSSION AND CONCLUSION 

Supply chain performance has a significant impact on the overall reputation of the business and its products 

and even brands. Greater influence can be seen especially in the manufacturing, automotive and industrial 

sectors, as the supply chain tends to be extensive in the production area and consists of a large number of 

businesses, with the supply chain depending on strength, skill, competence and abilities. Besides the 

production area, there are similarly high demands on consumer goods, food and beverages where, most often, 

the most important demand for the supply chain is reducing the delivery times to maintain product quality. 

There are strategies that can optimize the supply chain, whereby businesses can jointly achieve a common 
goal of not only improving statistics and improving the quality of the entire supply chain, but also building up 

reputation. Such strategies relate to supply chain optimization, increased transparency, and socially 

responsible business activities, in terms of processes, towards automation and demand-driven activity. In 

particular today in the 21st century businesses should also include ethical behaviour, waste management, 

human rights protection, the protection of the environment, the fight against corruption and continual 

improvement into their business activities. Steeves argues that the risk of corruption or concerns regarding 

employees’ treatment are factors that have a profound impact on the supply chain's perception of companies 

in the supply chain [31]. Based on the above information and knowledge, it is possible to deduce impats on 

reputation in the supply chain. If companies improve their mutual relations with one another and they will also 

try to identify the potential problems before their emergence, resulting in catastrophic scenarios, they will also 

be able to deal more effectively with the situations in the whole supply chain, which ultimately will act positively 

on the reputation of all members of the supply chain. Increasing transparency in informing both the supply 

chain members and the end consumer brings confidence among the businesses and also from the customers, 

which is once again necessary in building a positive reputation. Transparency, fairness and openness bring 

with them a willingness to tolerate complications to a certain extent, as customers and businesses in the supply 

chain will not be deceived and misled. In addition to external behaviour, it is also necessary to think about the 

requirements and needs of the customer or the business partner. Businesses in relation to customers can use 

various marketing tools and online marketing to communicate and gather information about their needs and 

business perception. For example, in the online environment these tools can include social media such as 

social networks, websites, blogs, audio and video content, and so on. However, these tools can also be used 

by businesses in B2B, where communication is extremely important to avoid misunderstandings. In the supply 

chain, it would be advisable to introduce not only reputation management but also proactive risk management 

in businesses, which could also aim to reduce the costs and consequences of supply chain disruptions. Any 

disruption of the supply chain causes long-term damage and has a major impact on reputation. An example 

we can see it when a company introduces a new product. The company announces the official date when the 

product will be available on the market, but the supply chain fails somewhere in the process. Such a situation 

results in sales losses, cost increases, and in essence, the extra costs of reducing delays (gifts, discounts and 

similar customer justifications for delays), loss of customer confidence and other participants of the supply 
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chain (if there is a delay in relation to customers), loss of respect and increased uncertainty, which can 

ultimately lead to customers shifting to competition and damage of good reputation of the business. 
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Abstract 

The complexity of manufacturing systems is a result of the emergence, which unconditionally relies on the 

qualities of the analyzed manufacturing system, the type and scale of production and the features and kind of 

manufactured final products. For realistic production systems formally defining their complexity is difficult and 

ambivalent. This article discusses the topic of formalizing various types of manufacturing systems complexity 

and presents an algorithm for evaluating the system basing on cooperation complexity. The presented 

algorithm applies to systems of convergent production characteristics, for which the evaluation of existing 

codependences is an NP - hard problem. The formalized algorithm is developed basing on the number of 

existing relations (both asymmetrical and symmetrical) defined on chosen subsystems of a complex 

manufacturing structure. The decomposition stage has been conducted as per the principles of the general 

systems theory. The final part of the article presents an analysis of the correctness of the formalized algorithm 

in an extreme example, i.e.: two systems 
IS  and 

IIS  have been compared, the structure of which comprised 

respectively of  (for ) and  (for ) defined subsystems which have a certain number of relations of 

one type established.  

Keywords: Convergent production systems, cooperation complexity 

1. INTRODUCTION 

Progressing globalization and systematically expanding the markets are currently no longer the only 

determinant assuring a company`s success. Next to development and territorial expansion in order to maintain 

competitiveness, it is necessary to introduce innovative solutions. The never ending technological progress 

stimulates the creation of new or improved products with a constantly shorter life cycle. A brand which until 

recently was the synonym for quality and prestige now gives way to more interesting inventions and 

technological nuances. In an environment of unforeseeable competition staying afloat on the market for 

multiple years is an extremely challenging task. Each enterprise aware of the risk of bankruptcy, in addition to 

monitoring the finances of its own investments, must constantly benchmark the development of its rivals, 

observe joint venture initiatives and monitor new start-up`s. These however are not all the risks increasing the 

chances for failure. The until recently popular idea of “lean manufacturing” originating from TPS - Toyota 

Production System is slowly losing its significance and is being pushed aside by the new industrial revolution. 

Industry 4.0 has become the philosophy of today. The fourth industrial revolution blends the real world with the 

virtual one. Reaching level 4.0 means that a company has achieved integral coherence and synergy of all of 

its areas. Industry 4.0 is not only digitization and processing huge amounts of information and metadata in 

cyberspace. Industry 4.0 is also more than Digital Product Engineering, Digital Manufacturing Engineering, or 

the Digital Factory. Industry 4.0 is unifying all the elements of a company, both real and virtual, into one integral 

body.  

According to the general theory of complex systems, a system is a collection of elements and relations existing 

between these elements. Therefore each production company is usually a complex system and the complexity 

level depends on the evaluation criteria. The complexity of systems (both material and immaterial) is a result 

of emergence, which unconditionally relies on the characteristics of the system`s components. Formalizing the 

definition complexity of a manufacturing system includes many aspects, i.a.: structural complexity, functional 

n
IS 1n

IIS
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complexity, cooperation complexity, flow complexity and total complexity. Determining the complexity level of 

a manufacturing system is a difficult task, ambiguous and depends on the assumed evaluation algorithm. For 

the purposes of this article, the complexity of the manufacturing system and its assigned subsystems has been 

determined by using the following parameters:  

 the number of relations between the elements of the discussed system, 

 the number of assigned subsystems, 

 the level of relation complexity between the assigned elements (subsystems). 

The complexity of a system is subjective, however it is unconditionally dependent objective evaluations. While 

determining the manufacturing system`s complexity, depending on the assumed evaluation criteria, it is 

necessary to take into account the following: the complexity of the system`s structure, the complexity of 

functions performed by the system, the complexity of relations between the elements which make up the 

system and/or it`s environment, the number of elements and the number of comprising relations of the 

discussed system. The system`s complexity level is also influenced by the complexity of the final product 

manufactured within the discussed PS structure and the technological complexity of the executed processes. 

Depending on the assumed evaluation criteria the same system may be classified into two complexity types: 

class P or class NP. For realistic systems a formal definition of the system`s complexity is difficult and 

ambiguous. The system`s complexity may be expressed by a number being the result of the assumed 

evaluation algorithm, it may also be defined by a subjective grade in respect to the established criteria.  

This article presents a complexity evaluation algorithm of cooperation for an exemplary company with a 

convergent manufacturing character. The formalized algorithm allows determining the level of cooperation 

complexity for any object. The formalized cooperation complexity is an absolute measure of [0,1] scale, 

accounting for the number of elements belonging to the company`s structure and the number of relations 

determined on PS.  

2. CHARACTERISTICS OF THE DISCUSSED MANUFACTURING SYSTEM  

Manufacturing systems are complex arrangements and dynamic [1], which according to the complex systems 

theory are subject to decomposition according to a set division criteria. Classification criteria selection depends 

on the division criteria. Performing a multi-staged decomposition process formalizes the hierarchical system, 

where on each division stage has a number of independently varied number of subsystems. Every separated 

subsystem alone may be considered as a system with characteristic labor parameters, the main goal of which 

is executing assigned tasks. Manufacturing system analyses on an operational level firstly encompass 

research of the manufacturing processes by productiveness, quality, execution time etc. This article discusses 

a complex system of convergent manufacturing characteristics. The complexity of the discussed system results 

from many technologically diversified processes being executed within the structure area of the company [1]. 

Furthermore the structure of manufactured final products is also a complex system composed of multiple 

subsystems where each subsystem possesses an individual number of details. Details are simple products, 

which are manufactured within the discussed facility in a significant amount. Due to large assortment variety 

and final product customization, the company`s structure has a diversified material flow streams which undergo 

a fusing process at various manufacturing stages [2, 3]. Determining the complexity level of cooperation has 

been formalized for a cell manufacturing structure, the schematics of which have been shown in Figure 1. It 

may be noted that each determined subsystem (manufacturing department) has a different number of 

manufacturing cells, machines, workstations and operators. Such presented PS production structure may be 

presented as [4, 5]:  

 FREPS ,,                (1) 

where: E  - an element of the manufacturing system - considered departments 
iD  for ni ,...,2,1 , R  - set of 

reactions determined in the appointed departments, F  - a set of functions formalized within the PS  area.  
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Figure 1 A schematic of the analyzed manufacturing structure 

Relation is a strictly defined interaction between at least two elements of the set or between at least two divisible 

subsets. The most common defined relations within the manufacturing structures are the following relations: 

 symmetrical relations:: xRyyRxXyx  :,  - for any PSX   subsystem elements, x  is in 

a relation type y  there is the same relation between y  and x , 

 asymmetrical relations: xRyyRxXyx ~:,  - for any PSX   subsystem elements, x  is in 

a determined relation with y  there is no such relation between y  and x . 

The cooperation complexity algorithm has been defined in the criteria of dependency level of the defined 

subsystems, the structure of which can be seen in Figure 1. In this context the cooperation complexity of the 

manufacturing system PS , considered as a set of codependent departments accounts for the existing relation 

complexity level between subsystems (departments 
iD ) and their actual number of relations between 

concrete, defined 
iD  elements from the primary PS  set.  

2.1. Cooperation complexity defining algorithm 

The formalized algorithm for determining cooperation complexity as one of the parameters for evaluating the 

total complexity of a system. The total complexity of a system is influenced by: the number of discussed 

subsystems, determining structural piety; the level and variety of implemented technical and technological 

solutions determining the functional complexity; and the number of independent flow streams of the processed 

materials, which is expressed by the value of the streams’ complexity. To determine the inner structural 

cooperation complexity of a manufacturing system, i.e. PS

C  complexity existing on the first level of 

decomposition, between the chosen subsystems - departments: 
ji DD , , where  njiji ,...,2,1,  , have 

been defined: 

 set A  all possible number of relations jiR ,  , which differ between each other: 

        jips RRjipsApsjiA ,,:,,,:,            (2) 

where: NnA  ,1#  

  1,0, ji  factor determining the level of relative dependency (relative relation complexity) between i - st. 

and j - st. department belonging to set PSE  ,  
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 jiK ,  set of all possible pairs  ps, , where    nps ,...,2,1,   - being a set of pairs of relation numbers 

between all departments creating psR ,  relations identical to relations jiR , : 

    jipsnjipsRRpsK jipsji  ,...,2,1,,,;:, ,,,         (3) 

For sets of relations defined this way the cooperation complexity has been determined according to: 

 
 






ji
Aji

jiji

PS

C k
,

,,               (4) 

where: PS

C  - the unconditional complexity factor of system PS  cooperation determining the summary 

complexity of all possible ji,  complexities defined between two determined departments iD  and jD ; 

ji,  - relative complexity level factor of relation between iD  and jD  department; jik , - determines the power 

of jiK ,  set ( jiji Kk ,, # ), defines the number of set elements of all possible relation pair numbers between 

departments numbered  ps,  creating psR ,  relations which are identical to relations jiR ,   

The relative relation complexity level factor ji,  between iD  and jD  department, may be defined through a 

subjective evaluation relative to the established criteria. Then the evaluation result may be the following 

statement: „relations between x  and y  are more complex than relations between v  and z ”, when the 

subjectively assigned complexity indicator values fulfill the following condition: zvyx ,,   . In order to 

determine credible criteria of complexity level evaluation, indicator ji ,  may define for example the number 

and/or magnitude (mass or amount) of various flows through iD  and jD  department in a determined t  

timeframe. In that case indicator ji,  becomes the absolute evaluation of relation complexity between the 

discussed subsystems. 

The cooperation complexity PS

C  expressed by the formula (4) is defined by the existing number of relations 

between departments:: n,...,2,1 ; where jiR ,  determine any relation between department iD  and jD . For 

a reliability system defined this way it does not matter whether relations jiR ,  are symmetrical or asymmetrical, 

since there is one a single determined symmetrical relation or two differing asymmetrical relations between 

two established departments iD  and jD : 

 ijji RR ,,   for symmetrical relations, 

 ijji RR ,,   for asymmetrical relations. 

When all relation jiR ,  are different, then 1, jik  since a pair of   jiKji ,,  . If there are several identical 

relations meeting the condition: 

      jips RRjipsjipsnjips ,,,,;,...,2,1,,,          (5) 

then:   1;1,  nnk ji               (6) 

When all psR ,  relations are the same and equal jiR , , then  
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            jips RRjipsjipsnpsnji ,,,,;,...,2,1,,...,2,1,         (7) 

then:  1,  nnk ji
              (8) 

The value of the cooperation complexity factor is an absolute measure determined in the:   ,0
PS

C  range. 

The cooperation complexity of PS

C  is expressed by formula (4) shaped by the relation complexity level 
ji ,  

and it`s actual number jik , . Cooperation complexity may also be defined by accounting for the influence of 

factor   expressing the relation of the total number of pairs of various relations taking place between any 

department to the total number of relations between departments in the system. PS

C*  therefore is defined 

accordingly:  

   
 







ji
Aji

jiji

PS

C k
,

,,* 1               (9) 

where: 
 1

#




nn

A
             (10) 

where:   - relation of the actual number of various relations in relation to the total number of definable relations 

in the considered subsystems - departments iD  and jD  of PSE   set; value  1,0 . 

The cooperation complexity PS

C*  defined by formula (9) considers complexity flow PS

C  from formula (4) and 

the product of PS

C  and factor  . In a dynamically changing system, increasing the value of various relations 

in regards to all those possible, causes an increased complexity value of the entire system. For this reason 

with a large variety of relations determined within the PS structure, indicator 1 . It is therefore possible 

for a system to exist, which is comprised of multiple elements connected by various relations, being more 

complex than one that has multiple elements (subsystems), but have only a single type of relations identified. 

2.2. Analysis of the algorithm`s correctness 

Formula (9) determining the cooperation complexity value for a complex system, accounts for the number of 

selected subsystems, the number of relations identified in the entire system and the complexity level of said 

relations. An analysis of the correctness of the formulated algorithm for determining the value of cooperation 

complexity relies on checking two variants: 1. Does value PS

C*  increase along with the rise of the number of 

selected subsystems? and 2. Does the value of PS

C*  rise along with the increase of the number of relations 

with a constant number of selected subsystems?  

Variant1: the considered scenario is one where each system ( IS  and IIS ) has a certain number of relations 

of only one type determined.   

 
 

jiji

S

C
n

nn
n

nn
I

,,*
1

11

1

1
1  














          (11) 

 
   

jiji

S

C
n

nn
n

nn
II

,,*

11
1

1

1
1  













          (12) 

I may confirm the correctness of formula (9) by verifying whether for any 2n  and Nn  condition 

III S

C

S

C **    is true.  
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Therefore:  

   
jiji

n

nn

n

nn
,,

11

1

11
 





            (13) 

After transformations we obtain:       11112  nnnnnnn       (14) 

Finally the following condition is tested: 012  nn  where 5       (15) 

therefore 6,0
2

1
1 


n  and 6,1

2

1
2 


n          (16) 

so   Nn  ;6,,1             (17) 

The case analyzed above concludes, that along with the increase of structural complexity (i.e. increase in the 

number of subsystems) of the analyzed object, the value of cooperation complexity increases, if there is at 

least one new cooperation relation between the newly isolated object. An increase in the cooperation 

complexity value indicator also takes place if the number of relations on the determined structure PS  

increases. Adequately to the decrease of the number of elements or the decrease of the number of relations 

there is a decline of the complexity cooperation indicator value.  

Varian 2: checking whether the defined formula (9) determining the cooperation complexity value is correct 

when the number of relations on a system with unchangeable number of separated subsystems increases. To 

demonstrate the correctness of the formulated formula, two systems IS  and IIS  have been compared, which 

both have an 2n  number of selected subsystems with a number of defined subsystems where the number 

of relations defined for systems IS  and IIS  equals accordingly l  for system IS  and 1l  for system IIS .  

The assumptions for variant 2: for systems IS  and IIS  each defined relation is different, i.e.: value 1, jik  

in formula (9), furthermore for system IS :  1 nnl  and for system IS :  1 nnl . 

Confirmation of correctness was done through a verification of the dependencies: III S

C

S

C **    where: 

 
 
  

 














l

i

i

l

i

i

S

C
nn

lnn

nn

l
I

11

*
1

1

1
1            (19) 

   
 

 








1

1

*
1

11 l

i

i

S

C
nn

lnn
II             (20) 

for:    Nnnnnl  ,211,...,2,1           (18) 

After substituting the following was obtained  

 
 

   
 

 




 




 1

11 1

11

1

1 l

i

i

l

i

i
nn

lnn

nn

lnn
           (21) 

After transformation the following was obtained: 

           1

11

11111 


  l

l

i

i

l

i

i lnnlnnlnn          (22) 

Final result:      1

1

110 


 l

l

i

i lnn            (23) 
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Analysis of the above variant suggests that increasing the number of relations by 1 for a system with the same 

number of selected subsystems, increases the value of cooperation complexity indicator by 

     1

1

11 


 l

l

i

i lnn  . Hence a system the area of which has a certain number of relations defined, the next 

relation different than others is defined, then the system`s complexity value increases relatively to all existing 

relations (part of formula (23): 


l

i

i

1

 ) and to the relation additionally defined (added) i.e.: part of formula (23): 

     111  llnn  . 

Formula (9) is formulated correctly as both the change (increase or decrease) in the number of departments 

with a constant number of existing relations and the change in the number of relations with a constant number 

of departments causes an adequate change (an increase or decrease) of the indicator PS

C*  value  

3. TOTAL SYSTEM COMPLEXITY  

System complexity is a trait which influences the difficulty of being defined, difficulty of understanding, difficulty 

of use - generally the difficulty is in comprehension, application and management [2,6]. The complexity of a 

manufacturing system includes the following aspects [7]: complexity of the system`s structure, number of 

elements, the number and level of relations existing between the system`s elements, the implemented 

technological solutions, realized functions, etc.. Total manufacturing system complexity should therefore be 

defined by an aggregated measure of the system`s complexity, evaluated multidimensionally. A coherent 

evaluation in a comprehensive take should account for a multi-criteria evaluation of many areas of action. In 

order to determine the total complexity of a system the following complexity areas must be defined: 

 the system`s structural complexity PS

S , which defines the system`s trait unconditionally dependent of 

inter-structural relations in the selected SP elements - selected subsystems, departments, 

 the manufacturing system`s functional complexity PS

F  interpreted as a synonym of usefulness, 

determining the possibility of realizing the functionality function, which means achieving the assumed 

goal,  

 flow stream complexity PS

R , defined by the number of possible full, independent manufacturing paths,  

 cooperation complexity PS

C .  

Due to this the defined singular system complexity indicators, which are a measure of a single chosen area, 

should constitute part of the entire object`s evaluation. The multi-criteria algorithm for evaluating manufacturing 

system complexity should be determined in such a way, so that no singular parameter value dominates the 

others. Then the total complexity of a manufacturing system PS

T  accounting for and adequately proportional 

share of the structural complexity PS

S , functional complexity PS

F , cooperation complexity PS

C  and flow 

complexity PS

R , has been determined as follows: 

        PS

R

PS

R

PS

C

PS

C

PS

F

PS

F

PS

S

PS

S

PS

T WWWW         (24) 

where:  PS

XXW   - the weight share of indicator PS

XX  for indicators: PS

S , PS

F , PS

C  and PS

R .  

In order for condition (24) determining the manufacturing system`s total complexity accounting for all 

complexity areas, which has been defined basing on the weight share of individual indicator values, the 

following dependency must be fulfilled:         1 PS

R

PS

C

PS

F

PS

S WWWW  . Expressed by formula (24) 

total PS  complexity is a defined, multi-criteria algorithm for evaluating a complex manufacturing structure.  
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4. CONCLUSION 

A complex analysis of realistic manufacturing objects is often a difficult task, with the difficulty level rising 

proportionally as the manufacturing systems complexity increases. Many publications consider any system to 

be complex if it meets the criteria for complex systems, i.e.: it has a relatively large amount of elements and/or 

the relations identified between chosen elements display a relatively high level of complexity. This kind of 

manufacturing systems complexity formalization is a subjective evaluation, not accounting for objective 

parameters of the evaluation. This article presents the algorithm for determining the cooperation complexity 

factor value for a complex manufacturing system. Applying the presented algorithm allows for an objective 

determination of cooperation complexity value of any system. Furthermore, if the same system decomposition 

criteria into sets of subsystems and subsequently cooperation complexity values are determined according to 

the presented algorithm for two different systems, it will be possible to recognize which of the two compared 

systems is the “most” complex.  

This article distinguishes three areas. The first part considers formulating the algorithm for determining 

cooperation complexity value. The second part is verifying the correctness of the presented algorithm for 

extreme cases. The closing part of this article points out that while defining and formulating the complexity of 

manufacturing systems, four co-dependent areas of system operation must be considered. And finally the third 

part presents the formula for determining the total system complexity accounting for the weight share of 

individual complexity of a given area of operation.  
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Abstract 

The aim of the article is to present the possibility of using competitors prices and assortment in the process of 

determining the strategy of product segmentation with the support of an Retail Management System. The 

segmentation strategy may be based on activities such as assortment maintenance, assortment deepening, 

assortment reduction, assortment expansion and assortment exchange. In the surveyed company there is a 

constant monitoring of the product base existing in the stores of the competition. Data obtained as a result of 

such activities make it possible to take into account the prices of competitors when determining the price of a 

new product and its allocation to a given segment, as well as to analyse new products found by competitors, 

which seems to significantly reduce the risk associated with the introduction of new goods to the sales offer 

and to support maintenance. The data obtained from competitors can also be used as an aid in decisions 

concerning the reduction of the sales assortment. Analysis of data obtained from competitors, as a result of 

which the company obtains information indicating the withdrawal of a specific product from the competition 

offer, and in particular when such activities concern the entire assortment group related to a particular supplier, 

may prevent significant problems related to that supplier. 

Keywords: Segmentation strategy, product range enrichment strategy, Retail Management System 

1. INTRODUCTION 

The strategy of expanding the product range may be described as a segmentation strategy, because the 

commercial product offer has to respond to the needs of customers who expect access to a wide range of 

products at specific price ranges [1]. The segmentation strategy designed to enhance the range of products 

available in the retail network can be based on several essential functions [2,3]: 

 leaving the assortment unchanged - the company acts in a conservative manner and is focused on 

trading only in the previously offered goods, 

 deepening the assortment - the company does not change the range of products, but only expands them 
with new variants, e.g. introduction of new packaging with reduced or increased capacity. 

 shrinking the assortment - the company removes from the commercial offer the worst-rotating items and 

those characterized by a low profit margin, 

 extending the assortment - the company introduces a new assortment to its offer, which seems to be 
the most risky,  

 exchanging the assortment - the company the company exchanges one product for another. 

The results of assortment optimization are seldom of short-term character, the validity of decisions can only 

be assessed after a few months, but the costs occurring during this time can be high and remain. The greatest 

risk seems to be associated with the introduction of a new assortment, because in such a case it is necessary 

to examine the demand side in advance, which is related to the need to check the reaction of consumers to 

the new assortment, to prepare and make available appropriate storage and sales space, or to search for 

appropriate suppliers together with the calculation of minimum order thresholds [4]. An analysis of the range 
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of competitors seems to significantly reduce these risks as it increases the chances of making the right 

decision, which may increase the potential level of profit and reduce potential losses. However, this method 

requires constant observation of previously selected competitor's stores, which is connected with potentially 

large data processing. This allows, on the one hand, to identify products popular among the competition's 

customers that are not included in the own offer, and on the other hand, it allows an early detection of 

problematic goods, or checking goods that are not profitable in the own offer. The introduction of new products 

based on such a method should of course start with a test period, but the risk of making an incorrect decision 

seems to be lower [5]. Negative trends detected in competitors’ shops may indicate problems of a given product 

(e.g. change in consumer preferences), which allows for early implementation of corrective measures, such 

as adjustment of pricing policy, reduction of orders or even removal of a specific assortment from the offer [6]. 

Such operations can increase profitability by, among other things, unlocking space and reducing the risk of 

selling with a low or even negative margin. Optimal selection of goods seems to be key to achieving the 

assumed sales results, and competitor-based segmentation seems to be one of the ways to significantly 

optimize the strategy. However, in order to obtain reliable results, the analyses must take into account a large 

amount of data, which in practice cannot be properly interpreted without the support of professional IT 

solutions. The subject of the research cited in this publication was the introduction of a segmentation policy 

based on competitors by one of the large retail chains and the definition of the necessary scope of support for 

this type of activities by Retail Management System (RMS). 

2. SUPPORT OF THE SEGMENTATION STRATEGY BY THE IT SYSTEM 

The researched company builds its product database mainly on the basis of import of data from the main 

supplier's catalogue [7]. These data include the supplier's notifications, statuses, purchase price and logistics 

parameters prescribed by the supplier. Imported data constitutes basic information about products offered by 

the main supplier [8]. The user in the IT system has the possibility to extend them with additional operational 

information (Figure 1), such as: 

 other product names, 

 the characteristics of the products, their description and picture, 

 internal notifications, 

 usage, 

 storage and logistic parameters, 

 product components (applies mainly to production), 

 planning of price changes over time, 

 suggested and alternative articles (ordered in case of lack of main product) 

 

Figure 1 Article data supplementing. Source: Own research 
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Each new imported index receives the "NEW" attribute, while other indexes created directly by users receive 

the "INTERN" attribute. In the surveyed company, the goods are segmented within the tree structure. Each 

product receives an assigned status defining its attributes (orderable, active, seasonal, automatically ordered, 

locked for orders) [9] (Figure 2). 

 

Figure 2 Status definition. Source: Own research 

The company continuously monitors the prices in stores defined as competition for its own stores. The result 

of such monitoring is usually a file containing barcodes and prices of products from competitors [10]. The file 

also contains the date when the information was collected and the name of the shop where the scanning was 

carried out. In the next step, the prepared files are imported into the system using interfaces [11]. After the 

import is finished, the system tries to map own goods with the competitors' goods on the basis of barcodes. 

Goods which are not automatically matched are subject to an additional matching attempt mainly based on 

information available on the internet [12]. If the product is found on the Internet, its name and other required 

parameters are added to the system. Such a strategy seems to significantly reduce the risk associated with 

the introduction of a new product into the offer. The product is then subject of segmentation. The products 

database has information on sales results by store, which can be presented for a selected period of time. 

Additionally, information on sales value and quantity, average price, profit margin and amount, current stock 

quantity and turnover can be presented. The price segment is an additional characteristic of the product. An 

important aspect in choosing the way of segmentation is to determine the pricing policy of the company and 

to define which price segment will be the leading one. The definition of available segments may be as follows: 

A) Segment A (30 %). 

B) Segment B (50 %). 

C) Segment C (20 %). 

Assignment of goods to an adequate segment occurs in such a way, that at the beginning the price for the 

cheapest and the most expensive product is determined. The difference between these values determines the 

maximum spread of prices. The spread calculated in this way is divided into three segments according to the 

previously accepted classification, i.e. the cheapest goods plus 30 % is segment A, the next 50 % are goods 

from segment B, and the remaining most expensive goods - the last 20 % - will be in segment C (Figure 3). 

The calculation of price segments can be carried out each time after a price change or - for efficiency reasons 

- during the night hours. 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

954 

 

Figure 3 Segmentation of goods. Source: Own research 

It is possible to perform various analyses supporting the decision-making process, such as analysis of new 

products compared to the competitors, analysis of sales over a selected period of time or analysis of the 

availability of goods in selected price segments. As a result of such analyses, it is easier to decide about the 

introduction of a new product, its allocation to a specific segment, or its withdrawal from the offer. The preview 

of the goods database presents the list of goods within the assigned nomenclature and makes it possible to 

perform additional analyses, in particular: 

 Analysis of new products based on the status and the date of creation (Figure 4). 

 

Figure 4 Analysis of new products. Source: Own research 

 Analysis of sales for a selected period of time (Figure 5), taking into account sales volume, the obtained 
amount and value margin, turnover in days and quantity in the order, or lost sales due to lack of goods 

in the range. 

 

Figure 5 Selection of articles for analysis for a selected period of time 

Source: Own research 
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 Other analyses, such as analysis of goods in price segments vs. competitors, or analysis of current 
prices vs. competitors' prices. 

There are operations available in the system which may result in price changes at a specific time in the future, 

set logistic parameters for automatic orders or change of product status (e.g. available on the network, blocked 

for orders) (Figure 6). 

 

Figure 6 Status change of an article. Source: Own research 

Once segmentation has been established, the product database and nomenclature data are processed in the 

system in order to determine the optimal selling price. A default percentage margin is defined at the selected 

level of the nomenclature tree. Prices of competitors imported into the system are also presented directly on 

the product list. Observation of a competitor's offer changing over time may help to make a decision to 

introduce a particular product, move it to another segment or withdraw it. The table of price changes presents 

columns with information about the current price and the new price broken down by segments. The system 

highlights goods which do not have an assigned selling price, with the highest priority being given to goods 

offered by direct competitors. An initial selling price is then proposed on the basis of the purchase price and 

the margin set at nomenclature level, which is rounded according to the settings. The user has the possibility 

to approve the proposed price or to manually modify it by changing the margin or the price. When approving 

a new price, it is possible to set the date from which it will be active. The price change can be carried out on 

selected goods and at a selected level of hierarchy. Once new sales prices are approved, they are propagated 

throughout the entire retail network, or only in locations usually selected for their competitive environment. A 

change in the purchase price may result in a change in the sales price based on a fixed margin, but the new 

price is usually compared to the price of a competitor, and in reasonable cases the user has the possibility to 

modify the calculated price or leave the old price unchanged. In addition, before the final approval of the new 

price, the user has the opportunity to check the current stock level, the number of active orders or current sales 

results (Figure 7). 

 

Figure 7 Determining the sales price. Source: Own research 



Dec 3rd ‐ 5th 2018, Prague, Czech Republic, EU 

 

 

956 

In addition to the management of the current sales price, it is possible to use dynamic price lists (Figure 8). In 

this case, the new promotional price may be defined as a percentage or amount discount to the basic price. It 
can be defined directly at the level of the product, any level of the product group or a specific feature (e.g. size, 

colour). It can take into account days of the week, hours, specific customers or their group. These types of 

promotions may be combined with other promotions or may be blocked for further discounts. They can be 

active in the whole retail network or in a selected shop or group of shops. Central management of such 

promotions leads to unification of the offer throughout the entire retail network. New promotions appear in 

stores according to their central definition and are not subject to local changes. Employees of individual stores 

can print price tags (for shelves, stands, posters), which contain properly prepared information about the 

current promotion (e.g. the base price crossed out) [13]. 

 

Figure 8 Additional promotions. Source: Own research 

3. CONCLUSION 

Building a strategy for expanding the product range is a complex process that requires a lot of information to 

be taken into account at the same time. In particular, if the strategy is based on prices and the offer of 

competitors, the amount of information processed may be very large, which makes it difficult to make an 

optimal price decision. Large retail networks, often operating in a very diverse competitive environment, are 

especially exposed to the effects of non-optimal decisions. The use of an IT system dedicated to the 

management of retail networks (RMS) may be the key to achieving the desired effect. 
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Abstract  

An important problem of Polish common courts is their recognized delay, that is, the excessive duration of 

court proceedings. Most non-value activities involve court secretariats, which suggests that solutions to the 

problem of excessively long proceedings should be sought precisely in this area. An analysis of the 

implemented processes leads to the consideration of the possibility of applying proven solutions in the area of 

logistics, related to the elimination of wastage (mismanagement) in production processes. The aim of the article 

was to identify types of wastage identified in activities performed by the secretariats of common courts in 

relation to the Lean Thinking concept. Initial recommendations for the elimination of unnecessary activities and 

excessive processing in the areas of office processes were also presented, which can be used as an 

instrument of work planning and general control of the situation in the processes of management and 

administrative supervision over the secretariats' activities. The use of the Lean concept elements in common 

courts could be important for the transformation of organizations in line with the trend of planned reforms, as 

it would enable the implementation of specific organizational principles in the court secretariats: discipline in 

the application of specific principles of work organization, the use of standardized work methods, methodical 

problem-solving, and change of work orientation from supervising processes towards their continuous 

improvement. 

Keywords: Lean Thinking, mismanagement, common judiciary, court secretariats, delay 

1. INTRODUCTION 

Referring the centuries-old principles governing common judiciary to currently applied solutions in the field of 

management and logistics poses a challenge both to the scientific community and to judicial practice. Proper 

economic development of each country relies to a large extent on a judicial system in which the process of 

justice and legal protection is implemented efficiently and effectively [1]. This is emphasized by the statement 

of four-time British Prime Minister William Gladstone who said that "justice delayed is justice denied" [2]. 

According to World Bank data, the proceedings in business cases in Poland last an average of 830 days, 

accounting for all activities related to filing pleadings, administrative service, as well as court and enforcement 

proceedings [3]. Against the backdrop of other countries where the continental judiciary system is in force, an 

important problem of Polish common courts is therefore its recognized delay, that is, the excessive duration of 

court proceedings [4]. It should be noted, however, that for the purposes of the research report at hand, the 

methods used involved an analysis of the data of the process of claiming contractual claims for the District 

Court of the Capital City of Warsaw. Thus, it cannot be assumed that 830 days is the typical time necessary 

to enforce due payment in every Polish court. The process of estimating the duration of court proceedings 

consists of a number of independent factors, such as pending cases per judge or the specificity and nature of 

a particular case, requiring, for example, expert opinions. In fact, cases of a similar magnitude tend to be 

settled within the period of 1 to 6 months, depending on the court [5]. 
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The main reasons for the identified delay in the functioning of Polish courts are primarily the basic meaning of 

"return receipts" from the post, long waiting time for the opinion from court-appointed experts, the practice of 

postponing subsequent hearings until several months later, the number of pending court proceedings. 

fragmentation of the judiciary structure, underestimation of the level of workload of judges and court staff, and 

the still insufficient level of digitization. In addition, budget expenditures and employment figures in the judiciary 

point to an incorrect allocation of resources [6, p.112-119]. Most of these activities involve court secretariats, 

which suggests that solutions to the problem of excessively long proceedings should be sought precisely in 

this area. An analysis of the implemented processes leads to the consideration of the possibility of applying 

proven solutions in the area of logistics, related to the elimination of wastage (mismanagement) in production 

processes.  

The aim of the article was to identify types of wastage occurring in activities performed by the secretariats of 

common courts in relation to the Lean Thinking concept. Initial recommendations for the elimination of 

unnecessary activities and excessive processing in the areas of office processes were also presented, which 

can be used as an instrument of work planning and general control of the situation in the processes of 

management and administrative supervision over the secretariats' activities. 

2. METHODOLOGICAL BASES 

2.1. Lean Thinking in the public sector Lean Office  

The development and implementation of the Lean Thinking concept, due to the possibility of being applied in 

any type of process, has found many supporters in business and service enterprises, including health care [7] 

and banking (lean banking), which indicates the broader use of lean principles in many areas outside of 

production [8]. 

The concept of Lean Thinking [9,10] has also sparked interest among public-sector organizations [11,12] as a 

way to reduce operating costs [13] and a shift from analytical tools to strategic orientation [14]. The Lean 

concept as a way to increase the efficiency of processes and the flow of goods and services - introduced for 

the first time in practice as TPS (Toyota Production System) - has been successfully used in logistics as a tool 

for creating value while eliminating wastage in the organization. In contrast to BPR (Business Process 

Reengineering), which assumes a radical redesign, or a revolutionary approach, the Lean concept opts for 

evolutionary measures, which seems better suited to traditional common judiciary units. 

Common courts exercise justice in all cases, except for those reserved to the jurisdiction of other courts [15]. 

This principle implies a presumption of competence of ordinary courts to hear and resolve all disputes as long 

as a clear statutory provision does not delegate those cases to the jurisdiction of other authorities. There are 

considerable differences in the volume of individual appeals, districts and regions in Polish common courts, 

not only in terms of their areas of competence, but also in the number of pending cases, and thus the size of 

court units and extent of state interference. This, consequently, leads to the existence of nearly 400 judiciary 

units in Poland (11 appellate courts, 45 district courts, and 321 regional courts) [5]. 

The most suitable tool to be used in common courts seems to be the administrative and office-oriented Lean 

Office, given that it has at its core the elimination of wastage, or mismanagement, in office processes [16,17]. 

In a typical organization, administrative activities implemented through the prism of Lean Office include 

management of office processes with a view to their leaning, that is, eliminating existing inefficiencies and 

constantly improving skills to meet customer needs [10]. As regards office proceedings, Lean tools can be 

used to control the processes, operations and activities of non-judiciary staff, i.e. office workers [18,19; 6, pp. 

373-401]. 
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2.2. Processes carried out in court secretariats 

The basis for the activity of court secretariats is the "Ordinance of the Minister of Justice of 12 December 2003 

on the organization and scope of operation of court secretariats and other departments of judicial 

administration" [20]. Based on the applicable regulations in the form of external and internal provisions, a 

process is initiated upon submitting the application, and it should lead to obtaining a particular outcome (result). 

The sequential way of implementing the application as a specific type of order, where individual actions occur 

one after another - in series, rather not simultaneously - extends the cycle of integrated information and 

documentation flow, supported by logistic processes, subordinated to creating value in the form of a unique 

final outcome, which can be a decision, a copy or a piece of information. This way of implementing the 

application as an offered benefit, relying on the performance of tasks in one cell and transferring tasks to the 

next cell, springs from strictly defined legal conditions contained in Polish legal acts (USP, RUSP) and internal 

court orders. Depending on the expected outcome in common courts in civil matters, a number of different 

types of processes can be distinguished: case law, issuing copies, providing information, as shown in Figure 1. 

Auxiliary processes indicated in Figure 1 are processes carried out by court secretariats. 

 
Figure 1 Types of processes in common courts by expected outcome [own study] 

The above types of processes are further differentiated by the different types of applications which initiate court 

proceedings: claims, requests for copies, requests for information. Thus, an outcome may have the form of a 

ruling, a copy, or a piece of information. The differences in the significance of these outcomes are important, 

and they indicate reference to the workload - the number of activities and the degree of employee involvement, 

which differ substantially in each case. 

The need to arrive at a specific outcome in the implementation of statutory functions initiates the process of 

justice and legal protection. The initiator of this process is the constituent, who has a legal interest in taking 

action [6, pp. 79-80]. The terms customer/client and consumer refer, generally, to the buyer of an either mass 

or individual good or service, but with reference to products offered by companies. In administration, the 

concept of petitioner appears, but it no longer applies in legislation that utilizes the concept of citizen. A client 

or customer thus becomes a constituent in the legal context (cf. constituent - principal, ordering party, client 

(cat. Law) [21]. A constituent is the recipient of the outcome in the form of a ruling, whereas the recipient of a 

copy or information is the well-defined petitioner (sometimes also interested party). A petitioner is not a 

constituent, but only a citizen in a court, who usually lacks basic skills and knowledge, such as on how to draft 

a letter, pay a court fee, get to the courtroom or which secretary to turn to. A citizen who is not yet a party to a 
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dispute can be understood as a client or customer and treated as a client or customer in a typical organization 

[22]. Such person is serviced by the aforementioned petitioner service office, or BOI in Polish [20] - specially 

established cells in district courts and large regional courts, in which information can obtained on the manner 

of bringing the case to court, the amount of court fees and other costs, and on the course of ongoing 

proceedings. Assistance received from a BOI employee allows relieving secretarial staff and eliminating non-

value activities. 

On the one hand, work in the secretariats of common courts resembles that in a typical production system - 

cases flow as part of the process from one "production" cell to another, waiting in queues and creating 

"bottlenecks". On the other hand, however, obtained outcomes (and not products) are "hand-made" by highly 

qualified, independently working professionals [6, pp. 373-377]. Each outcome is unique, and the duration of 

the various stages of the process is fundamentally different in most cases, plus there is a considerable difficulty 

in determining how much time a given case will require. In addition, the judges must be independent so as to 

ensure the objectivity of their rulings. 

The culture of both administrative and office work is fundamentally different from the culture of typical 

production areas, which makes it difficult to identify the actual roles and tasks of individual positions and to 

identify the existing types of wastage. Although changes in office processes may be easier to implement due 

to the fact that the requirements for real physical processes and necessary equipment are usually smaller than 

in production areas, all administration/office employees directly linked with a given process must be involved 

in the implementation of the Lean concept for it to deliver the expected value. According to the Lean concept, 

value in common courts can therefore be defined as the ability to provide the final outcome (ruling, copy, 

information) to the constituent in a timely manner, without unnecessary delay [6, pp. 194-197]. One of the 

stages of implementation of this concept is the identification of wastage, that is, irregularities in the 

implementation of office processes. 

3. EXPERIMENTAL PART - IDENTIFICATION OF TYPES OF WASTAGE IN OFFICE PROCESSES IN 

COMMON COURTS  

The research concerned the performance of the activities of the secretariats of common courts in the field of 

civil matters. The types of wastage, or mismanagement, occurring in the organization under investigation in 

the area of office processes are defined on the basis of source documentation, historical materials and reports 

made available by the Ministry of Justice of the Republic of Poland, studies prepared by international 

organizations and direct interviews with the Polish Deputy Minister of Justice, presidents and directors of 

certain major district and regional courts in the Silesian Voivodeship. 

Qualitative research was used in the investigation, which included the analysis of the collected empirical 

material in the form of an instrumental case study, knowledge obtained as a result of participant observation, 

introspection, direct non-standardized interviews, shared reports, and historical materials. The focus was on 

the features of objects, and on processes and meanings. The research was conducted at both aggregated and 

individual level. The instrumental case study was carried out in one of the largest Polish regional courts, 

meeting the criterion of typicality in the scope of activities performed, which allowed the replicability of the 

obtained results. 

As a result of the conducted research, it was found that in each of the implemented types of processes there 

are specific, often repetitive office functions, the course of which has a significant impact on the duration of 

proceedings. The types of wastage identified in the area of office processes in relation to the input of court 

secretariat employees and the amount of resources used at each stage of the process are presented in 

Table 1. 
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Table 1 Identified types of wastage in court secretariats [own study]  

Type of wastage Effects of wastage Examples of wastage 

Anticipation Uncertainty about the quality of 
information 

- information queued for processing, - information 
created too early or unavailable, delivered with 

delay 

Overproduction of 
information 

Processing of more information and/or 
earlier than required by the subseqent 

process 

- unnecessary information, - printing information 
earlier than required 

Unnecessary 
transport 

Unnecessary or excessive transport of 
information (manual or electronic) 

- communication errors, various sources of 
information, physical transport of documents for 

acceptance, unclear flow, poor space layout 

Unnecessary 
traffic 

Unnecessary or excessive movement of 
employees, no direct access, information 

passed to an inappropriate source, 
reformulation 

- moving to and from rooms with documents, 
printers, going to meetings, disrupting the 

workplace, searching for information 

Overprocessing Excessive iteration - unnecessary transformation of information, 
unclear criteria, differences in processing time 

between employees 

Overstocking Excessive collection of information - information processing in excess of "one-piece-
flow", batch processing, periodic task execution, 

complicated information recovery 

Unused human 
resources 

Incomplete utilization of the capacities 
and skills of secretarial staff 

- narrow scope of duties, requirement of many 
approvals, lack of cooperation 

Corrections and 
unnecessary 

outcome 

Incorrect or incomplete information and 
"checking" work, lack of required quality 

- resuming work, returning to the previous step, 
errors detected in further stages of the process 

All activities within the framework of the process of implementation of statutory functions and legal protection 

(the basic process implemented by the courts) that do not create value for the Constituent are considered 

wastage. This approach is consistent with the assumptions of the Lean concept. Information queued for 

processing (i.e. information created too early, unavailable or delivered with delay), or uncertainty regarding the 

quality of information is just as wasteful as the processing of more information and/or earlier than the 

subsequent process requires it. Overproduction of information, causing excessive waiting time, unnecessary 

or excessive information transport (manual or electronic) causes communication errors, and many sources of 

information and multiple physical transport of documents for acceptance causes the flow to become unclear, 

resulting in poor spatial planning. Unnecessary transport and unnecessary traffic, meanwhile, are the product 

of too many iterations. Excessive collection of information, alongside under-utilization of the capacities and 

skills of secretarial staff, often leads to unnecessary outcomes and requires many adjustments. Repeated 

work, return to the previous step, errors detected in the later stages of the process all stem from incomplete, 

ambiguous and inaccurate information, while the lack of a determined verification mode makes for chaotic 

work “checking” accompanied by lacking quality standards [6, p. 378). Constant corrections, in turn, trigger the 

production of unnecessary outcomes, in addition to the uneven utilization of human resources. This prompts 

a profound analysis of the way the court's work is organized, the way the cases are dealt with, and of the very 

course of judiciary proceedings. As part of these measures, opportunities should be sought to reduce the 

duration, unnecessary traffic, unnecessary processing and overproduction of information, and above all, to 

ensure full utilization of the capacities and skills of secretarial staff. 

4. RESULTS, DISCUSSION AND RECOMMENDATIONS 

Identification of activities that do not bring added value - wastage in activities performed by court secretariats 

- in line with the Lean concept is an important stage in seeking solutions conducive to reduction of recognized 

delay, understood as an excessive number of unresolved cases and excessive duration of court proceedings. 
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Simultaneously, indication of the possibility of reducing the duration of court proceedings by eliminating 

wastage in office processes carried out by court secretariats, contributes to the area of management of court 

secretariats since it provides the approach that takes into account the Lean solutions which are already 

developed and oftentimes implemented in the area of activities of different types of organizations. 

Elimination of wastage in office processes carried out courts could take place through the development of 

standards for the implementation of individual activities, and as such, it could also contribute to the 

determination of principles for the standardization of work at individual positions [23]. Standardization of work 

would make management no longer a spontaneous reaction to unexpected problems, becoming instead a 

stable process of eliminating sources of problems, maintaining changes and ensuring continuous 

improvement. Solutions based on the standardization of work in line with the identified types of wastage, can 

be adapted within existing IT systems which support the implementation of office activities in the surveyed 

organizations, given that the biggest issue remains the lack of standardization of entries made into the software 

and the fact there is no possibility of importing data. The reorganization of the work of court secretariats and 

the standardization of entries made in the existing software would allow for an efficient review of all cases 

across departments (each of which handles roughly 5000-7,000 cases on annual basis) and for the printing of 

lists with delays for each of them. The basis for the success of the proposed solutions in the courts will therefore 

be the reorganization of work and the training of those responsible for introducing the changes. The 

identification of wastage in the activities performed by court secretariats, as a step in working out the foundation 
for work standardization, is also important from the point of view of process improvement. Last but not least, it 

will make it possible to compare workloads and make human-resource shifts towards the correct allocation of 

resources. 

An important solution to eliminate wastage in the office activities of the secretariats is the creation of petitioner 

service offices (BOI), which relieve the court secretariat at the stage of accepting the application that initiates 

court proceedings. This will make it more likely for the judge to receive a letter without formal gaps, and for 

pleadings drafted by the constituent to meet the relevant requirements (the procedure to supplement the formal 

gaps of the pleadings often lasts several weeks). Furthermore, it should also eliminate the need to receive 

petitioners by the secretariats of individual court departments, which should then lead to limiting the number 

of downtimes in the proceedings, thus removing from their scope unnecessary activities and unnecessary 

traffic. 

5. CONCLUSION  

The excessive duration of court proceedings, which is the main problem of the judiciary in Poland, still 

constitutes, according to the author, an important subject area of theoretical and practical research. The use 

of elements of the Lean concept in common courts could be of significant importance for the transformation of 

organizations in line with the trend of planned reforms, as it would enable court secretariats to implement the 

elements of organizational culture such as: 

 discipline in the application of specific principles of work organization; 

 application of standardized work rules; 

 methodical problem-solving; 

 a shift in work orientation from merely supervising processes towards their continuous improvement. 

However, elements of the Lean concept should not be viewed as universal, and their application can be 

discussed mainly in the model approach. In practice, it is possible to apply selected solutions tailored to the 

needs of the organization, such as increased supervision over the implementation of activities, greater control 

of case files, improvement of data exchange and obtaining reliable information. It is important to read data 

from official documents on an ongoing basis, as well as to keep databases up to date, generate event 

calendars and provide current information to all employees involved in a given case. 
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A next step would be the development of activities in the areas of management, such as the use of standard 

schedules in typical cases and the creation of special schedules consisting of milestones, determining when 

certain activities must start and when they must end. This is important both from the standpoint of the efficiency 

of the courts and the implementation of proceedings. While Lean solutions should indeed be used as an 

instrument of work planning and general control of the situation in the processes of management and 

administrative supervision, it would be worth implementing them across all units to ensure compatibility. 

The proposed solution is important for improving office (auxiliary) processes, but it is not directly related to the 

quality of rulings. Still, it may affect the duration of the proceedings, since the indicated activities constitute a 

significant part of those. Due to the multifaceted nature of the problem, requiring synergy of theoretical and 

practical action in the long-term perspective, not all issues have been presented in this article in detail, which 

paves the way for further research to fill this gap. 
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