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PERFORMANCE INSTABILITY OF LOGISTICS PROCESSES AND THEIR IMPACT ON 
MANUFACTURING COMPANIES 

Ivo FORMÁNEK, Iveta VOZŇÁKOVÁ 

VŠPP, a.s., Prague, Czech Republic, EU, ivo.formanek@vspp.cz, iveta.voznakova@vspp.cz 

Abstract 

Logistics has not been considered as an "extra" important part of business processes in the past. Often, it was 

underestimated and most often dealt as a last part of value added chains. There were several reasons. One 

of the main reasons was that in the past companies could afford to keep a relatively large amount of stocks in 

external warehouses or their in-house storage areas. More than sufficient inventory levels did not require 

logistics processes to work efficiently and effectively. However, unlike in the past, the situation today is quite 

different. The global markets and the involvement of business processes in global value chains put pressure 

on companies to optimize all business processes and their productivity. Thanks to these facts, the importance 

of all logistics processes and their management is growing. The main task of today's managers in logistics is 

thus about having the right inventory at the right time, in the right place, at the right quantity and quality and all 

these at the minimum cost. The managers should therefore apply all available means to meet the requirements 

above. The first step that should be carried out always at the beginning of the optimization, is processes 

stabilization. The reason is simple. Optimization of non-stable processes is extremely difficult, if not impossible. 

The contribution presents some practical experience gained during stabilization of logistic processes in several 

manufacturing companies in the Czech Republic. The paper also includes results of simulation experiments, 

which explain some frequent phenomena in logistics.  

Keywords: Process, Stabilization, Optimization, Management, Six Sigma 

1. INTRODUCTION 

Logistics is currently a very dynamic industrial sector that uses the most advanced technologies such as 

information and communication technologies (ICT), the Internet of Things (IoT), robotics, automation, artificial 

intelligence, etc. In contrast to the past, logistics offers also quite new and unexpected possibilities for the 

future. Especially if we realize the possibilities of unmanned aircrafts and drones, driverless cars and lorries, 

etc. All these possibilities must result in completely new logistics systems.  

It is not too long ago, when logistics has not been considered as an "extra" important part of business 

processes. Often, logistics was underestimated and most often dealt as a last part of Value Added Chains 

(VACs). There were several reasons. One of the main reasons was that in the past companies could afford to 

keep a relatively large amount of stocks in external warehouses or their in-house storage areas. More than 

sufficient inventory levels did not require logistics processes to work particularly efficiently and effectively. 

There was enough time for everything. However, unlike in the past, the situation is quite different today. The 

global markets and the involvement of business processes in Global Value Chains (GVCs) put extreme 

pressure on manufacturing companies to optimize all business processes and their productivity. Thanks to 

these facts, the importance of all logistics processes and their management is dramatically growing. The main 

task of today's managers in logistics is thus about having the right inventory at the right time, in the right place, 

at the right quantity and quality and all these at the minimum cost. The managers should therefore apply all 

available means to comply with the above requirements. One of the most important steps that should be carried 

out always at the beginning of the process optimization, is processes stabilization. The reason is simple. 

Optimization of non-stable processes is extremely difficult, if not impossible [1].  
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The contribution presents some practical experience we gained during stabilization of logistic processes in 

several manufacturing companies in the Czech Republic. To support the truth of our claims, the paper also 

includes results of simple simulation experiments. The reader can thus easily verify why stability is so important 

for any process optimization. The contribution also briefly introduces methodology that we commonly use in 

process optimization. 

2. METHODOLOGY 

As already mentioned above, the contribution is mainly about process optimization. To optimize processes, 

there are various methods and methodologies we can apply [2], [3], [4]. From our perspective, the best 

methodology for process optimization is (Lean) Six Sigma [5]. We achieved the best results every time when 

we followed this methodology. The (Lean) Six Sigma methodology is characterized by a fixed structure called 

as DMAIC. The DMAIC expression represents an acronym for the names of the five steps: Define, Measure, 

Analyse, Improve, and Control [5]. 

1st step - Define opportunities. The main aim of the phase is to define the purpose and scope of the project. 

In this phase we define the project objectives, build up the project team, define the products and services 

provided, create process maps and diagrams (e.g. Flow and SIPOC diagrams), define metrics for measuring 

the quantity and quality etc. [6]. The outcome of the Define phase is basic information about processes and 

their customers. 

2nd step - Measure performance. In this phase the process customers and their key requirements and 

expectations are identified. We also evaluate, what and how processes are currently performed. It is necessary 

to determine the process current status [7], [8]. 

3rd phase - Analyse the chances and opportunities. The main goal of the phase is identification of 

opportunities and threads. We analyse and identify main process problems and their root causes.  

4th step - Improve performance of processes or activities. The final goal of the phase is the process 

improvement. We define a process and construct its maps, gain necessary information, analyse causes of 

defaults, plan modifications and specific project solution and define an improved process and construct its 

maps [7], [8]. 

5th step - Control performance. We build up a monitoring system of the new and improved process, gain the 

necessary information, analyse the causes of major defects, control and improve the new and improved 

process again; update its maps. 

The Six Sigma methodology was applied also to the processes stabilization we are discussing about in this 

contribution. 

3. PROCESS STABILITY AND IMPACT ON STOCK 

Imagine five processes Pi, i = 1,2,3,4,5, which are in series. Then assume interim stocks STi, i = 1,2,3,4,5 

placed between processes. The combination of individual processes and interim stocks is then as follows: P1, 

ST1, P2, ST2, P3, ST3, P4, ST4, P5, ST5. See also Figure 1d or Figure 2d. 

Let us further assume a situation where the performance of respective processes Pi, i = 1,2,3,4,5 can be any 

(i.e. random) integer value in the range of values 1 to 6 (including 1 and 6). It means that applies: 

� �  �1, 2, 3, 4, 5, 6�,     � ∈ � ,      � � 1, 2, 3, 4, 5  (1) 

where: 

N   - the set of natural numbers 

Pi  - process i 

i   - process index 
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This situation corresponds to the results of a simple simulation experiment in the Figure 1.  

 

Figure 1 Performance of the processes Pi, i = 1,2,3,4,5, a) actual values; b) cumulative values;  

c) Status of the interim stocks STi, i = 1,2,3,4,5, actual values; d) Layout of the production line.  

Source: own study 

Unlike the previous situation, let's assume now that the performance of respective processes Pi, i = 1,2,3,4,5 

can be the only one integer value. - for example number 3. It means that applies: 

� �  �3�,     � ∈ � ,      � � 1, 2, 3, 4, 5  (2) 

This situation corresponds to the results of the simulation experiment in the Figure 2. 

Comparing the results in Figure 1 and Figure 2, we can make one interesting conclusion. It is more important 

for a company to have its processes working synchronously, than having processes with too high power. Even 

we can say that stable and synchronously working systems with reduced performance can achieve much 

better results than not synchronously working systems with very high performance. And stable synchronously 

working systems have also another advantages. For instance, in this case we can optimize the workload of 

the people, number and power of the equipment and most of all, it is not necessary to accumulate excess 

stock. It means we can spare much money because of not investing into redundant people, equipment, 

performance and inventory (pls. compare Figure 1 b,c and Figure 2 b,c). So, unstable systems are too 

expensive. 

4. STABILIZATION OF TRUCK TRANSPORT PROCESSES 

In the previous chapter, we briefly explained why process stabilization is so important. In this chapter we will 

try to point out the same problem, but already on a practical case. 

Large metallurgical companies in the Czech Republic use both railway transportation systems and truck 

transportation systems. Railway dominate in raw material imports and internal WIP goods transport, trucks in 

turn predominate in export of finished goods. Compared to railway transport, truck transport is far more flexible. 

Layout  

a) b) 

c) d) 
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This is also the main reason why customers prefer truck transportation today. (In addition, some customers 

have already abolished their internal railway infrastructure to reduce operation costs.) Coordination of both 

transportation systems is not easy at all. Their stability can be influenced by many factors. Even greater 

problems arise when it is necessary to coordinate both of these transportation systems with automated 

production lines. And all with minimal stock. We were invited to help solving one such problem in a large 

metallurgical company in the Czech Republic. 

 

Figure 2 Performance of the processes Pi, i = 1,2,3,4,5, a) actual values; b) cumulative values; c) Status of 

the interim stocks STi, i = 1,2,3,4,5, actual values; d) Layout of the production line. Source: own study 

In the company, the truck loading is organized by transport coordinators. They organize (of course by means 

of information systems) the trucks arrivals to individual storage areas called as export stores. As was said 

already, the truck transportation can be influenced by many factors (by people, by weather, by traffic jams, 

etc.). And it is one of the main reasons, why the truck transportation processes have great variability (even 

though each truck is given a time window for arrival). The variability is then characterized by loading large 

numbers of trucks at one time, by dangerous situations in front of the export stores and in the export stores 

themselves, unacceptably long waiting time and loading time, unnecessary extra costs on all sides, etc. 

The analyses, that we carried out in the company, lasted almost a year. To find out the variability infection 

source, we analysed decisive transport processes and a large amount of data from various company data 

stores. The analysis revealed many interesting issues. Unfortunately, due to limited extent of the contribution 

we can present only a couple of findings related to the trucks transportation process stability. 

The results of some analyses are shown in Figure 3 and Figure 4. These analyses represent the results of 6 

months of measurement we did at several export stores. Figure 3 shows that the company customers 

preferred for a long time Monday to load trucks. By contrast, Wednesday was the least used working day. This 

phenomenon is partly due to the trucks arrived to the company only after unloading material in other 

companies. This unloading usually takes place around six o'clock in the morning. 

Layout  

a) b) 

c) d) 
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Figure 3 Percentage of trucks loaded for 6 months on each calendar day. Source: own study 

 

Figure 4 Percentage of trucks loaded for 6 months in each time window. Source: own study 

Figure 4 shows fluctuations over a 24-hour cycle. Fixed working shifts of the company starts at 06:00, 14:00 

and 22:00. It is evident from Figure 4 that the beginnings and ends of shifts had a significant effect of the 

goods expedition. It means that work organization of export stores can also have another considerable impact 

on the smoothness and variability of goods expedition. 

It was also quite interesting to observe the time windows that were given to the trucks beforehand. For 

example, in the period of truck transportation monitoring only 49 % of trucks arrived on time, 19 % of trucks 

arrived too late and 2 % of trucks arrived too early. This fact also affected the variability of processes in the 

export stores. 
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5. CONCLUSION 

The analyses showed that the variability of export logistics was significantly influenced by variability of the 

trucks transportation. This variability was then amplified by other process variabilities in the export stores. 

Therefore, a number of measures had to be taken to limit all these kinds of variability. This was the only 

possibility because the capacity of the export stores did not allow to compensate efficiently both variability from 

the production lines side and the variability from the trucks transportation side. While minimizing the variability 

of the processes, the means of advanced industrial automation proved to be very helpful and successful [9], 

[10]. They enabled better monitoring, better measurement and better control of majority of the processes we 

were interested in. Today’s variability of the logistics processes we presented in the contribution is much better 

than ever before. 
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SHORT SUPPLY CHAIN MANAGEMENT - CONCEPTUAL FRAMEWORK 

Sebastian JARZĘBOWSKI, Izabela DALEWSKA 

Kozminski University, Warsaw, Poland, EU, 

sjarzebowski@kozminski.edu.pl, izabeladalewska@kozminski.edu.pl 

Abstract  

In the last two decades, the topic of sustainability has moved from the edges of supply chain management 

research to the mainstream and is now an area of substantial research activity. In particular topic of 

sustainability exposed the short supply chains (SSCs). The growing interest in SSCs reflects the consumer 

demand for quality and traceability. The information flow in supply chains plays a great role in its efficiency. 

The SSCs’ have potential to increase companies value added (margin distribution), promote sustainable 

production systems, diversify production and contribute to local economic development. Within this paper the 

importance of SSC for sustainable economic development and information flow will be highlighted and the 

current situation in EU will be presented.  

Keywords: Short supply chain, supply chain management, sustainable development, information flow 

1. INTRODUCTION 

Business and supply chains are transforming from the commodity system into a coordinated system 

(Jarzębowski and Antonowicz, 2018), and can be divided into four different streams (Bagchi, 2000): 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; cash flows from a buyer to a seller. Although, 

according to K. Ficon (Ficon, 2001), 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 supply chain concept they are 

an integral part. 

This leads to competition between various supply chains and networks, and not only to competition between 

individual companies (Lambert and Cooper, 2000; Christopher, 1998). However, these trends of change 

require research to adapt old or to develop new models of business and markets. Primarily due to the instability 

of products and the need to improve product flow tracking on the market, representatives of science recognized 

the importance of the supply chain management process (Hobbs and Young, 2000). In addition, consumers 

continuously increase their demand on product safety and its functionality, product diversity, packaging quality, 

and the quality of services and products (van der Vorst, 2000).  

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. The solution to increase 

efficiency of this synchronization might be SSCs, which are seen as a strong trend in supply chain 

management. Consequently, the goal of the paper is addressed to short supply chains and the authors attempt 

to characterize the form of the SSC. In the literature, once can notice a lack of research on the SSCs, thus the 

paper fits in with current scientific trends and also scratch SSC from the sustainability and information flow 

point of view. In the paper, the preliminary research is presented. 

2. SHORT SUPPLY CHAINS - THEORY AND DIMENTIONS 

2.1. Short supply chain - definition  

Various definitions of SSC are presented in the literature. The “Short Supply Chain” is often used as an 

umbrella concept (Marsden et al., 2000), assuming context dependent economic, socio-cultural, policy, 
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organizational characteristics, and having different impacts on local economies. The definitions of short supply 

chain are formulated under different criteria as: number of intermediaries, physical distance, social relations, 

knowledge exchange, locality and governance involvement. According to the European rural development 

regulation (1305/2013) a short supply chain means a supply chain involving a limited number of economic 

operators, committed to co-operation, local economic development, and close geographical and social 

relations between producers, processors and consumers. This definition is used in the further analysis in the 

paper. The number of intermediaries is often used as a discriminating factor to define SSC. Parker (2005) for 

instance, characterizes SSCs by the very small number (or even the absence of) intermediaries between the 

producer and the consumer, as well as by the short geographical distance between the two.  

On the base of the criteria outlined above, a great variety of SSCs can be identified and various classifications 

or typologies developed. Such classifications are useful for a more systematic exploration of SSCs and 

development and implementation of necessary support measures (Galli and Brunori, 2013). The EC IMPACT 

project (Marsden et al., 2000; Renting et al., 2003) proposed three main types of short supply chains on the 

basis of the number of intermediaries, physical distance and organizational arrangements: Face-to-face, 

proximate and spatially extended SSCs.  

2.2. Sustainability and short supply chains 

The issue of environmental protection and the economy of sustainable development is also now more 

important. Sustainable development is a resource and society dependent (World Commission on Environment 

and Development, 1987). In the literature dealing with the issues of sustainable development, more and more 

attention is paid to the relationship between supply chains and sustainable development of the economy 
(Walters; 2007). Sustainable supply chain management can be defined as the creation of coordinated supply 

chains through the voluntary integration of environmental, social and economic aspects into key inter-

organizational business systems. (Luo i in., 2017). It is designed to effectively manage the flow of materials, 

information and capital related to supply, (and) production and distribution of products and services to meet 

the requirements of stakeholders and to improve the profitability, competitiveness and efficiency of enterprises 

in the short and long term. (Mangan et al., 2000) For example, Kashmanian, Keenan and Wells (2010) found 

that leading companies are systematically increasing their activities in the field of environmental protection 

(Kashmanian, Keenan and Wells, 2010). The outcome of literature review on sustainable supply chain shows 

that short supply chains is one of the ways to achieve environmentally friendly supply chain (Table 1). The 

other aspect, which is mentioned is information flow, which is one of SSCs dimension.  

Table 1 Areas potentially affecting the sustainable supply chain [Own work based on Luo et al., 2017] 

Areas Sustainability areas Literature 

Law regulations Social Zhu and Sarkis (2004), Guang Shi et al. (2012), Böttcher and Müller 
(2015) 

Waste elimination Environmental, Economic Sundarakani et al. (2010), Dües et al. (2013) 

Material flow Economic Diabat and Simchi-Levi (2009), Yang et al. (2011), Böttcher and Müller 
(2015) 

Reverse logistics Economic Sundarakani et al. (2010), Govindan et al. (2015), Böttcher and Müller 
(2015) 

Customer focus Economic, Social Gopalakrishnan et al. (2012), Zhao et al. (2012), Hannon et al. (2013) 

Supplier 
cooperation  

Economic, Social Walker et al. (2008), Guang Shi et al. (2012), Wilhelm et al. (2016) 

Information flow  Economic, Social Melville (2010), Colicchia et al. (2011), Shaw et al. (2012), Guang Shi 
et al. (2012) 

ICTs Environmental, Economic, 
Social 

Halldórsson and Kovács (2010), Elliot (2011), Bengtsson and Ågerfalk 
(2011) 

Competitive 
advantage 

Economic Nidumolu et al. (2009), Flint and Golicic (2009), Wu et al. (2015), 
Böttcher and Müller (2015) 

Short chains Environmental, Economic, 
Social 

(Lambert i Cooper, 1998) (Lambert, 2008), (Jarzębowski, 2019)  
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One should notice that an increasing number of consumers are looking for alternative sources of production 

near their place of residence (Cicia et al., 2010, Nie and Zepeda, 2015). This dissemination of new forms of 

distribution organization in recent years, called short supply chains, can be linked to the increasingly important 

role played by credibility-based goods in shaping consumer preferences. Indeed, the growing popularity of 

short supply chains should be attributed to the distribution model, which allows consumers to support local 

economy (Uribe et al., 2012). The SSCs can also be seen as a means to restructure supply chains in order to 

support sustainable production methods.  

2.3. Information flow in supply chain  

In a recent study (Christopher, 2010) it was stated that the solutions available in the information systems meet 

challenges of the problems of preserving transparency of the supply chain. 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, without a proper application of 

information systems, it is difficult to obtain or maintain a competitive advantage on today's demanding market, 

not mentioning supporting e-commerce business model used in SSCs.  

As mentioned in the introduction to this paper supply chains are kind of network, in which data management 

needs to be well-organized, which means that it has to be clearly identified, efficiently taken from outside 

environment and effectively processed within the system (Materkowska; 2003). 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.) (Witkowski, 2010). Databases, which in the 

processing are converted into information, are presented in a synthetic form. 

Closer cooperation with suppliers in SSCs 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 (Wojtkowski, Nowickil 2002): possibility of acquiring 

information at any desired location along the flow of the short supply 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. 

2.4. Short supply chains in Europe 

Short supply chain practices are becoming increasingly common across Europe as well as around the world. 

Currently in Europe there are many examples and types of short supply chains. Usually these are small 

enterprises with limited local impact. However, these small initiatives indicate that these enterprises are able 

to provide solutions to improve the profitability and stability of producers. Therefore, there is a great need to 

identify, synthesize, exchange and present good practices in the short supply chains management with focus 

on small enterprises. These arguments were the basis for identifying examples of such chains in Europe. For 

this purpose, good practices regarding short chains in 15 European Union countries were analyzed within 

SKIN project (SKIN, Horizon 2020). As part of the study, over 100 examples of initiatives were described and 

classified in specific sectors (Figure 1). 

The majority of good practices for short chains have been identified in Austria, Ireland, the United Kingdom 

and Hungary. In the analyzed examples, there is a tendency to include more than one sector within a single 

enterprise.  
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Figure 1 Good practices of SSC in EU by sector [Own work based on results of project SKIN, Horizon 2020] 

3. CONCLUSIONS 

One of the most commonly reported economic benefits associated with SSCs, is that of increased income for 

the producer, it is possible to obtain higher margins by producer with lower overheads compared to the longer 

supply chains. It has been suggested that producers are able to add a price premium when selling through 

SSCs (Pearson et al., 2011), that the elimination of the ‘middleman’ enables farmers to receive a greater share 

of the profits (Sage, 2003). Due to the implementation of short supply chains, there are more opportunities to 

negotiate contracts, ensure fair contract terms and to expand on a larger scale and enter new markets. An 

important role in this context is played by the use of modern distribution channels, i.e. dynamically developing 

e-commerce (e-shopping). In addition, SSCs provide producers with an opportunity to diversify and add value 

to their produce that would not usually be marketed (Alonso, 2011). 

Another advantage of short supply chains is that producers can share resources thanks to shared data 

management, i.e. equipment or logistics services to improve efficiency and share costs. Information flow within 

short chains can help to integrate new actors in the chain. It 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. Due to the 

benefits of SSCs, an increase in the number of initiatives supporting the development of such activities is 

noticeable. These models have become an alternative to the globalized structure of the sectors, enabling 

"bringing together” the two extreme links of the supply chain and satisfying the needs of both the consumption 

and production side, assuring the sustainable orientation of the model.  

Within the framework of economic perspective it can be concluded that short supply chains support achieving 

benefits as: higher margins / lower overheads (the often high costs charged by distributors can be split fairly 

between producers and consumers), improved product range (the product range can be diversified and/or 

increased so that more producers can be involved and more jobs can be created through retaining the added 

value in each territory), resource sharing (knowledge and skills, equipment, tools, processing facilities, 

transport and logistics can be shared in order to improve efficiency and share costs. can also be shared), 

improving local chain infrastructure (retaining or reinstating local processing facilities), increased negotiating 

power (more weight in contract negotiations, ensuring fair terms and conditions, gaining access to public and 

larger scale markets), reduced competition (between many small un-coordinated SSCs in a region), mutual 

support: collaboration can combat isolation felt by small-scale producers. 
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Abstract  

The main aim of the paper is the identification of the scope and barriers of organization and operation of 

Japanese supply chains and networks in the different socio-economic condition in Poland. In the paper the six 

in-depth case studies of first tier-suppliers from automotive sector have been analysed in terms of facility 

location, planning, organization and control of processes, transport and warehousing, purchasing and 

inventory management, distribution and customer service, eco-logistics, supply chain social responsibility, 

production logistics, research and development, information technology, cooperation with local authority. The 

research showed a diversity of implemented methods and management tools as well as conditions for their 

adaptation in different macroeconomic, regulatory, social and cultural and infrastructural environments. The 

effective implementation of methods and techniques of Japanese supply chain management in companies 

operating in Poland required significant changes in the process of human resources managements.  

Keywords: Supply chain management, Japanese management methods, automotive sector, Japanese 
foreign direct investments 

1. INTRODUCTION 

Contemporary supply chain management means making decisions and taking actions consisting in 
synchronization of physical, informative and financial supply and demand streams in order to increase the 

value added for all its links, final customers and other stakeholders. There are three key arguments which 

motivated the authors to conduct research concerning comparative analysis with regard to Japanese methods 

of supply chain management in Poland: 

1) There are no complex and in-depth studies concerning the organization and operation of Japanese 

supply chains and networks in Poland.  

2) In particular there is no comparative analysis concerning motives, barriers and experiences with regard 

to transfer and adaptation of methods of organization and practice of operation of supply chains created 

as a result of direct foreign Japanese investments in Poland since the 70s of the 20th c.  

3) Modern supply chain management is not restricted to the optimization of procurement and distribution, 

production and return processes but also includes quite poorly diagnosed problems of product and 

supply network configuration, joint product designing with the use of the capability of suppliers and 

forming partner strategic relations between the entities of supply network in order increase the added 

value for the customer. 

Therefore, the main aim of the paper is the identification of the scope and barriers of organization and operation 
of Japanese supply chains and networks in the different socio-economic condition in Poland.  

In the paper the six in-depth case studies of first tier-suppliers from automotive sector have been analysed in 

terms of: facility location; planning, organization and control of processes; transport and warehousing; 

purchasing and inventory management; distribution and customer service; eco-logistics; supply chain social 

responsibility; production logistics; research and development; information technology; cooperation with local 

authority. 
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The study results, which are presented in the paper are a part of the research project realized by the authors 

under the title „Management methods in Japanese supply chains in Poland and Great Britain”, accepted in 

Poland by the National Science Centre. Six Japanese automotive manufactures, as links in supply chains 

located in Lower Silesia region in Poland, have been analyzed: Toyota Motor Manufacturing Poland, NSK 

Steering Systems Europe, Daicel Safety Systems Europe, Sanden Manufacturing Poland, Takata Parts Polska 

and Tbmeca Poland. 

The structure of the paper is as follows: in the next part the information on Japanese investments in Poland 

has been introduced. The following part of the paper presents the decisions regarding supply chain 

management. Then the methods and objectives of the research have been described. The last part presents 

the study results regarding eleven selected areas of decisions in supply chain management. 

2. DECISIONS REGARDING SUPPLY CHAIN MANAGEMENT 

In the relevant literature there are a lot of definitions of the supply chain management [1-3]. Despite such a 

wide variety of definitions it is possible to identify in them certain coherent areas, such as the necessity of 

integration and coordination of activities related to business functions within the framework of the whole supply 

chain. The analysis of 38 different definitions of the supply chain management carried out by Deshpande 

(2012) [4] indicates that the most frequent element identified in them includes long-term cooperation  

(10 definitions), information technologies (8 definitions) and integrated design, strategic purchase and logistics 

(in 7 definitions). According to authors and in reference to the literature, one can distinguish universal decision-

making areas relevant for the supply chain management, in particular on the international market.  

They include: facility location planning [5,6], organization and control of processes [7] transport and 
warehousing, purchasing and inventory management, distribution and customer service [8,9] eco-logistics [10], 

supply chain social responsibility, production logistics, research and development, information technology, 

cooperation with local authority. According to authors, these decisions may be referred to the classic division 

of decision-making areas in the supply chain management proposed by R. Cooper and R. Slagmulder (1999) 

[11]. It must be borne in mind that particular decisions may be qualified to a few decision-making areas 

simultaneously (Table 1). 

Table 1 Decisions’ area in supply chain management 

Decisions’ areas Product and 
network 

configuration 

Production network 
formation 

Common design of 
products 

Optimisation of 
processes in a 
supply chain 

Facility location x x   

Planning, organization and 
control of processes 

x x  x 

Transport and warehousing x x  x 

Purchasing and inventory 
management 

x x  x 

Distribution and customer 
service 

x  x x 

Eco-logistics x  x x 

Supply chain Social 
Responsibility 

x  x  

Production Logistics  x x x 

Research and Development x  x  

Information Technology x   x 

Cooperation with local 
authority 

x    

Source: authors’ own description based on Cooper R., Slagmulder R., Supply Chain Development for the Lean Enterprise 
- Interorganizational Cost Management. Productivity Press, Portland, 1999, p. 10.  
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3. RESEARCH METHODS 

This paper presents the results of research conducted under the research project “Management methods in 

Japanese supply chains in Poland and Great Britain” financed from the National Centre of Science in Poland. 

The research procedure consisted of six stages. At the first stage the critical analysis of the literature 

concerning the Japanese management methods was carried out. On the basis of this analysis the research 

tool in the form of interview questionnaire covering eleven research areas, such as: location decisions, 

planning, organization and control of processes in supply chain, transport and storage, purchase and inventory 

management, waste logistics, social responsibility in supply chain, production logistics, R&D, 

telecommunication systems as well as cooperation with local government, was developed.  

As a part of research focus interviews with representatives of six enterprises from automotive industry located 

in the Lower Silesia Province, Poland, were conducted. All analyzed enterprises are first row suppliers in 

Japanese supply chain. The research was carried out with the use of the categorized interview questionnaire, 

complementary interviews and the analysis of organizational documentation of enterprises. The research 

process in Poland was conducted in the years 2015 - 2016. The enquiry related to the possibility of conducting 

research was sent to all 11 enterprises of the automotive industry located in the Lower Silesia Province in 

Poland. As a result, the research was carried out in six Japanese companies. A short characteristics of 

surveyed enterprises was presented in Table 2. At the next stage the study results were analyzed. Finally, the 

authors draw conclusions and recommendations.   

Table 2 General information about analysed Japanese automotive companies in Poland 

Specification Company A Company B Company C Company D Company E Company F 

Business 
activity of the 

surveyed 
enterprise 
(first row 
suppliers) 

The 
production of 

steering 
equipment, 

precision and 
mechatronic 

products  

Producer of 
manual and 

semi-
automatic 

transmissions 
for cars 

Producer of 
air bag fillers. 

Producer of air-
conditioning 

compressors. 

Producer of 
seatbelts and 

air bags. 

Producer of 
air filter for 
engines. 

Employment 
figure 

Approx. 400 
people 

Approx. 1500 
people 

Approx. 400 
people 

Approx. 600 
people 

Approx. 600 
people 

Approx. 100 
people 

Year of 
establishing 
the company 

in Poland 

2000 1999 2004 2004 1995 2003 

The manner of 
controlling the 
production in 
the enterprise 

based on 
actual 

demand 
(alternatively, 

on several 
day 

forecasts) 

based on 
short-term, 

medium-term 
and long-term 

forecasts  

based on 
actual 

demand 
(alternatively, 

on several 
day 

forecasts) 
and short-

term 
forecasts  

 based on 
short-term 

forecasts (from 
a few weeks to 
one month) and 
medium-term 

forecasts  

based on 
actual 

demand 
(alternatively, 

on several 
day 

forecasts) 
and medium-

term 
forecasts  

based on 
actual 

demand 
(alternatively, 

on several 
day 

forecasts) 

4. STUDY RESULTS 

On the basis of conducted focus interviews and the analysis of documents of particular companies the research 

results were obtained in reference to the following decision-making areas in Japanese supply chains: 
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Research areas Results  

Location decisions The main reason for companies locations were: tax exemption, low salary, low 
investment costs, investment attractiveness, access to suppliers and the level of the 
development of the market of logistics services 

Planning, organization and 

control of process in supply 
chain 

The decision-making center for supply chain management is situated in logistics 

department. There are no departments of supply chain management in organization 
structures in analyzed companies. Cooperation with partners exist mainly in joint 

projects of products and optimization of supply processes. In analyzed companies 
standards based on referential models (e.g. SCOR) are not incorporated in SCM. 

Only three analyzed companies measure and assess costs and effects of 
cooperation in supply chains.  

Transport and warehousing Among analyzed companies there are various approaches to the factors determining 
the selection of transport and warehouse services’ model. Some companies focus 

only on lower costs and some on the proper quality of customer service. Only one 
analyzed company take into account both factors: lower costs and high level of 

customer service. Also one company focus only on customer satisfaction. 

Purchasing and inventory 

management 

The most important criteria for supplier’s selection are: the price of the product and 

the quality of components. Less, but also important, were: the quality certificate 
possessed and costs of transport. 

Distribution and customer 

service 

The majority of customers are situated in Europe. The majority of surveyed entities 

have from 6 to 10 customers, which are leaders in their supply chains. Most 
analyzed companies develop a strategic partnership with customers 

Waste logistics Waste logistics is not a priority because of the Japanese tradition and culture which 
commands a respect for nature - it is a standard.  

Social responsibility in supply 
chain 

There are both formal and informal approach to the concept of social responsibility in 
analyzed companies. The share of foreign capital (other than Japanese) influences 

this approach (e.g. in supply chains with German capital is more formal approach). In 
supply chains with Japanese capital the CSR concept is embedded in the 

organizational culture of all enterprises. 

Production logistics All analyzed companies implemented the main method and concepts of TPS. The 

biggest problems with implementation were in terms of methods such as: Kanban 
and Productive Maintenance System. In those companies, where reactive manner of 

inventory management according to the Just-in-Time concept was implemented no 
problems with the shortage of components for production were identified.  

R&D The Polish branches of Japanese companies mostly are not responsible for the R&D 

process as the parent company deals with that (the supply chain leader). 

ITC systems In analyzed companies there is no integrated information system among tiers in 

supply chain. Most companies implemented only bar codes for data capturing (only 
one RFID). 

Cooperation with local 
government 

Japanese companies located in Poland cooperate with local government in the area 
of organization of cultural or sports events in the city, organization of commuting of 

employees to the company by public transport, assistance in recruiting employees, 
developing infrastructure in a city. 

5. CONCLUSION 

The research conducted in selected Japanese companies in Poland showed a diversity of implemented 

methods and management tools as well as conditions for their adaptation in different macroeconomic, 
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regulatory, social and cultural and infrastructural environments. A thorough case studies allowed to formulate 

a few conclusions concerning the patterns of operations of Japanese supply chains in the automotive branch 

in Poland. 

The biggest barrier for the implementation of TPS (Toyota Production System) in Poland was the unfavorable 

(significantly different) culture of the country. The respondents believed that the greatest problems were 

encountered by the employees of the analyzed companies while implementing Kanban technique and Total 

Productive Maintenance. The least difficult was the implementation of Poka Yoke. 

There is no supply chain department in analyzed companies and the logistics departments are mainly 

responsible for the inventory levels. Despite the full transparency of information in SCM is important, the IT 

systems integrating whole supply chains are missing. Japanese companies are still oriented on more 

traditional, stable and slow development than on dynamic, innovative expansion with regard to the 

implementation of up-to-date IT Technologies. The analyzed companies try to respect the natural environment 

according to the concept of a sustainable supply chain without the need for formalization of activities and the 

certification of management systems. The cooperation with regard to R&D focuses mainly on streamlining 

technological processes and the development of new products. Decisions and activities related to R&D usually 

are taken by headquarters in Japan or Western European countries. The analysed enterprises value more 

benefits from relation with local government in the early phases of the lifecycle of an investment. On the other 

side, the local government prefers relations in the phase of well-developed operation of an enterprise in the 

region.  

The effective implementation of methods and techniques of Japanese supply chain management in companies 
operating in Poland required significant changes in the process of human resources management.  

The authors are aware that the conducted research had a limited geographical and sector range. Therefore, 

drawing more authoritative conclusions concerning the conditions and the extent of implementation of 

Japanese management methods in Europe would require more further and more thorough research. 
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Abstract 

This paper discusses different types of major natural disasters risk which occurred in the past that may 

unexpectedly severely disrupt automakers supply chain networks in Japan in the future. Due to the high risk 

of natural hazards such as earthquakes or tsunami, it seems that Japan created the best prepared for 

disruptions industrial supply chain in the world. However the latest climate changes in the environment showed 

the necessity for improvement their solutions for various types of disasters that occur more frequently. 

Keywords: Natural disasters, natural hazards, disaster risks, supply chains, automakers supply chain 

1.  INTRODUCTION 

Japan belongs to the most developed countries in the world despite the fact that it’s location as well as natural 

environment is very complicated. As a result of this, the country is exposed to many natural hazards which 

may significantly affect continuity in supply chains and can have disruptive effects in automakers industry. 

Most of the plants and suppliers are located just in the areas that can be prone to disasters, see Figure1. 

 

Figure 1 - Automakers and Suppliers in Japan (https://www.thetruthaboutcars.com/2011/03/japan-quake-

big-automakers-hit-little-guys-spared-except-subaru/) 
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2.  GEOLOGICAL ENVIRONMENT 

Japan sits along the borders of tectonic plates and on their junctions. It is also a part of the Pacific Ring of Fire 

which surrounds Pacific Ocean. This is belt of very active movements of these plates causing not only 

earthquakes but also formation of volcanoes and their activity. Almost 10 % of the world’s active volcanoes 

can be found there. And there are also more than 1500 earthquakes yearly. It means that everyday occur 

some tremors in various part of Japan (https://www.livescience.com/30312-japan-earthquakes-top-10-

110408.html). Moreover nearly 80 % of territory is covered with chains of mountains including high amount of 

faults and volcanic zones (http://www.icil.zarz.agh.edu.pl/images/papers/Marszewska.pdf). The remaining 

rare plain regions are highly populated.  

3.  DESCRIPTION OF SELECTED NATURAL DISASTERS - EARTHQUAKES  

Due to natural environment it seems that the most common natural disasters in Japan are earthquakes. Much 

more of the shocks are weak but some of them can be unpredictably dangerous. 

Short characteristics of selected natural disasters will show their impact on supply chains disruptions. 

3.1. The Great Kantō Earthquake  

(1923, September 1) - struck the Kantō Plain in the noon with magnitude 8.2 on the Richter scale. The epicenter 

was located deep beneath Izu Ōshima Island in Sagami Bay and did huge damage to industry in Kantō Region 

especially to the old industrial clusters in Tōkyō and Yokohama which burned down in ‘fire tornado’ spreading 

following the quake. Tremor also caused devastating tsunami up to 12 m which affected coast of Shizuoka 

Prefecture (https://www.smithsonianmag.com/history/the-great-japan-earthquake-of-1923-1764539/). The 

earthquake completely devastated two cities and their surroundings. In Yokohama 90 % of factories were 
completely burnt down [4]. 

For example, a fire affected the Takuri cars factory which was founded in 1907 in Yokohama. Takuri was the 

first entirely Japanese-made gasoline engine car (https://carfromjapan.com/article/industry-

knowledge/development-history-japanese-automotive-industry/). Another destroyed company was Kaishinsha 

Motor Car Works in Tōkyō founded in 1911 and producing cars called Datto (later Datsun); (Ibidem). At the 

beginning of twenties century development of the cars industry was quite impressive with many ambitious 

goals. Unfortunately, productions were largely stopped by the quake. Factories suffered many losses and 

supply chains were disturbed after railways tracks between Yokohama and Tōkyō were broken. That is why 

cars became very important for transportation. In the same year 15,731 vehicles were in use, but one year 

later the number jumped to 24,333 [7]. The Hakuyosha Ironworks in Tōkyō started to build Ōtomo cars 

(https://www.toyota-global.com/company/history_of_toyota/75years/text/entering_the_automotive_business/

chapter2/section1/item3.html). Two years later former cars dealer Ford Motor Company decided to build an 

assembly plant in Yokohama because of the main port of Japan and well-developed railway network. Till 1927 

permanent large-scale plant was completed [4]. Consequently, production of cars increased in this area and 

began to spread to other regions [7,8]. Unfortunately, some of Japanese seismologists consider that Tōkyō 

and Yokohama can be exposed again to mega-quake between 200 to 300 years after the last one [1]. 

3.2. The Great Hanshin/Kobe Earthquake  

(1995, January 17) [6] - belonging to very destructive type called “inland shallow earthquake” occurred in a 

very early morning hour. The epicenter was located on the small island of Awaji, nearly 20 km from city of 

Kobe on Honshū Island. City was hit by 7.3 magnitude tremor in Richter scale and it was accompanied by 

horizontal and vertical movement of 1.2 - 2 m. The six largest container port in the world was completely 

destroyed. Thousands of buildings collapsed. All water, sewage, gas and power systems were ruptured. 

Moreover bridges, roads including main coastal highway and railways tracks were devastated. Many factories 
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and companies were affected and lost their productions. Among them Mitsubishi Motors, Mitsubishi Heavy 

Industries, Mitsubishi Electric, Kobe Steel, Kawasaki Heavy Industries. Toyota’s suppliers were also hit by the 

quake such as Sumitomo Electric’s Itami Works in Itami city producing brake parts, Fujitsu Ten (now Denso 

Ten)’s Kobe Plant producing car audio and Riken Kobe Institute Center. The shares of automakers fell for 

Toyota 22 %, Honda 35 % and Nissan 40 % in the first 6 months and needed up to 13 months to recover 

(https://archive.fortune.com/2011/03/15/autos/autos_japan_earthquake.fortune/index.htm). 

A huge devastation in area caused supply chains impossible for comeback in short time. However damaged 

plants and factories were recovered within a few months. Most of manufacturing capacities had to be 

transferred to other regions even to reorganized factories specially to support fast recovery. It was predicted 

that whole recovery for completely destroyed Kobe would take approximately 10 years but in fact it took about 

15 months. Just after one-year large part of port was rebuilt. All roads and railways tracks were open again in 

5 and 7 months, expressway was rebuilt in 21 months but complete reconstruction was finished after 26 months 

[3]. This very rapid recovery was possible due to various combinations of activity like transfer of production to 

other regions, extension of working hours, reduction of cost, etc. 

3.3. The Chūetsu Offshore Earthquake  

(2007, July 16) - was a strong quake with magnitude 6.6 in Richter scale in the late morning hours. Epicenter 

was 17 km offshore and 10 km deep in fault between the Amur plate and the Okhotsk plate. The quake was 

strongly felt in Niigata and other adjacent prefectures up far to Tōkyō. 

 

Figure 2 Recovery at Rikenʼs Kashiwazaki Plant (Source: Press Release of Riken and articles of Nihon 

Keizai Shinbun) [5]. 

After the quake many leading Japan’s automakers factories were forced to stop production as a result of a 

supply chain interruption. The main supplier Riken Parts Plant located in Kashiwazaki was severely damaged 

and couldn’t deliver key components and have to stop production [3]. Riken is known as the most important 

supplier of many components such as transmission and engine part like piston rings, gears and others 

(https://ssc.ca.gov/forms_pubs/cssc_08-02_japanearthquake2007finalv5.pdf), see Figure 2. That is why 

Toyota had to stop production lines at their 12 factories in whole country for at least three days. Nissan Motors 

and Honda had a similar problem of supply delays from Riken and halted productions at 2 factories. Because 

of the same problem automaker of Subaru also stopped production. Mitsubishi Motors stopped assembly at 3 
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plants. And all these automakers lost production of thousands of cars. Riken, the key supplier for all 

automakers in Japan, holds nearly 50 % of piston rings for automobile engines, 70 % of seal rings in domestic 

market. That is why Toyota decided to put top priority on restarting Riken production. At first Toyota 

immediately stopped its operations despite the fact that they had enough piston rings to continue assembly of 

reduced number of cars. Toyota sent 500 employees and other automakers sent 150 workers to help out. The 

most important decision concerned resumption of production of Riken at all plants as quick as possible. In 

such a crisis situation cooperation between automakers and auto parts makers was very important. After nine 

days following the earthquake Toyota could resume production at 11 of its domestic factories. But vehicles 

production’s recovery of all Japanese automakers took a month [2,5]. 

3.4. The Great Tōhoku Earthquake  

(2011, March 11) - the most powerful in the last 140 years earthquake and biggest in Japan’s Recorded History 

occurred in the middle of the day.  Epicenter was located undersea, 130 km offshore. Tremor of 9.1 magnitude 

in Richter scale and 5000 aftershocks caused a devastating 40 m tsunami. The quake was also so strong than 

shifted Honshū about 2.5 m to the East.Tōhoku Region is a major industry region in the northern part of Japan. 

Many Toyota’s suppliers were seriously affected including small factories of parts for engines as well as 

Renesas Electronics Corporation (REC) plants, one of the leading semiconductor manufactures in Naka city 

in Ibaraki Prefecture. In total eight of Renesas’s factories were damaged and production of automotive 

microcontroller was stopped for months. These components are very important because chips are controlling 

electronic components used in engine and onboard telematics.The situation of Toyota production became very 

difficult because visibility of supply chain was completely lost. Company spent weeks to identify damages in 
supplier network and to find a new solution as quick as possible. It concerned the “diamond structure” of a 

supply chain [2], where multiple suppliers at some tier of the supply chain network were supplied by the same 

single supplier at a higher tier. Then, the multi sourcing disruption mitigation strategy appeared to be useless. 

The problem was decentralization of functional components among several suppliers and centralization of 

simple components in one company with specialized process technology. Another solution to sustain 

production in critical situation is to be large number of suppliers. Toyota resumed operation in all plants after 

38 days later, but whole the recovery took five months [5]. 

3.5. The Kumamoto Earthquake  

(2016, April 16) - occurred in series of powerful tremors. Foreshock hits Mashiki a small city about 12 km from 

town of Kumamoto being the center for semiconductor fabrication and other manufacturing. And the main 

shock occurred 28 hours later with 7.0 magnitude in Richter scale. Both these very strong quakes and several 

hundred others caused great destructions in central Kyūshū such a buildings and bridges collapse, landslides 

which destroyed villages, roads and bridges. Most of the land transportation became impossible. Toyota Plant 

located on Kyūshū and other automakers plants such as Nissan and Mitsubishi lost continuity in supply chains 

and must shutdown their production. Honda car plants in contrast to Honda motorcycle plant have not been 

affected and production wasn’t interrupted. Due to severely damages of the key suppliers Aisin Seiki and 

Renesas Electronics located exactly in the most affected area, operations in their factories became impossible. 

Aisin Seiki is the third important supplier of sun roofs, door handles, semiconductors, etc. But Aisin Seiki in 

Kumamoto is producing the same components like in Aichi, so most of the productions were shifted there. 

After quake Toyota lost possibility of assembly of 50 000 vehicles and its shares lost 4.8 %, Nissan lost 2.8 % 

(https://www.manufacturing.net/operations/news/13107168/twin-earthquakes-force-toyota-to-suspend-

production-disrupt-manufacturing-across-japan). This time Toyota was better prepared to deal with crisis 

situation because it learned from the disruptive event of 2011 Tōhoku earthquake. The information networks 

covering about 4000 auto parts were prepared. This helped to identify affected suppliers and made decision 

in short time about shifting production of components to alternative suppliers. More companies are recognizing 
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that they must be prepared to respond quickly to disruptions (https://supplychainmit.com/2018/01/04/3-types-

of-risk-that-will-impact-supply-chains-in-2018/). 

3.6. The Ōsaka Earthquake  

(2018, June 18) - hit Takatsuki, city located about 30 km from Ōsaka. The earthquake measuring 5.6 in Richter 

scale struck in the morning causing many damages around metropolitan areas of Ōsaka and Kyōto. The quake 

stopped production lines at several factories including car manufacturers. Toyota Motor Corp., Honda Motor 

Co. and Mitsubishi Motors located in Kansai Region were forced to suspend production to assess damage at 

their sites. For that reason, Daihatsu Motors Co (unit of Toyota Motor Corp.) shutdown assembly for one day 

in Ōsaka, Kyōto and Shiga. Honda Motor Co. and Mitsubishi Motors resumed operations after safety checks. 

4. CLIMATIC ENVIRONMENT 

Japan is exposed to many severe weather conditions due to its location mostly in the subtropical climate zone 

and near the edge of Asia Continent. The rainy season occurs regularly at the beginning of summer and last 

one month during June. Usually several typhoons are passing over Japan between May and October with 

peak season in September. But the latest climate changes all over the world also affected Japan. The rains 

became much more intensive and definitely stronger typhoons and tropical storms hit Japan more frequently 

in unpredictable periods. These intensified, sometimes overlapping phenomena can cause critical situations. 

The result of these phenomena can be catastrophic floods and landslides. All these circumstances cause 

various difficulties to choose non-vulnerable locations for manufacturers plants and selection of their suppliers. 

Thus, the existing industrial supply chain networks in Japan are highly vulnerable to natural disasters that more 

frequently occur over recent years. 

4.1. Rainfall of June and July 2018  

(with culmination on July 6) - is called as historic destructive rainfall. It affected mostly western Japan. The 

heavy rains were caused by a seasonal front and overlapping typhoon Prapiroon (June 28 - July).  Massive 

and devastating floods began in Kyūshū, Shikoku and western part of Honshū. As a result of extremely strong 

rains landslides and mudslide warnings were issued for Kyūshū, Shikoku and Chūgoku Regions on Honshū 

Island. The flood had devastating impact on the rail, road networks and power supplies in Chūgoku causing 

many interruptions of supply chains. Many automakers have suffered. Among them Mazda Motor had to 

suspend operation for two days at factories located in Fuchū and Hōfu. Daihatsu Motor suspended operation 

in Nakatsu Plant, Toyota Motor Kyūshū and Toyota Motor halted operation in Miyawaka for a short time 

(https://asia.nikkei.com/Location/East-Asia/Japan/Intense-rain-in-western-Japan-shuts-down-Daihatsu-and-

Mazda-plants). The same situation was in Ōsaka region, where many car factories previously affected by 

earthquake of June 18 had also to suspend their productions. Mitsubishi, Mazda and Daihatsu factories had 

to be cleaned after floodwaters and trash. The flood destroyed the national highway, and most of roads 

remained closed. Many bridges have collapsed and railways were broken. These caused that distribution of 

components became impossible. Even Mitsubishi in far Kawasaki had to stop assembly for one day because 

of lack of components.  But in the most of factories recovery of production was expected to take only few days 

(Ibidem). 

4.2. The Typhoon Jebi  

(2018, September 2-4) hit Shikoku and Kansai region. According to the records, typhoon Jebi was the most 

powerful storm in last 25 years and made many landfalls and floods. Kansai International Airport was 

completely shut down. All transportation had to be suspended because of roads and bridges damages. For 

that reason disruption in supply chains in south-central regions of Japan occurred in a large scale. Automotive 

corporations located in affected area had to cancel their operations. Among them Toyota Motor suspended 
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assembly in all its factories and subsidiaries in Aichi region for night, but after accurate assessment of situation 

resumed operation one day later. Other automakers (Honda, Hino, Daihatsu and Nissan) also halted 

production for night or 24 hours. The situation in Toyota, Honda and Suzuki factories was quite different and 

they announced no impact on production. Since most of the companies have prepared their recovery plans 

mainly in case of earthquake but not for the torrential rains causing floods, their losses were much greater than 

expected (https://www.automotivelogistics.media/japanese-carmakers-count-the-cost-of-natural-

disasters/21499.article). 

5.  CONCLUSION 

Japan is prone to many natural disasters such as volcanic eruptions, earthquakes, soil liquefaction, tsunamis, 

typhoons, floods, mudflows, landslides, etc. But recently due to the climate changes some weather phenomena 

appeared with greater intensification. The year 2018 can be a good example for overlapping catastrophic 

phenomena. Some of them overlapped on other ones caused by earthquakes in the same areas. For instance, 

Kansai Region had a very bad luck during short period of four months because was prone to the earthquake 

in June and in the same month to flood after seasonal rains and overlapping typhoon Prapiroon which hit 

Japan in the first week of July. Unfortunately, the same region was affected by one of the strongest typhoon 

Jebi in September. That is why 2018 was called as Japan’s Year of Catastrophes. Dramatic situation lasted 

many months showed great needs to rethink occurrence of all possible disasters. Moreover, according to 

catastrophe risk models created by seismologists it is estimated that great earthquake will return to affected 

regions in the past [1]. But predictions of mega-quakes are very difficult. And most of Japanese scientists hope 

that their risk models are in 99 % wrong (https://www.japantimes.co.jp/news/2019/05/20/national/science-
health/survey-seismologists-finds-think-99-pacific-mega-quake-predictions-will-likely-prove-

wrong/#.XglGv7DQhdg). The lessons learned from these disasters which already had happened gave many 

important hints what should be considered to be better prepared for the next hazards surely coming in 

unexpected time, e.g. [9]. Till now Japan has the quickest recovery system, but nevertheless it should be 

further improved. Disruptions in Japanese supply chain networks that typically operate in ‘just-in-time’ 

environment, may cause costly disruptions in manufacturing of finished products. 
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Abstract 

The paper is based on the findings and conclusions of an investigation into the position of companies in the 

South Moravia Region. The application of logistics management as the main tool of strategic management 

requires the understanding of the present level of logistic conceptions in the business sphere. The investigation 

aimed to determine the position of the logistics management in companies of the South Moravia Region, 

specifically to identify the level of the forming of logistic conceptions at manufacturing companies in the current 

linear economic models while comparing it to the currently appearing requirements of circular economy. To 

this end, a quantitative research was conducted with elements of qualitative research (method of semi-

structured interviews) taking place at a small and medium manufacturing company, by CZ-NACE section C - 

Processing Industry, parts 26, 27, and 28 in the South Moravia Region (NUTS classification CZ064 - South 

Moravia Region). The paper informs the readers on the level of logistic conceptions in the present conditions 

while verifying the preparedness of logistic management for the future circular economy in logistic networks. It 

has been found out that, in the long run, through a system of diagnostic tools (Life Cycle Logistic Spiral, Social 

and Environmental Life Cycle Assessment, and others), the cyclic character of circular economy is being 

increasingly integrated in the manufacturing or distribution strategies within logistic chains regardless of the 

current political or normative measures taken. 

Keywords: Logistic conception, logistics management, system of diagnostic tools, circular economy 

1. INTRODUCTION 

Methods of finding solutions to the current problems of logistics (e.g. the environmental or technological 

aspects) develop along a number of different lines, depending of the degree of knowledge about a particular 

problem (which may be given by the technology used) and its circumstances (see, e.g. the environmental 

aspects [1], on the problem's urgency (e.g. reverse flows management, [2], on the resources available, not 

only financial but material (fuel saving) and human as well (such as improvements in business processes, 

customer service quality, human resources management), on the different methodologies offered by consulting 

firms, on the foreign owners, etc. [3]. Integral logistics is mostly employed by manufacturing and, partly, by 

trading and transport companies. The fixed components of integral logistics include partial attributes of the 

external business environment such as comprehensiveness, digitalization, reliability, and traceability. So far in 

the present business practice, logistics has been understood in a rather narrow sense (e.g. [4]) seeing a 

logistics concepts as parts of some other specialised activities related to or ensuring storing and transport. In 

compliance with the Industry Initiative 4.0 [5], the tools necessary to deal with the logistics concept of an 

enterprise include efforts to improve the digital maturity of a company and use of a virtual environment 

for predictions, modelling, personalization of customer experience, manufacturing and logistics management 

in order to achieve improved organisational efficiency. However, these methods will not lead to the desired 

results if the information systems are implemented within companies without the necessary changes in the 

performance criteria (service level agreement), measurability of the value added, or without the simple 

condition of the integration of internal process (ISO/IEC 20000-1:, ISO/IEC 20000-1:2018) and logistics 

activities. 

Although the beginnings of circular economy can be traced back to 1970's, [6] say that the first integral concept 

of circular economy was born only after Pearce and Turner had created the first comprehensive model of 
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circular economy. Thus, the concept of circular economy cannot be seen as a new approach (see [6]), but 

rather as the result of economic, social, environmental (so-called triple bottom line approach), and legislative 

efforts to achieve business activities sustainable on a long-term basis. It is the sustainability and environment 

areas with new substantial accents that, according to [7], will bring maximal use of the value and energy 

contained in products to prevent energy and raw material squandering. In its practical aspect, circular 

economy, according to [8], means efforts to extend the service life of products and their reuse, redesigning 

and recycling products and their parts. According to [9], circular economy will lead to the development of those 

energetic and materials processes and flows which help reduce the consumption of raw materials, energy, and 

the production of waste and nitrogen. Thus, circular economy is changing the previous linear logistics chain 

models based on the cradle-to-cradle (C2C) principle reshaping them into a cyclic refuse-reform-reduce-reuse-

recycle form minimizing the inputs and the waste generated. It is the message of the European Commission 

to the European Parliament, Council, and other institutions of 2nd December 2015 [10] that brings the 

incorporation of the comprehensive procedure in each priority area of the value chain (such as manufacture, 

consumption, waste processing), materials (such as plastics, food squandering, critical raw materials) including 

an action plan, ways of achieving and evaluating the progress towards circular economy. Important for the 

concept of circular economy is logistics with the logistics management being put in a key position, without 

which the concept of circular economy could not be considered at all. [11] says that, depending on the logistics 

chain, over 50 % of the materials are burnt or disposed of with a significantly smaller part being reused. Even 

if the reasons for the present state are mostly economic, the logistics chain strategies can be an important 

factor increasing sustainability as they can lead to new approaches to providing resources. In the logistics 
chain then, circular economy and its cyclic perspective is heading towards accentuating the C2C management 

and reverse flows management.      

The present paper focuses on the level of knowledge of logistics concepts at small and medium enterprises of 

the processing industry in the South Moravia Region. It verifies the relationship between the logistics 

management and circular economy, analysing the importance of logistics diagnostics for managing an 

enterprise as a whole, mostly in terms of employing the strategic and logistics management for strategic 

planning and assessment of the environmental dimension of a commodity in logistics networks. 

2. METHODOLOGY OF THE RESEARCH OF LOGISTICS CONCEPTS IN THE SOUTH MORAVIA 
REGION 

The focus of the paper is determined by the authors' specialties in business logistics management, particularly 

concentrating on the manufacturing sphere. By their teaching and research activities, and in cooperation with 

technical experts, they have been conducting research of this area for about ten years, with twenty years being 

the period over which each field of logistics has been developing.  

The solution is based on the definition of logistics management as proposed by [12], which, in its extended 7R 

scope [13], involves integrated enterprise management of material and related information and financial flows 

from the design to procurement, to manufacture and distribution, to the customer with the aim to satisfy the 

customer in the product's logistics characteristics such as the time, promptness, reliability, flexibility, ease of 

communication with links to the environment and, last but not least, at a minimum flow cost. To the necessary 

extent, the logistics concept of an enterprise also covers issues related to the supply chain [14] and networks 

[15], that is, links with the extended business environment in the form of a logistics chain.  

On these grounds, the research objective has been chosen to identify the forming of logistics concepts in a 

manufacturing enterprise on the basis of the below research questions: 

 What is the definition of logistics diagnostics (techniques, methods, procedures, or contents) as an 

important component of logistics management when formulating the logistics concept development 

directions within circular economy? 
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 How can the concept be formulated of enterprise logistics management focusing on its incorporation in 
the enterprise management as a whole, specifically, in terms of strategic management and application 

of logistics management? 

 How can the substantial logistics relationships be defined as a basis for logistics management in 

networks? 

The research was conducted in a small and medium manufacturing company, from the point of view of the 

system theory seen as a system, according to CZ-NACE section C - Processing industry, parts 26, 27, and 28 

in the South Moravia Region (NUTS classification CZ064 - South Moravia Region). Through the Amadeus 

database, companies were chosen meeting the above criteria. Of the total of 3940 enterprises, the research 

could be conducted in 127 manufacturing companies. In compliance with the logistics management definition 

by [16], a questionnaire consisted of several parts. Apart from the basic definition and categorization, they 

concerned the logistics management of flows (resources) both within enterprises (inbound logistics) and in 

networks (outbound logistics). An important part of the research focused on the concept of logistics 

management, the options of logistics diagnostics as a tool for formulating the development of logistics concept 

related to significant innovation trends (such as Industry 4.0) within circular economy. 

The methods used in the first part of research included document analysis, system theory (such as Vanguard 

method) as well as the common dual research methods such types as analysis-synthesis, induction-deduction, 

and analogy-comparison. In order to achieve the goals set, the second, primary, research part was carried out 

in the form of quantitative research using a questionnaire inquiry, complemented by qualitative elements of 

semi-structured interviews centred around the problem areas with possibilities of subsequent summaries and 

recommendations, etc. The questionnaire consisted of 52 questions combining open and closed ones. The 

open questions were in a semi-structured form. The closed ones required answers on the Likert scale. Along 

with the second (qualitative) research part, the questionnaires were personally distributed by the staff of the 

faculty of Business and Management, which guaranteed an improved questionnaire return rate. The 

subsequent data analysis was done using the standard MS Office software. 

2.1. Research limitations 

Due to the relatively large scope of research, some findings have been presented in a general form with 

references to more detailed results previously published by the authors ([17], [18]). On the other hand, selected 

research issues that proved to be of key importance during the research have been expanded on in the relevant 

contexts such as logistics chain or network, digitalization, inbound and outbound logistics activities. The 

outcomes of the research may be taken as representing the framework of the current trends rather than as 

definite axioms or visions of the target state of logistics management. Next limitation of the research is the size 

of the sample (3.22 %), which, given the population size, was near the statistical minimum for a quantitative 

research, being, however, the maximum that could be achieved by a qualitative research. 

3. RESEARCH EVALUATION AND OUTCOMES  

3.1. Relations between logistics management and circular economy 

As a result of international efforts (such as [19], [20], European Union (e.g. [10]) to achieve sustainable 

development, logistics, or, in the present conditions by [21] and [22], rather the management of supply chain, 

adds new requirements that lead to the appearance of a non-typical sustainable supply chain management 

(see, e.g., [23]). 

Through links between the logistics system components and the environmental requirements of the ISO 

standards (ISO 1404 X), the logistics management concept participates in the solution of the environmental 

impacts and sustainability. The Logistics Spiral of the Commodity Lifecycle is important for understanding the 

logistics management concept and its links to circular economy elements. 
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As the basic concept, Logistics Spiral of the Commodity Lifecycle is a combination of commodity lifecycle, 

logistics management, and the sequential workings of the logistics chain. This approach covers all the 

commodity lifecycle stages (i.e. research - development - manufacture - consumption/use - waste - recycling 

/disposal in terms of both material and information flows), i.e., from input resources, to transformation into the 

final commodity and output for the user, including its use and reverse management of flows in terms of waste 

processing. Practically from this point of view alone, fragments can be identified of sequential approaches to 

supply chain management (SCM) with a need of cyclic relationships.  Next, along with the Social and 

Environmental Life Cycle Assessment (SELCA) approaches, it contains the key areas of Life Cycle 

Assessment (LCA) as well as entire partial phases of circular economy (see the below Table 1). 

Table 1 Comparison of environmental approaches [own study] 

Method Method elements 

Logistics Spiral of the Commodity Lifecycle Research, manufacturing supply, components 
manufacturing, assembly testing, transport, adjustment, 

dispatch sales, service, end of use/waste, disposal, 
recovery of waste. 

Life Cycle Assessment (LCA) and Environmental Product 
Declaration (EPD) 

materials, manufacture, transport, use, waste 

Social and Environmental Life Cycle Assessment 
(SELCA) 

design - production/remanufacturing - distribution - 
consumption, use, reuse, repair - collection - recycling. 

3.2. Concept and content of logistics management 

Among small and medium enterprises of the South Moravia Region, NUTS classification CZ064 - South 

Moravia Region, C - Processing Industry, Parts 26, 27, and 28, a shift has been identified in embracing the 

possibilities related to the content and use of the logistics approaches to management. In more than a half of 

the enterprises, work has been finished on analyzing the current state of processes as an important 

requirement of a logistics concept. The defining of the content of activities of inbound and outbound logistics 

has also been carried out to a large extent while it is clear that the implementation is starting of partial measures 

towards technological projects in compliance with the principles of Industry 4.0 (see, e.g., Industry Initiative 

4.0). On the other hand, these are still isolated measures (such as the partial robotization of manufacturing 

processes or use of autonomous equipment for warehousing), failing to make the full use of the total or synergy 

during C2C (such as additive manufacture, augmented reality, autonomous robots, etc.). As a rule, in both the 

manufacturing and logistics and warehousing processes, these are simple and repeated operations. An 

accelerator in the macroeconomic context at present in the South Moravia Region is the unemployment rate, 

which, according to the Czech Statistical Office (2019) has been 2.7 % (about 205,000 persons) over the last 

two months on the national scale, which implies about 3.2 % (about 25,000 persons) in the South Moravian 

Region alone. Another significant society-wide impulse towards changes is the phenomenon of digital 

manufacturing and digitalization in general. 

The use of a partial approach of the C2C method in the LCA/SELCA method categorization makes it clear that 

digital transformation, in addition to merging with the design phase, manufacturing, and supporting processes, 

by increasing orders, touches processes and activities related to the content of inbound and outbound logistics. 

The enterprises that, through partial measures (or smart solutions), have completed digitalisation, achieve 

considerable competition edge starting with paperless communication and data transfer and accomplishing 

automatic order processing including the necessary communication with suppliers and the processes resource 

procurement (the content of the inbound logistics activities). On the other hand, by the recommendation of the 

[5], in terms of the preparedness for future periods, up to some exceptions, this was the case of the first level 

of company digital maturity (see the below Figure 1). 
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Figure 1 Levels of company digital maturity [Authors] 

Obstacles have also been found in the development of logistics concepts such as the risk of incorrect 

applications. An important factor identified is the way of management typical of the company management and 

reflected in the methods and tools of logistics management. Two major trends have been identified in the 

application of logistics concepts: 

 The appearance and application of overall concepts of digital transformation and their adaptation to the 
conditions of the Czech companies, which are mostly owned or co-owned by foreign capital; 

 Application of partial digitalisation elements to the development of logistics concepts. 

Through an analysis of the semi-structured interviews, it has also been found that the implementation of 

logistics concepts in the management of small and medium enterprises is based on almost equally distributed 

top-down (51 %) and bottom-up (49 %) approaches.  

 a top-down approach means that a solution is initiated above while 

 in a bottom-up approach, a solution is proposed by experts in inbound or outbound logistics, who believe 

that digitalisation of logistics approaches is necessary for building a logistics concept. 

The results of an analysis of the answers in the inquiry, taking into account the relationships between the 

contents of the inbound and outbound logistics, was the "traditional approach" to the management of logistics 

concepts with the term "traditional approach“ being an umbrella concept for a number of elements of the 

logistics management of an enterprise. Traditional approaches are characterized by preferring the criteria of 

value added by logistics processes, productivity, digitalization of evaluation, and minimization of division costs. 

Unlike the previous inquiry, it has now been found that, for organizing and managing logistics processes in the 

traditional approach, the static character of organizing enterprise processes or the different modes of the 

management mechanisms for orders, processes, and stock no longer holds. This has also confirmed the 

conclusion of the [24] about low use of electronic communication, that is, that less than 10 % of small 

enterprises, about 15 % of medium enterprises have implemented Electronic Data Interchange or ERP 

systems. In small enterprises, this is only 21 % and in the medium ones 57.8 %. 

4. DISCUSSION 

Analyses of documents such as [24], [25], [19] etc.), ISO standards (such as ISO 14020, ISO 14021, ISO 

14024, and ISO 14025, ISO 1404X, [10], etc.), as well as C2C partial approaches (such as SELCA/LCA etc.) 

and individual publications [26] have shown that the use of logistics approaches in enterprise management 
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may be seen as one of the ways to deal with the above-described effects of a combination of enterprise 

approaches with the normative approaches of circular economy. The outcomes of the research (see Tab. 1) 

have unequivocally proved that this is a long-term continual process with latent effects. The anticipated effect 

of a combination of logistics management with the circular economy concepts is the maximal benefit for 

companies, consumers and other entities within the logistics chain (or network), as well as for a larger group 

of stakeholders, which corroborated the anticipation of the [20] thus achieving an efficient logistics concept. 

To a large extent, the issues of the assessment of logistics concept efficiency depend on the measurement of 

logistics management performance as well as on the expectations that may be different for each benefit 

assessor. 

The definition of major logistics relations as a basis for logistics management is related to both measurable 

and non-measurable benefit indicators with tangible and intangible indicators or metrics being debated. Among 

others, intangible indicators include flexibility of logistics operations, creativity in accepting new products, 

services, processes or structures (measured, e.g., by the number of customer modifications); increasing the 

value of a product or service (measured by the willingness of a customer to pay more for a product, or by the 

number of customers or by both) etc. Whatever is the character of a logistics concept or of its indicator (such 

as supply chain dashboards), it is always necessary, in terms of organisation and personal resources within a 

logistics network, to determine the desired value as well as to ensure (plan for) a monitoring procedure on a 

regular basis to be able to determine whether the desired change of an enterprise or network entity has taken 

place.  

5. CONCLUSION 

Consisting of cloud-based supercomputers and Moore networks [27], today's information technology enables 

an exponential growth of performance while shortening the innovation cycle. The above-mentioned attributes 

accelerate the development of the IS/ICT management, which is in direct contradiction with the manner and 

rate of development of other fields of management and logistics. 

The results of the research of logistics diagnostics (research question 1), manner of formulation of logistics 

management concepts (research question 2) and definition of major logistics relations (research question 3) 

may be thought of as a basis for forming logistics thinking and building a knowledge database for the current 

and future experts. The aim is to help increase the ability of corporate practical experts to identify and manage 

logistics concepts, as well as procurement and control, which is necessary to stay abreast of today's keen 

competition. Due to the complexity of the logistics issues, increasing in the competitive environment with fast 

dynamics and in an ever-expanding business world, it is very difficult if not impossible to come up with just a 

single solution to an issue that could be taken for definite.  

According to the [20], measures based on the principle of circular economy such as prevention of waste 

production, eco-design, and reuse could save EU companies a total of 600 billion. In addition, transfer to 

circular economy could lead to environment-friendlier production processes, improved supplies, 

competitiveness, and economic growth. 

Considering that manufacturers have already achieved the technical limits for being different from the 

competitors in their products, the next step is the question of comprehensive flow management, as well as 

delivery forms (such as delivery in full, delivery on time), and the quality of logistics services. An analysis of 

the inquiry at small and medium enterprises in the processing industry of the South Moravia Region implies 

that a corporate logistics system as part of a business network is not only in a position of the executor of 

marketing dispositions, but becomes a full-fledged part of corporate strategic management within a logistics 

chain or network. The reason is that logistics networks fine-tune the companies' strategies towards efficient 

customer service, additional cost reduction (such as total logistics costs), and integrated management of 

logistics chains and networks. Success in applying state-of-the-art logistics concepts and trends in an 

enterprise is not conditioned only by choosing the best IS/ICT and the method of its application to strategic 
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decision- making, but also by the level and possibilities of monitoring and hierarching logistics management 

both in the enterprise itself and in parts of circular economy, as well as by the way of constructing 

corresponding multi-level key performance indicators (KPI). 
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Abstract 

The blast furnace process is a collection of a large number of physicochemical, thermal and mechanical 

processes. All processes do not run in isolation, but in parallel and in a certain interaction. The input raw 

material includes ores, basic additives and fuel. The output products of the blast furnace process are pig iron, 

slag and blast furnace gas. The current highly competitive environment forces iron manufacturers to monitor 

in detail the quality of all input raw material and internal processes. An important aspect is the quality of ore 

raw materials, which fundamentally affects the technological production process, but also the quality of the 

metal produced. Ore materials can be assessed using a wide range of criteria - chemical, physical, mechanical, 

technological. In each category we can find a large number of specific parameters.  The evaluation can then 

be carried out for tens of different ore materials. This multi-criteria character offers the possibility to use logistic 

tools to support decision-making. The article deals with experimental use of logistic tools of multi-criteria 

decision making for evaluation of ore materials. The article analyzes the results of the research, which was 

executed in the conditions of the company TŘINECKÉ ŽELEZÁRNY, a. s. The research was focused on 

possibilities of determination of complex quality of ore raw materials in relation to blast furnace process. 

Keywords: Logistics, evaluation, quality, ore  

1. INTRODUCTION 

In today´s dynamic environment the logistics fundamentally affects the competitiveness of companies.  The 

logistic approach to optimization of production processes is primarily based on the elimination of all forms of 

waste. Essentially the main logistic objectives are closely tied with the principles of lean production [1]. 

Lean production cannot be understood as a closed clearly defined system. It has roots in the automotive 

industry and initially was focused only on improving the quality of production and thus minimizing substandard 

production. Demands for increasing efficiency of production and ever-increasing customer requirements led 

to the extension of the principles of lean production to other areas of activity of manufacturing companies. 

Currently, we are talking about a lean business. Its integral parts are lean production, lean logistics, lean 

administration, but also lean development and Innovation [2]. Today, we understand the principle of lean 

production as an overall philosophy, which aims to reduce the lead time and to eliminate all forms of waste. 

Nowadays, the principles of lean production affect all departments of the company, from purchasing raw 

materials to customer marketing service and product distribution. In the same way, the used methods and 

tools continued to develop. For example, in the optimization of logistics processes a wide range of different 

methods and tools can be applied. Some of the frequently used tools are the optimization of logistics 

routes, cooperation with suppliers, value flow management, standardization of logistic processes and use of 

mathematical tools for multicriteria decision making [3]. 

Within the logistics processes we often deal with the problem of finding the optimal solution based on a wide 
range of parameters. This is especially typical for production areas, which are based on parallel progress of 
categorically different processes. For these cases it is very suitable to use multicriteria decision-making tools. 
An interesting area with regard to above mentioned facts is the metallurgical production and related processes. 

Iron production consists of number of complex processes such as chemical, physical, thermal or mechanical 

processes. These do not take place separately but in certain interdependencies. These sub-phenomena are 
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the reduction of iron oxides and accompanying elements, fuel combustion, gas and batch counter current, 

dissociation processes and solid and liquid phase reactions [4].  

The basic raw materials include the metal-bearing part (mainly ore), fuel and alkaline additives. Iron ore is one 

of the most widespread minerals. Sources of this raw material can be found in virtually all parts of the world. 

However, only certain selected sites contain a raw material suitable for use in a blast furnace. The primary 

parameter will always be the iron content. The metal content for rich magnetite and hematite ores ranges from 

55 to 70 % [5]. The producers of rich raw iron ore are countries such as Australia, China, Russia, Brazil and 

India. Besides the iron content in the raw ore, there are also other important criteria. In general, we can divide 

the properties of raw ore into three basic categories - chemical, physical and technological. The chemical 

properties are related to the specific chemical composition of the ore. The content of harmful elements such 

as sulphur, phosphorus or zinc also plays a role here. One of the chemical properties is also alkalinity. The 

evaluated physical properties of raw ore are primarily moisture, lumpiness, porosity and magnetic properties. 

The technological properties or raw ore are related to criteria, that monitor the behavior of the raw ore in the 

blast furnace process [6]. Some of these criteria are strength characteristics, ore reduction degree and 

thermoplastic properties. The aim of the article is to analyse the possibilities of application of selected logistic 

tools based on multicriteria decision making in metallurgical processes. In the frame of long-term research, the 

possibility of application of multicriteria decision making tools for the comparison of raw ore material was 

verified. The purpose of the research was to create the methodology for evaluation of raw ore materials, which 

would allow to gain data for long-term management decisions. The article deals with analysis of the results of 

the research. 

2. PROBLEM FORMULATION 

The problematic of the evaluation of raw ore materials is complicated, because of the wide range of relevant 

criteria, which considers completely different characteristics. And moreover, these are measured in different 

units. Nowadays, the standardized evaluation system for the comparison of ores, which would be used 

worldwide by both customers and suppliers is completely absent. In the framework of realized research in the 

company TŘINECKÉ ŽELEZÁRNY, a. s. the overall quality of eleven selected raw ore materials was 

evaluated. The multicriteria decision making tools were used for the evaluation. The ores from major European 

suppliers, who are regular suppliers of raw input materials for metallurgical enterprises, were included into the 

evaluation. The purchasing department and company management must evaluate and compare the offered 

raw materials on regular basis, The fundamental issue lays in the character and range of parameters for 

evaluation of the quality of raw ore materials. A total of 25 criteria for the evaluation of ore raw materials were 

assessed. During the operative comparison of the specific offers, it is often necessary to deal with the issue of 

the inconsistent provided information. Therefore, it was decided, during the definition of the research 

objectives, that the set of the evaluated criteria should be limited only to the key criteria. The availability of data 

from all suppliers was also one of the reasons for this limitation. Due to these facts, the original set of 25 criteria 

was reduced to 16. Furthermore, the 7 criteria were selected from these 16 criteria via brainstorming. The 

criteria included into evaluation were from the following areas: chemical, physical and technological. The list 

of further used selected criteria is as follows: 

1) Price of ore ($/ton) 

2) Iron content (%) 

3) Strength of ore (after drum test, according to ISO) (%)  

4) Homogenity of lumpiness (Vx, %) 

5) Phosphorus content (%) 

6) Reducibility (%)  

7) Humidity (%) 
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The selected criteria are among the most important. At the same time, these criteria are difficultly listed by the 

majority of input raw material suppliers. The values of all criteria for the evaluated raw ore materials are listed 

in Table 1. The raw ore materials were marked with a placeholder in the form of numbers. On the basis of 

these data the raw ore materials were compared using multicriterial decision-making methods. 

Table 1 Input parameters for the evaluation of ores 

Raw ore 
material 

K1 

Price of 
ore 

($/t) 

K2 

Iron 
content 

(%) 

K3 

Strength 
of ore 

(%) 

K4 

Homogenity 

(%) 

K5 

Phosphorus 
content 

(%) 

K6 

Reducibility 

(%) 

K7 

Humidity 

(%) 

Ore 1 151 62 75 95 0.05 48 5.2 

Ore 2 143 63 76 92 0.04 55 6.8 

Ore 3 142 64 74 90 0.04 65 1.4 

 Ore 4 141 67 83 48 0.02 64 2.3 

Ore 5 140 61 79 79 0.03 66 6.2 

Ore 6 139 65 74 90 0.05 64 4.7 

Ore 7 142 66 82 52 0.01 69 2.9 

Ore 8 138 63 75 122 0.04 61 3.3 

Ore 9 149 64 77 89 0.04 63 3.9 

Ore 10 148 61 80 96 0.04 64 5.1 

Ore 11 152 62 75 91 0.05 62 4.2 

3. EXPERIMNETAL WORK 

Within the realized research concerning the use of logistic tools in metallurgical processes was evaluated the 

quality of eleven types of ore raw materials. A total of seven criteria were used for their evaluation. In the first 

step we determined the weights of individual criteria. For their determination was used the method of gradual-

priority weighting. This method is usually used to evaluate a larger set of criteria. The criteria are classified into 

individual groups according to their kinship. The weights of specific criteria are then determined in several 

steps. First, we determine the weight of the criteria groups themselves. The weights of the criteria groups are 

determined by the formula (1), which is based on the quantification of their order. 

1

i

i k

i

i

b
v

b





                                                                                                                                           (1) 

vi - weight of group or criteria  

bi - point value of the specified order 

In the same way is determined the order of the criteria within each group and their weight. The resulting criteria 

weight values are determined based on the observed weight of a particular group and the partial weight of the 
criterion in that group. In the framework of the evaluation of the quality of ore raw materials the monitored 

criteria were divided into four groups:  

I.   K2 - iron content, K5 - phosphorus content 

II.  K3 - strength of ores, K4 - homogeneity of lumpiness 

III. K6 - reducibility, K7 - humidity 

IV. K1 - price of ore 
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Table 2 shows the principle and the whole procedure. In the first step was compiled the order (importance) of 

the groups. A record of the made decisions is in the ranking column. The order is then converted to a score. 

In the case of the four monitored groups, the group is ranked first with four points. Other groups are ranked in 

descending order according to the stated principle. The weight of the group is calculated according to (1). An 

example of the calculation (2) of a weight for group I. can be written as follows: 

1

4
0.400

10

i

i k

i

i

b
v

b


  



                                                                                                                           (2) 

The weight of all other groups is determined in a similar way. In the second step were determined the weights 

of specific criteria within each group. The principle is similar when the ranking of criteria was determined within 

individual groups. For example, the calculation of the partial weight of criterion K2 can be written in the following 

form (3): 

1

2
0.667

3
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i k
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b
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b


  


                                                                                                                           (3) 

The last step of the calculation is to compare the weights of individual groups and partial weights of criteria in 

the group. This is realized by multiplication of both values and the result represents the final weight of the 

criterion. For example, for criterion K2, we calculate the final weight as follows: 

v2= 0.400 ∙ 0.667 = 0.267                                                                                                                                (4) 

Table 2 Determination of weights for evaluation of ores by gradual-priority method 

Group of criteria Criteria Rank Value 
Weight -  

group 
Rank Value 

Weight - 

criteria 

Weight 

final 

I. 
K2 

1. 4 0.400 
1. 2 0.667 0.267 

K5 2. 1 0.333 0.133 

II. 
K3 

2. 3 0.300 
1. 2 0.667 0.200 

K4 2. 1 0.333 0.099 

III. 
K6 

4. 1 0.100 
1. 1 0.333 0.033 

K7 2. 2 0.667 0.068 

IV. K1 3. 2 0.200 1. 1 0.200 0.200 

The resulting weights are shown in Table 2. The K2 criterion was evaluated as the most important, which has 

a final weight value of 0.267. Criteria K1 and K3 ranked second. In both cases the weight is 0.200. Other criteria 

can be classified as less significant based on the values given. The weightings of the criteria thus determined 

will be used in the actual evaluation of the ores. For their comparison was used the gradual-priority method. 

This is characterized by an effort to find the overall value of each variant. The method is based on the 

quantification of the order in which the individual variants were sorted according to the relevant criteria. Table 1 

shows the primary values of the criteria. These were ranked in descending order according to specific criteria 

values. Table 3 shows the ranking. The next step is to calculate the partial evaluation of each option in terms 

of each criterion according to the following formula (5): 
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hij = m + 1 - pij                                                                                                                                                  (5) 

hij - partial evaluation of variants from the perspective of each criterion 

m - total number of variants 

pij - specific determined order according to a given criterion 

Furthermore, the total value of individual variants (ores) was determined by means of a relation (6): 

1

n
H v h

j i ij
i

 
                                                                                                                                                                 (6) 

n - total number of criteria 

vi - weight of the specific criterion 

Determination of the best variant of the ore is then based on the comparison of the total value of the given 

variant (Hj). The ore materials were then ranked in descending order of calculated value. 

Table 3 Order of criteria for monitored ores 

Ore raw 
materials 

Criteria 

K1 K2 K3 K4 K5 K6 K7 

Ore 1 8. 6. 7. 8. 5. 9. 9. 

Ore 2 5. 5. 6. 7. 4. 8. 11. 

Ore 3 4. 4. 8. 5. 4. 3. 1. 

Ore 4 3. 1. 1. 1. 2. 4. 2. 

Ore 5 2. 7. 4. 3. 3. 2. 10. 

Ore 6 1. 3. 8. 5. 5. 4. 7. 

Ore 7 4. 2. 2. 2. 1. 1. 3. 

Ore 8 2. 5. 7. 10. 4. 7. 4. 

Ore 9 7. 4. 5. 4. 4. 5. 5. 

Ore 10 6. 7. 3. 9. 4. 4. 8. 

Ore 11 9. 6. 7. 6. 5. 6. 6. 

Table 3 shows the order of the individual ore materials in relation to the criteria used. The order was created 

on the basis of input data on ore materials. Based on the transformation of the above data was executed a 

calculation to assess the quality of all ores, using relations (5), (6). An example of the calculation for ore 1 is 

shown in Table 4, line K1. The weights given in column vi were determined using the gradual weighting method. 

The calculation of the partial values for the ore material no.1 from the viewpoint of criterion no.1 can be written 

as follows (7), (8): 

hi1 = m + 1 - pij = 11 + 1 - 8 = 4                                                                              (7) 

0.200 4 0.800
i i

H v hj                                                                                   (8) 

The total sum of weights for each criterion is determined by the formula (6) and represents the final value of 

the quality of the ore. Its value, which is shown in Table 4, is for that ore 5.032. 
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Table 4 Determination of the weighted order value for the selected ore component 

Criteria vi 
Ore 1 

pi1 hi1 vi hi1 

K1 0.200 8. 4 0.800 

K2 0.267 6. 6 1.602 

K3 0.200 7. 5 1.000 

K4 0.099 8. 4 0.396 

K5 0.133 5. 7 0.931 

K6 0.033 9. 3 0.099 

K7 0.068 9. 3 0.204 

∑  5.032 

The value was determined in the same way for the other monitored ore components. Complete results are 

shown in Table 5. For each ore, a specific calculated value is reported using the weighted order method. This 

represents the final quality value of the ore. 

Table 5 Final order of ores according to the found values 

Rank Ore Total value Quality groups 

1. Ore 4 10.050 I. 

2. Ore 3 7.890 

II. 
3. Ore 5 7336 

4. Ore 9 7.010 

5. Ore 8 6.942 

6. Ore 10 5.989 

III. 
7. Ore 2 5.704 

8. Ore 11 5.344 

9. Ore 1 5.032 

10. Ore 7 1.328 
IV. 

11. Ore 6 0.142 

4. RESULTS AND DISCUSSION 

To determine the quality of the ore raw materials were used the gradual weighting method and the weighted 

order method. The final results are shown in Table 5. The ore raw material identified by number 4 was identified 

as the best. This ore received a final rating of 10.050. The ores No. 3, 5, 9, 8 were placed on the second to 

fifth place. These ore components were evaluated in the interval 7.890 - 6.942. They can therefore be 

considered as very qualitatively similar. On the sixth to ninth place are ores No. 10, 2, 11, 1. These ore 

components have a rating in the range of 5.989 - 5.032. The last two places are ores No. 7, 6 (rating 1.328, 

0.142). Quality groups can be created for this evaluation. Each group will then contain ore materials of 

comparable quality. The specific distribution corresponds to the given classification and is shown in Table 5. 

Ideally from the manufacturer's point of view is to use the ore within category I. Based on the evaluation carried 

out, this is the best option. Another option is to use one of the ores from the second category. Thus, defined 

groups also offer an alternative in the event of a supplier failure or the need to change raw materials.       
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5. CONCLUSION 

The use of managerial logistics tools in metallurgical conditions enables complex evaluation of complicated 

processes. The choice of the supplier of ore materials can have a major impact on the entire production 

process. The application of the methods used then allows to evaluate the complex quality of ores on the basis 

of a wide range of criteria. The procedure used can be easily implemented in electronic form and the evaluation 

can be performed continuously. The results can serve to increase the efficiency of purchasing and logistics 

processes in relation to negotiations with suppliers. Within the research carried out in the monitored company, 

the evaluation was the basis for the upcoming managerial decision on future supplier contracts. The evaluation 

procedure and methodology used is also easily applicable to other types of materials and raw materials. 
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Abstract 

The more complex a production process is, the more difficult it is to estimate accurately the production tasks 

times. The Project Evaluation and Review Technique (PERT) is one of the most frequently used methods for 

evaluating the project lead times (also sets of production tasks). Various variants of the method are used 

depending on the estimation accuracy degree and available computing power. The basic method for 

determination of the critical path duration is called the classical PERT method. One of its best advantages is 

a relatively low-level calculation complexity. The disadvantage, on the other hand, is a relatively low estimation 

accuracy resulting from many generalizations. The literature on the subject matter describes two group of 

algorithms used to improve the critical path duration estimates relative to the classical PERT method. The first 

group refers to the estimation improvement of variance and standard deviation of random variables that define 

the tasks times. The other group focuses on the fit improvement of the probability distribution of random 

variable. Each method has its advantages resulting from the better accuracy in comparison with the classical 

PERT, but the calculation complexity grows along with the increasing estimation accuracy.  

The paper aims at developing the estimation method for the critical path duration based on a modified PERT 

method. The presented method of determining the cumulative execution time of the sets of tasks accounts for 

skewness of empirical distributions which frequently occurs in the processes. The studies verifying the 

method’s soundness have been made. The results have been compared with the values obtained with the use 

of the classical method. Then, the lead times have been determined with the use of the developed method for 

a real production facility.  

Keywords: PERT and beta-PERT distribution, critical path 

1. INTRODUCTION 

In the analysis of complex production systems, the most frequently used graph theory models are Critical Path 

Method (CPM) and Project Evaluation and Review Technique (PERT). The classical network analyses 

methods cover the time planning area. In business units, the economic aspect is equally important, so CPM-

COST and PERT-COST are often used to consider the technical possibilities of project time shortening with 

simultaneous tasks cost reduction [1]. These four network types allow examining the project of undetermined 

logical structure. The PERT and PERT-COST methods account for probabilistic character of individual events 

(tasks) by using PERT or beta-PERT. The final result is a single-variant determination of network of 

relationships between individual tasks. The earliest and latest times of individual events and time reserve 

between individual processing stages are determined in each case [2]. These methods are helpful in 

determining the schedule of individual tasks in a project comprising many stages independent of each other. 

The main goal is to establish the critical path which determines the cumulative project lead time. In case 

of complex production systems, in which at a given t  there are two critical paths independent of each other, 

it is difficult to determine the total project lead time because it is absolutely dependent on random time values 

in individual routes. An indisputable advantage of these methods is that they can be used for systems parallel 

in series in which technologically identical production times may have different durations. One of the main 

limitations are complex algorithms for determination of cumulative time values for cases in which we wish to 

obtain a high accuracy of model calculations relative to real systems. Using the classical methods with lower 
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calculation complexity yields correspondingly less accurate results. This is sufficient in many cases. There are, 

however, business areas where the network analyses should be used because of their advantages, but the 

classical method is not sufficiently accurate due to numerous generalizations. Therefore, the literature on the 

network analyses includes many solutions to improve the weaknesses. There are two basic groups: 1) evaluate 

the variance or standard deviation of individual tasks more accurately; and 2) evaluate the probability in 

individual nodes more accurately [3]. Each attempt to improve the accuracy of network analyses relative to the 

classical approach is connected with the increase of calculations complexity. This in turn makes the improved 

method unsuitable for cases where the precise accuracy is not required. The research on improving the 

evaluation accuracy of cumulative critical paths times is continuing.  

The paper intends to develop an algorithm for determining the cumulative project duration according to the 

PERT method taking into account various skewness values of individual tasks. The developed algorithm is an 

attempt to modify the classical PERT method which scales the expected value of a single task using the 

skewness contribution parameter. The skewness contribution parameter is determined based on the percent 

share of skewness of an individual distribution relative to all skewness values of the critical path. The proposed 

method does not increase significantly the level of complication and calculation complexity relative to the 

classical PERT method, but is its more accurate alternative.  

2. DESCRIPTION OF THE PERT METHOD AND PERT AND BETA-PERT DISTRIBUTIONS  

The PERT and beta-PERT distributions belong to the family of continuous probability distributions and are 

a transformation of the beta distribution. The transformation involves rescaling the random variable carrier from 

interval [0,1] to interval [a,c] when: a˂c [4]. Value a is the minimum and c is the maximum of the random 
variable distribution. The PERT and beta-PERT distributions also have the shape parameter k. In the PERT 

distribution, the parameter is precisely defined - it always equals four (k=4). Consequently, the PERT 

distribution is defined by three parameters: a - minimum distribution value, b - modal distribution value, c - 

maximum distribution value. And the beta-PERT is defined by four parameters: a, b, c, k, for k˃4. Then, the 

expected value of random variable conforming to the PERT distribution is the weighted mean of the minimum 

and maximum value and with the quadruple weight of the most probable value [5]. Hence:  

6

4 cba
Et i


               (1) 

On the other hand, in the beta-PERT distribution the expected value is determined according to the formula: 

2



k

cbka
Et i               (2) 

where: Eti - expected value of random variable ti conforming to the PERT distribution; a - minimum distribution 

value, c - maximum distribution value, b - modal distribution value of random variable ti, k, - modal value 

multiplicity (for PERT always k=4).  

Many literature items use the approximations with the PERT distribution for empirical data that have more than 

four multiplicities. This is a significant simplification, however in majority of cases is considered sufficiently 

accurate. Note, however, that the use of the PERT distribution is more accurate when the multiplicity of 

occurrence of the most probable value equals 4. A modification of the PERT distribution with any modal value 

multiplicity greater than four has been applied in the beta-PERT distribution, allowing the tasks durations to be 

determined with a higher accuracy. However, due to the level of difficulty and complex calculations, the beta-

PERT distribution is not widely used. Figure 1 presents the distribution comparison diagrams: PERT with 

triangular, and beta-PERT with triangular. 
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Figure 1 Distribution comparison: PERT with triangle and beta-PERT with PERT 

There are three often used methods of matching (estimation) of distribution parameters: a, b, c and k for a 

simple sample (e.g. set of production tasks completion times determined by timekeeping:  

1) reading the values directly from the dataset, i.e.: a=min, c=max, etc.;  

2) determining the parameters â , b̂ , ĉ  and k̂  using the method of moments;  

3) determining the parameters â , b̂ , ĉ  and k̂  using the maximum likelihood method.  

Various estimation methods for distribution parameters are used depending on the required degree of accuracy 

and available computing power.  

The estimation of determination of optimum parameters â , b̂ , ĉ  and k̂  for the cases discussed in the paper 

has been carried out using the maximum likelihood method. Finally, after many rearrangements, we obtained: 

 optimal parameters for the PERT distribution: 
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where:   and   - distribution parameters determined by formulas [6]: 
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and 

 average from the sample determined according to: 




n

i

it
n

t
1

1

        (7) 

 standard deviation from the sample determined according to: 
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 skewness from the sample determined according to: 
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 kurtosis from the sample determined according to: 

 

 
3

1

1

4

1

2

1

4
















n

i

i

n

i

i

s

tt
n

tt
n

K

    (10) 

The necessary condition in case of using the PERT and beta-PERT distributions to describe the task durations 

on a single machine is that the following assumptions are met:  

 ratio of skewness from the empirical sample must be in the interval *:  

for PERT distribution: 
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for beta-PERT distribution:  
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* determined skewness interval limits result from the distribution properties; 

 relationship between the distribution parameters: cba 0 ;      (13) 

 kurtosis from the empirical sample 
0SK

;        (14) 

 number of manufactured semi-finished products:  30,6n .       (15) 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

53 

It is possible to use a distribution for the sample size greater than 30, however, due to the calculation 

complexity, in practice e.g. a Gauss distribution is used when the conditions for its application are met [7]. 

The PERT method involves the time estimation according to the expected value of the PERT distribution as 

per the formula (1) (either (2) for greater accuracy of calculations). The variance is determined in accordance 

with the formula:  

2
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where: itD 2  - variance of a single random variable it ; a  and c  - estimated minimum and maximum values 

of the PERT distribution, respectively. 

Knowing that the times of individual production tasks are independent of one another, the standard deviation 

of cumulative production times will be calculated according to the classical PERT method. Hence: 
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where: DT  - standard deviation of random variable T ; T  - random variable defining the cumulative duration 

of all tasks on the critical path; iâ  and iĉ  - estimated minimum and maximum values of PERT distribution of 

a single random variable it  for ni ,...,2,1 , where n  is the maximum number of tasks on the critical path. 

Using the linearity property of the expected value of independent random variables it  for ni ,...,2,1 , the 

ET  can be calculated according to the formula: 

 



n

i

itEET
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             (18) 

where: ET  - expected value of random variable T , which defines the cumulative value of the most probable 

duration of production tasks on the critical path ( ET  defines the lead time of an order or production, depending 

on the assumptions).  

3. ALGORITHM FOR EXPECTED VALUE DETERMINATION ACCOUNTING FOR SKEWNESS  

In majority of cases, the histograms of production tasks durations are right-skewed distributions. In such 

distributions, a significant portion of the probability mass is concentrated on the left-hand side of the plot. The 

classical PERT method does not account for this aspect. Hence, the proposition to develop an algorithm for 

estimating the cumulative value of the expected duration of the critical path tasks which will include the 

influences of the existing skewness values. The developed algorithm consists of five calculation steps. Before 

the calculations, the data on production tasks durations are collected by means of timekeeping. Hence, for the 

resultant simple sample of independent random variables it , for ni ,...,2,1 , where: it  - random variable 

defining the task duration on the i th production facility; n  - number of facilities performing the production 

processes on the critical path. Then: 

ii Ftni ~,...,2,1             (19) 

where each random variable it  is defined by the distribution of the cumulative distribution function iF .  
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The approximation of production times is correct if ni ,...,2,1  the following conditions are met: 

 the distribution carrier is limited with the values: minimum - ia
, maximum - ic

; in addition: ii ca 
; 

 for the simple sample of distribution it  the mode multiplicity 
4ib

 and iii cba 
. 

When these conditions are met, ni ,...,2,1  the random variable it  can be approximated using the PERT 

distributions with parameters iâ , ib̂ , iĉ  - system of equations (3).  

The calculation methodology according to the proposed algorithm (five successive steps) is presented below. 

Step 1 - determine the expected value  itE  of variable it  defining the task duration on a single facility 

(machine). 

ni ,...,2,1 : 
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             (20) 

where:  itE  - expected value of random variable it ,  iâ , ib̂ , iĉ  - optimal values, respectively:  minimum, 

modal and maximum.  

Step 2 - determine the skewness of random variable it  

ni ,...,2,1 : 
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where:  iS tA  - skewness of random variable it ; i , i  - shape and scale parameters of the probability 

density function of random variable it  determined according to the formulas: (5) and (6). 

Step 3 - determine the weights  iS tAW  of proportional skewness contribution  iS tA  

ni ,...,2,1  such that   0iS tA  determined is the weight  iS tAW  of skewness  iS tA  according to the 

formula: 
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where:  iS tAW  - weight of skewness contribution for random variable it ;  iS tA  - skewness  of variable it . 

The weights  iS tAW  are determined only for non-zero  iS tA , i.e. the distribution of random variable it  is 

asymmetrical (left- or right-skewed).  

Step 4 - determine the parameter  iS tAP  scaling the contribution of expected value  itE  
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ni ,...,2,1  such that   0iS tA  determined is the scaling parameter  iS tAP  of expected value  itE  

according to the formula: 
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where: lnm   for l  defining the number of random variables whose   0iS tA ;  iS tAP  scaling parameter 

for contribution of expected value  itE . 

If for a facility i , skewness   0iS tA , then   1
iS tAP  

Step 5 - determine the cumulative expected value ET  for the critical path 

In the classical PERT method, for the determination of the cumulative duration of tasks on the critical path - 

formula (18) it was assumed that the number of individual it  is so great that  the central limit theorem of the 

sum of mean production tasks times can be used. This assumption was used in the algorithm proposed by the 

authors, and in addition the skewness of individual variables it  was accounted for. In formula (18), the 

parameters scaling the expected value  itE  are equal to one (that is   1
iS tAP ). In the proposed method, 

the cumulative expected value of the critical path is determined according to: 

   i

n

i

tA tEPET
iS

 
1

            (24) 

where: ET  - cumulative value of the critical path;  iS tAP  - scaling parameter for contribution of expected value 

 itE .  

The classical PERT method is based on assumptions that are not always met. The knowledge of exact 

distribution of task times in the network of events allows avoiding many errors and estimating the task times 

with a better accuracy. The application of more accurate PERT methods causes some calculation difficulties 

resulting from the relationships between random variables.  

4. CONCLUSION 

The paper presents an algorithm for determination of the expected value of cumulative production task times 

based on the modified classical PERT method. The proposed algorithm is used to determine ET  taking into 

account the scaling parameters  iS tAP  of empirical skewness of individual random variables it . The scaling 

parameters  iS tAP  were determined taking into account  iS tAW  that is the weight contribution of skewness 

 iS tA  of individual  iiii cbaPERTt ,,~ .  

The purpose of the developed algorithm is to improve the estimation of the expected critical path lead time. 

Please note that the time estimate obtained with the use of PERT method is correct when the network contains 

only one dominating critical path. When the dominating critical path is not there, the task completion times are 

underestimated. The proposed algorithm should be subject to a detailed validation in order to verify its 

effectiveness in practice. The verification of correctness should account for the demand seasonality and 

variability as well as for the product range variations that occur in the studied class of production systems. The 
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obtained results should form a basis to develop a tasks scheduling model for the studied class of convergent 

production systems.  
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Abstract 

Return of products to supplier, as well as transfer of waste and recyclable materials to places of further use 

are treated as the last stage of the flow of goods through the enterprise. This stage of logistics activity is of 

particular importance in the company, especially in the conditions of the development of the concept of 

sustainable development. Legal regulations are distinguished between important factors influencing activity in 

reverse logistics. Regulations of internal law of each country must be adapted to international regulations, 

especially those respected in the union to which individual country has joined. Internal law regulations within 

the country should be also adapted to international conventions and agreements in which the country 

participates. Polish law regulations used in the area of reverse logistics are the examples of compliance with 

international regulations, adjusted according to regulations of European Union law. The objective of this article 

is to present the main issues that are regulated in the area of reverse logistics in Poland. Issues being the 

subject to regulation are grouped according to distinguished processes, implemented in reverse logistics. The 

main legal regulations in Poland, as well as international conventions and agreements are also included in this 

article. 

Keywords: Reverse logistics, reverse logistics processes, waste, recyclable material, law regulation  

1. INTRODUCTION 

Return of products to supplier, as well as transfer of waste and recyclable materials to places of further use 

are treated as the last stage of the flow of goods through the enterprise [12]. This stage of logistics activity is 

of particular importance in the company, especially in the conditions of the development of the concept of 

sustainable development [6]. Along with the pursuit of sustainable development together with other cooperating 

companies, the concept of Green supply chain has developed, and as a result the role of reverse logistics was 

emphasized [9,15,24,25]. 

Legal regulations regarding the preparation and implementation of reverse logistics activities are the subject 

of consideration in the literature [2,11,14]. Legislation is distinguished between important drivers of reverse 

logistics [9,19]. There are three main groups of regulations: international regulations, legal regulations within 

individual countries, as well as international conventions and agreements. Regulations of internal law of each 

country must be adapted to international regulations, especially those respected in the union to which individual 

country has joined. Internal law regulations within the country should be also adapted to international 

conventions and agreements in which the country participates. Polish law regulations used in the area of 

reverse logistics are the examples of compliance with international regulations, adjusted according to 

regulations of European Union law. Polish law regulations consider also international conventions and 

agreements which Poland has commited to respect. 

The objective of this article is to present the main issues that are regulated in the area of reverse logistics in 

Poland. Issues being the subject to regulation are grouped according to distinguished processes, implemented 

in reverse logistics. The main legal regulations in Poland, as well as international conventions and agreements 

are also included in this article. Considered legal regulations are influenced by regulations of the European 

Union as well as by provisions of the abovementioned conventions and international agreements. Results of 

research presented are of preliminary character. 
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2. ASSUMPTIONS OF RESEARCH 

Considering all issues that may be subject to regulation in the area of reverse logistics of an enterprise requires 

holistic treatment of activities implemented in this area. Therefore, reverse logistics of the enterprise is 

presented in this study as organizational system. Such a system is also treated as a subsystem of whole 

organizational logistics system in the enterprise. In developing such a system, it should be allowed to integrate 

it with logistics systems of enterprises cooperating in supply chains. In this approach to reverse logistics, 

primarily the goals of this system and processes enabling the implementation of these goals are taken into 

account. Polish law regulations, included in further part of article can be treated as selected tools for 

management and operation of storage and flow of goods in reverse logistics. Another important aspect of 

description of organizational system, related to location of units responsible for decisions in the reverse 

logistics system is not included in this study. 

There are several proposals for the typology of processes implemented in reverse logistics, presented in 

literature and in Internet sources. There is example of approach emphasizing functions related to waste and 

recyclable materials [23]. Other proposal includes only selected ranges of activities in reverse logistics, 

highlighting e.g. problems related to the return of goods to suppliers, while treating waste and recyclable 

materials in general [1]. In another approach, problems related to the disassembly of end-of-life products are 

primarily exposed [6]. There is also proposal of typology, that include handling of returns, as well as handling 

of waste and recyclable materials, but without clear distinction between specific features of handling of goods 

to be returned to supplier and handling of waste and recyclable materials [18]. On the basis on approaches 

presented in literature a proposal of typology of processes carried out in reverse logistics is presented in this 
article, covering all activities undertaken in this area with simultaneous separation of the specificity of the flow 

of goods to suppliers, as well as the flow of waste and recyclable materials to places of their destination. 

Considerations in the article relate to actions beginning with planning of activity in the area of returns of goods 

to supplier, as well as planning of flow of waste and recyclable materials to transfer of goods to supplier and 

flows of waste and recyclable materials to places of their use. The last stage of activities in the field of reverse 

logistics included in this study concerns the flow of defective and used products, waste and recyclable 

materials to the places of their further use or disposal. 

The article does not include law regulations in European Union separately. It was assumed that the legal 

regulations in Poland are being adapted to changes of legal regulations in the European Union on an ongoing 

basis. The Polish legal regulations used in reverse logistics take also into consideration international 

conventions and agreements to which Poland has joined. The inclusion of these conventions and international 

agreements in the article is due to the fact, that the content of regulations of Polish law refer to these 

conventions and agreements. 

3. RESULTS OF RESEARCH 

The main goals of the reverse logistics system of the company, taken into consideration in this article are as 

follows: 

 receipt of goods resulting from product defects, surpluses or delivery of improper goods to the recipient, 

in accordance with the rules of product complaints and in accordance with regulations of agreements 

with recipients, 

 the collection of defective and used products for recycling or disposal, 

 transfer of waste and recyclable materials to places of further processing, in accordance with applicable 
law regarding handling of specific types of waste and recyclable materials. 

Taking into consideration mentioned objectives of reverse logistics system, the consideration in this part of the 

article should start with the presentation of typology of processes identified in the field of reverse logistics, 
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which take into account the treatment of returned products, as well as with waste and recyclable materials. 

Typology of processes used in this article includes [own research based on: 1,5,18,20,23]: 

 management of returns to supplier - process in the area of supply deliveries, applies to decisions 
regarding return of goods (mistakenly delivered, redundant, damaged) according to agreement with the 

supplier, includes such areas of activity as authorization and handling of returns, preparation and 

handling of unnecessary products, applies also warranty claims to suppliers, as well as returns of 

reusable packaging, 

 collection of returns to supplier - process related to the identification of incorrectly delivered, redundant, 

damaged goods, but also to the identification of materials, damaged parts and the isolation of the 

number of units to be returned, this process may also apply to goods from recipients, if the complaint 

procedure provides for the transfer of the defective product to the supplier (characteristic for the trading 

company), (in APQC typology this process treated as a stage of the product manufacturing process), 

 returns management for defective and used products, waste and recyclables (including client 
complaints) - process related to the preparation, organization and monitoring of collection and sorting 

of expired used and defective products, waste and recyclable materials, considered process also related 

to the qualification of mentioned types of goods for further actions (use of product components in re-

manufacturing process, recycling, repair of product), 

 collection of waste and recyclables - process including collection of used products and used parts of 

products, expired products, waste and recyclable materials from the place of origin (in the area of supply, 

during production, as well as received from customers) and transferring them to collection places, before 

transport for further use or disposal, implementation of tasks in considered process requires preparation 

of employees responsible for collecting waste and recyclable materials, the scope of tasks in this 

process may be reduced if the recipient of used and expired products, waste and recyclable materials 

collects them directly from the places of origin mentioned above, 

 inspection and sorting - process regarding further handling of considered types of goods, important due 

to the possibility of product recovery, considered process is related to the collection of waste and 

recyclables, the connection results from the possibility of pre-qualifying received goods already during 

their collection and delivery to storage places, before handing them over to external entities, this process 
ends with a decision on further disposal of waste and recyclables, 

 transport of returned products, waste and recyclables - process related to loading, moving and unloading 

of these types of goods, applies to both the movement of used and expired products and their parts, 

waste and recyclable materials between the places of their origin and storage, before sending for further 

use or disposal, as well as the movement outside the enterprise, to places of use and disposal, if the 

sender of these goods has he undertakes such an obligation to do so, it is also the process, that can be 

implemented with external entities (service providers receiving waste and recyclable materials). 

A certain inconvenience characteristic for typologies of processes that were used as the basis for developing 

the list of processes is the equivalent use by the authors of typologies in description of the essence of individual 

process at the same level of detail such terms as planning and management. An example would be APQC 

proposal of process typology, in which in the process of manufacturing, the description of activities related to 

such a process at the same level of detail includes management of raw material inventories and execution of 

a detailed plan for the production line. In application of such typology of processes it may turn out, that the 

development of mentioned plan, from the point of view of necessary tasks will be similarly complex as the 

previously presented management of raw material inventories. However, it should be remembered that taking 

into account the differences in the scope of functions, resource inventory management includes, apart from 

planning (related mostly to the creation of plan), also organization, coordination and control of tasks. Such an 

approach proposed by APQC may, however, result from the belief that the presented list of processes including 

descriptions of processes is a proposal, that can be tailored to the individual needs of companies interested in 
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using this concept. The typology of processes proposed in the current article is an attempt to avoid 

misunderstandings associated with approach of APQC. 

In the list of processes proposed in this article, the handling of products that are customer complaints applies 

both to returns from company customers whose value for the customer is restored in the enterprise in question, 

but also to others that are returned to the supplier for repair or replacement with a product of the same type, 

but without defects. The management functions mainly include organizing, coordinating and controlling returns. 

However, planning can be carried out on the basis of estimating the level of defectiveness of the products 

offered, which qualifies the product for complaint. 

Basic issues regulated by law, that may be applied in the implementation of processes, taking into account the 

characteristics of each process separately are presented in Table 1. Among listed issues are both those that 

can be treated as characteristic of a single process, as well as other, universal, considered in several 

processes. Presented issues, subject to legal regulations are of essential nature, from the point of view of the 

correct implementation of activities in the field of reverse logistics. Main legal regulations and international 

conventions and agreements used in Poland, according to separate processes in the area of reverse logistics 

are listed in Table 2. 

Table 1 Subject of regulation related to processes implemented in reverse logistics [own study] 

Process Subject of regulation 

Management of 
returns for supplier 

requirements related to maintaining returned goods and avoiding deterioration, according to 
their characteristics, resulting in ensuring appropriate conditions of storage, packaging, as well 
as solutions concerning loading and unloading, 

instructions for dealing with specific types of materials/products (including dangerous goods), 

types of documents, data and information regarding preparation for return, transport and receipt 
of products by supplier (including also the receipt claimed products), 

conditions of use of reusable packaging (durability, maximum number of delivery cycles in 
which such packaging is used). 

Collection of returns 
for supplier 

requirements resulting from the characteristics of the goods in the field of handling defective 
items intended to be returned and to avoid deterioration of their condition, including terms of 

storage, packaging, loading and unloading, 

marking the units / batches of goods prepared for return to supplier (applies to dangerous goods 
or its high susceptibility to damage), 

types of documents, data and information contained therein regarding the preparation for return, 
then the issue, transport and receipt of returned goods, 

documentation of delivery of reusable packaging, including delivery of pallets. 

Returns management 
for defective and used 

products, waste and 
recyclables (including 

client complaints) 

conditions for use of reusable packaging (durability, maximum number of delivery cycles in 
which such packaging is used), 

conditions for the use of products that lose usability over time, 

conditions for storage of individual types of waste and recyclable materials, as well as used, 
defective and out-of-date products, as well as parts, that cannot be reused, 

conditions for handling complaints from customers, 

types of documents regarding the classification of products, parts of products, as well as used 
packaging as waste or recyclable materials. 
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Collection of waste 
and recyclables 

conditions for the storage of individual types of waste and recyclable materials, also used 
products, defective products and parts, that cannot be reused, 

durability of products that lose usability over time, 

types of documents and information regarding collection and separation of individual types of 

waste and recyclable materials, 

types of documents, data and information on the classification of used packaging as waste or 
recyclable materials. 

Inspection and sorting determination of type / classification of waste and recyclable materials generated in the activity 
of enterprise, 

marking the units / batches of goods to be returned (applies to dangerous goods or its high 
susceptibility to damage), 

standards / norms regarding the durability of the product / part of the product and the associated 

possibilities of reuse, 

requirements for handling waste and recyclable materials, resulting from their characteristics, 

including safeguards for storage (e.g. packaging), storage conditions (temperature, humidity, 
lighting), packaging (for storage and transport), loading and unloading, 

confirmation of competences of persons in the enterprise, as well as service providers 

(regarding work organization, procedures used, equipment used, including means of transport) 
responsible for collection of waste and secondary raw materials, transferring waste for disposal, 

and raw materials for further processing. 

Transport of returned 
products, waste and 
recyclables 

determination of the type / classification of waste / secondary raw materials, 

marking the units / batches of goods to be returned (applies to dangerous goods or its high 
susceptibility to damage), 

requirements related to handling of goods, resulting from characteristics of waste and 

recyclable materials, including safeguards for transport, loading and unloading, 

confirmation of competences of persons in the enterprise, including service providers (regarding 

work organization, procedures used, equipment used, including means of transport) collecting 
waste and secondary raw materials and transferring waste for disposal, and raw materials for 

further processing. 

Considering information presented in Table 2 it should be added, that among regulations related to the 

assignment of competences to employees responsible for handling of redundant goods, delivered in excess 

of the order, incorrectly provided and others, returned under agreements with suppliers, the assignment of 

separate, specific competences to employees was not taken into account. If employees' special competences 

are not required to deal with specific types of products, then usually the assignment of responsibility for the 

performance of specific logistics tasks is determined by the regulations of labor law and organizational 

solutions applied on this basis. 

Table 2 Basic Polish law regulations, international conventions and agreements influencing reverse logistics  

             operations [3,4,7,8,10,12,13,16,17,21,22,26-33]. 

Process Main regulations 

Management of goods 

returning to supplier 

legal acts: Kodeks cywilny (Civil code - parts of regulations concerning agreement, named 

agreements (templates): sales, delivery, storage), 

international regulations concerning treatment of dangerous goods: ADR convention 

(road transport), RID regulations (rail transport), IMDG Code (maritime transport), ADN 
(european agreement concerning the international carriage of dangerous goods by Inland 

Waterways), Dangerous Goods Regulations DGR (air transport). 
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Collection of goods 
returning to supplier 

legal acts: Kodeks cywilny (Civil code - named agreements (templates): storage and sales), 
Prawo ochrony środowiska (Environmental protection act), 

international regulations concerning treatment of dangerous goods: ADR convention 
(road transport), RID regulations (rail transport), IMDG Code (maritime transport), ADN 

(european agreement concerning carriage of dangerous goods by Inland Waterways), 
Dangerous Goods Regulations DGR (air transport). 

Returns management 
for defective and used 

products, waste and 
recyclables (including 

client complaints) 

legal acts: Kodeks cywilny (Civil code - parts of regulations concerning agreements, named 
agreements (templates): sales, delivery), Prawo ochrony środowiska (Environmental protection 

act), Ustawa o odpadach (Act on waste), Ustawa o obowiązkach przedsiębiorców w zakresie 
gospodarowania niektórymi odpadami oraz o opłacie produktowej (Act on obligations of 

entrepreneurs in the scope of managing selected waste and product fee). 

Collection of waste 
and recyclables 

legal acts: Prawo ochrony środowiska (Environmental protection act), Ustawa o odpadach (Act 
on waste), Ustawa o obowiązkach przedsiębiorców w zakresie gospodarowania niektórymi 

odpadami oraz o opłacie produktowej (Act on obligations of entrepreneurs in the scope of 
managing selected waste and product fee), 

legal acts concerning treatment of specific types of products (examples): Ustawa o 
zużytym sprzęcie elektrycznym i elektronicznym (Act on electrical waste and electronic 

equipment waste), Ustawa o recyklingu pojazdów wycofanych z eksploatacji (Act on the 
recycling of end-of-life vehicles), Ustawa o substancjach chemicznych i ich mieszaninach (Act 

on chemical substances and mixtures) 

legal act concerning documentation: Rozporządzenie Ministra Środowiska w sprawie 

katalogu odpadów (Regulation of the Minister of the Environment on the waste catalog). 

Inspection and sorting legal acts: Prawo ochrony środowiska (Environmental protection act), Ustawa o odpadach (Act 

on waste), Ustawa o obowiązkach przedsiębiorców w zakresie gospodarowania niektórymi 
odpadami oraz o opłacie produktowej (Act on obligations of entrepreneurs in the scope of 

managing selected waste and product fee, 

legal acts concerning treatment of specific types of products (examples): Ustawa o 

zużytym sprzęcie elektrycznym i elektronicznym (Act on electrical waste and electronic 
equipment waste), Ustawa o recyklingu pojazdów wycofanych z eksploatacji (Act on the 

recycling of end-of-life vehicles), Ustawa o substancjach chemicznych i ich mieszaninach (Act 
on chemical substances and mixtures), 

legal act concerning documentation: Rozporządzenie Ministra Środowiska w sprawie 
katalogu odpadów (Regulation of the Minister of the Environment on the waste catalog). 

Transport of returned 
products, waste and 

recyclables 

legal acts concerning different types of transport: Ustawa o transporcie drogowym (Road 
transport act), Ustawa o transporcie kolejowym (Rail transport act), Kodeks morski (Maritime 

code), Prawo lotnicze (Air transport act), Ustawa o przewozie towarów niebezpiecznych (Act 
on the carriage of dangerous goods), 

international regulations concerning treatment of dangerous goods: ADR convention 
(road transport), RID regulations (rail transport), IMDG Code (maritime transport), ADN 

(european agreement concerning international carriage of dangerous goods by Inland 
Waterways), Dangerous Goods Regulations DGR (air transport), 

legal acts concerning documentation of transport: Rozporządzenie Ministra Środowiska w 
sprawie wzoru rejestru zgłoszeń i decyzji w zakresie międzynarodowego przemieszczania 

odpadów oraz sposobu jego udostępniania (Regulation of the Minister of Environment on the 
pattern of register of notifications and decisions in the field of international waste shipment and 

the method of making it available), Rozporządzenie Ministra Środowiska w sprawie katalogu 
odpadów (Regulation of the Minister of the Environment on the waste catalog). 
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4. CONCLUSIONS 

Considering the contemporary interest in organizing the operations of enterprises according to processes, it 

seems reasonable to group legal regulations according to individual, separate processes. The possibility of 

transferring the implementation of specific goals and related processes to specialized service providers results 

with easier determination of requirements, that the principal must meet himself in the conditions of such 

cooperation. 

The regulations of Polish law included in the article are treated as basic for reverse logistics. The regulations 

of European Union law are not distinguished separately because the content of Polish legal acts reflects their 

adaptation to the requirements of the regulations of the European Union law.  

Ways of implementing actions regarding the storage and shipment of waste and secondary raw materials are 

subject of regulations regarding the management of waste and secondary raw materials, regulations related 

to environmental protection, as well as international and international conventions regarding the handling of 

hazardous materials. The scope of issues taken into account in individual regulations may lead to difficulties 

in ensuring compliance with all requirements related to considered activities carried out in the field of reverse 

logistics. In addition, some regulations are used only in one process and others in several processes. This 

means that when preparing the process, it is important to specify exactly which laws, conventions and 

international agreements should be included. The list of processes, issues being subject to regulation and 

legal provisions presented in this article should be tailored to the individual needs of enterprises. 

Further research should concern supplementing the lists of legal regulations dedicated to individual processes, 

as well as the characteristics of their periodic improvement in accordance with subsequent EU law regulations. 
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Abstract 

The problem of current freight transport lies in a plenty of smaller shipments that are delivered daily to the 

same collection points. Consumers and Distribution centers have found the possibility to reduce the amount 

of money in stock if they order only those goods that they are able to sell in a short time. On the other side, 

they artificially burden freight and increase the costs associated with transport. Freight transport is therefore 

affected by some degree of inefficiencies in the area of load. Founding a suitable vehicle to meet the ever-

changing demand for capacity would require a greater variability in the fleet. This would significantly increase 

investment in the fleet. The use of the EOQ (Economic Order Quantity) principle would define the optimal order 

and thus the efficient utilization of the vehicle in relation to the total transport costs. The analyzed problems 

are linked to the lack of information in the sector concerned, the limited details and the closed environment for 

freely available vehicle capacities. The current solution is limited to the solution of individual distribution 

channels of individual companies requesting services. This article introduces selected economic and 

mathematical methods in relation to the application for the purpose of determining possible economies of scale 

and savings from specialization. The essence of the application of economic and mathematical methods is the 

efficient use of resources and mitigating the negative effects of road transport on the environment. 

Keywords: Economic order quantity (EOQ), Transport costs, Warehouse costs, Economies of scales, 
Economies of specialisation 

1. INTRODUCTION 

Transport requirements have been growing, with the need generated by modern society and contemporary 

shopping trends shifting to the sphere of online purchases, when the customer usually expects the shipment 

to be delivered to his home [11]. Delivery within a minimal timeframe is something expected as a matter of 

course. With an increased demand for transport capacity, the adverse environmental impact of freight by road 

is increased, in particular in terms of the volume of pollutants and increased level of noise in urban 

agglomerations [3], objective of cities is to reduce such adverse influences, which is why low-emission zones 

are being set up today. Both these adverse influences concern cars with conventional propulsion. That is why 

an increasing number of carriers are looking for alternatives for sustainable development of transport and 

distribution of goods with less environmentally burdensome vehicles. One of the solutions is the use of electric 

cars or cars with a hybrid drive [5]. The acquisition investment, which is higher as compared to conventional 

cars, leads one to think about efficient use.  One of the conditions for increased efficiency is an ideal route 

driven by the car, but also, in a way, the behavior of the end consumer.  As one of the factors for increasing 

efficiency in the distribution of goods. Our contemporary hurried times offer nearly unlimited possibilities in the 

delivery of goods and the consumer has quickly got accustomed to maintaining only minimal or no inventory 

stock, as he expects delivery within a very short period of time, usually within 24 hours of the order being 

placed. That means that shippers are forced to invest in multiple vehicles of diverse capacity. The final amount 

of the investment in vehicles for distribution will also bring a change in the behavior of consumers, because 

carriers will have to reflect higher purchase costs in the final price of the delivery of goods. It is, therefore, 

possible to expect a potential change in consumer behavior, as higher costs related to more frequent delivery 

of goods will be offset in the price of the product and the consumer may demand the product at a lower end 

price.  In order to achieve better consumer conduct, thereby achieving greater efficiency of delivery costs, we 
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can use the EOQ (Economic Order Quantity) method.  It is one of the most broadly discussed models in 

production logistics [12]. Probably the most well-known adaptation of the formula is the EPQ (Economic 

Production Quantity) method, which takes into account daily demand of product production. Another well-

known modification of the EOQ method is “Japanese production”, a practical approach focused on the order 

size and time of production or preparation of an order. [7,18,19] introduced principles such as Just-in-time 

(JIT). An approach which is usually based on the “Pull Production” approach [1,14]. And when the time of 

preparation is adapted to customer demand. Final products are distributed to customers immediately. But what 

about cases when order production or preparation cannot respond to customer demand due to longer delivery 

periods or potential outages in production? Then goods delivery processes should be planned in advance, for 

example, with the use of “Push Systems” [2,16,19,20]. In this case, however, operative processes, inventory 

stock of goods, and overall logistical costs will grow. Slower or unbalanced orders bring increased costs into 

the system on the implementation of repeated orders [4,9,10,15-18,21]. This contribution extends the further 

potential use of the EOQ principle for determining an optimal order, with a view to cost minimization and 

increased efficiency in the distribution of goods. With the application of the EOQ method, greater savings can 

be achieved in the future, based on specialization or economies of scale due to optimized logistical costs. That 

means that there is an economic effect both on the supplier’s and on the customer’s part. The potential EOQ 

approach is applied in the practical part to actual distribution data. And it is compared to actual costs of the 

distribution of goods. An analysis of the costs and benefits of the EOQ method uses the concepts of economic 

theory for improving the efficiency of distribution shipping. And for a reduction of the adverse impacts that 

modern methods of transport involve [6]. The objective of the paper is to increase efficiency of the use of car 
fleets and, with the use of a modified formula for EOQ calculation, to propose changes in the method of 

distribution used by a specific company in order to save on logistical costs. In the future, the analysis will serve 

as a basis for investing in vehicles with electric or hybrid drives.   

2. METHODS 

Economic order quantity is the optimal order quantity that minimizes the total operations logistics costs. Model 

EOQ is a one of the oldest model. The EOQ models was developer by Ford W. Harris in 1913 [8]. The general 

formula EOQ:  

�∗ � ����
�                (1) 

Where: 

Q* - optimal order quantity 

D - annual demand quantity 

K - fixed cost per order, setup cost  

h - annual holding cost per unit  

The general EOQ formula only applies if demand is constant throughout the year and we expect every future 

order to be delivered in full. Fixed costs must be entered for each order. The price of the goods purchased is 

known.  The objective of the EOQ model is to minimize aggregate costs of inventory stock and determine the 

optimal size of an order [13].  

In order to be able to apply to EOQ model in a distribution system, we have adapted the general formulation 

as follows: 

���∗ �  ����
�                (2) 

Where: 

EOQ* - recommended optimal amount for one delivery  
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P - costs per order (shipping and costs of assembly) 

D - annual demand quantity 

C - actual storage costs  

3. RESULTS 

The data presented in this paper is actual data provided by a logistical company in order to optimize the 

efficiency of distribution directions.  Comprehensive data has been obtained from the Logenius internal system. 

Non-constant shipping costs have been caused by the use of multiple vehicles with diverse capacities. The 

costs of assembly and storage are constant costs that the company actually bills to its customers.  

The distribution area of the Czech Republic was used for the application of EOQ calculation:  

 ZIP code from 370 00 to 390 00; 

 Monthly delivery; 

 Good with a minimum shelf life of 1 year;  

 Companies 1-50 are actual customer;  

The existing system is based on customer demand: they can order goods on business days and the entire 

system is limited to orders in a D+24 hours (D = day of the order) regime. This means that delivery must take 

place within 24 hours of the order being placed. The existing distribution system is burdened by a higher level 

of inefficiency and individual vehicles are used to approximately 75 %. An adapted EOQ model has been 

applied with a view to a reduction of costs and increased efficiency of the distribution vehicles.  The table below 

provides a comprehensive overview of individual customers and the actual costs incurred by the logistical 

company. The costs related to storage, assembly, and preparation of a pallet for distribution are constant. 

Shipping costs have been influenced by an effort to make maximum use of the fleet for shipment distribution 

and variability of the vehicles used. That is why those costs are not constant - these are the actual costs based 

on the category of vehicle. The price of shipment is either from the logistics operator’s warehouse to the 

recipient’s warehouse or the sum of combined shipping costs if several vehicles are used. Logistical costs are 

recalculated in the adapted EOQ model into unit storage costs.  The main problem of the sender is to minimize 

the costs of logistics with a view to order size. On the other hand, there is the recipient’s problem as he 

demands quantities such as to minimize the money invested in stock and to be able to handle uncertain 

demand. The logistics operator must therefore minimize his own costs of handling the goods with a view to the 

delivery date. And he must adapt the vehicle to the size of the delivery such as to prevent exceeding maximum 

vehicle capacity both in terms of space and weight. Hence, fleet variability is key for a logistics operator, as it 

allows it to minimize its costs and maximize vehicle utilization. The effort to minimize the costs in shipping is 

influenced by the fact that, following delivery, the vehicle returns empty to the logistics operator’s warehouse. 

MS EXCEL was the software used in the calculation on the EOQ model. 

The table includes several attributes. Except the variables used in the EOQ formula (and EOQ itself), these 

are: 

 Number of deliveries - the present number of deliveries in a given period;  

 Total number of pallets - the number of pallets on which the goods were carried;  

 Total numbers of cartons - the number of cartons shipped to the customer;  

 Actual transport costs - the sum of shipping costs;  

 Storage costs - the costs of storage; 

 Assembly costs - costs related to shipment assembly and its preparation for shipping; 

 Optimized number of deliveries - the optimized number of deliveries following EOQ application;  
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 New transport costs - calculation of shipping costs on the basis of the optimization made;  

 Saving costs - calculation of saving on costs following optimization. 

Table 1 EOQ optimization on the basis of actual data  

 

The first results of the application of the EOQ method indicated a significant cost saving, and hence, a greater 

level of freight vehicle utilization. With an optimization of the existing system, the logistical company could 

reduce its costs while reducing the overall costs it has per customer in the preparation and delivery of the 

goods. The total saving in the distribution area concerned is shown in the table below.  

Table 2 Evaluation of the outcomes of optimization  

 

Company

Number 

of 

deliveries

Total number of 

pallets

Total 

number of 

cartons

 Actual transport 

costs 
 Storage costs  Assembly costs EOQ D  P  C 

Optimatized 

number of 

deliveries

 New 

transport 

Cost  

 Saving cost 

Company1 1 1 39 1 339,5 CZK 3 092,7 CZK 174,8 CZK            39 39 1 514,3 CZK 79,3 CZK 1 1 339,5 CZK 0,0 CZK

Company2 2 2 89 1 932,0 CZK 7 057,7 CZK 384,8 CZK            51 89 1 158,4 CZK 79,3 CZK 2 1 932,0 CZK 0,0 CZK

Company3 1 3 148 1 530,0 CZK 11 736,4 CZK 583,6 CZK            89 148 2 113,6 CZK 79,3 CZK 1 1 530,0 CZK 0,0 CZK

Company4 4 4 90 2 214,9 CZK 7 137,0 CZK 488,0 CZK            39 90 675,7 CZK 79,3 CZK 2 1 107,5 CZK 1 107,5 CZK

Company5 5 5 250 3 957,8 CZK 19 825,0 CZK 1 050,0 CZK        79 250 1 001,6 CZK 79,3 CZK 3 2 374,7 CZK 1 583,1 CZK

Company6 2 2 79 900,8 CZK 6 264,7 CZK 352,8 CZK            35 79 626,8 CZK 79,3 CZK 2 900,8 CZK 0,0 CZK

Company7 11 11 381 6 852,4 CZK 30 213,3 CZK 1 769,2 CZK        87 381 783,8 CZK 79,3 CZK 4 2 491,8 CZK 4 360,6 CZK

Company8 1 2 64 1 017,9 CZK 5 075,2 CZK 284,8 CZK            46 64 1 302,7 CZK 79,3 CZK 1 1 017,9 CZK 0,0 CZK

Company9 1 1 25 391,9 CZK 1 982,5 CZK 130,0 CZK            18 25 521,9 CZK 79,3 CZK 1 391,9 CZK 0,0 CZK

Company10 2 2 17 1 393,1 CZK 1 348,1 CZK 154,4 CZK            18 17 773,8 CZK 79,3 CZK 1 696,6 CZK 696,6 CZK

Company11 1 1 7 552,4 CZK 555,1 CZK 72,4 CZK               11 7 624,8 CZK 79,3 CZK 1 552,4 CZK 0,0 CZK

Company12 11 20 754 16 411,0 CZK 59 792,2 CZK 3 232,8 CZK        184 754 1 785,8 CZK 79,3 CZK 4 5 967,6 CZK 10 443,4 CZK

Company13 2 2 101 1 551,7 CZK 8 009,3 CZK 423,2 CZK            50 101 987,5 CZK 79,3 CZK 2 1 551,7 CZK 0,0 CZK

Company14 4 10 441 6 567,3 CZK 34 971,3 CZK 1 791,2 CZK        152 441 2 089,6 CZK 79,3 CZK 3 4 925,5 CZK 1 641,8 CZK

Company15 3 4 26 2 848,1 CZK 2 061,8 CZK 263,2 CZK            26 26 1 037,1 CZK 79,3 CZK 1 949,4 CZK 1 898,7 CZK

Company16 2 2 8 1 424,0 CZK 634,4 CZK 125,6 CZK            13 8 774,8 CZK 79,3 CZK 1 712,0 CZK 712,0 CZK

Company17 1 1 5 807,5 CZK 396,5 CZK 66,0 CZK               10 5 873,5 CZK 79,3 CZK 1 807,5 CZK 0,0 CZK

Company18 1 1 67 687,2 CZK 5 313,1 CZK 264,4 CZK            40 67 951,6 CZK 79,3 CZK 1 687,2 CZK 0,0 CZK

Company19 1 1 10 1 312,1 CZK 793,0 CZK 82,0 CZK               19 10 1 394,1 CZK 79,3 CZK 1 1 312,1 CZK 0,0 CZK

Company20 1 1 129 897,6 CZK 10 229,7 CZK 462,8 CZK            67 129 1 360,4 CZK 79,3 CZK 1 897,6 CZK 0,0 CZK

Company21 6 6 162 7 510,9 CZK 12 846,6 CZK 818,4 CZK            75 162 1 388,2 CZK 79,3 CZK 2 2 503,6 CZK 5 007,3 CZK

Company22 1 1 39 714,4 CZK 3 092,7 CZK 174,8 CZK            30 39 889,2 CZK 79,3 CZK 1 714,4 CZK 0,0 CZK

Company23 11 17 821 11 770,1 CZK 65 105,3 CZK 3 357,2 CZK        169 821 1 375,2 CZK 79,3 CZK 5 5 350,1 CZK 6 420,1 CZK

Company24 1 1 30 580,9 CZK 2 379,0 CZK 146,0 CZK            23 30 726,9 CZK 79,3 CZK 1 580,9 CZK 0,0 CZK

Company25 1 1 5 510,0 CZK 396,5 CZK 66,0 CZK               9 5 576,0 CZK 79,3 CZK 1 510,0 CZK 0,0 CZK

Company26 2 2 11 3 418,6 CZK 872,3 CZK 135,2 CZK            22 11 1 776,9 CZK 79,3 CZK 1 1 709,3 CZK 1 709,3 CZK

Company27 1 3 191 1 828,9 CZK 15 146,3 CZK 721,2 CZK            111 191 2 550,1 CZK 79,3 CZK 1 1 828,9 CZK 0,0 CZK

Company28 1 1 4 580,9 CZK 317,2 CZK 62,8 CZK               8 4 643,7 CZK 79,3 CZK 1 580,9 CZK 0,0 CZK

Company29 2 2 102 1 487,7 CZK 8 088,6 CZK 426,4 CZK            50 102 957,1 CZK 79,3 CZK 2 1 487,7 CZK 0,0 CZK

Company30 2 2 7 791,7 CZK 555,1 CZK 122,4 CZK            9 7 457,0 CZK 79,3 CZK 1 395,8 CZK 395,8 CZK

Company31 1 1 10 897,6 CZK 793,0 CZK 82,0 CZK               16 10 979,6 CZK 79,3 CZK 1 897,6 CZK 0,0 CZK

Company32 2 2 20 759,2 CZK 1 586,0 CZK 164,0 CZK            15 20 461,6 CZK 79,3 CZK 1 379,6 CZK 379,6 CZK

Company33 4 4 86 3 066,1 CZK 6 819,8 CZK 475,2 CZK            44 86 885,3 CZK 79,3 CZK 2 1 533,1 CZK 1 533,1 CZK

Company34 2 2 8 1 358,5 CZK 634,4 CZK 125,6 CZK            12 8 742,1 CZK 79,3 CZK 1 679,3 CZK 679,3 CZK

Company35 1 1 64 840,8 CZK 5 075,2 CZK 254,8 CZK            42 64 1 095,6 CZK 79,3 CZK 1 840,8 CZK 0,0 CZK

Company36 1 1 67 837,8 CZK 5 313,1 CZK 264,4 CZK            43 67 1 102,2 CZK 79,3 CZK 1 837,8 CZK 0,0 CZK

Company37 1 1 42 654,1 CZK 3 330,6 CZK 184,4 CZK            30 42 838,5 CZK 79,3 CZK 1 654,1 CZK 0,0 CZK

Company38 2 7 3445 4 863,4 CZK 273 188,5 CZK 11 274,0 CZK     837 3445 8 068,7 CZK 79,3 CZK 2 4 863,4 CZK 0,0 CZK

Company39 1 1 15 654,1 CZK 1 189,5 CZK 98,0 CZK               17 15 752,1 CZK 79,3 CZK 1 654,1 CZK 0,0 CZK

Company40 1 1 4 1 313,4 CZK 317,2 CZK 62,8 CZK               12 4 1 376,2 CZK 79,3 CZK 1 1 313,4 CZK 0,0 CZK

Company41 1 1 16 654,1 CZK 1 268,8 CZK 101,2 CZK            17 16 755,3 CZK 79,3 CZK 1 654,1 CZK 0,0 CZK

Company42 3 3 172 1 265,1 CZK 13 639,6 CZK 700,4 CZK            53 172 655,2 CZK 79,3 CZK 3 1 265,1 CZK 0,0 CZK

Company43 2 2 26 2 027,8 CZK 2 061,8 CZK 183,2 CZK            27 26 1 105,5 CZK 79,3 CZK 1 1 013,9 CZK 1 013,9 CZK

Company44 1 1 127 826,5 CZK 10 071,1 CZK 456,4 CZK            64 127 1 282,9 CZK 79,3 CZK 1 826,5 CZK 0,0 CZK

Company45 4 4 153 4 307,1 CZK 12 132,9 CZK 689,6 CZK            69 153 1 249,2 CZK 79,3 CZK 2 2 153,5 CZK 2 153,5 CZK

Company46 1 2 144 3 917,7 CZK 11 419,2 CZK 540,8 CZK            127 144 4 458,5 CZK 79,3 CZK 1 3 917,7 CZK 0,0 CZK

Company47 5 5 195 5 374,1 CZK 15 463,5 CZK 874,0 CZK            78 195 1 249,6 CZK 79,3 CZK 2 2 149,7 CZK 3 224,5 CZK

Company48 1 1 58 1 313,4 CZK 4 599,4 CZK 235,6 CZK            48 58 1 549,0 CZK 79,3 CZK 1 1 313,4 CZK 0,0 CZK

Company49 1 1 9 927,8 CZK 713,7 CZK 78,8 CZK               15 9 1 006,6 CZK 79,3 CZK 1 927,8 CZK 0,0 CZK

Company50 9 9 164 4 471,8 CZK 13 005,2 CZK 974,8 CZK            50 164 605,2 CZK 79,3 CZK 3 1 490,6 CZK 2 981,2 CZK

Actual Optimatized

Number of deliveries 129 78

Number of cartons / deliveries (Average) 69 114

Transport costc 124 113,7 CZK            76 172,5 CZK               

Saving costs (CZK) 47 941,2 CZK               

Saving costs (%) 38,6%
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It is evident that a cost-saving of 38.6 % has been achieved. The secondary objective is the reduction of CO2 

as an adverse impact of road transport on the environment. Furthermore, EOQ optimization also discovered 

that selected companies are already optimizing their costs with a view to the quantity of goods ordered. Those 

companies are marked in the table (Table 1). 

4. FUTURE RESEARCH 

Of vital importance for the correct definition of the issue - construction of the EOQ model and its subsequent 

modification in road transport - is the set-up of the system such that it would suit all parties involved in the 

logistical chain.  Recently, road transport has been facing a significant reduction in the number of professional 

drivers and thus the question whether the optimum delivery size, and hence a reduction of the total number of 

freight vehicles used in the distribution system, may not help address the situation in part.  In the future, a 

greater level of cooperation between logistical operators, owners, and customers purchasing goods can 

therefore be expected in an effort to optimize costs to the greatest extent possible and to efficiently utilize 

transport capacity.  Hence, the use of the EOQ model or its modification in the optimization of the problem at 

hand.  On the basis of the optimization, distribution of goods at least once a month was ensured, and the 

possibility of placement in stock by the customer was not examined.  That is why, in the future, we would like 

to examine greater variability of the EOQ model, in order for it to include customer costs prior to final 

consumption.  And the application of a modification of the EOQ model throughout the Czech Republic. 
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Abstract 

Strong competition in the logistics industry requires increasingly better vehicle route planning (VRP). Not 

surprisingly, for several years we can observe increasing interest in developing optimization tools for solving 

real logistics problems. This is supported by the increase in computing power of personal computers and the 

fact that advanced optimization solvers are often developed as free or open source software. The question 

arises about the quality of solutions produced by such solvers and whether they can be useful for solving real 

life problems. In this paper, we compare the quality of solutions and the computational cost of the most popular 

libraries (OR-Tools, VROOM and jsprit) for solving the Capacitated Vehicle Route Planning with Time Windows 

(CVRPTW) problem, which is one of the most common problems in logistics environment. The comparison is 

performed on 56 benchmark problems described in the literature with known optimal solutions. 

Keywords: Capacitated Vehicle Routing Problem with Time Windows, OR-Tools, VROOM, jsprit 

1. INTRODUCTION 

Transport process and delivery planning are among the most important tasks of managers in distribution, trade 

and production companies. The problem of route planning concerns the rationalization of distribution 

processes of products offered by the company's network of customers. Even though it has been studied for 

years, the research around it is still very active. 

In operational research, route planning problem is included in the class of vehicle routing problems (VRPs). 

The vehicle routing problem is a combinatorial optimization and integer programming problem. It generally 

asks for a set of routes (see Figure 1) that satisfy constraints and minimize global transportation cost (could 

be monetary or distance or any other). 

 

Figure 1 Vehicle Route Planning problem with single depot 
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VRP can be affected by various factors, just to mention vehicle capacity, number of depots, traffic conditions 

or time restrictions (e.g., imposed time windows). This makes routing and scheduling optimization very difficult. 

In fact, VRP is an NP-hard (non-deterministic polynomial-time hard) problem [1], which means that, in practice, 

it is not possible to build an algorithm that will always provide the optimal solution in an acceptable amount of 

time. 

However, recent advances on Information and Communications Technologies (ICT) - growing use of GPS, 

distributed systems, new computing technologies - open new possibilities for optimizing the planning process 

of road transportation [2]. New technologies combined with advanced simulation and optimization techniques 

allow the practical development and implementation of new ICT-based solutions to support decision-making 

in the transportation and logistics arena. The increase in computing power and the development of new 

heuristic algorithms have enabled the development of efficient tools capable of solving many transport issues, 

primarily those that can be represented in the form of VRP.  

In this paper we focus on open-source software for solving VRPs. We compare three popular toolkits that can 

handle additional constraints such as heterogeneous fleet, capacity limits or time windows. The first tool we 

consider (Section 3.1) is VROOM - a relatively new tool, written in C++ and presented in 2018, primarily 

developed for solving logistic problems that can be presented using OpenStreetMap. Next tool, discussed in 

Section 3.2, is jsprint - a popular package developed in Java environment since 2016 and distributed on LGPL 

license. Finally, in Section 3.3, the OR-Tools suite is reviewed, which is currently being developed by Google 

and is gaining great popularity as an efficient, universal optimization package for various combinatorial 

problems. All presented tools are compared in Section 4 by using 56 Solomon benchmark problems. The 
paper ends with some concluding remarks. 

2. CAPACITATED VEHICLE ROUTE PLANNING WITH TIME WINDOWS 

Depending on which factors are considered, one can distinguish Capacitated VRP (CVRP) with limits on the 

capacity of the vehicles in a fleet, Multi Depot VRP (MDVRP) with multiple depots (there is no need to return 

to the starting depot), Dynamic VRP (DVRP) where routes can change dynamically, Time Window VRP 

(TWVRP) with limits on the delivery time, Heterogenous VRP (HVRP) which allows different types of vehicles 

in the fleet, Time Dependent VRP (TDVRP) with time dependent travel times (time employed to traverse a 

route depends on the time of the day the travel starts from its originating node) or Green VRP (GVRP) where 

the transportation fleet is composed of electric vehicles with limited autonomy in need of recharge during their 

duties. Each of these problems is of great importance for the development of the industry, so there is a need 

for software that can combine majority or even all the above VRP variants and provide an optimal solution. In 

further considerations, however, we will focus on Capacitated VRP with time windows (CVRPTW), which is 

usually used as a core in the so-called rich VRP that usually include a heterogeneous fleet and other 

constraints, e.g., drivers' working time [3]. 

The capacitated vehicle routing problem (CVRP) was introduced by Dantzig and Ramser [4]. The basic 

concept of CVRP is to find a feasible set of vehicle routes that minimizes the total traveling distance and the 

total number of vehicles used. In each route, the vehicle departs from a given depot and returns to the same 

depot after completing service. Classical CVRP involves a single depot, homogeneous fleet of vehicles with 

limited capacity, and a set of customers who require delivery of goods from the depot. CVRP with time windows 

(CVRPTW) impose additional constraint that the goods must be delivered within specified time windows. Let 

us notice that finding even a feasible solution to CVRPTW with a homogenous fleet is a NP-complete problem 

[5]. CVRPTW is one of the most practical VRP problems, therefore several benchmarks sets have been defined 

for this problem in order to assess the quality of dedicated solution algorithms. The most frequently used 

benchmarks for CVRPTW are the ones generated by Solomon [6] and later by Gehring and Homberger [7]. In 

our research we focus on the first benchmark set as it is the most popular. 
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3. SELECTED OPEN-SOURCE SOLVERS 

There are a number of barriers related to the development of your own algorithms to solve practical VRP class 

problems, whereas the commercial software has its source code closed, therefore, further development of the 

systems based on them requires close cooperation with the software supplier. As it was mentioned in the 

introduction, a number of open source tools and libraries are now available to resolve various types of VRP. 

The most popular examples of currently and actively developed open-source projects on VRP solving tools 

are, among others, OR-Tools, VROOM, jsprit, Open-VRP, OptaPlanner, SYMPHONY, and VRP Spreadsheet 

Solver. However, choosing the most suitable library to solve a particular practical vehicle routing problem is 

not easy since those libraries differ in terms of speed, programming environment, flexibility, functionality and 

ease of use. Several criteria may be used to assess their applicability in real world scenarios: 

 generality - the possibility of solving various VRP types, 

 flexibility in choosing and/or adding own construction algorithm (in order to generate an initial solution) 

and own repair algorithm (heuristic and/or meta-heuristic), 

 flexibility in defining objective function - rigid and flexible (defined by a user), 

 flexibility in defining constraints - the possibility of taking into account both “rigid” and “soft” constraints,  

 execution speed, especially for large problem instances, 

 quality of produced solutions, 

 integration abilities with external systems (TMS, ERP, WMS, and others) as well as GIS and 

visualization systems, 

 testing abilities - the possibility of using benchmark sets and different datasets of various formats (csv, 
xls/xlsx, json, xml, sql and others), 

 availability of API documentation and its quality. 

In what follows, the OR-Tools, VROOM and jsprit toolkits are discussed in details. The reason for choosing 

these three toolkits is that in our opinion they seem to be the most promising, among the available software, 

for solving various VRP problems. They are relatively young and are still intensively developed. 

3.1. VROOM 

Vehicle Routing Open-source Optimization Machine (VROOM) is an open-source software written in C++ to 

solve vehicle routing problems (VRP) arising in logistics and more widely in any context with geographically 

distributed tasks (source is available from site https://github.com/VROOM-Project/vroom). 

VROOM uses several heuristics to find an initial solution depending on the problem: an adjusted version of the 

Christofides heuristic for TSP, clustering heuristics using spanning trees (for CVRP), adjusted versions of the 

Solomon insertion heuristics (for VRPTW and CVRP). Then a local search procedure is used to check for valid 

neighboring solutions and improve the current solution. The local search procedure uses 14 different operators 

that include, e.g., TwoOpt, various types of exchange and reallocate operators. The authors describe them in 

[8]. 

3.2. JSPRIT 

Jsprit is a java based, open source (released under Apache License v2, available from 

https://github.com/graphhopper/jsprit) toolkit for solving rich traveling salesman and vehicle routing problems. 

It is lightweight, flexible and easy-to-use. jsprit can solve problems with pickups and deliveries, back hauls, 

heterogeneous fleets, finite and infinite fleets, multiple depots, time windows, open routes, different start and 

end locations, multiple capacity dimensions, initial loads, skills, etc. 
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The heuristic behind jsprit is based on ruin and recreate approach used in the large neighborhood search 

(LNS) proposed originally by Shaw [9] and adopted by Shimp et al. [10] to VRP. Shimp et al. combined the 

idea of simulated annealing with some threshold-accepting algorithms. In the ruin step an initial solution is 

disintegrated into two sets: one containing points that are no longer visited by a given vehicle and the second 

containing the remaining points that constitutes a partial solution. In the recreate phase points not assigned to 

any vehicle are reintegrated into the partial solution creating a new solution. The ruin and recreate steps are 

repeated until a stopping criterion is met (usually number of iterations).  

3.3. OR-TOOLS 

OR-Tools is Google’s open-source, fast and portable software suite for solving combinatorial optimization 

problems (also available from github repository: https://github.com/google/or-tools). It supports various 

programming languages, including C++, C#, Java and Python. OR-Tools can solve many types of VRPs, 

including problems with pickups and deliveries, heterogeneous fleets, multiple depots, time windows, different 

start and end locations, multiple capacity dimensions, initial loads, skills, etc. 

Obviously, there are some limitations on solving VRPs as they are inherently intractable for larger instances. 

Therefore, OR-Tools sometimes returns solutions that are good, but not optimal. Better solutions can 

sometimes be found by changing the search options for the solver. The first solution strategy is used to find 

an initial solution (one can also specify a set of already found initial routes). There are 13 various first solution 

strategies including AUTOMATIC and PARALLEL_CHEAPEST_INSERTION. The AUTOMATIC strategy lets 

the solver detect the strategy to be used according to the model being solved, whereas the 

PARALLEL_CHEAPEST_INSERTION strategy iteratively build a solution by inserting the cheapest node at its 
cheapest position; the cost of insertion is based on the arc cost function. Each of the 13 strategies can be 

incorporated into 6 different heuristics, such as greedy descent, simulated annealing, and tabu search. 

OR-Tools documentation is available with plenty of examples. However, when referring to the API docs (which 

are presented in C++) there appears to be certain things that are either not represented in, e.g., the Python 

API, or not well documented to understand how it should be used. 

4. NUMERICAL EXPERIMENTS 

In this section we compare the described above optimization tools using six sets of CVRPTW benchmark 

problems designed by Solomon [6]. These problem instances were generated so that to highlight various 

factors that affect the behavior of routing and scheduling algorithms for CVRPTW. The geographical data are 

random in problem sets R1 and R2, clustered in problem sets C1 and C2, and a mixture of random and 

clustered structures in problem sets by RC1 and RC2. Problem sets R1, C1 and RC1 have a short scheduling 

horizon and allow only a few (approximately 5 to 10) customers per route, whereas the sets R2, C2 and RC2 

have a long scheduling horizon permitting many customers (more than 30) to be serviced by the same vehicle. 

The customer coordinates are identical for all problems within one type (R, C and RC), whereas the time 

windows vary from very tight ones with a width of 10 time units to the ones that are hardly constraining with a 

width of 90 time units. For all the problems it is assumed that there is only one depot and the fleet is 

homogenous. The larger problems contain 100 customers to be served. Travel times of vehicles are equal to 

the corresponding distances, which are calculated based on the Euclidean distance between points. We have 

performed the calculations using each of the compared methods for all instances, i.e., 168 computational 

experiments were carried out in total. The average distance, average utilization of the vehicles and average 

running time for the obtained results in each of the Solomon’s set are presented in Table 1.  

Based on the obtained results, it can be concluded that on average jsprit achieves the shortest total distances 

travelled by vehicles. However, it requires much more computational time when compared to the other two 

solvers, albeit still acceptable in business applications (ca. 2 minutes). If the waiting time for a solution is 
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compared, the fastest is OR-Tools with a search heuristic set to automatic. Unfortunately, this is done at the 

expense of much worse results compared to other algorithms. Taking into account both the execution time and 

the quality of the results it seems that the most promising among the considered solvers is VROOM. The 

distances produced by VROOM are better than distances produced by OR-Tools and only slightly worse than 

distances produced by jsprit, whereas the computational times for VROOM are comparable with OR-Tools 

times and much they are better than jsprit times.  

Table 1 Average results (distance, vehicles used and CPU times) for 56 Solomon benchmark instances with 

 100 customers; best results are marked with bold type 

Case VROOM jsprit OR-Tools 

distance vehicles CPU[s] distance vehicles CPU[s] distance vehicles CPU[s] 

C1 829.69 10 0.47 828.38 10 109.11 868.82 10 0.38 

C2 592.08 3 0.98 589.86 3 85.36 621.95 4 0.51 

R1 1241.39 14 0.82 1204.56 14 133.28 1283.56 15 0.57 

R2 935.14 5 2.17 890.42 5 114.00 980.65 7 0.65 

RC1 1395.60 14 0.77 1348.51 13 124.24 1459.49 15 0.62 

RC2 1065.93 5 2.17 1014.14 6 115.23 1087.47 8 0.77 

Table 2 shows the instances with the largest and the smallest differences between the results produced by 

the considered optimization tools. Additionally, best known (BK) results are compared with jsprit results. 

Table 2 Instances with the largest and the smallest differences between the results of optimization tools 

Instance VROOM ORtools jspirit BK 
VR-js 
(%) 

OR-Js 
(%) 

js-BK 
(%) 

C101 828.94 828.94 828.94 827.30 0.0 0.0 0.2 

C104 832.78 1071.35 824.77 822.90 1.0 29.9 0.2 

C201 591.56 737.04 591.56 589.10 0.0 24.6 0.4 

C202 591.56 593.00 591.56 589.10 0.0 0.2 0.4 

R101 1666.20  1689.90 1646.21 1637.70 1.2 2.7 0.5 

R109 1203.63 1340.87 1152.38 1146.90 4.4 16.4 0.5 

R203 901.63 945.64 876.25 905.72 2.9 7.9 -3.3 

R211 846.69 902.26 766.63 761.10 10.4 17.7 0.7 

RC102 1511.65 1574.45 1480.55 1466.84 2.1 6.3 0.9 

RC103 1341.96 1458.28 1274.74 1261.67 5.3 14.4 1.0 

RC204 819.03 823.08 789.07 798.46 3.8 4.3 -1.2 

RC208 834.98 976.50 796.35 828.14 4.9 22.6 -3.8 

As we can see from Table 2, for C1 and C2 benchmark sets the differences between VROOM and jsprit results 

are negligible. For some instances from those sets, OR-Tools produced very similar results, however for the 

other instances the OR-Tools results are quite distant from the remaining ones, and the difference reaches 

more than 20 %. For R1 and R2 sets the difference between VROOM and jsprit is more than 1 %, up to 10 %, 

while for OR-Tools the difference is at best 2.7 % and can reach up to 17.7 %. For some instances jsprit was 

able to generate the solution better than described in literature (for metaheuristics) in terms of total distance, 
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but for a cost of more vehicle used. The differences for the last group of instances RC1 and RC2 are even 

higher for OR-Tools and can reach more than 22 %, while for VROOM the difference with jsprit does not 

exceed 5.3 % (although starts from 2.1 %). 

5. CONCLUSION 

We have investigated the usefulness of some popular open-source optimization tools for solving Capacitated 

Vehicle Route Problem with Time Windows, that is frequently used in practice. VROOM, OR-Tools and jsprit 

were compared on 56 Solomon benchmark problem instances. The obtained results have revealed some 

interesting properties of the considered optimization toolkits. VROOM turned out to be the most balances one 

in terms of solutions quality and execution time, while jsprit provides the best solutions in general. In many 

cases OR-Tools was also able to provide good quality results, however, for the most demanding instances 

was far from the two other considered tools. On the other hand, it has the most options that can be configured 

concerning the generation of an initial solution and the main heuristic. It can also be used in many environments 

(Python, C ++, Java, C #), while other tools are limited to only one. 
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Abstract  

The dynamic development of air transport worldwide and, as a result, problems with airport capacity affect 

many countries, including Poland. According to forecasts, the main Polish airport located in Warsaw will reach 

its saturation capacity in 2022. 

Consequently, the airport system in Poland is undergoing significant transformations to become a hub-and-

spoke based model. The Central Communication Port (CCP) is designated to be the heart and its launch is 

planned for 2028. 

For the Central Communication Port to start operations effectively in 2028, a number of changes are required 

in the current airport system. The years left to launch CCP will be a transitional period, during which it will be 

necessary to ensure, on the one hand, effective functioning of the airport system, and on the other, to prepare 

passenger traffic for the shift to CCP. Developing the railway and road infrastructure and their connection to 

the Central Communication Port to areas of important relevance will be necessary. 

Keywords: Airport system, Poland, EU, H&S 

INTRODUCTION 

The scientific goal of this article is to elaborate a reliable, resource-based opinion on the strategy adopted by 

the State Airports in the transformation process of the Polish airport system towards a Hub-and-Spoke model. 

The broad context of the development of global air traffic and airports in the EU has been taken into account. 

To achieve this, the article discusses Hub-and-Spoke and Point-to-Point models operating in air transport. The 

premises of the decision to build an air hub in Poland were also presented. These include dynamic 

development of air transport in the world and Europe, forecasted congestion of European airports, growing 

competition at airports in the Middle East and the need to adapt the Polish transport infrastructure to Western 

European standards. The literature analysis method was applied. Due to the novelty of the issue, subject 

specificity and the small number of scientific studies of this type, sources also include studies of European 

bodies responsible for air transport as well as studies conducted by Polish ministries. 

1.  AIR TRANSPORT WORLDWIDE AND IN EUROPE 

An upward trend in air transport has been observed since the global financial crisis of 2008/2009. In 2016, the 

number of airline passengers in the world increased by 6.3 % compared to 2015, reaching 3.7 billion. In 2014, 

airport revenues increased by 8.2 % [1].  

In 2018, airlines carried a total of 4.3 billion passengers and 85 million tons of goods on a global scale. 

According to Air Transportation Action Group (ATAG) estimates, in 2016 the aviation sector was responsible 

for generating 3.6 % of global GDP and employing 65.5 million people. It pertains to direct employment in the 

aviation sector (airlines, airports, air traffic services), indirect (production for the aviation sector) as well as 

directly benefited by air transport (i.e. jobs existing thanks to expenses of employees employed in the aviation 

sector, e.g. shopping, services banking, restaurant and other)) and tourism-related [2]. Although air transport 

serves only 1 % of global trade in terms of volume, it is 35 % in value terms [3]. Air transport significantly 

supports globalization processes not only in tourism but also in production and services, allowing for the rapid 
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movement of workers employed in these industries. This also occurs through the significant share of air 

transport in e-commerce services. 

As a result, air transport plays an extremely important role in the global economy. In Europe, air transport is 

responsible for 83 billion GDP and 12.2 million jobs. 

Air transport is significantly conditioned by the existence of point infrastructure adequate to transport needs - 

i.e. airports. The air traffic map points to the existence of three major clusters of airports in the world. These 

include North America, Europe, and Asia. 

By 2035, global air travel, as measured in Revenue Passenger Kilometers (RPKs), is expected to grow 

between 4.5 % and 4.8 % per year. The highest growth, about 6 % per year, is forecasted for emerging 

economies in the Asia-Pacific region, the Middle East, Africa, and Latin America. 

It is estimated that the more mature European market will grow by 3.7 % annually. In North America, the 

increase will be between 2.9 and 3.1 % [4]. The announcement of an upward trend in air transport means an 

increased demand for airport services and the need to take measures to increase their current capacity. This 

is a significant challenge for EU airports. 

2. HUB-AND-SPOKE VERSUS POINT-TO-POINT SYSTEM  

There are two main types of connections between airports: 

 direct between airports (Point-to-Point) 

 indirect (Hub-and-Spoke) via a large airport hub. The hub acting as such gathers passengers from 

smaller, delivery airports. Consequently, economies of scale on long routes are possible, achieved by 

filling large aircraft, which contributes to their efficient use. Following, passengers are delivered to 

smaller regional destinations [5]. 

The creation of a Hub-and-Spoke system was a consequence of the liberalization of air transport. 

Before deregulation, the world's flagship air carriers were state-owned, and air transport was strictly regulated. 
In 1978, the US deregulated air transport in the ‘80s and ‘90s saw the same transformation in the EU. In 1995, 
the US implemented open sky agreements with ten European countries. 

These agreements established possible connection services between any point in one country to any point in 

another, with no restrictions as to the number of carriers or capacity. In the ‘90s this model was developed at 

European airports. It has led to a significant increase in transfer traffic at leading airports serving as a base for 

Air France-KLM, British Airways and Lufthansa [6].  

Despite some benefits that the Hub-and-Spoke system brings, it also generates high costs. These include 

operating costs (the costs of operating large aircraft, leading to greater consumption of airport infrastructure, 

and the costs of handling transit passengers; these also cover the costs of additional luggage handling 

equipment, rooms for passengers awaiting transfer, check-in of passengers, employees serving passengers 

and their luggage). In addition, the H&S system leads to airport congestion, extends travel times and is more 

prone to delays [7]. 

In addition, low-cost carriers have changed the scenario of the aviation market over the past ten years by 

offering passengers cheaper Point-to-Point connections, operating mainly from smaller airports, including 

European airports [8]. 

3. AIRPORTS IN THE EUROPEAN UNION - CURRENT SITUATION AND DEVELOPMENT 
PROSPECTS 

Airports in Europe are located on three lines. The first line, including among others, the ports in London, Paris, 

and Madrid, serves about 50 % of air traffic in Europe. The second line includes the ports in Frankfurt, Munich, 
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Amsterdam, Rome serving about 40 % of air traffic in Europe. The third line runs through Hungary, Slovakia, 

Poland, and Finland. It accounts for the remaining traffic in Europe. There is no robust airport on this line 

capable of handling future air traffic generated by Central and Eastern European countries [9]. 

Upward trends in air transport should be enjoyed, however, according to forecasts, EU airports located on the 

first and second lines - serving 90 % of air traffic in Europe will not be able to provide air traffic without delays 

and canceled flights. 

According to the report of Eurocontrol, “the number of flights is projected to be 50 % higher in 2035 than in 

2012. However, airport capacity is expected to increase by just 17 % by 2035. As a consequence, around 1.9 

million flights will be lost under the most likely scenario, representing approximately 12 % of demand in 2035, 

or an estimated 120 million passengers who will be unable to fly” [10].  

In line with this phenomenon, there will be a demand for new large and medium airports. Meanwhile, the 

majority of airports in the EU are small regional airports. 60 % of them are serving fewer than 1 million 

passengers annually [11]. 

In the period covering 2000-2013, €4.5 billion of the European Union budget was dedicated to expenditures 

for airport infrastructure, in particular through the European Regional Development Fund (ERDF) and the 

Cohesion Fund (CF). EU-funded airports located in five Member States: Estonia, Greece, Spain, Italy, and 

Poland have together, received a total of €666 million between the 2000-2006 and the 2007-2013 programming 

periods. The European Court of Auditors (ECA) decided to audit those airports. The audit results published in 

December 2014 were critical. “EU-funded investments in airports provided poor value for money. (…) Too 

many airports received funding, with many in close proximity to one another, and that EU-funded infrastructure 
was, in many cases, over-sized. Only half of the audited airports had successfully increased their passenger 

numbers, while seven of the 20 airports studied were not profitable and risked closure in the absence of public 

support” [12]. 

On the 7th of December 2015, the European Union adopted a new aviation strategy for Europe. Its goal is to 

strengthen the “competitiveness and sustainability of the entire EU air transport value chain”. It is also worth 

quoting that the most important resolutions of the European Parliament for the future development of European 

airports include: 

 the resolution of the 9th of September 2015 on the implementation of the 2011 White Paper on transport, 

“the EP called for the development of an EU airport network including, first of all, major airports (i.e. 

hubs) and, secondly, 'a well-served, viable and supported network of local, provincial and regional 

airports’; 

 the resolution of the 11th of November 2015 on aviation, „the EP highlighted the loss of competitiveness 

of EU airlines and airports vis-à-vis subsidised third-country carriers and airports, requested a proactive 

policy to ensure a level playing field on ownership and encouraged Member States 'to improve their 

national infrastructure to allow their airlines to compete on more favourable terms’” [13]. 

4. THE AIRPORT SYSTEM IN POLAND 

Poland has 15 public access passenger airports, which in 2017 checked in over 40 million passengers. Chopin 

Airport in Warsaw plays a key role, serving 39.4 % of the clients of Polish airports in 2017. 94.2 % of passenger 

traffic in Poland was served by 7 airports checking in over a million passengers a year. These airports include 

Warsaw, Cracow, Gdańsk, Katowice, Modlin (near Warsaw), Wrocław and Poznań [14]. 

2018 was a record year for Chopin Airport in terms of profit generated and the number of passengers checked 

in - 18 million. However, forecasts show that in 2022 its capacity will be exhausted. This means that, according 

to forecasts regarding the increase in air traffic, by 2028 from 9 to 15 million passengers who would like to take 

advantage of the services of Chopin Airport will not be able to do so [15]. The reasons for this situation can be 
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reduced to two factors: dynamic air traffic growth around the world and the lack of a coherent strategy for the 

development of airports in the post-war history of Poland. For decades, after 1945, no decision was taken to 

build a central airport that would relieve the airport at Okęcie. This happened despite the conclusions drawn 

from several reliable expert opinions made over the last 40 years. All clearly indicated the need for such an 

investment. It was not until 2017 that the Polish government took a decision to build a Central Communication 

Port (CPK). 

Polish airports are faced with two main identifiable problems: 

 the fragmentation of the airport market in Poland, which is not beneficial either for Polish airlines or for 

Poland's position on the European air map. Small, regional airports supply air hubs - located in other 

European countries (e.g. in Germany, the Netherlands or England). Thus, they strengthen foreign 

airlines based in these hubs [16], 

 reduced capacity at the leading Polish airport, namely Chopin Airport in Warsaw, celebrating its 85th 

anniversary in 2019. 

In connection with the above, a strategy for the development of the Polish airport system is currently being 

implemented, aiming to create a strong, modern hub at the third airport in Europe. 

5. PREMISES AND PROJECT ASSUMPTIONS FOR THE CONSTRUCTION OF CCP - AN AIR HUB 
FOR POLAND AND EUROPE 

From the European perspective, the main premises for the construction of CCPs should be recognized as: 

 predicted air transportation growth and congestion of existing European airports, 

 movement of the centre of gravity of European air-traffic towards the East and South, 

 growing competition for European hubs from Gulf & Turkish hubs.  

Over the last 20 years, the centre of gravity of European air-traffic has slowly shifted. This trend is expected 

to continue. The Eastern states have typically less traffic than in Western Europe and therefore a higher 

potential for growth. It is expected that such countries as Croatia, Latvia, Estonia, Poland, Moldova will at least 

double their departures per 1,000 capita [17]. 

Another issue is that existing European hubs are now typically facing competition between 50 % and 60 % of 

their connecting routes to Asia-Pacific. Istanbul, Abu Dhabi, and Doha, which have all more than doubled the 

number of their connecting routes since 2010 and overtaken part of European hubs transit passenger traffic 

[18].  

Taking all above into the consideration, it’s logical to expect that the establishment of a new hub-airport on the 

third line of airports in Europe, would fit into EU strategy on airport development. Such an airport hub could 

help with congestion of Western European airports and retain transit passengers in the EU. From the Polish 

perspective, the construction of the CCP is a great opportunity for Poland to play an important role in servicing 

global air traffic and to make up for post-war backlogs in the construction of transport infrastructure (mainly 

railway and airport). 

A decision has been taken that the Central Communication Port (CCP) will be located near the town of 

Stanisławów (between Warsaw and Łódź), in the immediate vicinity of the A2 motorway, the Warsaw-Łódź 

railway line and the planned tracks of the High-Speed Railway. The Economics Committee of the Council of 

Ministers adopted the construction recommendation on 4 March 2017; the project's aims are to “build and 

operate a profitable, innovative transport hub, which will rank as one the world's top ten airports, and at the 

same time will become an important component of the national rail passenger transport system and an 

attractive alternative to road transport.”  
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The construction of the Central Communication Port project consists of the following components:  

 the construction of an international airport, located 45 km west of Warsaw;  

 the construction of a railway hub, whose functions will go beyond that of an airport railway station;  

 the construction of railway lines within the borders of Poland, with a total length of over 900 km;  

 the construction of a logistics center, 100 hectares in area;  

 the construction of 65 km to 250 km (depending on the option chosen) of roads in Poland;  

 rapid growth of PLL LOT, with the Polish airlines to become one of the leading carriers in Central Europe;  

 integration of the Warsaw and Łódź agglomerations; the development of the “Airport City”, with hotels, 

exhibition and congress facilities, and company headquarters. 

CCP will provide services for 500 inter-regional trains a day. Commercial speed on the railway lines leading to 

the CCP is to be at least 140 km/h. The CCP-based transport system, scheduled for 2020-2030(35) is 

estimated at PLN 35-40 billion [19]. 

Construction of the CCP and creation of the H&S system is an extremely comprehensive and thus difficult 

task. In addition to building an air hub, it means building about 900 km railway lines, reorganization of air 

transport in Poland, and attracting foreign carriers to the CCP. All this occurring under time pressure, as the 
first stage of operations of the air hub should be in 2028. 

However, given the changes taking place in the aviation markets and the opportunity it creates for Poland, 

abandoning this initiative would mean a great missed opportunity for Poland and Europe. 

CONCLUSION 

This article presents the premises for launching the central Polish air hub. From the point of view of the EU 

and Polish interests, such an investment is justified. It will be conducive to: 

 bringing the state of Polish transport infrastructure closer to European standards, 

 relieving Western European airports, which according to forecasts will not be able to handle the growing 

passenger traffic, 

 creating a counterweight to competing with European airports, and airports in the Middle East, 

 handling interchange passenger air traffic in the region of Central and Eastern Europe. 

The assumptions presented above are based on research and forecasts regarding the development of air 

traffic, carried out by Eurocontrol, Airports Council International, European Commission and documents of the 

European Parliament, the Polish Ministry of Development and the document concerning the creation of the 

Central Communication Port (CCP) in Poland. 

Construction of the CCP and creation of the H&S system is an extremely comprehensive and thus difficult 

task. In addition to building an air hub, it means building about 900 km. railway lines, reorganization of air 

transport in Poland, attracting foreign carriers to CCP. All this takes place under time pressure, as the first 

stage of the operation of the air hub should be in 2028. 

However, given the changes taking place in aviation markets and the opportunity it creates for Poland, 

abandoning this initiative would mean a great missed opportunity for Poland and Europe. 
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Abstract 

The organization and implementation of multinational exercises is an important element of NATO's activities. 

Exercises continue to ensure that Allies are able to meet NATO’s level of ambition, and to demonstrate that 

capability for deterrence purposes. Implementation of exercises helps to strengthen the bond between 

participating units, but above all allows you to actually improve procedures and strategies. It is particularly 

important that thanks to them the appropriate level of interoperability is constantly maintained associated with 

the pursuit of ever higher effectiveness and efficiency. What plays a special role in the effectiveness of 

international exercises is the use of logistics, especially for the organization and implementation of 

displacements and the proper integration of the HNS system. Without it, modern international military logistics 

- especially in peacetime - is unable to carry out its tasks at the appropriate level.  

The aim of the article is to identify the concept of multinational exercises implemented under the NATO system, 

in the context of HNS and international logistics challenges in the field of displacement resulting from the 

exercise scenario, example ANACONDA-2016. The article is based on the analysis of literature and 

documents (normative acts dedicated to military and civilian spheres), case studies, and on observation of 

participants and interviews, and analysis of scientific and specialist publications. 

Keywords: International logistics, military logistics, military exercises, NATO, HNS 

1. INTRODUCTION 

International logistics can be seen as processes of coordination and optimization of all flows on an international 

scale, based on the analysis of relationships between various organizations (enterprises, institutions, etc.) 

created on the basis of implementing the idea of the logistics chain [1], where the role of the "stimulator and 

watchman" is played by relevant specialized supranational, international and global organizations and 

institutions. The specificity of international logistics is associated with the characteristic international freight 

flow [2]. It is characterized by, among others [3]: 

 overcoming geographical, political, legal and administrative, cultural, technical and time barriers [4]; 

 repeatedly crossing borders [5]; 

 using different types of transport systems, transport means and different storage and storage systems 

[6,7,8]; 

 greater scale and variety of projects in relation to domestic logistics (eg: mass of goods moved, number 
of participants, distances, documents, exchange rate and language differences) [9]; 

 the impact of international organizations and institutions. 

Three main trends in international logistics analysis can be distinguished in the literature. The first of them, 

concerns research on the functioning of enterprises in the global economy and the creation of increasingly 

effective organizational forms that are a consequence of internationalization processes. The second is 

analyzes related to supply chains and networks as alternatives to lonely combat. The third is the analysis of 

phenomena from a macroeconomic point of view, in the context of conditions and mutual interactions between 

entities of the world economy. In the latter case, military logistics plays a special role. Military logistics is the 
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basic supporter responsible for sourcing and providing nearly every consumable item used by military forces 

worldwide. Military logistics operations are essential for armed forces to be able to support an ongoing 

deployment or respond effectively to emergent threats or natural disasters. For that reason, the military 

segment aims at accelerating logistics improvement, as the latter may enhance the support to the war fighter 

and tackle accordingly operational demands [10]. The field of military logistics has advanced along two 

dominant lines: the historical and the operational [11]. 

Currently, the largest entity implementing operations within international logistics is the North Atlantic Treaty 

Organization (NATO). NATO defines logistics as the science of planning and carrying out the movement and 

maintenance of forces including acquisition of services and the provision of medical and health support. 

Exercises are important tools through which the Alliance tests and validates its concepts, procedures, systems 

and tactics. They enable militaries and civilian organizations deployed in theatres of operation to test 

capabilities and practice working together efficiently in a demanding crisis situation. Alliance exercises are 

supported by NATO countries and, as appropriate, by partner countries, which provide national commitments 

in the form of troops, equipment or other types of support. Exercises are organized in both the military and 

civilian structures of the Alliance [12]. 

The aim of the article is to identify the concept of multinational exercises implemented under the NATO system, 

in the context of HNS and international logistics challenges in the field of displacement resulting from the 

exercise scenario, example ANACONDA-2016. The article is based on the analysis of literature and 

documents (normative acts dedicated to military and civilian spheres), case studies, and on observation of 

participants and interviews, and analysis of scientific and specialist publications. 

2. MILITARY EXERCISES IN THE NATO SYSTEM 

Military exercises are an important element of the functioning of the NATO system. They have been organized 

and run as part of the alliance since 1951. They create conditions for maintaining an appropriate level of 

combat readiness of allied countries. This creates opportunities for joint testing and evaluation of procedures 

and systems as well as tactics, not only in individual armies, but primarily in relation to the entire integrated 

system. Exercises allow to assess the level of integration and are an impulse to improve and create innovation. 

The cooperation of allied armies creates conditions to prove themselves in the conditions of simulations of war 

or crisis, also allows the exchange of experience, knowledge and ideas. This has a significant impact on 

increasing the level of interoperability, which in turn creates conditions for improving the defense system. 

Therefore, the participation of all member countries in this form of Alliance activity is an important element. 

According to the assumption that guides the first exercises, that NATO forces are not only a collection of 

national units, but that they form a coherent system. In 1953, about 100 exercises of various kinds were 

conducted by NATO commanders. The Alliance is striving for this level to be permanently maintained. In 

addition to NATO-organized exercises, the Alliance also participates in national exercises (Table 1). 

Table 1 Exercises conducted in the NATO in 2015-2018 [Own elaboration based on NATO Annual Report 

2015-2018] 

Year Number of conducted 
exercises by NATO 

Number of NATO exercises associated with national 
exercises 

2015 99 198 

2016 107 139 

2017 108 181 

2018 104 188 

Changes in the geopolitical situation, especially in security concepts, contribute to the intensification of 

activities improving defense systems, and thus result in the strengthening and development of the NATO 
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exercise system. Of course, the type, form, scope, duration, number of participants, and the topics of the 

exercises vary. From field exercises organized in individual countries to laboratory simulations. It is assumed 

that in the NATO system „the exercises are executed in three forms: a live exercise (LIVEX) in which forces 

actually participate; a command-post exercise (CPX), which is a headquarters exercise involving commanders 

and their staffs, and communications within and between participating headquarters; and an exercise study, 

which may take the form of a map exercise, a war game, a series of lectures, a discussion group or an 

operational analysis.” [13] Regardless of the form of exercise, one of their main assumptions is that NATO-led 

forces would be able to cooperate effectively despite differences in doctrine, language, structures, tactics and 

training. The more countries and troops are involved in individual exercises, the greater the chance that the 

NATO system will achieve the appropriate level of effectiveness, efficiency and interoperability. 

A special dimension of modern military exercises is the cooperation of military organizations with the civil 

system. Although military activity is a separate organizational system within the organization of the state, the 

current situation forces it to cooperate with the civil system. The times of self-sufficiency of military systems, 

characteristic of post-war economies or the duties of providing military services during the war, are not 

adequate to the contemporary economic and political situation. Therefore, the conditions for cooperation 

between the army and the civil sphere are similar to market conditions. Which means the need to negotiate, 

care not only for effectiveness, but also for efficiency and appropriate quality. Cost analysis and implementation 

of market freedoms forces the military system, undertaking the effort of organizing and implementing military 

exercises, to enter the civil market under the conditions applicable to other entities participating in the market 

game. Military-civilian cooperation, in order to be optimal, must be based on best practices and the pursuit of 
obtaining the highest quality. Military exercises are also an important element for the civil system. Not only 

because of creating the conditions for the functioning of another group of entities that can become business 

partners, but also in the context of gaining experience and improving the quality of co-created systems and 

processes that can be used in times of crisis and war. 

Conducting international military exercises requires the involvement not only of the military systems of the 

allied countries, but also the involvement of the civil system of the host country or countries, i.e. the host of the 

area where the exercises will take place. The main purpose of support for the host country is to ensure that 

allied forces can conduct their activities, mainly by creating opportunities and conditions for effective support 

for their activities on the territory of the member state that is supported. The main role of the host state support 

system is primarily to increase the efficiency of military operations by separating from its own potential forces 

and resources for the forces of the alliance residing on its territory. 

3. HOST NATION SUPPRT (HNS) AS A PART OF NATO EXERCISES 

The implementation of allied multinational exercises requires the involvement not only of the military systems 

of allied countries, but also the involvement of the non-military system of the host country or countries, i.e. the 

country in which the exercises will take place. Due to the complexity of this issue, it has become necessary to 

properly regulate the issue of support for the host country in the arrangement: North Atlantic Alliance - armed 

forces of individual countries and the host country. 

HNS, as an area of activity also covering broadly understood international logistics, gives the opportunity, 

above all, to avoid potential problems arising from the need to carry out shipments and to secure, including 

logistical support of allied armed forces implementing projects in the host country. Therefore, it is an area of 

special attention in the implementation of NATO policy and tasks. In documents at international level [14] the 

host state support system (HNS) is defined as civil and military assistance provided by the host state in times 

of peace, crisis and during the war, allied armed forces and organizations that are deployed, carrying out a 

task, or moving through the territory of the host country. The basis for providing such assistance are 

agreements concluded between the relevant authorities of the host country and sending countries and / or 

NATO. 
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The main purpose of support for the host country is to ensure that allied forces can conduct their activities, 

mainly by creating opportunities and conditions for effective support for their activities on the territory of the 

member state that is supported [15]. The main role of the host state support system is primarily to increase the 

efficiency of military operations by separating from its own potential forces and resources for the forces of the 

alliance staying on its territory. It should be remembered that states are the parties and not the armed forces 

themselves. In fact, it also has, and perhaps above all, an impact on the civilian environment, which, based on 

separate documents at national level, largely safeguards the host state support process. It is an efficiently 

functioning military and non-military system, and more precisely coherent cooperation between them, is able 

to effectively implement and improve the national support system. 

Thanks to the widely developed possibilities of supporting the sending state by the host state, it is possible to 

use the potential efficiently and rationally, including primarily the resources of the countries participating in the 

implementation of HNS. According to the general assumptions of HNS, this support covers not only the 

potential of the armed forces, but more importantly the unique and much greater potential of the non-military 

system. This solution brings great opportunities in the field of international cooperation at the level of both the 

army and the army, and above all the army and the civilian environment. The use of these opportunities in the 

process of planning, controlling and implementing possible flows of host nation (HN) resources in international 

relations as part of the support provided is now becoming the basis for creating an efficient and functional 

cooperation system. We are dealing here with both multidimensional internal relations and processes occurring 

in HN as well as those occurring at the international level. Due to the multinational dimension, these 

relationships and processes are primarily characterized by high diversity and a significant impact of the human 
factor on the implementation of tasks related to providing support. The essential, therefore representative of 

the HNS area, features include multiculturalism, and thus diversity and diversity resulting from the difference 

in cultures of countries participating in the support process. This manifests itself both at the individual and 

institutional level and applies to both understanding, defining, behaving as well as from the organizational point 

of view, conflicts and ways of solving them. Such a large number of variables requires entities participating in 

the HNS process to be very flexible, and thus organizational and cultural awareness. An equally important 

feature of this process are formal and legal differences at the national level, specific to each allied state 

participating in the implementation of HNS. They are of the greatest importance at the operational and tactical 

level, where they directly influence the process implementation.  

The increasing involvement of non-military environment in the full formalization of the military system is also 

an important factor influencing the implementation of the process. It helps strengthen mutual relations and 

increase awareness of goals between the civil and military, national and international environments. The 

growing involvement of national and international organizations in the HNS process forces standardization and 

unification of formal and legal regulations constituting the basis for the implementation of tasks at the 

international level min. regarding the stay of allied forces in another country, customs, transport, compensation, 

environmental protection, health, etc. These processes require a certain flexibility in, among others, looking at 

management and protection of information, gathering resources and maintaining proper relations with both 

allied armed forces and civilian entities. 

The space currently occupied by HNS in the implementation of NATO exercises and, consequently, in 

international logistics increases adequately to the potential of international cooperation within the Alliance. 

Knowledge, skills and experience gained from the civil and international zone allow for more and more rational 

management of space, as well as forces and resources of both sending nation (SN) and host nation (HN). 

4. ANACONDA-2016 AS AN EXAMPLE OF NATO EXERCISES 

The ANACONDA-2016 exercise is the largest exercise of the Polish and NATO Armed Forces implemented 

in a multinational system whose non-military system was an important element of support. This exercise was 

also a check of the solutions adopted at the NATO Summit in Newport, which took place on September 4-5, 
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2014 and was one of the most important meetings of the North Atlantic Council since Poland's accession to 

NATO. The Newport Summit launched a strategic reflection resulting in NATO returning to its roots, i.e. 

focusing allied operations and preparations on the core mission of collective defense. At the same time, it was 

stated that Poland, as well as other countries in the region, should be prepared to contribute to the 

implementation of these decisions, including as part of HNS [16]. Co-organization and participation of Poland 

in the multinational ANACONDA 2016 exercises have become a test of the implementation of these 

assumptions. 

As part of the ANACONDA-2016 exercise, which was carried out from 07 to 17 June 2016 in various regions 

of Poland, which was attended by over 31,000 soldiers from 23 countries, including eighteen member countries 

of the alliance and four of the partner countries (Finland, Macedonia, Sweden, Ukraine). ANACONDA-2016 

are defensive exercises that were conducted at Polish training grounds, including in Drawsko Pomorskie, 

Ustka, Świdwin, Żagań, Chełmno, Nowa Dęba, Orzysz and Wędrzyn. Army equipment included, among 

others, 3,000 vehicles, 105 aircraft and helicopters and 12 ships [17]. This exercise was accompanied by many 

parallel exercises that took place in Europe and Poland, including SWIFT RESPONSE, SABER STRIKE or 

BALTOPS. The ANACONDA-2016 exercises were the largest military exercises in Poland after 1989, which 

were primarily to demonstrate NATO's unity and solidarity as part of the alliance's capabilities and readiness 

to collectively defend the territory of the member states, and the Alliance's quick response to external threats 

while being test of capability for joint operations, displacement of forces [18]. For Poland, it was the largest 

undertaking implemented by the Polish Armed Forces, which was also a test of the country's ability as a NATO 

member to implement the tasks of the host country (HNS) and part of NATO's international logistics. As part 
of the support, the needs of approximately 31,000 soldiers and support for over 7,000 equipment were secured, 

including medical security, food, accommodation, material and technical security, ICT and displacement 

coordination.  

5. THE SCOPE OF SHIPMENTS WITHIN THE TASKS OF ANACONDA-2016 

According to information provided by General T. Tomaszycki - Operational Commander of the Armed Forces 

of the Republic of Poland, co-supervising the ANACONDA-2016 exercises - in the scenario adopted for 

ANACONDA-2016, the acting side of the Red Alliance sought to master the Baltic Sea region, including 

physical occupation of Estonia, Latvia, Lithuania and selected regions of Poland [19]. The actions of the 

Alliance of Reds were to lead to the occupation of northern Poland by its troops, the establishment of power 

in the occupied territories and to the political and military isolation of Poland and the Baltic States on the 

international stage. The exercise scenario included, among others, a parachute landing near Toruń of the 

soldiers of the American 82nd Airborne Division from Fort Bragg. But not only them, in the initial phase of the 

exercise a drop of nearly 2,000 Polish, American and British paratroopers with howitzers, vehicles and supplies 

was carried out. As part of the exercise, 1130 paratroopers, including 230 British soldiers, landed to secure 

the areas east of the Vistula [20]. They arrived over 30 aircraft directly from Fort Bragg in the USA, as well as 

from Ramstein in Germany and from Cracow [21]. One of the elements of the scenario was also an air raid on 

the training ground in Wędrzyn by over 30 helicopters. The core of the shock forces involved in this episode 

were AH-64D Apache helicopters from the 12th US Air Force Combat Brigade, transferred to Poland for the 

time of the NATO war training as part of the BRILLIANT JUMP [22]. Deliveries of equipment and people are 

of particular importance for the implementation of combat operations, which is why during ANACONDA-2016 

exercises, deliveries were made, among others, with American C-5A Galaxy cargo planes, which landed in 

Poland even at civil airports carrying equipment and ammunition, which Americans they sent 5,000 tons to 

Poland. 

Implementing the scenario assumptions on the Vistula, near Chełmno, German and American troops were to 

build a crossing from M3 and IRB bridges, intended to cross, among others, the 2nd Cavalry Regiment. It was 

assumed that American and Polish troops would capture the main bridge of Toruń, thanks to which allied 
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troops would be able to cross the river. The British task was, among others, to overcome the river through a 

crossing built by Polish sappers in Biała Góra. A drop in equipment and supplies from the air was also planned 

at the training ground in Drawsko, where armored and mechanized troops trained. For the first time, territorial 

defense forces, whose task was to protect the infrastructure and the crossing of troops near Toruń, were also 

involved in such maneuvers. 

The marine component of the exercises included a dozen or so units from both the 3 Ship Flotilla from Gdynia 

and Świnoujście's 8 Coastal Defense Flotilla. Among them were, inter alia, the ORP rocket frigate "Gen. T. 

Kościuszko ", a corvette for combating submarines ORP" Kaszub ", two OORP transport mine-mine ships" 

Toruń "and" Gniezno "and four minesweepers. Throughout the whole exercise of enemy force represented the 

submarine ORP "Kondor", while the landing in Ustka while "red", or Mondy, also joined transport-mine units 

[23]. Forces of the "blue", i.e. Wisland, fought a simulated fight with a real submarine, but also with the enemy's 

virtual units. They fought off aerial attacks and carried out rescue operations. On the list of tasks was also 

putting own mine farms and removing mines left by "red".  

The special nature of ANACONDA-2016 also consisted in the fact that its participants came to Poland using 

all possible forms of transport: road, rail, sea and air. For the first time on parachutes to Poland, in a few 

throws, more than 2,000 parachutists arrived during the exercise. Also, for the first time during the exercises, 

a direct involvement of civil infrastructure was assumed. In Mielec Drawski, chemical soldiers carried out the 

liquidation of the contamination at the school there [17]. 

As part of the material subsystem, the main effort was focused on securing the exercising sub-units in classes 

I and III. In class I, the maximum condition of people fed during the exercise is over 17,000. people and a total 
of about 927 tons were spent securing almost 350,000 daily rations in the form of cooked meals and dry food 

rations. The vast majority of nutrition services (almost 80 %) were carried out by forces and means of military 

economic departments, and only slightly more than 20 % by the own potential of operational units based on 

food supply means (including fresh food) provided by Military Economic Departments. On the other hand, in 

the case of hedging in class III, consumption and consequently fuel and fuel dispensing increased in line with 

the implementation of the exercise plan. The highest amount of aviation fuel was used (81 %) and the lowest 

amount of car gasoline (0.4 %). In total, over 4,200,000 kg of fuel was used during the exercises. 

In the area of technical support, the focus was primarily on: separation and maintenance of technical 

subsystem forces and resources in readiness to provide assistance to damaged vehicles during displacement, 

assistance in damaged servicing and separation of additional vehicles and equipment. A total of 251 vehicles 

from military units were allocated for the reported needs. 

In the field of transport and movement of troops, the main effort was focused mainly on the coordination of air, 

sea, road and rail transport throughout the country. As part of these activities, 768 permits for road journeys 

were issued, 51 allied rail transports, 52 air transports and 9 sea transports secured. Cooperation with customs 

services and the Border Guard was of particular importance, especially when securing the arrival of US troops 

directly to the training grounds, at the training ground in Toruń. 

A great support confirming the necessity of increasing involvement of the non-military system was the 

participation and involvement of the Police, Border Guard or Customs Service and local administration 

authorities in the implementation of individual elements of the exercise, among others, regarding the security 

of military movements on public roads, areas of stationing troops, equipment shows, etc. 

6. CONCLUSION 

The organization and implementation of multinational military exercises is an important and significant element 

of the operation of the NATO system, while being a huge challenge in the sphere of logistics, technical and 

formal-legal, due to the need to cooperate with the civil sphere. Conducting about 100 different types of 

exercises per year and participating in the growing number of national exercises is a great challenge for the 
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command, but also for individual NATO members. However, without these exercises, both the effectiveness, 

efficiency and interoperability of the system would be at a much lower level, and you can even risk the 

statement that in practice it would not exist at all. An important element of this activity is the involvement and 

use of the host country's conditions in which the exercises are carried out. Without the support of the civil 

system, the implementation of exercises in modern geopolitical conditions would not be possible. As the 

ANACONDA-2016 example shows, multinational exercises are also a great technical and logistical challenge 

related to the appropriate location and displacement of troops (people and equipment) and the need to properly 

secure these activities. Without civil-military cooperation and coordination, especially in the sphere of 

international logistics, the implementation of this challenge would fail. For cooperation of so many nations to 

be possible and effective, it is necessary to use international logistics, especially dedicated organization and 

implementation of shipments both between countries and within the host countries. It should be remembered 

that thanks to the implementation of the exercises it is possible to improve the technique, procedures, as well 

as the relations between the entities participating in them and supporting them. This is an important element 

in creating an effective system of international and national security.  
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Abstract 

This research paper deals with the possible logistics measures in the inception phase of disaster management 

model. The inception phase is a potential new element of the disaster management model and could be 

specified as a significant time range between the emergence of disaster and its impact. The limited time range 

offers a wide spectrum of emergency logistics activities during disaster (e.g. activation of warning systems, 

evacuation of the population, distribution of goods, activation of flood control measures, …).  

In the introduction, theoretical bases of disaster management and emergency logistics are presented. Then 

the possibility of disaster management model innovation and the benefits of its extension to the inception 

phase are examined. This chapter is followed by the analysis of more than 300 catastrophic events (since 

2000) that are examined in terms of time course. Based on this information, it is possible to determine the 

usual duration of the inception phase in each type of disaster. Proposed approach should be applied especially 

in the case of giant tsunami tide waves (due to the ideal time length minutes to hours), that arise as a side 

effect of an underwater earthquake and, exceptionally, during volcanic activity. Chapter Results & Discussion 

then cover list of activities that should be implemented (in specific time, order, …) when Tsunami events occur. 

Conclusion of our paper deals with comparison of often current inefficient use and our ideas. about of 

mentioned time range and future possibilities.  

Keywords: Disaster, earthquake, inception phase, model, tsunami 

1. INTRODUCTION 

Disaster management same as Emergency logistics is relatively new and modern discipline that is continuously 

evolving with crisis management. Centre for Research on the Epidemiology of Disasters (CRED organization 

deals with disaster research and humanitarian crisis situations.) (CRED) defines disaster [1] as „a situation or 

event that overwhelms local capacity, necessitating a request at the national or international level for external 

assistance; an unforeseen and often sudden event that causes great damage, destruction and human 

suffering.” According to Coppola [2] disasters can have few different causes and can be divided into natural, 

technological and intentional disasters. The following text is focused only on most common natural disasters. 

Acording to CRED [1] several types of classification of natural disasters have been presented. In this paper 

catastrophes will be devided purely by type into (1) Floods; (2) Storms; (3) Earthquakes; (4) Extreme 

temperature; (5) Landslide; (6) Drought; (7) Wildfire; and (8) Volcanic activity. However, this division is 

complemented by (9) Tsunami tidal waves, which arise as a side effect of other events (for example underwater 

earthquakes, landslides, volcanic activity). 

Emergency logistics is a specific branch of logistics that focuses on organizing of the warehousing and relief 

distribution during natural and other disasters. It may also include other rescue activities carried out under time 

pressure and leading to the achievement of the mentioned main goals [3]. According to Jiang [4] emergency 

logistics differs from conventional commercial logistics mainly in a different objective - minimization of looses 

instead of maximization of profit but also highly variable demand, unknown location with usually poor 

infrastructure, and minimal support of system technologies during intervention. 
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2. MATERIALS AND METHODS 

According to Coppola [2] the number of occurrences of natural disasters is increasing and even has a growing 

impact on human society. Based on this idea, strategies to improve preventive operations and rescue work 

are being developed to reduce the consequences of these disasters. Disaster management and emergency 

logistics techniques contribute to improvements in this area. The steps of these disciplines are described by 

Kovács and Spens [5] through the three follow-up phases, which are: preparation phase, immediate response 

phase and reconstruction phase. 

 
Figure 1 Phases in disaster management [Kovács and Spens, 2007] 

As shown in Figure 1 the preparation phase prevents a natural disaster, while response and reconstruction 

phases follow the previous one after the disaster. The individual components of the model are described in the 

following paragraphs. 

 Preparation Phase - Based on the Coppola [2] the preparation phase covers steps that lead to reducing 

the risk and overall impact of natural disasters. During preparation phase first aid supplies and pre-

positioning strategies for relief distribution should be made [6]. 

 Response Phase - Takes place shortly after a disaster, includes first aid to injured people and creation 
of crisis plans. Response phase usually lasts 12 hours [7] up to few days [8] based on activities alocated. 

 Reconstruction Phase - Comes with a quietening of the situation after response phase. Reconstruction 

phase has strategic goals and covers reconstruction works that leads to get back to normality as soon 

as possible [9]. Özdamar [6] states that this phase closes disaster cycle because alocated activities 

proceed to the first phase. 

3. RESULTS 

We have described in chapter 2 that disaster management model does not include a significant part. Its range 

begins when a disaster occurs (explosion, eruption, gaining power, earth tremor, ...) and ends in the moment 

of the first impact on human society and/or nature. This fact leads to creation of a very short time gap. Usually, 

this time span lasts only a few minutes or hours in case of natural disasters, but in exceptional situations it can 

takes up to days and months. None of the models in the previous chapter involved this idea. We assume, that 

this time range is ideal to start some rescue operations and we decided to name this time span an “Inception“ 

phase - it presents begining and origin of the situation. Major advantages of operations processing in this time 

are unchanged conditions of the immediate surroundings of disaster - human behavior is rational, it is possible 

to use a fully functioning infrastructure and area is less chaos. Suitable activities are: (1) Beginning of 

evacuation; (2) Informing about escape roads; (3) Relief distribution; (4) Request support from other rescue 

services - especially major global organizations (UNICEF). Figure 2 shows the modified version of the model, 

which illustrates the original Kovács and Spens model and includes the described “Inception“ phase. 

Figure 2 (unlike Figure 1) contains Inception phase in its process. Using this model, it is already possible to 

clearly define which activities are carried out before disaster, after its origin, and after the disaster impact. Now 

it is also possible to allocate emergency logistics activities exclusively to the two middle phases of the model 

which clarifies the current concept of disaster management and emergency logistics. 

Preparation Reconstruction Response 

Disaster 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

95 

 
 

Figure 2 Disaster management model, supplemented with the inception phase [own study] 

4. ANALYSIS - LENGTH OF INCEPTION PHASE 

Based on the results obtained (shown in chapter 3), it is now appropriate to consider what type of disasters it 

is appropriate to monitor (and improve) trend of the inception phase. In order to this idea, an analysis of 323 

catastrophic events since 2000 up to 2018 was carried out and the time sequence was monitored. The types 

of disasters were categorized according to the distribution indicated in the introduction. The Table 1 below lists 

all types of natural disasters in chronological order according to the length of the inception phase - from the 

average longest duration to the shortest. 

Table 1 Overview of analyzed events and length of its inception phase [own study] 

Type of disaster Usual time range (emergence to 
impact) 

Number of events 
analyzed 

Volcanic activity 1 - 4 months 61 

Droughts 1 or 2 weeks 36 

Extreme temperatures 2 days to 1 week 38 

Storms 2 - 3 days 64 

Floods 6 hours to 5 days 43 

Wildfires 4 - 12 hours 27 

Tsunami 10 minutes to 2 hours 25 

Land earthquakes 5 seconds to 2 minutes 29 

Each of the analyzed catastrophic events in Table 1 is traceable in the CRED database and its progress has 

been monitored. Relevant timeline data has been obtained from (1) detailed CRED data; (2) data from other 

professional databases (eg. GVP*, ITIC*, ...); (3) research articles; (4) from unofficial sources - only in extreme 

cases. Major disasters with high impact on a larger part of the world could be analyzed multiple times, 

monitoring the impact on different regions. (The Indian Ocean Tsunami in 2004 were analyzed four times with 

an impact on Indonesia, Thailand, Sri Lanka and South Africa.). Shown data of usual time ranges always 

contains at least 70 % of the total inception phase time of analyzed events within each category, although in 

some cases the category covers more than 80 % of the observed values. So, the reason is often the wide 

statistical variance of inception phase length. 

*Global Volcanism Program / National Museum of Natural History of Smithsonian Institution 

*International Tsunami Information Center, database of National Centres for Environmental Information 

Based on the observations and data obtained, it is clear that tsunami with a time range of 10 minutes to 2 

hours is an ideal type of disaster for further investigation. Land earthquake has a short duration of the inception 

phase. Current technologies do not allow the initiation and execution of rescue operations with an effective 

result. Wildfires, in particular, affect mainly economically developed parts of the world and current systems 

allow for fast reaction. 

Impact 

Preparation Response Inception 

Disaster 

Reconstruction 
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5. DISCUSSION 

Emergency logistics (also called humanitarian logistics) is a significant part of disaster management. Its 

importance increases with population density of the endangered area. Emergency logistics includes a number 

of steps to mitigate the effects of catastrophic events. Its effective use can lead to rapid stabilization of the 

affected area. 

In accordance with the present concepts it can be mentioned that emergency logistics activities currently cover 

five major areas in general. According to Celic [10] who specified these subjects as criteria in his mathematical 

model are listed activities related to information system, warehousing, organization, transportation 

& distribution and management & planning. It is appropriate to use mentioned distribution also in the specific 

case of tsunami. However, it is necessary to adapt the individual points to the situation of often highly populated 

coastal sites in less economically developed countries.  

Emergency logistics activities based in the information system 

 Triggering an early warning siren in vulnerable areas to inform the population. 

 Announcing the evacuation of the area using appropriate communication channels & communication 

language. The communication shall not affect the nationality, culture or language of the population. 

 Providing on-line informations about vulnerable areas, expected magnitude and strength of wave and 
time of intervention. Providing additional information about evacuation corridors. 

Emergency logistics activities based in warehousing 

 Informing the public about the availability of warehouses with medical supplies and food in selected 

locations. 

 Preparation warehouses to stock draw and create orders for re-supply. 

 Occupation of warehouse personnel for controlled use of stocks. Their allocation adapted to the most 
vulnerable areas. 

Emergency logistics activities based in organization 

 Setting up communication and cooperation of mutual information between emergency services and key 

international organizations (UNICEF, UNHRD, WFP, ...) (UNICEF = originally United Nations 

International Children's Emergency Fund, UNHRD = United Nations Humanitarioan Response Depots, 

WFP = World Food Programme) 

 Reduce impact through artificial or natural coastal barriers. Activation of mobile breakwaters. 

Emergency logistics activities based in transportation and distribution 

 Allocation of paramedics and rescue teams to the most vulnerable areas. 

 Closure of traffic (complete public infrastructure) at transit points of vulnerable areas. 

 Informing the public about possible escape routes. 

Emergency logistics activities based in management and planning 

 Creating of a plan for deploying relief distribution channels. 

 Use of the operational decision plan. 

First of all, it is important to warn in a universal way as soon as possible. The corresponding communication 

channel and communication language must be selected. The communication shall not affect the nationality, 

culture or language of the population at risk. Emergency logistics activities are tied to human capacity, which 

is usually limited in time and place. Effective realization of mentioned activities requires utilization of time 
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capacity. Then it is also important to note that implementation of each activity requires the use of the total time 

capacity of the inception phase and the execution of each activity reduces the impact of the disaster. 

The most common measures are related to warning the population and subsequent evacuation. However, 

operations are not efficiently carried out. 

In this research paper, it is appropriate to make a cursory comparison. For this purpose, we chose the two 

most devastating tsunami waves in the last 20 years - the earthquake and tsunami in the Indian Ocean (2004) 

[11] and the earthquake and tsunami in Japan (2011) [12]. Both of these events are well known, including their 

course and impact. They can thus be credibly compared with a potentially effective solution that we designed 

in Table 2. 

Table 2 Realized and possible activities during tsunami 2004 in SE Asia and 2011 in Japan [own study] 

Areas of activities Use of rescue activities 

Tsunami 2004 (SE Asia) Tsunami 2011 (Japan) 

 Possible activities Realized Possible activities Realized 

ELA* based in the 
information system 

Sirens, providing online 
information, evacuation 

No Sirens, providing online 
information, partial 

evacuation 

Yes 

ELA based in warehousing Warehouses preparing and 
opening 

No Distribution od medical 
supplies 

Partly 

ELA based in organization Activation of barriers; Joining 
international organizations 

No Activation of barriers on the 
coast 

Yes 

ELA based in transportation 
and distribution 

Allocation of paramedics, 
Closure of traffic 

No Allocation of paramedics, 
Closure of traffic 

Partly 

ELA based in management 
and planning 

Deploying relief distribution 
channels, Oper. decision plan 

No Operational decision plan Yes 

Lenght of inception 
phase 

1 hour, 45 minutes 17 minutes 

* ELA = Emergency logistics activities 

Tsunami in Southeast Asia (2004) is one of the worst organized disaster of all time. The reason for this failure 

was a poor assessment of the situation, as the earthquake information was considered a system error. Minimal 

information about incoming waves between SE Asia countries increased the overall impact. Japan's 

earthquake and tsunami (2011) was different [12]. In the organizational point of view, the inception phase was 

perfectly managed. Just 7 minutes after beginning of the earthquake, a crisis staff met in Tokyo. Information 

about tsunami warning were in all online media and on TV just two minutes later. 

For further research it is necessary to supplement the presented theory with techniques of quantitative 

methods. These can be applied in a variety of cases. Transportation problem could be used for searching for 

escape routes from the vulnerable zone with regard to the danger of overloading these corridors. Techniques 

of turnaround project management could be applied during the both Inception and Response phase. Knapsack 

problem could be helpful during sorting and prioritization of activities with limited time availability. Multicriterial 

programming is conducive to relief distribution centers and relief distribution channels deployment in the 

affected area. 

6. CONCLUSION 

Disaster management same as emergency logistics is a modern science discipline that deals with reducing of 

the impact in crisis situations by using and adhering selected relief procedures. However, the time span 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

98 

between the occurrence and impact of a disaster in vulnerable area is used inefficiently in these situations. 

Especially in cases of tsunami and earthquakes. For these cases, we proposed inception phase to which it is 

possible to allocate activities to reduce the impact. Then we focused more on tsunami cases and compared 

our suggested approach with tsunami in SE Asia (2004) and Japan (2011). These ideas and procedures should 

be now supplemented with a mathematical part through operational research methods. 
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Abstract  

Processes in the area of supply logistics require managers to make effective and efficient decisions. This 

applies to a large extent to the public finance sector but practice shows that it covers the interface area of both 

sectors. Clear criteria for the evaluation of offers in purchasing logistics ensure freedom of decision making. 

The simultaneous use of information on resources (suppliers) contained in databases allows for the 

assessment of quality, security or costs. The article is an attempt to exemplify the problem of decision making 

in the area of supply logistics based on quantified non-price criteria. 

1. INTRODUCTION 

In recent years, an important role in the selection of offers was played by the assessment of suppliers from the 

perspective of their reliability, thus trying to eliminate unreliable suppliers from the selection process. This 

criterion, also referred to as the subjective criterion, consisted in assessing primarily the credibility of the 

supplier. Methods for assessing the credibility of the supplier include, for example, letters of recommendation 

or the current level of services rendered and deliveries delivered to the customer. This approach has 

dominated in recent years, but Poland's integration with the EU has led to a change in optics in this area. 

Therefore, the use of subjective criteria was banned, while ordering to focus on objective criteria. In practice, 

this means the dominance of measurable and algorithmic criteria. In addition, price and para-price criteria are 

used. As practice shows, applying only price criteria to supplies and services for Public Sector Units, including 

the Armed Forces, leads to inefficient choices. The reasons should be seen in the lack of good practices and 

the inability to apply benchmarking due to the fact that all entities faced the same problem. In this case, 

benchmarking is understood as an analysis of observed entities or organizations that are a role model, and 

the goal is to identify the causes of their successes and failures. 

In practice, it turned out that for the purposes of procurement (services and supplies, including in the area of 

logistics of the Public Finance Sector), it is not only the selection of criteria that is appropriate, but also the 

rules for assessing suppliers through the prism of verified criteria. The principles of algorithmic assessment of 

criteria are not adequate for each of them. Many times, there is a need to parameterize descriptive and 

individualized criteria for the needs of specific recipients. 

2. APPLICATION OF VERIFIABLE CRITERIA 

Supply logistics in the area of supplies and services (in the context of public procurement law - also 

construction works) is based on the proper construction of the criteria for the evaluation of offers. Criteria or 

subcriteria should be given point or weight significance (weight). However, this does not mean the need for 

algorithmization. Indefinite criteria (impossible to write in mathematical form) are allowed. When specifying the 

percentage weight, the sum of the weights should be 100 %. In the case of irrational criteria, the description 

of how to assess them should be as comprehensive and accurately described.  

A quantitative variable can be described by a number for which arithmetic operations such as averaging make 

sense. A qualitative (or categorical) variable simply records a quality [6]. 
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The criteria for the evaluation of the offers should enable checking the information provided by the suppliers 

(contractors). The contracting entity should not rely on unverifiable declarations included in the offers. The 

essence in this case is the evaluation of the quality of offers separated from the contractor's credibility. 

Credibility is assessed using two tools: the grounds for exclusion and the conditions for participating in the 

procedure.If the customer in relation to potential suppliers (contractors) does not specify quality standards 

relating to all the essential characteristics of the item replaces, the price criterion may not exceed 60 % of the 

total weight. 

3. MODELING OF SUPPLY LOGISTICS AREA 

In logistic modeling, the criteria of the beneficiary (recipient) should be specified in the selection of criteria, and 

it will be possible to make the optimal selection using appropriate comparative methods. The available set of 

methods for detecting regularities in object communities, which are described by relatively numerous sets of 

their properties, includes multidimensional comparative analysis. It is a method of classifying objects described 

by many of their properties from the group of taxonomic methods [3]. 

This method involves both organizing the set of objects and their grouping into subsets of units similar to each 

other due to the characteristics that characterize them and the selection of representatives of the received 

object groups. Supply processes in the area of public logistics sector can be correlated with the so-called a 

function of benefits. This is a function that allows you to choose the optimal purchasing order strategy related 

to making the right decision in this regard. The mathematical form of the benefit function is as follows: 

� � ���, �                (1) 
where: 

B - function of benefits, 

D - set of possible decisions D = {D1, D2, ..., Dn}, 

S - set of possible states of nature, S = {S1, S2, ..., Sm}. 

Therefore, for the purposes of logistics in the areas of supplying entities, the question arises as to which 

decision an entity should make if it is not known at the moment of making which of the possible states of nature 

will arise. In such cases, the principle of maximizing the expected benefits is most often used, expressed by 

the following formula: 

B � max V&v�Di, Sj ,              (2) 

where: 

V - expected value of benefits from the decision made, with known probabilities of natural states, 

v - value of the benefit (payment) function for the i-th decision and j-th state of nature. 

4. NECESSITY TO APPLY NON-PRICE CRITERIA 

If the customer in relation to potential suppliers (contractors) does not specify quality standards relating to all 

the essential characteristics of the item replaces, the price criterion may not exceed 60 % of the total weight. 

Table 1 A table for description of the criterion (sub-criteria)  

Describe Ascending (a) 
descending (d) 

Minimum value 

(eg. 0 - 1) 

Optimal 
value 

Maximum 
number of 
points 

Offered 

Aesthetics reliability 
warranty service etc. 

Nominants and 
denominants 

0 1 ∑  

Source: own study 
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From an economic point of view, the offer can be selected in one of three strategies (Figure 1): 

 minimizing costs; 

 the best balance of costs and quality; 

 the highest quality. 

 

  
 

     

 

 

Figure 1 Offers selection strategies (Source: own study) 

In the case of cost minimization strategies, the selection is based on the price or cost criterion. In this case, 

the quality standards relating to the characteristics of the products and services should be used. In addition, it 

is important to include life-cycle costs (LCC) in the description.The second of these strategies based on cost 

and quality balancing is based on cost and subject criteria. The awarding entity determines the ratio of quality 

(Q) to price (cost-C). The key in this case is the proper selection of criteria and weights. In the case of rational 

criteria (in numerical form), e.g. utility function can be used. It may take a linear form according to the formula 

[3]: 

�- �  ./012.34./012./56 7 �89:              (3) 

where: 

Np - number of points of the evaluated offer; 

V of - value of the evaluated offer parameter; 

V min - minimum value of the parameter; 

V max - optimal value of the parameter; 

N max - the maximum number of points that can be obtained for a given parameter. 

 

Figure 2 Non-price criteria (Source: own study) 

NON-PRICE  

CRITERIA 

CONTRACTUAL RESPONSIBLE 

DEVELOPMENT 

QUALITY 

Cost              min Quality               max 
Q 
--- 
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Cost criteria are not taken into account for the highest quality strategy. Among the non-price criteria are 

(Figure 2): 

 quality, including technical parameters, aesthetic and functional properties; 

 environmental aspects (e.g. energy efficiency); 

 innovative aspects; 

 servis, technical support, delivery terms, delivery time, etc. 

5. QUALITY AS A NON-PRICE CRITERION 

According to A. Hamrol, quality is perceived as the degree to which a set of inherent properties meets the 

requirements [1]. A requirement is understood as a need or expectation that has been established, accepted 

by custom or compulsory. Customary acceptance means that there is a custom or widespread practice of the 

organization, its clients or other interested parties that a need or expectation is considered mandatory [2]. 

Inherent properties are the properties of an object that exist in themselves, unlike those assigned. Each object 

(product or service) has a unique set of properties (dimension, shape, color, performance, utility function). 

Measurable features due to the possibilities of their measurement can be divided into [1]: 

Measurable - expressed numerically by means of a measure on an interval or quotient scale (continuous, 

where the measurement can be carried out with any accuracy and discrete, where the measurement allows to 

distinguish only a finite number of states; 

Immeasurable - they can be observed or studied, and the results of observation or research are expressed 

descriptively using two states (alternatively) or multiple states. 

Measurable features are called numerical features (length, density, roughness), and non-measurable 

alternative features (occurring in only two states, e.g. 0 - no damage, 1- occurrence of damage). 

However, other occasions will require an integrated and collaborative approach to effect real change[7]. 

6. TAXONOMIC METHODS IN LOGISTICS MODELING  

When dividing taxonomic methods by the purpose of the study, we distinguish methods ordering the examined 

objects (linear ordering, nonlinear ordering) and methods of grouping the examined objects (direct, iterative). 

In the next part, when choosing methods for selecting object representatives and diagnostic variables, one 

should rely on a distance matrix or correlation matrix, and in the methodology of constructing aggregate 

diagnostic variables, be based on the distance to the reference point (or lack thereof). 

To use taxonomic methods in supply logistics management, it is necessary to specify the elements of the set 

of objects (features, criteria) and the set of output features. The continuation will be the collection of complete 

and adequate statistical data including: 

 bringing data to cross-comparability, 

 elimination of observations with abnormal (extreme) features, 

 interpolation of missing information, 

 determination of processed variables (percentages, dynamics, economic indicators, etc.) 

Further on, it will be necessary to perform statistical analysis of the input data, i.e. to determine and analyze 

the descriptive parameters of the distribution (average measures, dispersion measures, asymmetry measures, 

concentration measures) and assess the degree and direction of interdependence between output variables. 

The selection of the optimal subset of diagnostic variables will consist in: elimination of quasi-constant 

variables, analysis of the correlation matrix structure and determination of the final list of variables. At a later 

stage of the research, it will be necessary to organize and group objects within the analyzed variable systems, 
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consisting of: selection of the classification method, determination of distance measures (similarities), 

determination of variable normalization and aggregation, and classification of objects using the selected 

method. In the final part of the research, it will be important to analyze and interpret the results and, as a 

consequence, to formulate final conclusions. 

In the assessment of the delivery criteria, it is necessary to normalize the variables, which I perform to meet 

specific criteria (postulates) [3]: 

 the idea of bringing dissimilar features to mutual comparability (additivity demand), 

 the unification of the nature of the variables, by transforming the destimulant (s) stimulants or vice versa 

(postulate of uniform preference), 

 elimination of negative values from the calculations (postulate of positivity) and 

 replacing the variation in the ranges of variability of individual features with a fixed range (called the 

postulate of range or stability of extreme values). 

The normalization of variables leads to: standardization and unitarisation, and the determination of the nature 

of variables is based on stimulants and destimulants as well as variables called nominants. 

7. CONCLUSIONS 

The basic principle that the logistician should follow during the selection process is to evaluate only the features 

of products and services, not to assess suppliers and bidders. When assessing the features of products and 

services, a properly developed algorithm should be used that includes cost, quality, contract and responsible 

development criteria. From a logistics point of view, non-price criteria must be properly quantified for their 

proper verification and assessment. Appropriate selection of criteria will ensure optimal use of financial 

resources. A number of tools should be used to assess non-price criteria, including taxonomic methods. Quality 

is a key factor among non-price criteria, and its use allows making effective choices.  
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Abstract  

For military logistics a special area are processes related to the sphere of food. Proper planning of purchases, 

deliveries and storage, and their right implementation, in the context of changing conditions determining the 

state of the environment (peace, crisis or war), are an important area of tasks for military logistics. Also the 

specifics of customers - which are various types of military units, and consumers - in the form of soldiers 

performing tasks in different conditions, significantly affects the military logistics system. Both acquired 

products and their suppliers must meet these requirements and meet the expectations of customers by 

creating specific logistics chains.  

Food supplies intended to meet the needs of the Polish Armed Forces must meet specific requirements. They 

are determined by the competent authorities as regards the production process, rules for receipt, transport, 

storage, shelf life, etc. The authorities responsible for the activities of the food service at all levels of the Polish 

Armed Forces are required to maintain specific stocks of food supplies, their storage as well as to plan and 

execute deliveries to the supplied military units. All this affects the creation of specific conditions for the 

functioning of logistics chains in this area.  

The purpose of the article is to present conditions related to the logistic supply of food products to military 

units, implemented as part of the military logistics system of the General Tadeusz Kościuszko Military 

University of Land Forces (MULF). Military University of Land Forces, despite being a university, is also a 

structural element of the Polish Armed Forces. The article is based on analysis of the available scientific 

publications and industry-specific documents and participating observations. 

Keywords: Food products, Food rations, Military logistics, Logistic chain 

1. INTRODUCTION 

Currently, food is one of the main subjects of interest not only of households, but also of governments, 

integration and international organizations. Ensuring adequate food supplies (in terms of quantity, quality, 

range) at the right time and place is a challenge that not only individual citizens but also numerous institutions 

try to meet - including the military. 

Contemporary considerations regarding food as an element of logistics systems are implemented mainly in 

the dimension of supply chains and networks. Food supply chains, traditionally consisting of autonomous and 

independent actors, are becoming globally interconnected systems of complex relationships, affecting the 

ways in which food is produced, processed and delivered to the market [1]. In turn, building a competitive 

advantage based on networks gives the opportunity to achieve privileged operating conditions, higher 

efficiency, reduce uncertainty or learning, and at the same time it remains difficult to imitate because of the 

relationship between specific partners [2]. The basis of cooperation are created logistics chains. They are 

perceived as storage and transport chains, which are a technological combination of storage and 

transshipment points by goods transport routes, as well as coordinated organizationally and financially: 

operations, order processes and inventory policy, thru all links of these chains [3]. 
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What is particularly important in relation to the implementation of the mass catering process in the military 

system is the appropriate level of regulation and control guaranteeing the maintenance of appropriate quality 

and safety, associated with the reliability of implemented processes, also in the logistics dimension. Adopting 

the assumption about the implementation of conditions resulting from the concept of the logistics chain for the 

implementation of institutional feeding processes in military units is an important factor in achieving the 

appropriate level of security. 

The purpose of the article is to present conditions related to the logistic supply of food products to military 

units, implemented as part of the military logistics system of the General Tadeusz Kościuszko Military 

University of Land Forces (MULF). Military University of Land Forces, despite being a university, is also a 

structural element of the Polish Armed Forces. The article is based on analysis of the available scientific 

publications and industry-specific documents and participating observations. 

2. FORMAL AND LEGAL CONDITIONS 

In the case of such specific entities as military units that are also educational centers, legal and administrative 

provisions constitute an important area of regulation of their activities. Also in relation to food-related 

processes, numerous regulations are identified that significantly affect their logistics system. The basic legal 

acts in this area include: 

 The Act of 14 March 1985 on the State Sanitary Inspection (Journal of Laws of 2029, item 59 as 
amended) and implementing regulations issued on its basis; 

 The Act of 16 December 2005 on products of animal origin (Journal of Laws of 2019, item 824); 

 Act of 19 December 2003 on the organization of fruit and vegetable markets, hops market, tobacco 
market, dried fodder market and markets for flax and hemp grown for fiber as amended (Journal of Laws 

of 2019, item 935); 

 The Act of 21 December 2000 on the commercial quality of agri-food products (Journal of Laws of 2019, 

item 2178); 

 The Act of 25 August 2006 on food and nutrition safety (Journal of Laws of 2019, item 1252); 

 The Act of 29 January 2004 on Veterinary Inspection (Journal of Laws of 2018, item 1557) and 
implementing regulations issued on its basis; 

 The Act of 25 August 2006 on food and nutrition safety (Journal of Laws of 2019, item 1252); 

 The Act of 29 January 2004 Public Procurement Law (Journal of Laws of 2019, item 1843);  

 Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying 

down the general principles and requirements of food law, establishing the European Food Safety 

Authority and laying down procedures in matters of food safety (Official Journal of the EU L 31 from 

February 1, 2002, Polish Special Edition 2004, as amended); 

 Regulation (EC) No. 1935/2004 of the European Parliament and of the Council of 27 October 2004 on 

materials and articles intended to come into contact with food and repealing Directives 80/590 / EEC 

and 89/109 / EEC (Official Journal of the EU L 338 from 13.11.2004, as amended); 

 Regulation (EC) No. 1935/2004 of the European Parliament and of the Council of 27 October 2004 on 

materials and products intended to come into contact with food (OJ L 338 of 13.11.2004, as amended); 

 Regulation (EC) No. 852/2004 of the European Parliament and of the Council of 29 April 2004 on the 

hygiene of foodstuffs (Official Journal of the EU L 139 of 30.04.2004, Polish Special Edition 2004, as 

amended) and implementing regulations issued on its basis; 

 Regulation of the Minister of Agriculture and Rural Development of December 23, 2014 regarding the 
labeling of individual types of foodstuffs (Journal of Laws of 2015, item 29, as amended); 
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 irective 2000/13 / EC of the European Parliament and of the Council of 20 March 2000 on the 
approximation of the laws of the Member States relating to the labeling, presentation and advertising of 

foodstuffs (OJ L 109, 6.05.2000, p. 29, as amended; Official Journal of the EU Polish special edition, as 

amended); 

 Council Directive 89/396 / EEC of 13 December 2011, a unified text on indications or identification 

markings of the batch to which a given food belongs (Official Journal of the EU 2011/91 / EU Directive 

of the European Parliament, as amended as amended; Official Journal of the EU Polish special edition, 

as amended); 

 Council Directive 92/11 / EEC of 3 March 1992 amending Directive 89/396 / EEC on indications or 
identification markings of the lot of the product to which the foodstuff belongs (Official Journal EC L 65 

of 11.03.1992, p. 32; EU Official Journal Polish Special Edition). 

Among the military regulations, they have significant significance for the functioning of the military logistics 

system in the sphere of food:  

 NATO Principles and Policies for Logistics MC-0319/X, MC-312/2; 

 NATO Principles and Policies for the Maintenance of Equipment MC-0533; 

 NATO’s Policy on Cooperation in Logistics C-M(2001)44; 

 Land Forces Logistics Doctrine ALP-4.2, DD/4.2 z 2007; 

 NATO Logistics Doctrine for Land Forces ALP-9(B) - STANAG 2406; 

 Logistics Doctrine of the Armed Forces of the Republic of Poland D-4 (B) of 2014, and in particular 

Chapter 5 Functional System of the Logistics of the Armed Forces of the Republic of Poland, Subsection 

II Material Subsystem - according to it food constitutes the first class of supply of the AF RP; 

 Material Protection of the Armed Forces of the Republic of Poland. Principles of operation DD/4.21  

z 2012r.; 

 Regulations on the Food Service DU - 4.21.1(A) z 2016 r.; 

 Instructions for the Organization and Operation of Military Nutrition Facilities DD/4.21.1.1. z 2013r.; 

 Regulation of the Minister of National Defense of December 11, 2009 regarding free nutrition of 
professional soldiers and candidates for professional soldiers (Journal of Laws No. 216, item 1679, as 

amended); 

 Regulation of the Minister of National Defense of March 4, 2011. on feeding soldiers of active military 

service (Journal of Laws No. 63, item 327). 

The above documents set standards for the collective feeding system for soldiers both in the stationary system 

and in the situation of task implementation. All food-related processes must be approved by Military Sanitary 

and Veterinary Inspectors, and the documentation must also take into account HACCP standards and Good 

Hygienic Practice (GHP).  

Authorities responsible for the activities of the food service of the Polish Armed Forces in the form of Regional 

Logistic Bases, are required to maintain specific standards for the stocks of food supply, their storage and 

maintenance, and to plan and implement deliveries to the supplied departments and economic sub-units. 

Cooperation with suppliers must ensure continuity of supply and supply of raw materials and products at the 

appropriate level of quality. Military units receiving foodstuffs document and thoroughly assess the quality of 

goods delivered, their packaging and transport conditions.  

Supplying military units with food products is allowed only from plants qualified and remaining under the 

supervision of Military Preventive Medicine Centers. Deliveries of food products may take place only by 

specialized transport, protected against deliberate contamination or pollution, while maintaining the cold chain.  
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The food of soldiers must be adapted to the real needs of the body, taking into account the age and type of 

work performed. It is calculated on the basis of a daily food ration in accordance with the applicable "Human 

Nutrition Standards", taking into account the specificity and nature of the service. 

3. SPECIFICITY OF THE MULF FEEDING SYSTEM 

The functioning of military logistic systems of food products is associated with, on the one hand, providing 

cadets with a current market offer adequate to their expectations - in line with nutritional trends, and on the 

other, compliance with applicable industry regulations and the need to optimize the costs of functioning of the 

entire system resulting from military standards. MULF is a military university with the status of an economic 

department. Financing of MULF's operations is financed from the subsidy of the Minister of National Defense. 

As part of its statutory tasks, the University implements the didactic process in relation to persons on 

undergraduate and graduate studies, postgraduate studies and courses, which translates into the number of 

2,100 people fed on an average of 24 hours a month. 

The dynamic development of military education and the growing requirements of cadets force logistic entities 

such as military units being economic departments to look for solutions enabling effective and efficient 

functioning, especially in peacetime. An important element here are the activities undertaken by universities 

aimed at ensuring a high level of quality of provided nutritional services and meeting the requirements of their 

clients (cadets) [4]. tandardization of nutritional needs is assumed here as part of the concept of a soldier as 

a person with fixed psycho-physical characteristics and predispositions, subject to individualization due to the 

tasks performed.  

The specificity of actions in the military sphere requires appropriate selection of products and their suppliers. 
Practical provisions force in practice, in the area of food supply for the needs of cadets' nutrition, the creation 

of short supply chains. From the customers’ point of view, the increase of intermediaries create an informative 

asymmetry due to the impossibility to track their shipment as well as to a lowering of their quality standards, 

caused by an increasingly standardized production process. Furthermore, the long supply chain has 

considerably reduce the local production, impoverishing the agricultural biodiversity. As a matter of fact, the 

shortening of the supply chain, beyond reducing costs by cutting down the number of intermediaries existing 

between the producer and the consumer - which is beneficial both for the producer and the consumer - it also 

creates positive externalities on the environment and, in particular, it contributes to the enhancement of the 

regional and local identity [5]. The EU New Common Agricultural Policy gives a definition of the short supply 

chain as supply chain formed by a limited number of economic operators who focus on the promotion of the 

cooperation, the regional development and the tight social and territorial relationships between producers and 

consumers [6]. This gives the possibility of better flow control and greater flexibility and reactivity of suppliers 

in the event of a sudden change in the feeding conditions in a military unit, for example for mobilization reasons. 

The selection of the range of food products in the MULF food division begins with the development of a key 

document in the form of a Statement of food needs for the next year. This list includes 27 product groups 

covering 426 product items. On this basis, a "Food Shopping Plan" for a given year is created in individual 

product types. The development process should be preceded by detailed research and identification of market 

segments, as well as an estimation of the volume of demand. Other additional factors, in particular supplier 

evaluation, should also be considered. 

Among the requirements for suppliers, in addition to providing evidence of compliance with phytosanitary and 

standardization conditions, the following are important: mobilization readiness, size of the entity - its 

manufacturing capabilities, guarantee of adequate quality and price. Mobilization readiness means the 

possibility of increasing deliveries by 50 %, in a maximum of 7 days and by 100 % in a maximum of 14 days. 

Confirmation of the appropriate manufacturing or delivery capabilities is accomplished by presenting reference 

letters from the last 3 years: for three deliveries totaling PLN 900,000.00 or one delivery for PLN 900,000.00 - 

for food supplies, and for two deliveries together for PLN 450,000.00 or one delivery for PLN 450,000.00 - for 
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confectionery supplies. Agreements are concluded with suppliers for one year, subject to the tender procedure 

when selecting them.  

Modern food characteristics are seasonality, supply spikes (sometimes referred to as “bulkiness”), and 

perishability [7]. The large retail chain operators, caterers, hotels, restaurants and domestic customers in urban 

areas require a regular supply of fresh fruits, vegetables, meat, and other perishable food products. The 

improving living standards and greater awareness brought about by globalization have led to change ways of 

consumption and buying habits [8]. These changes can also be seen in soldiers' menus. Military units not only 

provide food with long shelf life, but must meet the challenges of daily nutrition of soldiers in accordance with 

applicable mass catering standards. Ensuring proper customer service requires from the food department's 

professional staff the ability to creatively adapt to changing conditions, the environment and effectively adapt 

to applicable standards, create appropriate sets of menus and organize convenient places to eat, including the 

time and manner of offering them, as well as the specifics of the service. 

4. FEEDING SYSTEM FOR CADETS IN PEACETIME 

The needs of the Polish Armed Forces in the field of food delivery in peacetime are related to the provision of: 

fresh food, food concentrates, food with long shelf life (including the replenishment and rotation of war stocks), 

food for research and training of food service personnel. The basic document for planning the nutrition of 

soldiers in units is the decade menu. Nutrition is planned based on the recipes of dishes contained in the food 

files and IT systems supporting the operation of the food service. In mass catering, breaks between meals 

should not be longer than 6 hours. The daily meal schedule depends on many factors, but it is assumed that: 

breakfast should be served between 7-8 am, 2nd breakfast around 11.00 am, lunch between 14-16 and dinner 

between 18-20.  

Food suppliers 
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technological system. The functional arrangement of individual system components should ensure a one-way 

flow of raw materials, products, dishes, dirty and clean dishes and waste (Figure 1). Food supplies to army 

warehouses are organized and planned at every supply level. The standard for MULF is delivery twice a week. 

The food warehouseman checks the quantity and quality of the foodstuffs delivered in accordance with the 

received income document and the requirements contained in the contract. The main principle of the 

organization of food flows is that raw materials and semi-finished products should be transferred by the 

shortest and convenient route from warehouses through the various stages of processing to the publishing 

house and then to consumers. In the event of intersection of roads, a timetable should be developed so that 

the transport takes place in different time spaces - collision-free.  

In accordance with applicable regulations, meals should be prepared within a specified time limit, beware of 

earlier preparation of dishes, especially meat and fish. The meals should be dispensed no later than 15-20 

minutes after cooking and finished within a maximum of 2 hours. If necessary, ready meals should be stored 

for no more than 4 hours, at a temperature not higher than 8 ºC and dispensed after reheating. Tinned food 

should be opened immediately before heat treatment, which should not take less than 15 minutes. 

A self-service meal delivery system is used in the military canteen. It consists in organizing the canteen forces 

only the points of serving dishes and collecting dirty dishes. The rest of the activities related to the collection 

of dishes and, according to dirty dishes, consumers are obliged to do themselves. 

CONCLUSIONS  

The military logistics food system is a specific form of the logistics system. The main element here is the need 

to ensure efficiency and an appropriate level of security associated with numerous formal regulations. Also 
due to the specific approach to the client / consumer, treated as an entity of a standardized nature, whose 

individualization is possible in groups resulting from the specificity of the service and the tasks performed. 

Another characteristic factor is that the links in the supply chain are partly in the military unit, whose component 

is the consumer (cadet). This provides the basis for creating a specific logistics system. 

This system has a high degree of hierarchy, which can lead to errors both due to excessive "rigidity" and in 

the area of the human factor. This particularly applies to the possibility of making mistakes by the functionaries 

responsible for planning and official supervision over food activities. This often results from insufficient 

substantive preparation to perform tasks in the position held and imprecise scope of official duties. Ineffective 

service supervision over the logistics food chain makes it difficult to detect deficiencies and their causes, which 

in turn leads to irregularities in the functioning of the analyzed area. 

The experience gained from the participation of Polish military units in peacekeeping missions and international 

military exercises indicates the urgent need to apply in our armed forces the effects of development and 

scientific and research works conducted in recent years in the civil sphere that meet the needs of modern 

logistics. A particularly important aspect is the care for appropriate quality and safety of implemented 

processes. This is to be achieved by subordinating the system to both national standards (for example; PN-

EN ISO 9000: 2015-10, PKN-ISO / TS 22003: 2015-06) and international standards, in particular ISO 22000: 

2018. Compliance with the requirements they contain for all organizations involved in food chains is part of the 

food safety management system. 

You may also find that the system of public nutrition is a "living organism" and therefore should be subject to 

constant change with the development of technology and food technology, as well as changes in military 

doctrine documents. Until recently, there was a view that when considering logistic processes of securing 

troops, the quantity, quality, type and duration of these tasks were important, regardless of whether they 

concerned peace, crisis or war. Currently, in relation to peace time, there is a strong emphasis on the fifth 

parameter, which are costs. It is necessary to adopt the position that all logistics processes should also be 

assessed in the cost-effect relationship. This should result in the introduction of structural and organizational 
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changes as well as formal and legal ones. At the same time, the long-term nature of such changes should be 

taken into account. 
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Abstract 

The article concerns the application of industrial robots (IR) in selected areas of logistics. In the article there 

are given premises, from the point of view of which it is worth to consider issues focused around robotics in 

the context of Logistics 4.0 (L4.0). For this purpose, the results of the research of scientific and business 

publications (desk research) are presented. In addition, the identification and classification of IR in the aspect 

of their use in L4.0 is given. Further, selected examples of IR that can be used in selected areas of logistics 

were identified. Next, an analytical model helping to assess the level of innovativeness of a group of solutions 

was presented, and finally, the innovativeness of the identified IR was assessed in terms of their inclusion 

among the machines that can be or are the subject of research in L4.0.  

Keywords: Logistics 4.0, AGV, LGV, AMR, industrial robot, mobile robot, robotics 

1. INTRODUCTION 

The world of logistics, as well as the world of industry, entered the next stage of change almost a decade ago. 

This stage is characterized by a wealth of innovations, experimentation with technological novelties and even 

a kind of industrial revolution, called as the 4.0 revolution. Logistics 4.0 (L4.0) is a relatively new, complex 

concept directly related to Industry 4.0 (I4.0), while I4.0 is a term describing a general view of "intelligent 

factories" of the future, just as the term "intelligent logistics" is a reference to L4.0. Solutions of L4.0 are focused 

on autonomous trucks used for supplies, drones for supporting of internal logistics processes as well as 

external last mile deliveries, shared capacities on exit from internal facilities, etc. The implications for I4.0 in 

logistics are described in [1]. This relative novelty of L4.0 concept can be confirmed by trend analysis in Google 

Trends or by analyses carried out on the basis of documents collected in scientific databases such as Web of 

Science (WoS), Scopus, Google Scholar, as presented below. 

The analysis performed with the use of the Scopus database (Nov 3, 2019) is worth considering. When the 

keyword “Logistics 4.0” was introduced in relation to the search of three records at the same time, i.e. title, 

abstract, keywords, the following results were obtained. 39 documents were found, e.g. 17 in 2019 up to date, 

10 in 2018. Meanwhile, WoS database was searched in all fields with the same keyword - date of analysis: 

Nov 3, 2019. Only 16 documents were found, e.g. 6 in 2019 up to date, 5 in 2018.The analysis performed with 

the use of the Google Scholar scientific database (date of analysis: Nov 3, 2019) is worth considering as well. 

It is compared to analogical analysis performed on Feb 22, 2019 (given in brackets in the Table 1). 480 records 

were noted in that database (in previous analysis it was 270 records), of which 149 were published in 2019 

(previously 13 records) and 280 in 2018 (previously 111 records). Admittedly, 2019 was not the end of the 

year when the article was written, but an increase in publications of this type is expected, as interest in I4.0 

and L4.0 is significantly growing. The statistics in Table 1 shows that potential of L4.0 accrues. 

Among the issues related to L4.0 that are of particular technological interest are as follows: Internet of Things 

(IoT), robotics, big data, cloud logistics, augmented reality, low-cost sensors technology, identified in 2016 as 

particularly significant and subject to intensive development over the next 5 years, [2]. A further group of 

concepts are autonomous vehicles, 3D printing, self-learning systems, digital identification, bionic aids, 

unmanned aerial vehicles - in 2016 they were considered to have been developed later than the five-year 

period mentioned above [2]. The report [3] recalled the same concepts for the first group of concepts, and the 
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second group of concepts included: artificial intelligence, block chain, virtual reality and digital twins, wireless 

connectivity of the next generation. Taking into account the first group of terms, it can be observed that the 

accompanying terms are intertwined, because these technologies are interrelated and mutually reinforce their 

capabilities in terms of their application in the broadly understood logistics systems. These include in particular: 

IoT, robotics, big data and low-cost sensor technology. Devices and machines equipped with elements 

described by these terms belong to the group of devices and machines centered around I4.0, and therefore 

L4.0. This article is devoted to them, e.g. it discusses the topics of robots equipped with sensors, collecting 

large scale data, whose analysis has an impact on the improvement of logistics systems. 

Table 1 Desk-research results of keyword (“Logistics 4.0”) searching in selected databases - dates of analysis:  

November 3, 2019 (February 22, 2019) 

Year of analysis Scopus Web of Science Google Scholar 

2019/2018/2017 17 (N/A)/10 (5)/3 (3) 6 (2)/5 (5)/3 (N/A) 149 (149)/280 (111)/340 (56) 

Previous years than above 5 (5) 2 (2) 480 (270) 

2. PREREQUISITES FOR THE RESEARCH ISSUE SELECTION 

The importance of using robotics in L4.0 was estimated at approximately 75 % of the scale indicated in the 

report [2] (a high level on this scale means that entities focused around a given concept will contribute to the 

development of new ways of doing business, while a low level means ensuring the possibility of gradual 

improvement of the situation, which means that the lower the representative of a group of concepts is on the 

scale the faster it can make innovative changes in the business). The potential of robotics was high in the scale 

of interest of companies implementing the so-called I4.0. This trend "outclassed" IoT, which according to the 

report was to be the peak of significance for the current year. This means that in the opinion of the authors of 

the report, the interest in robotics will increase even more, as this trend in the scale indicated in the report [3] 

seems to exceed 95 % on the scale of significance of the application of all sorts of trends. The madness of 

robotization in L4.0 is reinforced by the fact that one of the largest companies dealing with B2C e-commerce 

has 45,000 mobile robots in the company's warehouses since 2012, [4]. 

3. CLASSIFICATION OF INDUSTRIAL ROBOTS 

The subject matter of robotics research is naturally robots (including industrial robots - IR). IR as defined as 

an automatically controlled, reprogrammable, multipurpose manipulator programmable in three or more axes, 

which can be either fixed in place or mobile for use in industrial automation applications, [5]. According to [6,7], 
there are four basic types of IR: sequential, trajectory controlled, adaptive, mobile. Due to the withdrawal of 

the standard on 6 September 2018 [7], the classification of IR presented in [8] is referred in this publication. 

This classification is shown in Figure 1. Addressing the issue of robot applications in L4.0 is even more 

important as the density of robots in the world is increasing, which can be seen in Figure 2a. This density is 

understood as the number of IR per 10,000 employees in a given country [9, 10]. In recent years the use of IR 

has significantly increased. Figure 2b. shows the estimated numbers of IR deliveries for 2008-2021. From the 

I4.0 point of view, the level of innovativeness of solutions can be assessed according to [11]. 

From a technological point of view, classification by areas of application seems to be more important [13,14]. 

From the point of view of L4.0, the most interesting are transport robots and robots for material handling and 

loading of pallets (AGV, LGV, SGV), as well as other mobile robots, etc. For purpose of this article selected 

IR, that can or have been used in logistics systems, are chosen and evaluated in terms of their potential 

inclusion among the solutions focused around I4.0 and L4.0. This evaluation is carried out as a result of a 

search for robots, that they arouse the greatest interest from the point of view of L4.0. Next, the solutions will 

be evaluated as a result of using a tool used to assess the innovativeness of solutions. 
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Figure 1 Classification of IR [8] 

a.  b.   

Figure 2a Growth of IR worldwide and on China sample - estimated annual supplies of IR between 2008 and 
2021, 2b Robots density (in thousands) in 2018; a. and b. based on [12] 

4. MACHINE EVALUATION MODEL IN THE CONTEXT OF L4.0 

This section presents the tool for assessing the innovativeness level of the discussed solutions in relation to 

L4.0. It is the tool redefined after [11,15], where: ; - a set of numbers of presented and assessed solutions, ; � �0, … , >, … , ?�, @ - a binary set explained by its elements,  @ � �0,1�, where A � 0 if the solution in question 

existed before or during 2011 and A � 1 otherwise, B - a binary set that explains whether a chosen solution 

has been implemented, B � �0,1�, - � 0 if the solution in question was not implemented before, during or after 

2011, - � 1 otherwise. The Cartesian product shall then be appointed as in equation (1), the elements of which 

are transformed into the set C as it is given in equations (2) and (3). The ��>, A, -  is binary parameter which 

takes value 1 for solutions that existed after 2011 and are fully implemented. 

��>, A, - : ; 7 @ 7 B → �0,1�, (1) 

C � ���1,0,0 , … , ��>, A, - , … , ��?, �,  �, > ∈ ;, A ∈ @, - ∈ B, (2) 

��>, A, - � F0: ∃A � 0 ∧  ∃- � 0 ∨ - � 11: ∃A � 1 ∧  ∃- � 1  (3) 

The J ̅parameter quantifies solutions which determines the number of potentially innovative solutions: 

J̅ � ∑ ∑ ∑ ��>, A, -  M∈B N∈@ 9∈; .  (4) 

If the condition (5) is met, then solutions from set ; (taken together) are not considered to be innovative. In 

other case solutions from set ; can be considered as innovative, where: O>PQ�;  - cardinality of a set ;: 

∃�J̅ O>PQ�; ⁄  S 0.50.  (5) 
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Table 2 List of devices 

Device/robot Type of a robot Release U V W X�U, V, W  

Vecna RL350, Vecna RC500 [16] Autonomous robotic vehicle (ARV) 2017 1 1 1 1 

Kiva [17,18,19, 20] AGV, LGV, ARV 2006 2 0 1 0 

Aurora CEITruck [20, 21] AGV, LGV, ARV 2007 3 0 1 0 

Butlers [22] AGV 2018 4 1 1 1 

CarryPick KMP600 [17] AGV 2012 5 1 1 1 

BinGo [23] AGV 2016 6 1 1 1 

KUKA mobile platform (KMP) 1500 [24] AGV 2017 7 1 1 1 

Baxter [25] packaging robot 2011 8 1 1 1 

Roberta [25] 6-axesrobot  2015 9 1 1 1 

SERVUS ARC3 [26, 27, 28] transport robot 2013 [29] 10 1 1 1 

Agile1500 [30, 31, 32] AGV 2017 11 1 1 1 

Aethon TUG - AMR [33, 34, 35] AGV 2013 [34] 12 1 1 1 

MiR100, MiR200, MiR500 [35, 36, 37] AGV 2016 13 1 1 1 

LD-60, LD-90 [38, 39] LD-130CT [35] LGV, ARV 2017 [38] 14 1 1 1 

SEIT100, SEIT500 [35] LGV 2017 15 1 1 1 

OTTO 100, OTTO 1500 [35, 40, 41] LGV, ARV 2018 [40, 41] 16 1 1 1 

Elettric80 Giraffe pallet lift truck  2009 [42] 17 0 1 0 

Robotino Basic (Premium) Edition [43] AMR, AGV 2016 [43] 18 1 1 1 

5. SPECIFICATION OF SELECTED INDUSTRIAL ROBOTS 

Selected IR in applications for L4.0 are presented in Table 2. In the same table, the data necessary for the 

use of the described model are presented. 

6. CONCLUSION 

Based on information given in Table 1, it can be stated that more than 83 % (J̅ O>PQ�; � 0.83⁄ ) of presented 

devices and solutions were released after the Hannover Fair of Industrial Technologies which took place in 

2011. This might mean that the idea of I4.0 utmost significantly contributes to the innovation of robotic products 

in the sphere of L4.0. It can be stated that the innovativeness level of solutions suggested as belonging to L4.0 

in the context of I4.0 is about 83 %, therefore it is very satisfactory. The article indicates that IR used in L4.0 

are characterized by a high level of innovation. The authors are aware of the fact that the analysis of the years 

of origin, practical application and maturity of solutions are too general assumptions, therefore it is worth 

undertaking analyses concerning technological, organizational and financial issues of solutions in the context 

of their location in logistics systems. In the model, it is worth considering the aspects of its maturity and 

customer satisfaction [44] and routing in transport processes [45]. This constitutes further research work. 
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Abstract 

Contemporary production enterprises keep seeking organizational capabilities to enable them to function in 

the network environment. The requirements of Industry 4.0 for production virtualization and digitalization, cloud 

manufacturing or extended manufacturing impose the requirement to use system integration tools, intelligent 

robotization and automation or fast reconfiguration, as well as a package of methods and tools that accompany 

organizational changes. One of the concepts of improving the activity of manufacturing systems, which fits into 

the course of such organizational changes, is Word Class Manufacturing (WCM). In order to better adjust 

WCM-based systems to the requirements of Industry 4.0, a model of the lean-agile (leagile) world class 

manufacturing system was created. In practice, it enables the flexibility - reduced in hitherto existing models - 

to be adapted to the requirements of Industry 4.0. 

Keywords: Wcm, world class manufacturing generations, leagile wcm model 

1. THE DEFINITION AND BASIC MODELS OF THE WCM  

World Class Manufacturing, besides Manufacturing Excellence (ME) [1] and hybrid solutions xPS (xProduction 

System) [2,3], is a global approach of an industrial enterprise to striving for excellence. WCM, understood as 

a comprehensive approach to management, enables the creation of an Integrated Management System in the 

enterprise based on its own, i.e. developed in-house, model of excellence. The creation of this model relies on 
problems known in the literature, so-called good practices undertaken by industrial enterprises representing 

world class manufacturing.  

The origin of WCM goes back to the time when good practices were formalized by Japanese enterprises. 

Striving for manufacturing excellence, carrying out continuous improvement programmes and maximizing the 

utilization of manufacturing capability in a broad sense, contributed to the formation of a unique form of 

manufacturing organization, which allowed the world class status to be attained. A literature review carried out 

in the area of WCM has shown that there is no universal, recognizable and worldwide accepted definition of 

WCM [4,5]. World class manufacturing relies on guidelines that can, in brief, be expressed as: manufacture 

faster, manufacture better, manufacture cheaper and manufacture more. Fulfilling these guidelines requires 

the highest level of organization, low-cost structural flexibility and the associated response speed and 

adaptability to the changing market and technological environment. Based on the semantic analysis of the 

term WCM [6] it can be accepted that world class manufacturing is a method of improving system organization, 

which enables the highest possible level of manufacturing organization to be achieved by implementing 

modern management methods. Organization, according to the WCM guidelines, currently means the highest 

achievable manufacturing organization level and is largely based on the following principle: “manufacture the 

best products at half the cost, with half the effort and in half the time” [7]. So, the current notion of WCM differs 

substantially from the concept of good practices integration, which results from the natural evolution of 

continuous improvement. The contemporary understanding of WCM most often means a manufacturing 

strategy that is pursued using a set of (operation) management methods. As shown by the analysis of the 

course of WCM implementations, WCM is most commonly perceived only as a set of operation management 

methods that contribute to an improvement in the productivity of enterprises and enable them to build a strong 
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competitive position in the marketplace. Within the contemporary interpretation of WCM, therefore, many 

management methods can be indicated, which form the so-called package of WCM operation methods [8]. 

During the course of the evolution of the WCM concept, numerous defined models have come into being. All 

models have generally been created by the modification of R. Schonberger’s base WCM model comprising 

the set of the best practices. Considering the fact that there has been no consistent WCM model developed 

so far, the majority of models have been set up by grouping good practices into sets of methods and concepts 

that have some common effects of influence on enterprises ascribed to them. The most widely known WCM 

models include [6]: Schonberger‘s model (1986), Hall‘s model (1987), Gunn‘s model (1987), Maskell‘s model 

(1991), Sharma and Kodali‘s model (2008), Nachiappan’s et. all model (2009), Gandhi’s et. all model (2011), 

Okhovat’s et. all model (2012), the agile model (2013), the WCSM model (2015) - the listing has omitted the 

EQFM [9], UKBI, EVA [7], WCMMTO [10], WCML [11] - for more see [6]. 

2. OPERATIONAL FLEXIBILITY IN WCM MODELS 

One of the main factors influencing the capacity for transformation toward the Industry Requirements 4.0 is 

operational flexibility being smoothly adjusted to current needs. Operational flexibility is understood as the 

ability to respond to foreseen or unforeseen (internal or external) changes, which boils down to the intentional 

and economical maintenance of the reserves of specific resources to be used in the appropriate time [6]. The 

analysis of changes in WCM models has shown that along with their development, the approach to operational 

flexibility also changed. The analysis of the existing models shows also that in the initial periods of 

implementing WCMs, striving for low manufacturing costs and orientation to quality did not cause any 

significant increase in competitiveness [12], hence the interest in increasing the diversity of products offered 

(an increase in flexibility) [13]. This was reflected in subsequent WCM models, which to an increasingly large 

extent considered the flexibility (of product and volume) at the cost of the drop in cost effectiveness. An apogee 

of including flexibility in WCM models occurred in Maskell’s model, in which the main component became 

flexible production. A confirmation of the trends in increasing importance of flexibility were the works by various 

authors, including R. Markland et al [12], in which, from among the thirteen priorities of competitiveness, three 

concerning the flexibility (of product, volume and process) took the highest places in the ranking.  With the 

inclusion of lean manufacturing postulates in WCM, a decrease in the level of operational flexibility occurred. 

This resulted from the change in priorities oriented primarily to the elimination of any types of losses, aimed at 

reducing the unit production cost to a relative minimum, and then to the delivery of an added value to 

customers. So, a significant decrease in operational flexibility took place due to the reduction of losses, in 

which the redundant flexibility of resources with respect to current needs made up the largest value of the 

costs of generated losses (in particular, losses associated with maintaining redundant resources). This 

redundancy resulted from the tendency to making a quick reaction to variable needs of customers and the 

environment’s variability (unpredictability) itself. The reduction of the costs of redundant flexibility especially in 

the area of resources, and thus the decrease of its level, is part of WCM "philosophy” (zero losses), hence 

subsequent WCM models reduced operational flexibility to a minimum value. A breakthrough in including 

flexibility (in particular operational flexibility) were third-generation models, where flexibility, on the assumption 

of being included in the agile manufacturing concept, became an essential element of WCM. Those models 

started to effectively utilize the flexibility by the ability to “dose” it through the appropriate cost calculation of 

the level of its involvement (so-called low-cost flexibility) [14]. As analyses show, the total level of flexibility 

(strategic flexibility) has been constantly increasing in recent years, with periodical fluctuations of operational 

flexibility. This corresponds with the analysis of the level of operational flexibility in the area of WCM (Figure 1). 

As shown by Figure 1, in the initial phases of development of WCM models, flexibility was in-built in good 

practices and was continuously increasing (first-generation WCM models). The introduction of second-

generation models resulted in a lowering of the level of flexibility, but only the one associated with the 

operational level and carrying out of processes based on the enterprise’s own resources. Its shortage in the 
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system was compensated for by the ability to subcontract all or individual fragments of manufacturing 

processes. Hence, the most common in that time forms of manufacturing activity as the areas of the final 

manufacturing phase (most often, final assembling). Third-generation models, in turn, which assume the 

unpredictability and variability of environmental conditions, reserve resources and thus maintain flexibility 

redundancies.  This is most often done in the form of negotiating the allocations of dispersed resources. 

Carrying out activities in such systems, despite no physical utilization of resources at the network building 

stage, generates costs related to the reservation of potential resources, thus contributing to maintaining 

redundant flexibility. This phenomenon seems illogical, if only because of the calculation of variability costs, 

and manifests itself in incurring the costs of reducing the level of operational flexibility, followed by incurring 

costs due to increasing its level again. In this case it is useful to assess the minimum level of operational 

flexibility reduction (estimation of flexibility fit), below which incurring the costs of its further reduction will involve 

another costs due to restoring it to the necessary level. This paradox stems from the assumptions of theoretical 

models used for the creation of manufacturing systems (especially those based on second-generation models), 

for which lean manufacturing that reduces losses to a minimum is a fundamental base construction. Presently, 

world class manufacturing systems should be integrated systems that improve their processes and product 

quality, reduce costs, but also enhance flexibility, while meeting diverse customer expectations [15] (so-called 

agile systems). A model that fits into the trend in gradual increasing the level of operational flexibility from lean 

systems toward agility is the developed leagile system model. 

 

Figure 1 The level of operational flexibility in WCM models 

3. THE CONCEPT OF WCM LEAGILE MODEL - TOWARDS INCREASING FLEXIBILITY  

The proposed model is a combination of the best practices concentrated around six base concepts, namely: 

 TPM (Total Productive Maintenance), which ensures the effective use of resources, 

 L6S (Lean Six Sigma), which ensures the minimization of activity costs, while maximizing the added 

value and assuring the quality accepted by the customer, 

 FM (Flexible Manufacturing), which provides the proactive and fast responding flexibility of processes 
through the possibility of making quick reconfiguration of resources, 

 AM (Agile Manufacturing), which provides the ability to make prompt response through the virtualization, 

customization and networkability of manufacturing at the level of so-called basic agility, 

 TFM (Total Flow Management), which ensures the most favourable flows of material streams in supply 
chains, 

 TSM (Total Service Management), which ensures the most favourable organization of manufacturing-

related processes, in particular information flow streams. 

The generalized leagile world class manufacturing model is shown in Figure 2.  
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Figure 2 The leagile world class system model 

What distinguishes leagile WCM systems is associated with the possibility of considering changes in the area 

of enhancing operational flexibility and generated losses due to the costs of maintaining redundancies. The 

process of evolutionary adjustment of existing solutions to increased operational flexibility requires the 

activities associated with the analysis of the operational flexibility level to be added to the cost analysis pillar 

and creating mechanisms for balancing the leanness and operational flexibility within it. Based on the 

performed analyses of research objects (17 facilities located on the territory of Poland and implementing 

various second-generation WCM models), basic activities aimed at the practical use of the proposed model 

have been defined. These include, in particular: to maintain the current number and scope of activities in sub-

areas (technical pillars), except for the cost analysis sub-area; to add activities related to the analysis 

of operational flexibility to the cost analysis sub-area by defining the modified pillar as “flexibility cost analysis”; 
to maintain the current number and scope of actions in the activity fields (managerial pillars); to maintain the 

stagewise mode of carrying out actions within individual pillars following this sequence: response actions, 

preventive actions, proactive actions; and to maintain the number of stages in implementing individual pillars. 

This means that, for leagile world class manufacturing systems, the constructional frameworks of existing 

models can be used, but, at the same time, making changes in the system of the technical pillars from vertical 

to matrix one (3T+7T) and complementing the cost analysis pillar with operational flexibility analysis (Figure 3). 

 

Figure 3 The framework of traditional and leagile world class systems 
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The most significant change, besides the change of the pillar system, is the modification of the cost analysis 

area. The new „cost deployment and flexibility analysis“ (CD&FA) is a pillar in which the basic valuation of 

losses is done, which means the conversion of losses to cost units (flexibility redundancy is a cost assigned 

to the loss category, so it is classified as a cost-generating factor). Actions taken within this pillar aim, most 

often, to: indicate main losses in the production-logistic chain; make the value assessment of losses; indicate 

economic advantages brought by elimination of losses; and indicate resources needed for their elimination. 

The use of CD&FA takes place while retaining this logical sequence of events: loss - loss source - loss 

assessment - the effect of loss reduction on flexibility - determining the loss level and the loss reduction method 

- analysis of the B/C (Benefit/Cost) balance - action plan - settlement using so-called cost analysis matrices 

(matrices AG) modified by the flexibility factor. When taking actions to eliminate losses that affect the flexibility 

level, the analysis should be complemented with actions related to balancing the levels of loss reduction and 

flexibility increase. On the basis of the analyses, a sequence of actions to implement the CD&FA pillar has 

been proposed (Figure 4). 

 

Figure 4 Stages of implementing the CD&FA sub-area (pillar) 

4. CONCLUSION 

The model presented herein fills the gap between the described models based on lean manufacturing (second-

generation) and the agile model. The proposed model is based on the assumption that operational flexibility, 

as a factor essential for transforming a system towards Industry 4.0, should be smoothly formed, depending 

on the current needs. This is possible by introducing the sub-area of the ongoing analysis of the level of 

flexibility and the costs of its maintenance to the constructional framework of classic WCM models. Continuous 

monitoring of the costs of generated losses and juxtaposing them with the costs of maintaining flexibility 

redundancies enables the fulfilment of the agile manufacturing assumptions, contributing thereby to an 

effective and quick action.  
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Abstract  

This article deals with possibilities in selecting the most accurate allocation of overhead costs of logistic and 

other supporting activities to primary (production) activities in cases where outputs of cooperating support 

activities in manufacturing enterprises are reciprocally consumed. A reciprocal consumption of outputs of 

supply, transport and maintenance activities, where the outputs of supply and transport activities are consumed 

by maintenance activities and the outputs of maintenance activities are consumed by supply and transport 

activities can serve as an example. 

Keywords: Allocation, activity, overhead costs, supporting and primary activities, primary and secondary costs 

1. INTRODUCTION  

There are changes in the cost structure of production companies, share of direct cost is decreasing compare 

to share of overhead cost. This is mainly because of increasing investments to automation of production. 

Primarily it is overhead logistics cost and cost of other supporting activities that are increasing. Therefore, it is 

necessary to focus not only on effectiveness of overhead cost but also on allocation of these cost to primary 

activities of production companies and then allocation of these primary activities to final products, which are 

final cost object of overhead cost. This issue is mainly dealt with by the Activity based costing method [1,2,3]. 

Interdepartmental, reciprocally cooperating support activities have only primary overheads at the very 

beginning of the cost allocation process. The reciprocal consumption of outputs of support activities then 

causes the need to allocate not only primary, but also the subsequently incurred secondary overhead costs. 

The aim of this article is to offer mathematical and practical possibilities for solving this issue [4]. 

Supporting logistics activities in manufacturing plants include, in particular, ordering and purchasing material 

and energy inputs, activities related to material storage and its removal, work in progress, semi-finished and 

finished products, in-process handling, in-house and off-site transport (excluding material purchase). Other 

support activities include mainly segments of maintenance and energy supply activities.  

The ultimate objective of this allocation is to transfer the total (primary and secondary) overhead costs of the 

support activities to primary activities. Such increased overhead costs of primary activities are further allocated 

to cost objects in the form of individual products or their groups (this is no longer the subject of this article). 

 

Figure 1 Example of reciprocal links between support centres [Own processing] 

The problem of the allocation of overhead costs of support activities is the reciprocal cyclical consumption of 

outputs of their activities, as shown in a simple example of reciprocal links in the following Figure1. 
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The algorithm for allocating overheads of support activities to other support or primary activities is based on 

the ratio of consumption of relational quantities in absolute terms. The relational quantities should as far as 

possible express the causal link between the activities consumed and the cost created by such consumption. 

The relational quantities are the units of measurement of individual logistic or other support activities, e.g. 

number of orders, number of acceptances, number of items of material or products stored and removed, 

number of “pallet-months” (a relational quantity expressing an occupied storage area in a warehouse and the 

time a pallet is stored there), activity hours, transport distance in km, energy in GJ or MWh, etc. 

In literature are described three cost allocation methods of overheads cost in case of mutual consumption of 

supporting activities [1,5]: 

 The direct method, 

 The step method, 

 The reciprocal method. 

But these methods are not described in detail and definition of calculation algorithms is missing. Mathematic 

expression of these calculation algorithms is main goal of this article. 

2. DIRECT METHOD OF ALLOCATION OF OVERHEAD COSTS 

Under the direct method, the reciprocal consumption of outputs within the support activities is ignored. In this 

case, only primary overheads of support activities are allocated directly to primary activities. This method is 

simple to calculate because it does not take into account (ignores) the existing reciprocal consumption of 

outputs in support activities, as shown in the Figure 2. 

 
Figure 2 Example of the elimination of all interrelationships between support activities in the direct method of 

calculating the overhead cost allocation for multiple primary activities [Own processing] 

In the direct method, only the primary overheads of support activities are allocated directly to primary activities 

where they are of a nature of a secondary cost. To calculate the overhead cost allocation by the direct method, 

it is necessary to know the amount of overhead costs allocated for individual support activities and the amount 

of relational quantities expressing the consumption of the outputs of these activities by other support and 

primary activities. 

First, the overhead rates per unit of output of consumed outputs of support activities are calculated 

[Own processing]: 

Z>[\ Z�] � ^5_5     for  i,j = 1,2,…n                                                                                                     (1) 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

126 

where: 

Rate RNi - Overhead (primary) cost of the i-th support activity in CZK/unit of the relational quantity 

Zi - Value of the total primary overhead costs of the i-th support activity 

Xi - The total amount of i-th support activity relationship quantities consumed by all other support and 

primary activities 

Then the calculation of the value of overhead costs allocated to primary activities follows [Own 

processing]: 

?Z�̀ � Z>[\ Z�]  a b]    for  i,j = 1,2,…n                                                                                          (2) 

where: 

ARNj - Allocated overhead costs for the j-th support activity in CZK 

Rate RNi - The overhead costs rate of the i-th support activity in CZK/unit of the relational quantity 

yi - The amount of relational quantities of the i-th support activity consumed by the primary aktivity 

3. STEP METHOD OF ALLOCATION OF OVERHEAD COSTS 

The step method respects the reciprocal transfer of performance between the support activities, but does not 

take into account (ignores) any reciprocal cycles of these consumptions. 

Within the scope of the step method, it is necessary to determine the successive steps (stages) of the allocation 

of overhead costs between support activities, with the last support activity in this procedure allocating its 

overhead costs to primary activities, as shown in the Figure 3. 

This method is more accurate than the direct method if there is an existence of reciprocal cycles of handovers, 

but it is more laborious than the direct method. 

 

Figure 3 Example of elimination of cyclical interrelationships between support activities in the step method of 

overhead cost calculation [Own processing] 

The aim of the step method of overhead cost allocation is to transfer the total (primary and secondary) 

overhead costs of support activities to primary activities, while doing so gradually within the individual steps 

(stages) of this allocation. For example, in the activities shown in Figure 3, the first step will consist of the 

allocation of overhead costs from support activity B to A, D and E, the second step the allocation from A to C 
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and B, the third step the allocation from D to C and E, and the 4th step the allocation from support activities C, 

D and E to primary activities 1, 2 and 3. 

The calculation of the overhead cost allocation by the step method also requires the knowledge of the amount 

of the allocated overhead costs for individual support activities and the amount of relational quantities 

expressing the consumption of outputs of these activities by other support and primary activities. 

Within the step method of overhead cost allocation, it is necessary to gradually allocate overhead costs within 

the individual steps (stages), from support activities creating outputs to support activities and subsequently 

also to primary activities that consume these outputs. Firstly, it is necessary to calculate the overhead cost 

rates of support activities generating outputs and then to calculate the value of overhead costs allocated to 

support and primary activities that consumed these outputs. 

Calculation of the primary overhead rate of support activities within the 1st step of the step allocation 
method [Own processing]: 

Z>[\ Z�] � ^5_5     for  i,j = 1,2,…n                                                                                                     (3) 

where: 

Rate RNi - The rate of overhead (primary) costs of the i-th support activity in CZK/unit relational 

quantities 

Zi - Value of total primary overhead costs of the i-th support activity 

Xi - The total amount of relational quantities of the i-th support activity consumed by all other support 

and primary activities 

Calculation of the rate of the total overhead costs of support activities within the second and 
subsequent steps of the step allocation method [Own processing]: 

Z>[\ Z�] � c^5cd5_5      for  i,j = 1,2,…n                                                                                                        (4) 

where: 

Rate RNi - The overhead cost rate of the i-th support activity in CZK/unit of the relational quantity  

Zi - The value of total primary overhead costs of the i-th support activity 

Si - The value of the total secondary overhead costs of the i-th support activity allocated to it in the 

previous step of the step allocation method 

Xi - The total amount of the i-th support activity relationship quantities consumed by all other support 

and primary activities 

Calculation of the value of overhead costs allocated to support or primary activity within each 
allocation step [Own processing]: 

?Z�̀ � Z>[\ Z�]  a b]      for  i,j = 1,2,…n                                                                                                (5) 

where: 

ARNj - Allocated overhead costs for the j-th support or primary activity in CZK 

Rate RNi - The overhead rate of the i-th support activity in CZK/unit of the relational quantity 

yi -The amount of relational quantities of the i-th support activity consumed by the primary activity 
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4. RECIPROCAL METHOD OF ALLOCATION OF OVERHEAD COSTS 

The reciprocal method fully solves all reciprocal and cyclical consumption of outputs of support activities, as 
shown in the Figure 4. The condition of the reciprocal method is that there is no self-consumption, which 
means that support activities do not consume their outputs themselves. Any occurrence of such self-
consumption must be ignored. 

The correct result of the reciprocal overhead costs allocation method is that the sum of the secondary costs of 
all primary activities must be equal to the sum of the primary overhead costs of all support activities.  

 

Figure 4 Example of cyclical relationships between support activities in reciprocal overhead costs allocation 

method [Own processing] 

To calculate the overhead costs allocation by the reciprocal method, it is necessary to know the amount of the 
allocated primary overhead costs for the individual support activities and the values of absolute relational 
quantities expressing the volumes of activities consumed by individual support and primary activities. 

Within application of exact decision methods for effective calculation of prices of intercompany activities we 
used modification of structure analysis method which is describe in following part of this article [5]. 

4.1. Table of outputs and inputs of reciprocally consumed activities 

The calculation of the overhead allocation of support activities to primary activities under the reciprocal method 

is initially based on the Table 1 below, which shows the consumption of outputs of the i-th support activities 

by the j-th support and primary activities. These consumptions are expressed by the amount of the relational 

quantities consumed. 

Table 1 Consumption of outputs of support activities (in the amount of relational quantities consumed) [6] 

Supporting activities 
generating outputs (Ai) 

Activities consuming outputs of support activities (Aj) Total relational 
quantities 

consumed (Xi)  
Supporting 
activity A1 

Supporting 
activity A2 

Supporting 
activity A3 

… 
Supporting 
activity Aj 

Primary 
activity A 

Supporting activity A1 x11 x12 x13 … x1j y1 X1 

Supporting activity A2 x21 x22 x23 … x2j y2 X2 

Supporting activity A3 x31 x32 x33 … x3j y3 X3 

: : : : : : : : 

Supporting activity Ai xi1 xi2 xi3 … xij yi Xi 

Primary costs (Zj) Z1 Z2 Z3 … Zj   
 

Quadrant I  
Quadrant II 

 
Quadrant III 
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Calculation of the total quantity of relational quantities [7,8]: 





n

j

iiji yxX
1

     for  i,j = 1,2,…n                                                                                                              (6) 

where: 

Xi  - The total amount of the i-th support activity relationship quantities consumed by all other support 

and primary activities 

xij - The amount of relational quantities of the i-th support activity consumed by the j-th support activity 

yi - The amount of relational quantities of the i-th support activity consumed by the primary activity 

4.2. Matrix of allocated consumption of primary overhead costs of support activities 

In the previous table of inputs and outputs, the reciprocally transmitted activities can take the form of different 

types of relational quantities. Since the values of xij do not have to be expressed within the same unit of 

quantity, it is only necessary to convert the amount of the consumed relational quantities (see Quadrant I in 

Table 1) to a matrix of allocated primary cost consumption already expressed in the same unit (CZK). 

The values of the allocated primary overhead costs shown in the Table 2 are calculated according to 
the formula [Own processing]: 

e]` � ^5_5 7 f]`      for  i,j = 1,2,…n                                                                                                               (7) 

where: 

zij - The value of the primary costs of the i-th support activity allocated to the i-th support activity. 

Zi - The value of the total primary overhead costs of the i-th support activity 

Xi - The total amount of the i-th support activity relationship quantities consumed by all other support 

and primary activities 

Zi /Xi =The rate of primary overhead costs of the i-th support activity in CZK/unit of the relational 

quantity 

xij - The amount of the relational quantities of the i-th support activity consumed by the j-th support  aktivity 

Table 2 Matrix of allocated consumption of primary overhead costs of support activities (in CZK)  

             [Own processing] 

Supporting activities 

generating outputs (Ai) 

Activities consuming outputs of support activities (Aj) 

Supporting 

activity A1 

Supporting 

activity A2 

Supporting 

activity A3 
… 

Supporting 

activity Aj 

Supporting activity A1 z11 z12 z13 … z1j 

Supporting activity A2 z21 z22 z23 … z2j 

Supporting activity A3 z31 z32 z33 … z3j 

: : : : : : 

Supporting activity Ai zi1 zi2 zi3 … zij 
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4.3. Creating matrix A - coefficients of consumption of primary overhead costs of the support 
activities 

It is necessary to create a matrix of coefficients of the allocated consumption of primary overhead costs of the 

i-th support activities on the total primary costs of j-th support activity from the previous matrix of the allocated 

consumption of primary overhead costs of support activities. 

The values of the coefficients allocated to the primary overhead costs of the support centres shown 
in the Table 3 is be calculated according to the formula [Own processing]: 

>]` � g5h^5             (i,j = 1,2, …n)                                                                                                                      (8) 

where: 

aij - Coefficient (share) of allocated primary overhead costs of i-th support activity in total primary costs 

of j-th support activity 

zij - The value of the primary costs of the i-th support activity allocated to the j-th support activity. 

Zi - The value of total primary overhead costs of the i-th support aktivity 

Table 3 Matrix A - consumption coefficients of primary overhead costs of support activities [Own processing] 

Supporting activities 
generating outputs (Ai) 

Activities consuming outputs of support activities (Aj) 

Supporting 
activity A1 

Supporting 
activity A2 

Supporting 
activity A3 

… 
Supporting 
activity Aj 

Supporting activity A1 a11 a12 a13 … a1j 

Supporting activity A2 a21 a22 a23 … a2j 

Supporting activity A3 a31 a32 a33 … a3j 

: : : : : : 

Supporting activity Ai ai1 ai2 ai3 … aij 

4.4. Calculation of inverse matrix B - matrix of complex consumption coefficients 

The inverse matrix [E-A]-1, designated as matrix B, is calculated from the matrix [E-A], which is the difference 

between the single matrix and matrix A defined in the previous point. 

The inverse matrix B is a matrix of complex consumption coefficients (bij), which express the increase of 

primary costs of j-th support activities by allocated overhead costs from i-th support activities whose outputs 

they consumed. 

At present, the easiest way to calculate the inverse matrix is to use the MC Excel spreadsheet, using the 

INVERSION function to specify the area in which the matrix elements [E-A] are listed (preferably in another 

sheet). 

To allocate overhead costs within the reciprocal method based on the already calculated inverse matrix, it is 

necessary to first calculate the rate of the total overhead costs per unit of the relational quantity. This rate will 

include both the initial primary costs of the j-th support activities and the secondary overhead costs allocated 

from the i-th support activities whose outputs they consumed. 

Calculation of the total overhead costs rate under the reciprocal method [Own processing]: 

Z>[\ Z�] � i]` a  ^5_5                    for  i,j = 1,2,…n                                                                                 (9) 
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where: 

Rate RNi  - The overhead costs of the i-th support activity in CZK/unit of the relational quantity 

bij - Coefficient of increase in consumption of primary overhead costs of the j-th support activity by the 

allocated overhead costs of i-th support activities whose outputs it consumed. 

Zi - The value of the total primary overhead costs of the i-th support activity 

Xi - The total amount of the i-th support activity relationship quantities consumed by all other support 

and primary activities 

Zi /Xi = The rate of the original primary overhead cost of the i-th support activity in CZK/unit of the 

relational quantity 

The values of the allocated total overhead costs for a primary activity (activities) are calculated on the basis of 

the calculated rates of the total overhead costs of the individual support activities and the amount of their 

outputs in the form of relational quantities consumed by the primary activities.  

Calculation of the value of total overhead costs allocated to primary activities [Own processing]: 

?Z�̀ � Z>[\ Z�]  a b]      for  i,j = 1,2,…n                                                                                              (10) 

where: 

ARNj - Allocated overhead costs for the j-th primary activity in CZK 

Rate RNi - The overhead rate of the i-th support activity in CZK/unit of the relational quantity  

yi - The amount of the relational quantities of the i-th support activity consumed by the primary activity 

5. DISCUSSION  

The maximally accurate allocation of overhead costs of support activities is not as important for the 

management of support activity responsibility as it is for computing price bargaining calculations. It is here 

where it is necessary to know the most accurate value of the costs used to produce the final products; that is 

not only the direct and overhead production costs, but also the costs of the support activities whose outputs 

these primary (production) activities consume. 

From the perspective of calculations for price negotiations it is also very important that all the above 

calculations of the allocation of overhead costs of the support activities are performed separately for the 

variable and fixed part of these overhead costs. In this context, variability refers to the relationship of the 

allocated overhead costs to production volume within the primary activities to which these overhead costs are 

allocated. 

6. CONCLUSION 

The most accurate calculation of the allocation of the overhead costs of reciprocally cooperating support 

activities is provided by the reciprocal method. In the case of a large number of support activities, this method 

is the most accurate, but it is also very demanding for ensuring the planning and monitoring of both the primary 

costs and the amount of consumed outputs (relational quantities) of support activities. The less accurate 

method is the step method and the least accurate but the simplest method is the direct method of allocating 

the overhead costs of the support activities. 

It applies that the more support activities there are, the more accurate the calculation of these allocations 

should be. This is mainly done by the ABC Method (Activity Based Costing Method), which is intended for the 

most accurate calculation of the allocation of overhead costs caused by the consumption of specific support 
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and primary activities. For these reasons, the reciprocal method should be applied in the allocation of 

overheads for process-complex production. 

In this article presented steps of overheads cost allocation within reciprocal method are using coefficients of 

complex consumption from structural model, which are created by inversion of matrix with direct consumption 

coefficients. These coefficients are already including all relations between elements of matrix and therefore it 

allows to calculate in one step cost of mutually cooperated supporting activities to primary activities. 

The step method is then suitable for the allocation of overhead costs for process-simple production, e.g. in 

metallurgical primary production, i.e. for coking plants, blast furnaces, steel mills, continuous casting plants, 

continuous rolling mills and the like. 

The direct method is unsuitable for the allocation of overhead costs in cases where there is a cyclical reciprocal 

consumption of outputs of support activities. 
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Abstract  

Nowadays, manufacturing companies are trying to automate production as much as possible according to the 

Industry 4.0 trend, leading not only to job reduction, but usually also to a greater division of labor and routine 

for the remaining employees. However, repeated movements in handling materials or products as results of 

the job division lead to sooner physical and mental exhaustion, and sometimes even to occupational diseases. 

Businesses must then seek out new workers and, in addition, bear large, extra costs for the affected workers 

compensations. The authors therefore focused on the ergonomic analysis of a selected workplace in the 

manufacturing company XY with the aim of assessing the health risks of the related work performance and 

designing and evaluating possible solutions to difficult working conditions there. The methods “Rapid Upper 

Limb Assessment” and “Rapid Entire Body Assessment” were applied to measure work load. 

Keywords: HRM, ergonomics, division of labor, automation 

1. INTRODUCTION 

Strong competition, high work demands and ever-growing requirements for the precision of products and 

technologies force companies to replace manual labor with automated work. This trend is one of the basic 

pillars of Industry 4.0. Nevertheless, as far as at least one person needs to be at a given a worksite, the 

company is and will be responsible for his/her work conditions and their impact on the worker’s health. This 

trend is also getting more and more important and that is why the term ergonomics forms an inseparable part 

of modern dictionaries of human resource management.  

Mass production workers at production lines usually conduct routine, repeated work while handling, inspecting 

or collecting material or goods from the lines. These laborers must do the same job again and again. Therefore, 

after some time, the workers become bored, the work becomes monotonous. The workers lose their 

concentration and that is how work injuries often occur. Apart from that, continuously repeated moves keep 

straining the same group of muscles and bones, resulting in illnesses, repeated work interruptions needed for 

treatment and even the necessity to quit such demanding work, in some cases due to job-related illnesses [1]. 

As a result of the aforementioned situation, companies have to face more frequent absences of their 
employees at work as a result of their sick leaves and work injuries. They need to seek and train new workers. 

The most expensive element of this situation is then the obligation of such companies to pay compensation to 

employees who have been diagnosed with job-related illnesses caused by the work conditions at the given 

company, due to which the workers cannot conduct their original work. The company is then forced to pay the 

gap between the original salary and the new one. Employees are ever more protected by the law, which 

unfortunately leads to a situation, under which awarding the status of a job-related illness is abused more often 

than is required by their actual health since some of the workers attempt to gain financial advantages and to 

avoid demanding work. 

That is the reason why companies strive to find ways to prevent such financially expensive situations. The 

scientific field of ergonomics is the main field that assists in limiting negative impacts of demanding work 

conditions on people and their health. The objective of ergonomics is not only to limit the impacts of work 

conditions on people, but also to increase work productivity.  
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The authors of this article have examined ergonomic conditions at a selected worksite of a production facility 

of company XY, which produces parts for the automotive industry, which the company develops and sells to a 

majority of the well-known automobile manufacturers. Because of the sensitive data and know-how of the 

company, the article cannot state the official name of the company and is referred to as company XY.  

2. ERGONOMICS 

Ergonomics is a term originally adopted from Greek: ergon - work, nomos - laws. [2]. Ergonomics is a 

multidisciplinary field that comprehensively looks into human activities within the frame of the work system, 

and into the relations between men and machines in work processes [3]. Ergonomics explores the protection 

of human health at work in the form of effects of forces and positions on the human movement apparatus, 

striving to eliminate threats to human health and safety. Ergonomics is the result of a collaboration of many 

disciplines, for example, physiology, psychology, sociology, biomechanics, industrial design and 

anthropometrics. When monitoring the given human factors, a scientific method for assessing and detecting 

human behaviour is used, with the goal to apply the gathered data on four primary objectives. It basically 

studies the process of proposing individual instruments and processes, striving to arrive to designs that 

accommodate the human body and its cognitive abilities as much as possible. 

Also, globalization emphasis the significant role of ergonomics in work conditions from company levels. The 

formerly practically 'nationalized' collective bargaining (as well as other regulatory practices) that pushed to 

accomplish also better working conditions, has been transformed to strongly localized forms of negotiating 

wages and working conditions [4]. 

The practical utilization of the current knowledge in the field of ergonomics in particular situations and its 

implementation in today’s world can be seen especially in the following areas [5]:  

 Methodology of the analyses of work conditions using systematic sets of questions for orientation 

purposes and of the most important aspects of individual work environments. 

 Specification of the main modification principles from the perspective of the requirements for the 
information and motoric activities of people in the work processes. 

 Specification of the main sources for modifying physical factors of work environments, 

 Specification of the main sources for the design of machines and tools and their functional expediency. 

 Specification of the main principles for modifying work procedures and overall work modes from the 
perspective of performance abilities of people. 

Ergonomics can also have an economic benefit. Most experts unconditionally recognize that ergonomics can 

be utilized not only for social objectives but also for economic goals [1], even though its economic benefits are 

still subject to discussion and evaluation.  

Work ergonomics has a rich tradition in the Czech Republic and, in comparison with the rest of the world, many 

of its aspects are on a very high level. A very significant fact is that many ergonomic parameters are defined 

by the Czech legislature, including the limits that define optimal work conditions. Furthermore, Czech 

manufacturing companies have been involved in improving the ERGO designs of their workplaces during the 

last five years much more than in the past. Many companies have gradually comprehended the benefits of 

suitable work conditions not only for the purpose of protecting the health of their employees, but also for 

improving the quality and efficiency of their work and production processes [6]. 

There are currently many methods that can be used for evaluating work conditions and their impact on humans. 

Worksite analyses in the Czech Republic usually utilize tensometrics, questionnaire or visual methods, 

integrated electromyographic or biomechanical evaluation methods. 
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3. RESEARCH METHODOLOGY 

The examined workplace was a production line at XY, formed by two production devices. Both devices are 

automated to a high degree. Despite that, to ensure the full and fluent operation of the entire production facility, 

they require a total of 14 operators. The problematic location in our study was the point where two semi-

finished products are assembled into a single product, i.e. the location where the two production devices meet. 

It is here where the demands on the operators are the greatest due the need of a fast and accurate product 

completion procedure. At the same time, this station is narrow, and the production cycle of the entire production 

line depends on it. The problem at the workplace is related to the operation that involves connecting a 

connector to a counterpart from line “A”. This workplace and the work activities conducted there were subjected 

to ergonomic analyses because of the frequent fluctuation of the employees and occurrence of work-related 

illnesses, particularly carpal tunnel syndrome. 

The RULA and REBA methods were used for the analysis. These methods represent a tool for postural 

analyses. The RULA method is used for a complex and immediate evaluation of risks related to human 

muscles, particularly muscles of the upper limbs. However, the method also focuses on evaluating positions 

and their risks when it comes to neck, torso and legs. It is used for assessing possible illnesses that can be 

related to the given work and workspace. The REBA method (“Rapid Entire Body Assessment”) is a complex 

method that is used for assessing the human musculoskeletal system. The method is based on the RULA 

methodology and, additionally, utilizes evaluations of ergonomic risks that can occur while working with display 

units. One group of factors assesses the neck, torso and legs. The final score also incorporates the process 

of handling loads (this is included in the strength and load score). The second category includes assessments 

of forearms, arms, wrists and upper limbs as well as given gripping techniques.  

The first step included an analysis of the placement of upper limbs pursuant to the given check list using the 

RULA method. Next, the authors of the study focused on assessing the position of the wrists and the process 

of their turning.  

4. RESEARCH RESULTS 

Workplace analysis using the RULA method 

Based on the analysis of the placement of the upper limbs pursuant to the given checklist using the RULA 

method, score A was 5 points. Using the obtained score A, score C was calculated next. After including the 

muscle load for the right hand, which was over 6 kg, the resulting score was 6. Neck, torso position and position 

of the legs pursuant to the check list were evaluated next. This operation resulted in 2 points. All the obtained 

corresponding results were entered in Table B. The final score was 2 points. Upon obtaining score B, score D 

was calculated. The muscle score for the legs, which was +1 in our case due to carrying the given load more 

than 4 times every minute, is added to score B. The resulting score D was thus 3 points. Next, the total score 

of the RULA ergonomic method was finally calculated. This score is the sum of score C and score D decreased 

by the score from table C. The final score is 5, which suggests that some standing positions are not acceptable 

from the ergonomic point of view. The analysis determined which of the positions need to be modified.  

Workplace analysis using the REBA method 

The analysis focused on the positions identified as uncomfortable and also complex positions that require the 
use of force. Using the given check list, positions of the torso, neck, legs and upper limbs were assessed, 

focusing on the impact of the given forces on the wrists and fingers. 

The overall neck score was 2. The assessment of the legs clearly determined that no one-sided loads or 

unstable positions occur. That is why this operation was assigned one point. The load and force assessment 

of the legs did not find any fast initial force or loads applied to the legs, which could have an impact on the 

human body when conducting the given work. As a result, no additional points were added from this 
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assessment. The score for group A was 3. Yet another part subjected to the evaluation were arms and wrists. 

The total REBA score was 6.  

Comparison of the results obtained using the REBA and RULA methods 

The workplace ergonomic analysis using the RULA and REBA methods demonstrated that the workplace is 

designed almost correctly ad no unnatural body positions occur when working there. To the contrary, the 

workplace allows for changing the body load. An exception to this is the area of wrists and fingers, in which 

case the position of the knuckles is unsuitable. The strength needed for connecting two semi-finished products 

using fingers exceeds the given average. The work operation is thus demanding and involves a great risk of 

developing a work-related illness, particularly carpal tunnel syndrome. 

Both methods arrived at the conclusion that it is necessary to adopt corrective measures in the area of the 

wrists. This has been confirmed by the repeated occurrence of carpal tunnel syndrome illnesses (already five 

cases at the given position by the time the research was completed). 

Proposed solutions 

The company is interested in reducing the loads to which the wrists of its employees at the given job are 

exposed. Three possible solutions were thus offered to the company. One of the possible scenarios for solving 

the problem of the given workplace seems to be an acquisition of a robotic glove, which the given employee 

would put on his/her hand, which would not limit him/her in his/her movement and which would make the given 

work task, i.e. clicking the connector to the counterpart, easier. However, the robotic gloves, currently available 

on the market, are not suitable for the task in question and their modification would, from the financial point of 

view, significantly exceed the cost of the current production manner, including the expenses related to the 
corresponding job-related illnesses. 

Another option for solving the problem at the affected location is the acquisition and implementation of the 

Yumi® robot made by ABB. The company can choose from two options for using the Yumi® robot. The first 

option is the cooperation of the robot with a worker. The other option is to replace the given worker with the 

Yumi® robot. The Yumi robots cost approximately CZK 1 million, which is also an expensive, however not 

unrealistic, solution. 

The last proposal came from the workers themselves. It would require a technology adjustment. It would 

require the internal production of a pressing device for replacing the work task in question. The advantage of 

such a pressing device is clearly its acquisition price, which is around CZK 5000. 

5. CONCLUSION 

The application of the REBA and RULA ergonomic methods at the workplace in question demonstrated that 

working at the given position under the current conditions for a long time results in an excessive load on the 

employees’ wrists, which can subsequently lead to job-related illnesses. The management thus scientifically 

and objectively verified the complaints of the employees and conclusions of the related medical reports, which 

determined the given work to be the cause of the carpal tunnel syndrome. The authors demonstrated that 

examining and improving the conditions at the workplace pursuant to the given ergonomic principles and 

methods can not only prevent the fluctuation and illnesses of the workers, but it can make their work easier, 

thus making it more productive. 

Despite the fact than many Czech companies are already monitoring their work conditions with the objective 

of protecting the health of their employees, this trend is not prevailing. The main obstacle of a better application 

of ergonomic innovations in real practices in Czech companies is often an outdated approach by the top 

management, not understanding the benefits of the ergonomic principles and a lack of time capacities and 

ergonomics experts inside the companies.  
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Abstract 

Intermodality in freight transport is one of the key axes identified by the European Commissions. However, 

implementing the principles that intermodality requires is associated with a number of challenges and various 

barriers that effectively inhibit its development. The key priorities in the development of intermodality is to meet 

the needs of broadly understood clients while taking care of the aspects of sustainable development. Railway 

transport as a branch of transport that generates significantly lower external costs than road transport fits into 

these priorities. However, the pace and direction of development of railway transport as part of the intermodal 

transport chain depends on a number of factors. Among them are general factors - relating to the entire 

transport system and industry - that is, strictly connected with railway transport. Hence the purpose of the 

article is to identify and evaluate the factors determining the development of railway freight transport in the 

context of its participation in the intermodal chain. A preliminary group of factors has been distinguished on 

the basis of literature research. In the next stage, the identified factors were subjected to group expert 

assessment. These studies allowed the identification of key determinants included in the areas of: economic, 

political and legal, technological, social and environmental. 

Keywords: Intermodal transport, intermodality priorities, development determinants, railway transport 

1. INTRODUCTION  

At the moment, the network-based approach in the management is one of the most developed paths of studies 

both basic and applied. The problem of organizations cooperation is very differentiated. This applies to 

economic, social and environmental aspects. However, gaining the competitive edge is the superior dimension 

of the cooperation. Intermodal transport comes under this heading the basic link of which should be the railway 

transport, generating the lowest external costs comparing to road transport predominating in Poland. Features 

such as: eco-friendliness, large capacity, safety, long range underline the necessity of railway transport 

development. Within the past years, the quantity data show the increase of intermodal transport utilization 

using the railway. However, its share in the total volume of freight is still too small in relation to the needs and 

the possessed potential. The railway transport in Poland has been facing a few problems for many years that 

weaken its position. The implemented and expected operations gradually contribute to the changes taking 

place in the railway. This is an important aspect of shaping the future intermodal freight transport. It of course 

depends on the railway transport conditions and the directions of its development as a partner of the intermodal 

chain. However, the level and direction of railway freight transport development depends not only on the 

transport sector itself but also on the external environment factors which are important stimulants or 

destimulants of such development. That is why, the purpose of this paper is to identify and evaluate factors 

determining the railway transport development in the context of its share in the intermodal transport chain. 

With this objective, there have been a few main study steps determined, such as: identification of potential 

railway transport development factors, design of a questionnaire evaluating the identified factors, performance 

of the factors evaluation, identification of key factors of the railway transport development as an element of the 

intermodal chain. In the remainder of the article, the mentioned steps will be briefly discussed together with 

their results.   
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2. RAILWAY TRANSPORT IN THE CONTEXT OF THE INTERMODAL NETWORK DEVELOPMENT 

The network approach is based on the assumption that none of the contemporary organization is able to 

operate isolated from the surrounding entities [1], and the operations and competitive edge of individual entities 

are determined by the structure of relations with other organizations [2,3]. In other words, in this context, all 

contemporary organizations function within different types of - formalised and non-formalised - 

metaorganizations named the network [4]. Using the network paradigm in the context of logistics creates new 

opportunities for enhancing the logistic processes both inside and outside organizations, but first and foremost 

it discovers new opportunities for improving the management of chains and networks of supplies [5]. The 

logistic networks are special type of the supply network where the focus is oriented on cooperation of 

organizations creating the network in order to effectively and efficiently implement the material flows [6]. In this 

context of metaorganization, relationships are created both vertically - along the value added flow and 

horizontally. Relationships created between logistic service providers are especially important for the 

effectiveness and efficiency of the logistic network. Network configuration - including both the selection of 

service providers and relationships between them, affect the beneficiaries, both external and internal. When 

considering this aspect, the environmental impact, next to operational costs related to material flow, 

implementation of the cooperating organizations strategy (including the customer service strategy), is more 

and more analysed in the scientific studies by many different authors. It is affected by the way the freight 

transport is organized and the location and number of network nodal points, such as production and trade 

companies (and their own warehouses network) as well as distribution centres, logistic centres and reloading 

terminals. The external costs of the transport become however a key problem the logistic networks must face. 
The external effects of the transport include, among other things: polluted environment, accidents, congestion, 

noise, vibrations, land occupancy by transport infrastructure. The studies show that the predominating branch 

of the cargo sector, i.e. road transport, generates the greatest external costs of transport. As a consequence, 

at the level of both European documents (White Paper) as well as national and regional strategic documents, 

the necessity of transferring freight transport to other transport branches is underlined. Having the full 

awareness of the meaning of road transport in creating flexibility of the transport system, wherein the railway 

transport, inland waterway and maritime transport should dominate, the most important solution reducing the 

external effects of transport is the intermodal transport.  

Satisfaction of the needs of various clients with simultaneous care for sustainable development aspects are 

the key priorities of the intermodality development. Railway transport as a branch that generates lower external 

costs comparing to road transport matches the proclaimed priorities. At the same time, when analysing the 

structure of cargo flow in Poland, according to the transport branch criterion, one may notice that the railway 

transport comes second after the road transport. The predominating road transport represents ca. 85 % of all 

cargo flow, wherein the railway transport represents ca. 11 % and the remaining 4 % is spread among inland 

waterway and maritime transport, air transport and pipeline transport. Simultaneously, experts notice in this 

transport branch the greatest opportunity for taking over a part of the flow performed by road transport. When 

showing the determinants of the intermodal network development in Poland until 2030, the attention is paid to 

the railway freight transport development determinants. 

3. FACTORS OF THE RAILWAY FREIGHT TRANSPORT DEVELOPMENT 

As mentioned in the preceding item of the paper, the railway transport within the contemporary transport policy 

is the key element of the intermodal transport chain. However, its full utilization depends on the level of its 

development affected by a series of determinants. Part of them is of general nature related to the impact on 

the whole freight transport, regardless of the used transport branch. Other determinants are purely related to 

the factors affecting the railway transport without any impact (or only a negligible impact) on other freight 

transport branches. In general, the railway transport development determining factors can be grouped into four 

categories: political and legal, economic, social and environmental, technological.   
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As noticed by V. Reis, J.F. Meier, G. Pace and R. Palacin [7] building the railway infrastructure network and 

railway transport operations is frequently limited by political aspects. This results, among other things, from 

the fact that many railway companies were or still are the property of the state. Moreover, the railway sector is 

strongly supported by the state. The intermodal railway transport is, within major part, of international nature, 

hence it is affected by political situation of individual countries. Furthermore, this necessitates integration of 

various legal conditions present at individual stages of the transport process. Other issue that is politically 

conditioned is the EU transport policy that promotes sustainable development of the transport sector, therefore 

it shows the incentives for investments within the railway transport area. In this context, the attention is paid to 

stable, continuous and long-term strategy of the railway freight development supported by consecutive 

authorities. At the moment, the trend of transferring the global economic centre to the Far East and the South-

Eastern Asia becomes even more noticeable, developing the Eurasian trade that strongly uses the maritime 

transport. Specific developmental operations within the railway transport may contribute to partial take over 

and support of the implemented transit [8]. The political and legal aspects are also noticed by M. Antonowicz 

[9], who relates them mostly to the principles of approving the railway forwarders for operations on the market 

or to observing the competitiveness rules. However, the principles of access and fees for the access to the 

railway transport infrastructure are identified as a superior example of the controlling factors. 

A separate group includes technological factors, especially important on modern markets, which are strongly 

supported by dynamically developing technical and information solutions, related to innovativeness of 

companies and the whole country. I.S. Hegedüs and M. Stefan [10] especially underline the meaning of 

programs that will support implementation of new technologies in the railway transport. Moreover, a lot of 
attention is drawn in the literature to the nodal infrastructure. Due to the complexity of the intermodal transport 

that is based on various branches of transport, the importance of individual entities, services and infrastructure 

elements is emphasised. This means spatiotemporal coordination of the mentioned elements. Frequently, the 

reloading process between the railway and other branches is treated as a critical stage of operations that 

require significant engagement, close cooperation and high level of communication [11]. Separate discussion 

must be devoted to the planned infrastructural projects that should ensure improvement of technical and 

operational parameters designed for fast intermodal trains [12]. Within this aspect, a lot of attention is also paid 

to interoperability of the railway systems in order to level the technical nature barriers that limit the traffic 

between individual countries [13].  

Among the economic factors, the most important are fees related to the infrastructure and the transport 

performed by the forwarders. These mostly include fees for the access to the linear infrastructure and the 

obtained so called intermodal relief. The internalization of the external costs is another problem, wherein 

according to the EU policy, each means of transport should completely cover negative effects of its operation. 

As mentioned by UTK [12], the road transport in Europe internalizes the costs only at the level of ca. 50 %, 

however the railway transport almost completely. The economic expression of the factors that determine the 

railway transport include also the forecasts concerning the level of freight transport in the world, their cargo 

structure or the scale of cross-border transport. All the more so since the practice shows changes in the 

transport structure, where the increase of general cargo at the expense of bulk one is noticeable. M. Kadłubek 

[14] attracts attention to the necessity of using the principles of state intervention in the intermodal transport 

development in order to create favourable technical, organizational and economic conditions to build 

sustainable transport system. Therefore, it is necessary to strive to create a solid plan for the development of 

intermodal transport based on railway transport.  

The factors within the social and environmental area focus mostly around the ecological aspects, which are 

more and more important at the moment. Railway transport generates lower level of CO2 emission, it is the 

most energy saving branch comparing to road, air or even water transport [10]. Other determinants within this 

group relate to environmental and geographical aspects concerning topography, climate or the consequences 

they generate. Other factors directly apply to the society and its behaviour in the market. 
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4. IDENTIFICATION OF KEY FACTORS FOR THE DEVELOPMENT OF THE RAILWAY FREIGHT 
TRANSPORT IN THE CONTEXT OF INTERMODALITY - STUDIES RESULTS 

Based on the performed literature analyses, briefly mentioned in item 3 herein, a list of potential factors that 

may affect the future development of the railway freight transport in the context of its share in the intermodal 

transport has been developed. These factors are divided to four groups: 

 political and legal factors - policy of the state within the scope of environment protection, transport policy 
of the state, international relationships of individual countries and linear infrastructure managers, level 

of intervention of the state in the railway market, uniformity of the law concerning the railway in individual 

countries, share of the state in the development of intermodal transport (public and private initiatives), 

policy promoting the railway and intermodal transport, principles of access to the linear railway 

infrastructure, level of political lobbing of railway associations, developed railway programmes and the 

degree of their implementation, restrictions and regulations concerning the traffic of road means of 

freight transport, level of political lobbing of non-railway associations, development of the New Silk 

Route, development of the TEN-T programme considering the railway transport; 

 economical - level of state expenditures in the development of linear infrastructure, level of fees for the 

access to the linear infrastructure, level of the intermodal relief, procedures and their stability in 

assigning intermodal relief, level and fluctuations of the demand for railway transport, structure and 

arrangement of industry, level of demand for bulk and processed cargo, level of prices of the competitive 

branches of transport, level of the international trade exchange between Poland and other countries, 

development of trade between the Western Europe and the Eastern Europe and Asia - transit transport, 

level of energy costs, availability of investment financial support sources, level of customs fees, access 

and demand for raw materials, free flow of capital and workforce, currency exchange rate, tax rate, level 

of economic development of a state, level of percentage rates, inflation, internalization of external costs 

of transport, unevenness in financial support of individual branches of transport, costs of human 

resources, amount of budget for R&D; 

 technological - level of cooperation within R&D, interoperability of the railway systems, development the 
ro-ro technology, development of intermodal loading units, development of the lo-lo technology, level of 

innovativeness of a state, development of the ro-la technology, network of intermodal reloading 

terminals (number and location), parameters of the reloading terminals, modern information solutions 

(e.g. tracking of containers route), access to new technologies - transfer of knowledge and technology, 

availability of qualified personnel, separation of the cargo linear infrastructure (separation of freight and 

passenger transport), adaptation of the infrastructure to handle trains of length up to 750 m, connecting 

the railway infrastructure with inland / sea ports; 

 social and environmental - awareness and attitude towards ecological aspects, climate and topography, 

natural hazards (e.g. mining damage, landslides), density and structure of population, urbanization level, 

level of external costs of transport, level of population incomes, development of e-commerce, ecological 

movements. 

The mentioned factors have been studied by experts representing both the science and economic domains 

related to functioning of the railway transport. A questionnaire evaluating the factors was developed for that 

purpose with the scale of grades from 0 to 3, where: 0 - no impact; 1 - minor impact; 2 - medium impact and 3 

- deciding impact. The purpose of the studies was to identify key factors, i.e. the ones that determine the 

railway freight transport to the greatest extent. 

Table 1 presents the results of the total score obtained by individual groups of determinants. Two groups of 

factors got the highest average score: technological (2.39) as well as political and legal (2.33). This shows 

great significance of these two groups of determinants for the development of the railway freight transport. 

First and foremost, the role played by well prepared and modern linear infrastructure and the applied reloading 

systems is underlined. One need to emphasise the meaning of the beneficiaries representing the state 
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authorities. They are mostly responsible for creating legal regulations, strategic programmes or taking 

decisions favouring the development of the railway and intermodal transport. 

Table 1 Total score of the analysed factors group [own study] 

No. Economic factors Technological factors Political and legal 
factors 

Social and 
environmental factors 

Score 2.00 2.39 2.33 1.46 

The performed expert's evaluation of all the previously mentioned factors allowed for selecting the ones which 

got the highest score. As the key factors, the ones with at least 75 % of the maximum grade, i.e. 2.25 points 

(per 3 maximum points) were identified. The identified key determinants satisfying the assumption are 

presented in Figure 1. 

 

Figure 1 Evaluation of key factors [own study] 

As shown in Figure 1 the list of key factors includes 25 determinants. They represent three areas - political 

and legal, economic and technological. Within the social and environmental factors group, key factors affecting 

the railway transport development were not identified. From among all the selected factors, special meaning 

due to the highest and close to maximum score can be assigned to (score 2.9): expenditures on the linear 

infrastructure, network of intermodal reloading terminals, connection of railway routes with inland and sea 

ports. All key factors identified within the scope of the studies may be perceived as especially important and 

conditioning the future of the railway freight transport, being the part of the intermodal transport. 
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5. CONCLUSION 

Studies performed by the authors represent a part of a wider analyses performed within the area of the 

intermodal transport development. This subject is strongly emphasised both in the European and Polish 

transport strategies. This is mainly the result of negative effects generated by continuously developing road 

transport, being the predominating branch in freight transport. However, the railway transport has many merits 

that correspond to the strategic goals given in the White Paper, adopted in the perspective to 2030 and 2050. 

One of the most important features of the railway is its eco-friendliness and from the wider standpoint 

significantly lower external costs of the implemented transport. Railway transport in Poland has undergone 

many changes within the past years. However, the level of its development is still too low in relation to the 

needs and capabilities. Thus, the paper tried to identify the key factors affecting the development of railway 

freight transport. Within the first stage of the studies, a set of 62 factors representing four areas was separated: 

political and legal, economic, technological, social and environmental. Within the next stage of the studies, 25 

key determinants for the railway freight transport development were identified from among them, indicated by 

experts as the key element of the designed intermodal chains. These factors are especially important because 

they represent the grounds for further development of the railway transport. Their level and the changes within 

their surrounding will condition the pace and directions of the railway freight transport development in Poland. 
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Abstract 

Railway transport is a key branch for the development of intermodal transport. In 2016, intermodal transport in 

Poland had an 8.8 % share in transport performance and was higher by over 1.4 percentage point than in 

2015. In 2017, further increase in intermodal railway transport was recorded. The average in EU countries has 

been stable at around 16 % since 2009. The year 2018 in Poland in intermodal transport was characterized 

by an increase in all parameters compared to 2017. Although the share of intermodal transport in total freight 

is steadily increasing, it is still insufficient. The freight transport structure in Poland is dominated by road 

transport, which generates the highest external costs. The current structure of flows in the freight transport 

network is unfavorable given the sustainable development. The purpose of the article is to indicate the scenario 

of railway freight transport development in Poland by 2030. Factors affecting the development of railway 

transport are very diverse. Therefore, in assessing the development of railway transport, we proposed one of 

the heuristic methods of scenario analysis. The scenario analysis allowed to examine the phenomena affecting 

the development of railway freight transport in the long term. According to her methodology, we generated the 

most probable scenario, which we compared with the optimistic and pessimistic scenario.  

Keywords: Scenario analysis, intermodal network, railway transport, determinants 

1. INTRODUCTION  

Development of the railway freight transport is especially important at the age of shaping the intermodal 
transport network both in Poland and the whole Europe. Construction of the intermodal network and 

development within this sector of freight transport, implemented by various branches of transport is not a single 

operation or investment, it is first and foremost a long-term answer to problems resulting from high external 

costs of transport.  During this process, it is necessary to implement such planning forms that would completely 

consider all factors (both positive and negative) that might affect the development of intermodal freight 

transport network. The answer to the needs is the adoption of scenario-based methods, proposed in the paper, 

to create the railway transport strategy within a long period of time. In this context, the objective of the paper 

is to present scenarios for the development of the railway intermodal freight transport. Based on the adopted 

transport policy of Poland, the time perspective reaches 2030. The scenario-based analysis has been 

preceded with the identification of key determinants of the railway transport development in Poland. The results 

of the studies are presented in a separate paper.  

2. THE IDEA OF THE SCENARIO-BASED ANALYSIS TO EVALUATE THE DIRECTIONS OF 
DEVELOPMENT OF THE RAILWAY FREIGHT TRANSPORT 

The development of the intermodal network is determined by a series of economic, legal, social technological 

and environmental factors. At the same time, it depends on the decisions and attitudes of various stakeholders, 

both these with direct impact (first plan stakeholders) and these who have indirect impact but may severely 

notice the effects of the development of intermodal transport network. These very differentiated stakeholders, 

such as: local and regional authorities, production and trade organizations, logistic operators, forwarders, 

infrastructure managers, face many problems related to significant uncertainty. The factors that affect the 

development of intermodal railway transport must be considered in the context of uncertainty affecting the 

planning and making the decisions. A very good strategic management tool under conditions of significant 
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uncertainty is the scenario-based approach to the planning operations [1]. The scenarios are most useful when 

the external environment is complicated and unsure, and the key decisions are related to major investments 

or may have long-term consequences. These assumptions are satisfied by the problematic aspects of 

development of the intermodal freight transport, including railway transport.  

The scenario-based planning is especially useful in situations when the external analysis is important. 

Generally, it applies to developing innovative but probable variants of detailed events and then designing 

strategic operations in order to meet these variants. P. Schoemaker [1995, p. 28] describes the scenario-based 

planning as a "disciplined way of imagining possible variants of the future" [2]. The scenario-based planning 

perceived this way is coupled with turbulence, uncertainty and complexity [3]. The scenario-based planning is 

thus a method designed to analyse possible future conditions and paths of development [2]. Its purpose is not 

to predict the future in detail but rather to better understand the logical steps that lead to various scenarios and 

assistance in developing more complex strategies [1]. As opposed to traditional methods, the scenario-based 

planning develops different goals that are possible to achieve in the future, ensuring this way the grounds for 

generating strategies that collide with unexpected situations [4]. Considering the uncertainty allows the 

strategists to more effectively cope with the complexity and variability leading to better responding capabilities 

and alertness to a change of market conditions. In the context of intermodal transport network, it may be 

perceived as positive impact on the network immunity to disturbances. The scenarios may have a very wide 

space, time and material range or be characterized by significant concentration on a selected issue. Moreover, 

they may have descriptive or normative character. However, notwithstanding the above, the scenario-based 

approach has the following common features [5]: 

 many perspectives: scenarios will always include more than one perspective of the future. This is their 

explicit goal. One perspective is a prognosis, 

 qualitative change: scenarios are the most appropriate when considering complex, highly unsure 

situations, where immeasurable and qualitative forces are present (e.g. social and technological values, 

regulations, etc.), 

 objective: scenarios describe the things that may happen not the things we want to be happening. 
Objectivity requires that the scenarios are inherently cohesive and feasible. If they are perceived as 

impossible or unfeasible, they are rejected. The challenge is the widening of thinking and staying reliable 

at the same time, 

 openness: scenarios are some sort of stories. They do not provide accurate data. The allow the reader 

to add details that make the scenarios more dynamic, 

 focus and accuracy: scenarios must be appropriate for the situation, they should focus on driving forces 
and critical uncertainties related to the considered strategic decisions. 

Event though there are many definitions of scenarios, one must underline that in the broadest context, the 

scenarios are to explain possible visions of the future, showing general directions of the development for the 

decision making purposes (political, business, military) [6]. K. Johnson et al. [2012] define the scenarios as 

"detailed and reliable outlook at the way the business environment of the organization may develop in the 

future based on key environmental elements and the catalyst of changes that are accompanied by high level 

of uncertainty". The European Environment Agency defines the scenarios as "common and reliable image of 

the possible alternative of the future, by delivering information on the main topic in the public debate". B. 

Radzikowska [8] defines the scenarios as "system of events linked into logical, most often chronological, 

sequence".  

These different definitions presented in the literature show very differentiated approach not only to 

interpretation of this concept but also to the method the scenarios are created. Considering the variety of 

contexts of applying the scenario-based analysis, different complexity of considered issues, it is difficult to 

show one versatile methodology of the scenario-based analysis. Effectiveness of this approach for strategic 
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planning makes that many experts does not publish the stages and tools used to create a scenario, since they 

do not want to disclose the whole methodology of studies [9].  

Among the research approaches, comprehensively described in the literature, one may indicate the scenarios 

of the environment states, processes scenarios or the maps of the future. The deductive method useful to 

create and describe the scenarios under varying and uncertain situations has been described in 2005 by K. 

van der Heiden, matrix of scenarios. The deductive scenario-bases methods are perceived as the most 

analytical and exhaustive ways to construct scenarios from the perspective "from outside to inside" [van der 

Heijden, 2005, p. 131]. The scenarios matrix constructs and visualizes four scenarios based on two key factors 

of uncertainty. The number of four scenarios is considered as the maximum that the decision makers are able 

to manage [4]. The matrix is complemented by two other tools that are important for creation of the scenarios: 

fact sheets and impacts diagram.  

The methodology adopted in the studies is based on the approach proposed by K. van der Heidena assuming 

the steps given in Figure 1.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Stages of scenario development [own study] 

Such procedure causes that the scenarios focus on the factors of: high significance / low uncertainty - there 

are relative axioms of the future in case of which current plan must be prepared; as well as of high significance 

/ high uncertainty - these are potential "creators" of different variants of the future in case of which long-term 

plants should be prepared. 

Identification of main 
problems 

Identification and 
analysis of key factors 

The detailed description of the scenario-based analysis, determining the 
template of the answer searched for in the studies, determining the 
focal point of the considered problem, determining the timeline, limiting 
the considered problems 

Selection of factors directly affecting the development of the railway 
freight transport: literature studies, experts studies (sorting the factors) 

Level of factors - current status (plus the strategic plans within the 
timeline of starting the implementation up to 12 months)  Construction of the zero 

scenario model 

Identification of the most important trends and strengths as well as 
cause and effect relationships between the strengths. 

Evaluation of factors from the standpoint of impact strength and 
uncertainty. 

Strengths ranking in a scenario acc. to criteria: impact strength and 
uncertainty  

Development of a 
conceptual model the 

includes dependencies 
between the 

development of the 
railway transport within 
the intermodal network 

Identification of an axis along which the scenarios can be created 

Construction of a matrix: determination of the extreme positive and 
extreme negative uncertainty 

Plotting the remaining events on the matrix - development of scenarios 

Determination of 
scenarios logics 

Scenario ‘stories’ and 
their implementation in 
the form of a strategy 

Naming the scenarios  

Description of every scenario with indication of the dynamics 

Transforming the scenarios into a strategy 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

147 

3. SCENARIONS OF THE RAILWAY FREIGHT TRANSPORT DEVELOPMENT WITHIN THE 
INTERMODAL NETWORK - STUDIES RESULTS 

The identified key factors of development of the intermodal railway transport in Poland were evaluated 

according to the adopted methodology from the standpoint of probability of occurrence of individual trends 

(growth, stabilization and regression) and their impact strength. The strength was evaluated in the scale from 

-3 to +3 considering positive and negative impact on development of the railway freight transport. At first, the 

"0" scenario was created that combines factors evaluated by the experts from the standpoint of their actual 

strength of impact on development of the intermodal railway transport. The "0" scenario is the basis to evaluate 

the direction of changes - stabilization of a factor. Next, the probability and effect of the growth and regression 

of each factor was evaluated. The most probable scenario is compared to an optimistic and pessimistic 

scenario. The optimistic scenario more accurately corresponds to the most probable scenario and that is why 

Table 1 compares the pessimistic scenario with the most probable scenario. 

Table 1/1 Comparing the most probable scenario with the pessimistic one concerning development of the 

railway freight transport within the intermodal network [own study] 

Probability Power of 
influence 

Direction 
of change 

Factor Direction of 
change 

Power of 
influence 

Probability 

0.2 -1 
 

Expenditure on the 
TEN-T program by 

railways 

 2 0.6 

0.1 -1  Flows as part of the 
New Silk Road 

 1 0.6 

0.1 -2 

 

Restrictions on the 
movement of goods by 

road 

 -1 0.5 

0.2 -3  Railway programs and 
the degree of their 

implementation 

 1 0.4 

0.1 -1  Access to railway 
infrastructure 

 1 0.6 

0.1 -2  Focusing European 
transport policy on the 

development of 
intermodal transport 

 

 

3 0.6 

0 -2  Quality of international 
relations of countries 

and infrastructure 
managers 

 

 

 

2 0.6 

0.1 -3  Focusing the state 
transport policy on 

railway and intermodal 
transport 

 

 

3 0.5 

0 -3  Access of railways to 
inland / sea ports 

  3 0.5 

0 -2  Expenditure on 
infrastructure 

adjustment - 750m 
trains 

 

  

2 0.6 
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Table 1/2 Continue Comparing the most probable scenario with the pessimistic one concerning development 

of the railway freight transport within the intermodal network [own study]  

Probability 
Power of 
influence 

Direction 
of change 

Factor 
Direction of 

change 
Power of 
influence 

Probability 

0.1 -2 

 

Expenditure on 
separating the freight 

line infrastructure 

 -1.5 0.5 

0 -3  Quality (parameters) of 
transhipment terminals  

3 0.7 

0 -2  Density of intermodal 
terminal networks 

 3 0.8 

0.3 -1 

 

Expenditure on 
technology 

development ro-la 

 -1 0.7 

0.1 -3 

 

Expenditure on 
technology 

development lo-lo 

 2.5 0.7 

0.1 -1  Expenditure on the 
development of 

intermodal loading 
units 

 1 0.6 

0.3 -1 

 

Expenditure on 
technology 

development ro- ro 

 -1 0.4 

0.1 -3  Interoperability of 
railway systems 

 3 0.5 

0.1 -2  Transit transport 
through Poland 

 3 0.6 

0.1 -2.5  Price level of 
competing transport 

modes 

 3 0.6 

0.2 -3  Demand for rail 
transport 

 3 0.4 

0.2 -3  Intermodal relief  1 0.5 

0.2 -2  Stability of procedures 
in intermodal transport 

 -1 0.6 

0.3 -3  Charges for access to 
line infrastructure 

 1 0.5 

0.2 -3  State expenditure on 
linear infrastructure 

 3 0.5 

pessimistic scenario  most likely scenario 

The most likely scenario is created by the factors that mostly positively affect the development of the national 

intermodal transport and their direction of impact is stabilization or growth. Average strength of the factors 

impact in this scenario is 1.56 which shows a clear growth in relation to the"0" scenario, wherein the impact 

strength was (-0.4). This means that in the experts' opinion, the most probable is the moderately favouring 

impact of factors on development of the railway transport within the intermodal network. The factor that would 

negatively affect further development of the railway freight transport with high probability (0.5) and strength  

(-1.5) is the problem related to separation of the linear infrastructure for the freight transport. This mostly results 
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from the fact that the most probable trend identified by experts is stabilization of operations within this scope. 

Unfortunately, at the moment, there are no solid assumptions and decisions to separate the linear 

infrastructure for the passenger and freight transport.  

High probability is assigned by the experts to the growing tendencies within the scope of considering the 

intermodal railway transport within European, national and regional policies. The decisions at the strategic 

level of a country within this scope are necessary for smooth development and modernization of infrastructure, 

improvement of communication between branches of transport and development of incentives for the 

participants of the delivery chain to use the railway intermodal transport.  

The optimistic scenario shows positive impact of growth of most of the factors with average probability 0.44. 

The exception is the factor - fees for the access to the railway infrastructure - drop of which positively affects 

the development of the railway intermodal transport. Average probability of positive impact of determinants on 

development of the intermodal transport is much higher comparing to the pessimistic scenario, wherein the 

average probability is at the level of 0.13 with average impact strength (-2.18). 

Despite the low average probability of the pessimistic scenario, it is still necessary to monitor it by the decision 

makers due to potential high strength of impact, identified in this scenario. This especially applies to factors 

that would strongly inhibit development of the railway intermodal transport in case the dropping tendency 

occurs. Therefore, they represent potential risk factors including: drop of demand for railway transport, 

reduction of pressure in the European and national programmes and strategies on the railway intermodal 

transport, reduction of interest and lack of investments that would allow for including the railway transport into 

the inland waterway and sea transport system idea - abandoning the strive to construct trimodal nodes, 
impairment of qualitative parameters of the intermodal terminals, reduction of expenditures on construction 

and modernization of the linear railway infrastructure and on the development of modern reloading systems, 

mostly in the lo-lo technology, rising the fees for access to the railway infrastructure as well as reduction of the 

intermodal relief and deterioration of the interoperability level in the system of railway freight transport. The 

mentioned factors, due to their significance, must be closely monitored and one must look for solutions that 

limit negative impact on the level and direction of development of the national freight transport within the 

intermodal network.  

4. CONCLUSION 

The paper considers the important issue of development of the railway freight transport within the intermodal 

network. This idea fully matches the current assumptions of the strategic policy of the EU and Poland. The 

railway intermodal transport within the past years can be characterized by a gradual growth, however its share 

in the total railway transport is still small. Therefore, the paper analysed 25 key factors identified as these that 

are considered the most important for the future development of railway freight transport. They represent three 

major areas of the surrounding: political and legal, economic and technological (within the social and 

environmental area, there were no key determinants identified). Based on the analysed determinants, one 

created scenarios that present pessimistic, optimistic and most probable occurrence of events related to 

development of the railway transport. The performed scenario-based analysis allowed for noticing many 

concurrences between the optimistic and the most probable scenario. This is a positive aspect that promises 

good future for the railway transport. Moreover, when analysing the pessimistic scenario, one noticed the 

occurrence of potential risk factors that may inhibit the transport development. Therefore, it is necessary to 

observe them in order to limit their occurrence probability or to minimize the effects of such event. It is also 

necessary to underline that due to average probability of the pessimistic scenario amounting 0.13, it may be 

considered as low probable. Therefore, it is clear how significant the chance is for the railway freight transport 

within the intermodal network in Poland. 
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Abstract 

The main goal of the article is to identify a framework for modeling the measurement of dysfunctions in B2B 

relations in the supply chain. The article aims to answer the question: whether and if so, how to measure 

dysfunctions that occur in B2B relations in the supply chain? The authors initially identified three types of 

dysfunctions within the external environment of the supply chain (sporadic, constant, ad hoc) and three types 

of dysfunctions within the internal environment of the supply chain (transport and storage, administrative and 

legal, communication). The B2B relations between the involved parties in the supply chain may be therefore 

divided into: internal stakeholder (substantive) and external stakeholder (contractual) that represent internal 

environment of the supply chain, and institutional stakeholder that represents the external environment of the 

supply chain. In terms of a dependence of entities in the supply chain, business behavior, benefits and subject 

of the relation, dysfunctions in B2B relations in the supply chain may be destructive and problematic. Critical 

analysis of the subject literature and modelling method are applied in the article. The results, that underline 

the nature of dysfunctions, can be applicable in the business practice.  

Keywords: Dysfunctions, B2B, supply chain, relations 

1. INTRODUCTION 

Possessing or having access to unique, expert knowledge, know-how, partners who cooperate with a given 

enterprise increases the chances of success on the market. Moreover, a long-term cooperation brings 

considerable benefits / opportunities, usually to both entities, and it is worth shaping and developing it with a 

view to achieving a long-term competitive advantage. According to M. E. Porter [1], “access to work, capital 

and natural resources no longer determines the success of the organization, because they have become 

universally available”. In modern supply chain management intangible assets begin to play an increasingly 

important role. Therefore, it is crucial to comprehend the importance and the nature of B2B relations in the 

supply chain. The growing number of mutual interactions (both formal and informal) result in problems related 

to the concept of dysfunctions in relations between particular entities in the supply chain. The World and the 

Polish literature experience the deficit of scientific publications illustrating models on how to measure these 

dysfunctions. 

Thus, authors of the article find it necessary to define the role of methodology in the framework modelling. W. 

Kopaliński [2] defines the methodology as a detailed norm of research in science. It is as a set of guidelines 

on how to proceed that should be used in research in order to achieve a specific goal. On the one hand, the 

methodology presents the procedure associated with the listing of problems, while on the other contains a 

description of their solution. The role of methodology in various types of projects (and therefore in the 

framework for modelling the measurement of dysfunctions in B2B relations in the supply chain) may be 

characterized as [3]: a formal and detailed diagnosis of the activities carried out in the implementation process 

in particular stages; a way that covers all activities that start from the preparation phase through the exploitation 

phase of the implemented solution; a planning of activities on the basis of which the implementation process 

is carried out; an order and systemization of work associated with the implementation process; a collection of 

rules that help to manage the project. 
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The main goal of the article is to identify a framework for modelling the measurement of dysfunctions in B2B 

relations in the supply chain. The article aims to answer the question: whether and if so, how to measure 

dysfunctions that occur in B2B relations in the supply chain? Critical analysis of the subject literature and 

modelling method are applied in the article. 

2. THE STAKEHOLDERS THEORY 

In order to understand the concept of relations in the supply chain, it is worth to consider the stakeholders 

theory. R. E. Freeman [4] defines stakeholders as “all individuals or groups that can influence an organization 

or an organization can have impact on”. In Polish subject literature, the term ‘stakeholders’ is used 

interchangeably with strategic organization (or supply chain) supporters, interest groups, business groups and 

partners. Management in the context of supply chain's stakeholders is connected primarily with distinguishing 

groups that are important for supply chain functioning, classifying them and hierarchizing - from the perspective 

of importance for the development of a supply chain and generating added value and identifying, evaluating 

and designing the relations that they create. 

The authors of the article assumed the understanding of the stakeholders in their relationship’s context. I. 

Chomiak-Orsa [5] divided them into three categories: 

1) Internal stakeholders (substantive) are people who co-create the organization (as well as the supply 

chain) through their work and use of knowledge and competences. Among them there are those who 

create the organization (and the supply chain) and without whom it cannot function. This group includes: 

employees, owners, shareholders. Employees create and shape relations and at the same time 

influence the value of relational capital. In addition, they initiate and implement business processes. 
Owners and shareholders have a fundamental influence on the implemented strategy and managing 

methods of the entire organization (and the supply chain). 

2) External stakeholders (contractual) are a group of cooperating entities, suppliers, customers and 

competitors. Especially suppliers and customers are important as they are a determinant of development 

and build the long-lasting organization's image as well as supply chain’s effectiveness and efficiency. 

3) Institutional stakeholders are social and government institutions, pro-ecological organizations, media, 

consumer groups, local communities, etc. Relations with this group of stakeholders rely on cooperation 

and relations resulting from social contacts and are reporting or tax obligations. 

3. THE CONCEPT OF RELATIONS 

In order to understand the concept of relations, one may assume, that there are different approaches in the 

subject literature and they are usually related to the author and his / her perspective of perceiving that concept. 

For example, C. Lane and R. Bachmann [6] analysed relations on three levels: interpersonal; organizational; 

institutional. They indicate that the interpersonal relations are created by company's employees who cooperate 

with each other within individual companies and build relationships. These in turn are reflected in cooperation 

contracts or recommendations. Whereas the institutional relations occur, for example, in the context of 

belonging to organizations associating entities of the same economic sector [7]. In addition, there is also the 

term of economic, network ties.  

T. Ritter, I. F., Wilkinson and W. J. Johnson [8] distinguished five levels of organization's activities, starting 

with the level of independent actions of individual participants (actors) to finishing with complex network 

connections between them. The levels concern actors, dyad, portfolio, linked relations and network. In the 

case of the actors, there are no relations and no interconnections. In the other levels, shaping relationships is 

visible. And so, in the dyad, relations can be characterized as two-sided, and their character is shaped by 

connections between two entities. The portfolio is a situation in which individual actors are connected with 

more than one relation participant. The level of the linked relations presents the relationship distribution of a 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

153 

given actor and the relationships in which the participants of his relation portfolio remain.  At the level of the 

network of economic connections, the subject of analysis are all relations between elements of a given 

population.  

J. Mohr and R. Spekman [7] characterise inter-organizational relations as “directed, strategic, occurring 

between independent enterprises that purse compatible objectives, seek to achieve mutual benefits and accept 

a high level of mutual dependence”. In a slightly different way, E. Rigsbeep [7] defines this concept and 

considers it in terms of cooperation developed by at least two sides of the relation that cooperate to achieve 

synergistic benefits.  

A slightly different definition is presented by D. Kempny [9], who defines cooperation between at least two 

organizations as a relation that is based on mutual trust, exchange of information, but also sharing the risks 

and benefits connected with it. However, usually inter-organizational relations are understood as all forms of 

connections that appear between specific entities and which are used to coordinate economic activities [10].  

Authors of the article identified many common elements of the selected definitions analysis [11-14]: the 

necessity of interaction between at least two entities; achieving benefits by all parties; interdependence of the 

parties; occurrence of different kinds of connections between them; establishing relations that require to incur 

financial expenditures; promoting innovation. 

Both in defining the notion of relation and in the attempt to classify it, there are various types of divisions. L. 

Krzyżanowski [15] proposes a division into two groups of relations: relations and interactions. According to this 

author, relations do not occur realistically, but it can be seen that they occur between real objects. Interactions 

occur between real objects that are members of impact relationship and they are real, specific and bring about 
specific effects in the form of changes. At the same time K. Rogoziński [16] divides relations into different four 

groups: utilitarian (those that refer to the relations of production, division and exchange); cognitive (those that 

let you get to know the truth); ethical (those that prefer good and truth); aesthetic (those that accept beauty). 

Whereas J. Otto [17] gives a slightly different division of relations: relations with customers (refer to 

strengthening contacts between an organization and customers); relationships with suppliers (focus on 

strengthening supplier relationships with customers); internal relations (refer to actions taken on the internal 

market); external relations (refer to actions undertaken with external entities). The last but not least, W. Czakon 

[18] divides them differently: content (relations refer to the subject of the exchange, its scope and frequency 

as well as duration); quality (relations include factors such as the degree of compliance and organizational 

cultures, styles of decision-making and convergence of the observed values); structure (relations refer to such 

features as: density, centrality, strength of greetings, structural gaps and structural equivalence). 

4. DYSFUNCTIONS IN B2B RELATIONS IN THE SUPPLY CHAIN 

The B2B relations in the supply chain might face dysfunctions. They are understood as “deviations from the 

actual functioning of an enterprise in comparison with its model functioning” [19]. M.J. Parzych [20] defined the 

notion of dysfunction as “lack of functionality, lack of adaptation to some goals and an impaired function or an 

incorrect activity”. Authors of the article assumed the procedure to determine dysfunctions as presented by Z. 

Janowska, J. Cewińska and K. Wojtaszczyk [21]. Therefore, it is necessary to specify: the nature of 

dysfunctions; the part of the supply chain in which they arise; reasons for their appearance; costs they 

generate. 

According to the presented stakeholder’s theory and three categories of their relationships, the framework for 

modelling the measurement of dysfunctions in B2B relations in the supply chain should include two separate 

fields of analysis: external environment represented by institutional stakeholder and internal environment 

composed by internal stakeholders (substantive) as well as external stakeholders (contractual). The first field 

refers to the five types of dimensions: economic; demographic; natural; socio-cultural; political-legal. The 
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second field consists of: competitors; manufacturers; customers; suppliers; cooperators; other service 

companies. 

Dysfunctions in relations with the institutional stakeholder vary with the level of mutual contact (in terms of the 

formal and informal relation and / or cooperation). The regularity of occurrence of such dysfunctions should be 

divided into: sporadic (when deviations are rare but visible); constant (when deviations are present all the time 

with a huge impact on the supply chain); ad hoc (when deviations are uncommon and unlikely). 

Both in the supply chain’s external and internal environment the most common dysfunctions appear at the 

three levels: strategic; operational; tactical. The strategic level refers to the supply chain management (its 

strategy, controlling process, indication the directions of development, etc.) with threats related to the situations 

that cannot be affected by the supply chain (institutional stakeholders in external environment). The operational 

and tactical levels refer to disturbances related to the operational management (the functioning of the 

enterprises in the supply chain, human resources management, reporting and accounting systems, etc.). 

Therefore, the measurement of dysfunctions in B2B relations in the supply chain should start with the analysis 

of the supply chain’s external environment. Firstly, markets in which it operates should be monitored from the 

micro, mezzo and macro perspective within the previously characterized dimensions. The permanent 

monitoring process of markets as well as demand and supply fluctuation analysis are fundamental for the 

existence of the supply chain. Secondly, all potential threats in particular dimensions should be identified on 

the basis of the existing strategic management methods in order to define dysfunctions in relations with the 

institutional stakeholder. The supply chain has to deal with the turbulent external environment which is one of 

the basic manifestations of competitiveness. The collected data and obtained information have to be processed 
and analyzed in order to be transformed into knowledge. The creation of knowledge and the process of its 

sharing is necessary to solve various types of problems that result in different types of deviations from norm. 

Thirdly, the diagnosis of the identified dysfunctions in relations with the institutional stakeholder should be 

performed. The categorization of deviations from norm should meet the presented above levels and regularity 

of dysfunctions. Nevertheless, the further macro research should be performed in order to diagnose the most 

common types of dysfunctions in the external environment of the supply chain. However, the final part of the 

step three is followed by the activation of a so-called warning system that allows the managers to focus on the 

strategic, operational and tactical decisions that have to be implemented in order to minimize the negative 

aspects of any kind of deviations from norm. Fourthly, the emergency procedure that deals with the emerging 

dysfunctions should be prepared and enforced individually for the various types of the dysfunctions in B2B 

relations in the supply chain. The proposed procedure might be composed by: the complex characteristics of 

the nature of the particular dysfunction; the definition of the supply chain activities in which dysfunction is 

revealed; the analysis of the dysfunction’s negative effects; the diagnosis of the transaction cost of the 

dysfunction for the supply chain; the method of the dysfunction measurement in the form of a scale of response 

to this dysfunction. 

In the internal environment the three types of dysfunctions in B2B relations in the supply chain might be 

identified: administrative and legal (inter-organizational relations in the supply chain); transport and storage 

(deviations from norm that have an impact on B2B relations in the supply chain); communication (relations 

referring to the information flows in the supply chain). All of them should be seen in the perspective of the 

strategic, operational and tactical level, both substantive and contractual. The framework for modelling the 

measurement of dysfunctions in B2B relations in the supply chain has been presented on Figure 1. 

The proposed framework for modelling the measurement of dysfunctions in B2B relations in the supply chain 

relates to the improvement of the supply chain (and relations amongst internal, external and institutional 

stakeholders). Therefore, it indicates the necessity for modelling, diagnosing, designing and preparing new 

solutions. According to the authors, the process of minimizing the negative effects of these dysfunctions can 

be divided into following stages: identification of deviations; their diagnosis; design and preparation of an 

emergency procedure; implementation of that procedure; the process of controlling whether the dysfunction 
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has been removed. If the deviation from norm has not been eliminated, the procedures presented in the 

framework should be applied again. More specifically, the identification of the dysfunction should be followed 

by: the development of assumptions / framework; gathering information on a specific dysfunction; analysis of 

the collected data and characteristics of major problems related to the dysfunction; characteristics of corrective 

actions and their implementation; controlling and evaluation of results. 

Figure 1 Framework for modelling the measurement of dysfunctions in B2B relations in the supply chain 

[own study] 

5. CONCLUSION 

The effects of implementation of the presented framework for modelling the measurement of dysfunctions in 

B2B relations in the supply chain refer to the improvement in the supply chain management and reduction in 

time of supply chain’s flows. The benefits include: the holistic approach (the framework is universal), easy 

Supply chain external environment - institutional stakeholder 

Supply chain internal environment - internal stakeholder (substantive), external stakeholder 
(contractual) 

The regularity of dysfunctions: 
 sporadic 
 constant 
 ad hoc 

Three form of dysfunctions: 
 administrative and legal 
 transport and storage 
 communication 

Strategic Operational Tactical 

Urgent activities to be taken: 

1. Monitoring of external 
environment. 

2. Identification of dysfunctions in 
external environment. 

3. Diagnosis of dysfunctions. 
4. Warning system activation. 
5. Implementation of emergency 

procedure. 

The level of external dysfunctions 

Strategic (internal & 

external) 

Operational (internal & 

external) 

Tactical (internal &  

external) 

The level of supply chain’s dysfunctions 

Urgent activities to be taken: 
1. Monitoring of supply chain 

environment. 
2. Identification of dysfunctions in 

the supply chain. 
3. Diagnosis of dysfunctions. 
4. Warning system activation. 
5. Implementation of emergency 

procedure. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

156 

knowledge sharing, guarantee of deep analysis of dysfunctions and maximizing effectiveness of supply chain’s 

activities. 

Dysfunctions in B2B relations are undoubtedly the part of the supply chain. The scarcity of publications 

referring to these deviations from norm affect the possibility to prepare, develop and implement the model for 

measuring dysfunctions. The proposed framework suggests the necessity to conduct a future research that 

will consolidate the understanding of nature of dysfunctions in B2B relations in the supply chain. Authors of 

the article find it obvious to point out several questions that should be answered in such researches: 

 How to minimize the role of dysfunctions in B2B relations in the supply chain? 

 How to cooperate with entities manifesting high level of dysfunctions in B2B relations? 

 How to deal with institutional stakeholders with a constant regularity of dysfunctions in B2B relations? 

 What kind of emergency procedures should be implemented in external and internal supply chain’s 

environment? 

 Does universal (holistic) model for measurement the dysfunctions in B2B relations in the supply chain 

exist? 

 How to evaluate such model? 

Nevertheless, the scale of dysfunctions in B2B relations in the supply chain is one of the key determinants 

influencing the efficiency of the chain functioning. Therefore, it is necessary for enterprises to manage 

intellectual capital efficiently, with a special care for external and relational capital, as well as to cooperate on 

the basis of trust and partnership. 
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Abstract  

Public transportation devalues the environment in the cities. It pollutes the air and increases noise. That is why 

transport companies tend to use alternative fuels for driving public transportation vehicles. 

The portfolio of alternative fuels on the market is extensive and it will always depend on the particular conditions 

of a given transport company, i.e. which alternative fuel is the most suitable one for its fleet of vehicles. The 

main argument for introducing alternative fuels is represented by environmental reasons. However, these 

should always be bound to economic expediency. The use of alternative fuels in the Czech Republic is 

currently not too frequent, but some cities are already using transportation vehicles with alternative fuels and 

testing the economic aspects of these operation alternatives. 

The objective of the article is to provide an analysis of the operation costs related to trolleybuses and buses 

and to determine which alternative seems to be more convenient on the lines serviced by trolleybuses. The 

research method especially included an analysis, synthesis, statistical evaluation of the given information 

obtained from studying scientific articles and from processing data provided by the Transport Company of 

Ostrava, a.s. (DPO).  

Keywords: Alternative fuels, operational cost analysis, CNG, trolleybus, bus 

1. INTRODUCTION 

The objective of the article is to conduct an analysis of the operational cost of trolleybus lines and comparing 

it with the operational cost of buses driven by alternative fuel CNG (Compressed natural gas) on these lines. 

Furthermore, the article attempts to determine the most suitable alternative fuel for city transportation in 

Ostrava on the lines serviced by trolleybuses. 

Urban public transportation forms a part of all modern cities. It is necessary for satisfying the transportation 

requirements of the city population. Its function will be determined by the given characteristics in relation to 

managing the needs for moving people, to the environment and to the investment demands of the given 

transport system. In order to achieve this goal, one needs perfect organization within the framework of an 

integrated transportation system and synchronization of technical development and all control, organizational, 

tariff, planning and investment activities. 

Today’s dynamic environment, which is developing at a rapid pace, is linked not only to demanding 

requirements for the transport itself, but also for effectiveness, speed, safety and quality. Most of all, it asks 

questions related to the efficiency of the spent money. 

Large cities particularly strive to reduce the environmental burden caused by transportation, resp. they try to 

reduce its impact to a minimum. The biggest problem of the current big cities is individual car transportation, 

which pollutes the environment by CO2 emissions, increases the overall noise level and forms a very common 

negative phenomenon called congestion, which has many negative economic and environmental impacts. [1] 
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Congestion (or overloading) is formed when transportation demands exceed supply at a certain moment at a 

specific part of the transportation system. When this situation occurs, every vehicle disrupts the mobility of the 

others. 

Possible congestion consequences: 

 Loss of time of the drivers and passengers (waiting in traffic jams represents a nonproductive activity 
and slows down the regional economic growth), 

 Delays that can result in late arrivals to work, school, meeting, etc., 

 Limited possibility to plan arrival times - long travel time reserves, 

 Unnecessary fuel combustion - increased air pollution, 

 Increased wear and tear of the vehicles - acceleration - braking, more frequent repairs, 

 Stress and frustration of the drivers, 

 Forming obstacles to ambulance vehicles, firemen vehicles, etc., 

 Greater accident probability. [2], [3] 

One of the possible ways to make city transportation more environmentally friendly, thus reducing pollution, 

noise and costs related to transport services available to the population, is to limit car entries to the city, thus 

replacing the individual car transport by environmentally friendly urban public transportation. Urban public 

transportation (MHD) can be defined as a system of public transportation lines designated to provide transport 

services in a given city by urban public transportation means. Particular urban public transportation systems 

can be secured by buses, trams or trolleybuses. In cities with a population over one million people, these 

systems also include metro or above-ground rail routes serviced by trains.[4] 

2. TECHNICAL ASPECTS 

2.1. Trolleybuses - Description of the Technology 

A trolleybus is a very well-known technology used in most of big cities. Trolleybuses are vehicles driven by an 

electric engine with a traction energy intake and discharge, designed for trolleybus lines and modified for road 

operation. Trolleybuses are semi-dependent vehicles since they are restricted by the position of the given 

trolleybus lines and the length of the rod collectors (in order to minimize the corresponding electric energy 

needs, “hybrid” trolleybuses can be used). Their basic principle is the use of two drives. One drive secures the 

vehicle operation without trolley lines. Either a combustion engine or an electric drive powered from 

accumulator batteries is used.[5] 

The biggest advantages of electrically driven drives: 

 lowest possible emissions into the environment as a whole, 

 lowest possible consumption of nonrenewable resources, 

 lowest possible noise level, 

 lowest possible release of greenhouse gases like CO2. [6] 

The biggest disadvantages of electrically driven drives: 

 environmental burden related to the mining, production and liquidation of precious materials used for 
battery production, 

 maintenance costs related to the given infrastructure and its modernization (traction lines), 

 possibility of fast-growing electric energy prices in the future, 
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 future self-insufficiency of the Czech Republic when it comes to electric energy production (necessity to 
purchase electricity since the demand will be greater than the production in the Czech Republic). [7] 

2.2. CNG Buses - Description of the Technology 

Buses driven by CNG represent independent transportation vehicles characterized by a great flexibility and 

adaptability with regard to transportation demands within the frame of an urban public transportation system. 

The design and equipment of these buses allow for an increased occupancy rate in the urban public 

transportation system by the means of providing a bigger space for passengers and by reducing the number 

of seats considering the effective weight of the vehicles. The buses are used in all transportation networks of 

the urban public transportation systems as the only transportation means or as an integrated part of the 

transport systems in coordination with other transportation types.  

The biggest advantages are: 

 lower production of carbon monoxide by 95 % and lower noise level by 70 % when compared with buses 

driven by fossil fuels, 

 biogas is created from waste, for example, at waste disposal sites, wastewater treatment plants, biogas 
stations, in which energy-producing plants are processed, etc. (circular economy concept - circular 

economy). 

The biggest disadvantages are: 

 dependency on the filling stations, 

 raw material dependency on politically unstable countries. [8],[9] 

3. OPERATIONAL AND ECONOMIC COMPARISON OF THE TROLLEYBUS AND BUS TRANSPORT 
IN THE CITY OF OSTRAVA 

Two of the latest vehicles of a similar design of the Transport Company of Ostrava were selected for the 

comparison. The vehicles were of the same length with relatively identical weights. The only difference was 

their drives.  

The Škoda 26 Tr Solaris trolleybus is a 12-meter, low-deck vehicle with an independent drive powered by 

traction batteries, continuously charged from the trolley lines. Without trolley lines, these vehicles can run for 

up to 12 km. Their engine’s power output is 160 kW. Their approximate acquisition price amounts to 500,000 

Euro. [15] 

Figure 1 shows an electrically driven trolleybus 26 Tr Solaris. [11] 

 
Figure 1 Škoda 26 Tr Solaris trolleybus 
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The Solaris Urbino 12 CNG bus is a 12-meter version of a low-deck bus driven by compressed natural gas. It 

is the most widespread Solaris bus with a power output of 265 kW. Its approximate acquisition price is 300,000 

Euro.[14] 

Figure 2 Solaris Urbino 12 bus with a CNG drive. [11] 

 
Figure 2 Solaris Urbino 12 CNG bus 

Vehicle capacity 

The transport capacity is the ability of individual transportation means to transport a certain number of people 

and objects. The capacity represents the offer of seats, area, space or effective weight for transportation 

purposes. From a statistical point of view, capacity in an urban public transportation system is defined as a 

vehicle’s passenger capacity, which specifies the number of sitting and standing places. The maximal 

passenger capacity is limited by the overall weight of the vehicle. [12] 

Diagram 1 compares the vehicle’s passenger capacity of a Škoda 26 Tr Solaris trolleybus and a Solaris Urbino 
12 CNG bus. There is a significant difference between the weights of these two vehicles. The trolleybus is 

1000 kg heavier than the bus. The biggest difference between these two vehicles is in their respective 

passenger capacity. The bus can transport by up to 26 passengers more than the trolleybus. 

 

Diagram 1 Comparison of the passenger capacity of Škoda 26 Tr Solaris trolleybus and Solaris Urbino 12 
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Running speed 

Running speed (also called maneuvering speed) is used for road transport purpose. Apart from the run time 

and standing times at individual stops, the denominator also takes into account the average delay of the vehicle 

at its final stop. 

 

where v0 = running speed [km.h-1] 

 L = line length [km] 

 tj = running time on the line [h] 

 nz = number of intermediate stops [number of] 

 tz = average stoppage time at a single intermediate stop 

 tk = average delay at the final stop. [13]  

The values of the average running speeds of the trolleybuses and buses were slightly lower in 2018 compered 

to the previous years. The average running speed of the trolleybuses in 2018 was 14.27 km/h and the average 

running speed of the buses was 18.20 km/h. When going through intersection fixtures and frogs, the 

trolleybuses must observe the speed that is permitted for such fittings. These days, the frogs and intersection 

fittings allow for a maximal speed of 40 km/h. The drivers pass through these intersection frogs and fittings 

with a speed of approximately 35 km/h. Should they exceed the maximal permitted speed, the collectors could 

become damaged or the trolley lines overloaded, which could lead to transport outages. Buses do not have to 

deal with this issue. 

Transport and transport capacity 

This point includes overall capacity indicators for the trolleybus and bus transport. Table 1 shows a transport 

capacity in driven kilometers per individual types of the transportation means. Table 2 shows the number of 

transported people. 

Table 1 shows transport capacities executed by DPO, a.s. trolleybuses and buses for the years of 2016 to  

              2018 

 2016 2017 2018 

Buses thousands. kilometers driven 16.420 16.594 16.269 

Trolleybuses thousands. kilometers driven 3.061 2.866 3.128 

Total thousands. kilometers driven 19.481 19.460 19.397 

Buses % 84.29 85.27 83.87 

Trolleybuses % 15.71 14.73 16.13 

Total % 100.00 100.00 100.00 

The share of individual types of means of transportation with regard to the number of transported passengers 

has recorded a growing trend when it comes to both the number of these passengers on trolleybuses as well 

as buses. The share of the kilometers driven has been slightly fluctuating, however, it is more or less similar. 

According to the tables shown above, the average number of transported passengers on trolleybuses per one 

kilometer driven in 2018 was 2.52 persons. In the case of buses, this number was 2.47 persons. The almost 

identical number of passengers transported per one driven kilometer for both types of the transportation means 
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is the result of a different number of operated lines. The trolleybus lines pass through areas with large 

transportation demands, however, the number of these lines is small (a total of 13 trolleybus lines). The bus 

lines pass through peripheral parts of the city and their number is significantly greater (a total of 57 bus lines) 

than the number of trolleybus lines. [10] 

Table 2 shows the number of transported passengers by DPO, a.s. trolleybuses and buses for the years of  

              2016 to 2018 

 2016 2017 2018 

Buses thousands. kilometers driven 37.172 38.348 40.107 

Trolleybuses thousands. kilometers driven 6.960 6.640 7.890 

Total thousands. kilometers driven 44.132 44.988 47.997 

Buses % 84.23 85.24 83.56 

Trolleybuses % 15.77 14.76 16.44 

Total % 100.00 100.00 100.00 

Comparison of individual tractions 

When comparing the trolleybus and bus transports, we use the cost per 1 driven kilometer. The expenses 

related to one driven kilometer consist of the price of fuel, direct material (tires, operation liquids), direct 

salaries, direct write-offs, repairs, maintenance, other direct cost, operation and administrative expenses. 

Table 3 shows expenses per 1 kilometer driven by electrically driven trolleybuses and by CNG-driven buses, 

the total number of the driven kilometers of all trolleybus lines in the city of Ostrava per calendar year and the 

running speed of these vehicles. [10] 

Table 3 Cost pre km driven - vehicle running speed [10] 

Vehicle Per 1 km driven (EUR) Total traveled km (thousands) 

Trolleybus 2.59 3.128 

Bus 1.58 X 

Based on the values stated in Table 3, we can see that the total number of the kilometers driven by trolleybuses 

in 2018 was 3,128,000. The total cost amounted to 2.59 euros/driven kilometer. The total cost of the operation 

of the trolleybus lines in 2018 was 8,101,520 euros. Should the trolleybuses be substituted by CNG driven 

buses, which recorded a price of 1.58 Euro per one driven kilometer, the total cost of the operation of the 

vehicles on these lines would have amounted to 4,942,240 euros. This would have represented savings of 

3,159,280 euros/year. 

4  CONCLUSIONS 

When compared with the previous years, it is clear that the trend of the passengers transported by the urban 

public transportation system is growing again. The Transport Company is successful in getting people back to 

using the urban public transportation system. This trend is most visible in the trolleybus transport. More and 

more people are choosing trolleybus transport over individual car transport. It is the result of the layout of the 

trolleybus lines, which are situated in the city center that is more densely populated than the peripheral parts 

of the city, which are serviced by buses. People also prefer this type of transport due to the fact that the formerly 

free parking lots in the city center and its close proximity are now subject to parking fees. 

The assessment of the productivity of individual tractions based on the number of transported passengers per 

one kilometer driven resulted in approximately the same values. There is a significant difference between the 
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total number of all persons transported by trolleybuses and buses. This difference is greatly influenced by the 

number of individual trolleybus and bus lines. The buses transported up to six times more passengers than 

trolleybuses. However, we need to consider the fact that the capacity of buses is greater from the perspective 

of the number of people one vehicle can transport. 

The greater running speed of the buses is given by greater distances the buses need to drive. The buses 

service the city peripheries, where the traffic density is smaller and the buses can thus also boost a better gas 

mileage at higher speeds due to longer distances driven without frequent stops and repeated starts. Frequent 

starts and braking, which are quite normal due to congestion and a dense network of stops in the city centers, 

lead to more extensive wear and tear of the vehicles and thus also a shorter lifespan of the trolleybuses. Yet 

another fact to consider is the acquisition price of a trolleybus (510,000 Euro), which is almost twice as much 

when compared to the acquisition price (290,000 Euro) of a bus, which also has a longer lifespan.  

Based on the calculated economic results, it is clear that the operation of CNG driven buses is economically 

more convenient than the operation of trolleybuses. From the economic point of view, the biggest problem of 

the trolleybuses lies in their electric drives. The price of electricity will grow due to the future self-insufficiency 

of the Czech Republic in its production and the necessity to purchase it from abroad. When coal-fired power 

plants will be phased out and nuclear power generation will be slowly developing. The trolleybus operation 

expenses in the future will increase. Yet another disadvantage of the trolleybuses is the necessity to manage 

and maintain the traction lines. This problem does not exist in the case of independent vehicles, such as buses. 

[16] 

Buses are used in all public transportation system networks either as the only transportation means or in 
combination with other transportation types. The currently manufactured buses produce very low emissions 

and their noise levels are low. These vehicles are already relatively widespread. Should the given vehicle fleets 

be eventually fully replaced with environmentally friendly vehicles, it will be possible to replace trolleybuses 

with these buses. 

The global trend towards pure mobility is focused on hydrogen technologies that are already implemented in 

normal bus operations in the USA, Japan, China, South Korea and some European cities (Hamburg, Milano, 

London, Oslo, etc.). In the Czech Republic, hydrogen propulsion in public transport is already being tested in 

Trutnov, Prague and Ostrava. 

The work was supported by the specific university research of the Ministry of Education, Youth and Sports of 

the Czech Republic No. SP2019/62. 
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Abstract  

The current automotive supply chain is facing more risks than ever due to the heavy dependencies of local 

automotive component manufacturers with foreign and established global producers. In response, this paper 

is designed to explore the supply chain risk management (SCRM) practice of automotive industry in Poland. 

The aim of the article was to assess the application of the Supply Chain Risk Management concept by 

automotive companies (with location in Poland). Risks identified in the external environment and internal flows 

(created by supply chain companies). The proces SCRM and methods of detection risks are presented. Supply 

chain integrators (companies coordinating the flow of goods and information) and suppliers from the 

automotive industry were examined. Attempts were made to assess the maturity of companies in implementing 

the Supply Chain Risk Management concept. 

Keywords: SCRM, Automotive industry 

1. INTRODUCTION 

The introduction should provide a clear statement of the study, the relevant literature on the study subject and 

the proposed approach or solution. 

The developing globalization significantly influences the growth of risks occurring in supply chains. 70 % of 

companies declare that they co-operate with customers on the basis of long-term contracts co-creating supply 
chains. Other companies (approx 30 %) believe that they work in dynamic, constantly modified supply networks 

and the role of the integrator is taken by various receivers or logistics operator - 4LP. Both chain integrators 

and supply networks are looking for ways to reduce costs. To achieve that, they delegate the execution of key 

tasks outside the company (outsourcing and off-shoring). The number of risks in such outsourced, global 

increasingly dynamic supply chain grows, their type also changing. This shift of supply chain business models 

towards the network helps reduce costs, but also increases risks. Risk identification, assessment of risk 

mitigation and risk reduction requires the use of SCRM 

Tang [1] defines Supply Chain Risk Management as the management of supply chain risk through coordination 

or collaboration among the supply chain partners so as to ensure profitability and continuity. Waters [2] defines 

SCRM as the process of systematically identifying, analyzing, and dealing with supply chain risks. SCRM 

includes activities such as identification, evaluation, selecting response measures and monitoring. The overall 

aim of the SCRM is to make sure that a supply chain could carry on its plans with smooth and continuous flows 

of materials from suppliers to customers [2]. Supply Chain integrator must consider and assess 
intraorganizational and interorganizational risks of all members and reduce vulnerability of chain members 

using efficient supply chain risk management techniques.  

This paper is designed to explore the supply chain risk management (SCRM) practice of automotive industry 

in Poland. Overall, the automotive companies are heading towards more formal and sophisticated SCRM 

especially with the certification of IATF 16949:2016 although there are still plenty of rooms for improvements 

in the risk identification and risk assessment tools. Polisch automotive industry is chosen for this study because 

the number of suppleyers is increasing, they have internationalized their activities, they have implemented new 

management concepts. The data were gathered from March until September 2018, using the survey method. 
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The questionnaires were filled in by managers: purchasing or logistics at 33 automotive supply companies and 

3 managers from car concerns located in Poland. The data was subject to a simple statistical analysis, they 

are shown in the chart and interpreted.  

2. EXTERNAL AND INTERNAL SOURCES OF RISK FOR THE SUPPLY CHAINS  

A simple categorization of SC risk sources is external and internal categories based on whether the risk origin 

is within or outside the SC. Internal risks emerge in various forms in day-to-day operations of a SC including 

but not limited to quality problems, late deliveries, excess inventory levels, inaccurate forecasts, human error, 

and faults in IT systems. Juttner, Peck, and Christopher [3] categorized supply chain risk sources into three 

main categories, namely environmental, organizational, and network-related risk sources. In addition, Brindley 

[4] categorized supply chain risk sources into three categories, namely strategic uncertainties, tactical 

disruptions, and operational disruptions which differ from one another based on the risk origination point and 

intensity. Tang [1] has proposed the following supply chain risk sources categorization: 1. Supply risks are 

related to the inefficiencies of suppliers when they cannot deliver the promised products on time and/or with 

specified quality. 2. Process risk occurs when a specific process is not capable of producing on time and high 

quality products. 3. Demand risk occurs when there is not enough demand for some of the SC products. 4. 

Control risk is due to lack of proper quality control and management systems. 5. Environmental risks originate 

from the interactions of the SC with its surrounding environment. The automotive industry seems to prefer the 

risk distribution according to Chopra & Meindl [5]. Managers name and monitor the risks listed in Table 1 

Table 1 Automotive supply chain risks type [1] 

Risk Driver Risk Type 

Disruptions Natural labor strikes; Bankruptcy of suppliers; Disruption in suppliers such as fire; War and terrorism; 
Dependency on a single supplier; Capacity and responsiveness of alternative suppliers 

Delays High resource utilization at suppliers; Supply source inflexibilities; Low quality and yield at suppliers; 
Excessive handling due to crossing borders and changing modes o transportation 

Systems Information system failure; Extensive system networking and integration; E-commerce 

Forecast Inaccurate forecast due to long lead times, seasonality effect, variety of products, short life cycles of 
products, and small customer base; Distortion of information in supply chain (i.e. bullwhip effect) due 
to sales promotion, incentives, lack of supply chain visibility, and demand exaggeration during 
shortages 

Intellectual 
Property 

Supply chain vertical integration; Global outsourcing; Global markets 

Procurement Exchange rate risk; Percentage of key components/raw materials procured; Industry-wide capacity 
utilization; Long-term vs. short-term contracts 

Receivables Number of customer accounts; Customers’ financial strengths 

Inventory Product obsolescence rate; Inventory holding costs Product value; Uncertainty of supply and demand 

Capacity Capacity costs; Capacity flexibility 

We can ask which of the links should be responsible for risk management in the supply chain. Specialized 

manufacturers, due to size and nature, impose procedures and use the risk mitigation measures. Logistics 

operators (4PL) increasingly manage risk in supply networks. Market realities, however, lead to practical 

conclusion, i.e. that each operatorin in each link od the supply chain must take responsibility for risk of its SC 

activities. 

Automotive industry managers were asked to assess risks regarding: - occurrence probability (possible grades: 

0-1 point), - the scale of threats that they create for the flows in supply chains (possible assessments: 1-10 
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point). Figures 1 and 2 shows the risks that obtained the highest products of the arithmetic means of the 

ratings. 

 

Figure 1 Risks that obtained the highest products of the arithmetic means of the ratings obtained (managers 

of automotive concerns) 

 

Figure 2 Risks that obtained the highest products of the arithmetic means of the ratings obtained (suppliers 

evaluation) [Own study] 
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Suppliers implemented the SCRM based on the IATF16949: 2016 standard required by their customers. 

Suppliers aptly (just like customers) identify the probability and scale of risks arising in the supply chain. They 

are more often informed about the risks (which has arisen), less likely to identify it themselves. 

3. RISK MANAGEMENT PROCESS IN SUPPLY CHAINS / NETWORKS 

Manufacturers - supply network integrators implement the concep of SCRM (Supply Chain Risk Management) 

for the mitigation of risks. The application of this concept is much more difficult in dynamic supply networks 

than in integrated supply chains. Process can be regulated by national standards (Australian, Canadian, 

Japanese, British) of organization and supranational regulations - such as the AIRMIC-FERMA standard, the 

integrated COSO II, international ISO 31000 standard. 

The automotive industry limits the risks by implementing the IATF 16949: 2016 standard. IATF 16949: 2016 

(formerly ISO / TS 16949: 2009) is a Technical Specification that combines the requirements German 

(VDA6.1), French (EAQF), Italian (AVSQ) quality management systems, to eliminate the need for multiple 

certifications to meet customers requirements. SCRM implementation in automotive was based on the IATF 

16949: 2016 standard. According to the standard, occurrence probability of a specific risk could be reduced 

via improving internal risky operational processes as well as coordination and collaboration with suppliers. 

Risk management in the supply chain (in which the product is created) consists of the following stages: see: 

Bukowski [6]; Stawiarska [7] 

I. Define competitive strategies for a particular product's supply chain (the same supply chain can 

produce several products with different competitive strategies). The risk management process in the 

supply chain may be different for different products. Risk assessment standards are prepared based 
on the selected competitive strategy. Helpful standards they are also in determining the risk tolerance 

threshold. Risk tolerance also determines how much the SC partners will devote to preventive 

measures. 

II. Identify SC risks: It is necessary to examine the supply chain and define its separate activities and 

their relationships, and systematically study them to find areas containing risks. The output would be 

a list of risks threatening the supply chain. The SC members should cooperate in identifying the SC 

risk besides each member’s specific risks. Therefore, it is very important for the success of this step 

to share risk data and information between the SC members. 

III. Analyze and assess the risks: With a list of risks threatening the supply chain, the next step is to 

consider their potential impacts. The impact of a risk depends on the probability of the risk and the 

severity of its consequences. The management role is to prioritize risks according to their impact and 

decide where to concentrate their SC resources. Several useful tools can help with this analysis such 

as failure modes and effects analysis (FMEA), fault tree analysis, event tree analysis, scenario 

analysis, simulation, risk mapping, and network models. The output of this step would be a prioritized 

list of risks and their expected consequences. Rozpoznanie zewnętrznych zagrożeń dla łańcucha 

dostaw. The integrator should also mark and group the threat e.g. according to supply chain level at 

which they arise. A sample description of the risk (A. Name of risk; B. Scope of risk; C. The nature of 

risk; D. Pressure group; E. Quantitative description of risk; F. Risk tolerance (level of acceptable risk); 

G. Actions with regard to risk and control mechanisms; H. Potential to improve the situation; I. 

Developing strategies and short-term plans). 

IV. Build an information system about the possibility of risk. Do an audit / self-assessment (audits 

and self-assessment remain the basic source of information on risks in SC companies). Design 

suitable response to the risk: Here SC managers know the significance of risks and consider different 

ways of dealing with them.  Several different types of responses exist within this range (Waters, 2007): 

◦ Prevention (i.e. reducing the risk probability), A. Mitigation (i.e. reducing or limiting the risk 
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consequences); B. Waiting to evaluate actual outcomes of an event and then designing a response, ◦ 

Ignoring or accepting the risk; C. Transferring, sharing, or deflecting the risk; D.  Making contingency 

plans; E. Adapting to risk, Opposing a change; F. Changing the SC environment. The above list shows 

main options for dealing with risks. Next stage would be to convert these general methods into specific 

plans and procedures. 

V. Monitor the risks: In today’s competitive world, neither SC nor their environmental conditions would 

remain constant. Obviously, with changing of conditions that supply chains are faced with, their risk 

will change as well. Hence, SC managers must constantly evaluate whether new risks are threatening 

their SC or not, and if such risks were identified, they have to ensure that necessary SCRM steps are 

taken. Information management is the only effective way to reduce risks in the supply chain. Two-way 

(vertical) and inter-level (horizontal) communication within the supply chain implemented both through 

formal reports and informal ex-change of information is the basis of SCRM. An integrated IT system, 

operating to reduce risk and connecting chain partners, should include modules with specified 

expectations with respect to co-operators (when and how to inform of the possibility of risk), modules 

for risk assessment and statistical measurement of adverse events, modules for compare co-operators 

in terms of creating threats and benchmarking modules teaching how to avert the risk. 

At the end, it is important to remind that the above process is not a onetime project for a supply chain, but 

rather a continuous process in which the necessary feedbacks and information are being communicated 

between its different steps. 

Managers of the automotive industry were asked to evaluate the SCRM process in terms of: - the degree of 
mastery of the process stage (possible grades: 0-1 point), - management efficiency at individual stages of the 

process (possible grades: 1-10 point). Figures 3 and 4 show the assessments of the individual stages of the 

SCRM process. 

Although the application of SCRM process is frequently encouraged by international standards and enforced 

by automotive concerns, suppliers still implement SCRM implicitly. This is demonstrated by the assessment 

and self-evaluation of the SCRM process (Figure 4). 

 

Figure 3 Assessments of the individual stages of the SCRM process [Own study] 

Managers of automotive concerns evaluate their activities themselves 

Managers of automotive concerns evaluated the supliers's activities 
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Figure 4 Assessments of the individual stages of the SCRM process 

Suppliers evaluated the integrator's activities 

Suppliers evaluate their activities themselves 

4. SUPPLY CHAIN RISK MITIGATION THROUGH ROBUST STRATEGIES  

Automotive companies improve flow safety throughout the own chains. They make SC maps, conduct 

monitoring consisting in reliable, unambiguous and undeniable identification and control of each section of the 

flow of materials, semi-finished and finished products as well as storage of inventories in the supply chain. 

They conduct flows management training, appoint risk directors (CROs), and strategic suppliers locate near 

their plants to maintain ongoing deliveries. Brainstorming techniques, experience and expertise were mainly 

used as risk identification and assessment techniques. Studies have shown that automotive companies 

implemented failure mode and impact analysis (FMEA). Suppliers try to cooperate with trusted subcontractors, 

check contractors. External audits most often concerned the quality of production, transport, storage 

processes, product quality parameters, and their compliance with the certificate held by the contractor. Few 

surveyed donors use risk assessment methods. Tang (2006) argues that supply chains should employ supply 

chain risk mitigation strategies that have both the efficiency and resiliency properties. An efficient risk mitigation 

strategy allows the SC members to deal with common SC uncertainties, while a resilient risk mitigation strategy 

enables the SC members to sustain their performance level to some extent during a major risk or disruption 

and bounce back to their original conditions after the event. Tang [1] lists the following strategies: 

I. Postponement:  Producing a standard product and then customizing it for meeting the specific needs 

of target market. 

II. Strategic stock: Increasing the safety stock levels for critical components of a supply chain at multiple 

strategic locations shared and operated by different SC members. 

III. Multiple sourcing: Decreases demand uncertainties as well as supply uncertainties in case of a major 

disruption occurs for its supplier(s). 

IV. Make-and-Buy Decisions: Outsourcing some of products with the option of restoring them to their 

production. 

V. Revenue/risk sharing contracts:  Utilizing revenue/risk sharing contracts is a way of cultivating 

additional suppliers. 

VI. Flexible Transportation: Use of multi-modal transportation systems, multicarrier transportation 

systems, multiple transportation routes as to add flexibility to a transportation system. 
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dynamic pricing techniques instead of the products in short supply due to the disruption. 
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VIII. Assortment planning: Configuring sets of products on display can manipulate customers’ behavior. 

This technique can persuade customers to buy the products that are more available while some of the 

SC products are in short supply due to a SC risk or disruption.  

IX. Silent product rollover: This strategy is used to delay official introduction of new products until the 

stocks of old products are finished. 

The strategies used in automotive supply chains are presented in Figure 5. 

 

Figure 5 Supply chain risk mitigation through robust strategies (average point assessment of the 

frequency of strategy use by the automotive concerns studied) 

5. CONCLUSION 

The occurrence of risks can be effectively reduced by implementing the SCRM concept. This article presents 

research on the implementation of the SCRM process in the automotive industry. A survey of automotive 

companies located in Poland has revealed that supply chain risk management (SCRM) practices in the 

automotive industry are based on the IATF 16949: 2016 standard (corporations enforce its implementation 

from suppliers). Car manufacturers estimate highly the maturity of SCRM implementation. Meanwhile, 

suppliers recognize risks, but most respondents do not have a residual rating developed. Suppliers give the 

integrator a low rating in SCMR process management. Suppliers try to manage the continuity of their flows 

using qualitative (non-analytical) methods. Research on methods and strategies for limiting risk are presented 

and show that Strategic stock and Multiple sourcing are most often used in automotive SC. 
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Abstract 

The paper presents the literature review of maturity models used for improvement of logistics performance in 

industrial companies. The aim of the paper is an analysis of the state of the art and critical evaluation of 

strengths and weaknesses of the existing models. The paper outputs are principal requirements for a 

comprehensive logistics maturity model building and issues for a future research.  

Keywords: Logistics maturity model, logistics performance, critical evaluation  

1. INTRODUCTION 

The ever-increasing importance of logistics and the increasing demands on logistics management in the 

environment of supply chain globalization leads to the need to create tools for the analysis, knowledge and 

evaluation of the current level of performed logistics processes, which form the foundation for their continuous 

improvement. Maturity models are such an approach in this area. The concept of maturity can then be 

understood as "the state in which the system under investigation is complete, perfect and ready" [1]. The 

subject of the evaluation of the maturity of logistics processes is therefore the analysis and evaluation of 

logistics processes in order to determine the degree of their maturity, helping to determine progress from early 

stages to stages of excellence, full readiness and completeness in terms of individual sub-processes and their 

skills. The aim of the paper is the deep analysis of the state of art and a critical evaluation of strengths and 
weaknesses of the existing logistics models to define requirements for a comprehensive logistics maturity 

model building. 

2. BUSINESS PROCESS MATURITY MODELS 

The idea of the maturity model originally stemmed from software engineering. In 1993, the Software 

Engineering Institute (SEI) of Carnegie Mellon University in Pittsburgh (USA) developed the Capability Maturity 

Model (CMM), which became the first standardized process designed to assess the level of IT organization 

quality by analyzing the performance level of the software development process [2].  

The purpose of maturity models is to assess the level of examined processes on an imaginary maturity scale 

from the lowest level to the highest level. According to [3], maturity is considered to be a "state where the 

process is complete, perfect and ready". The maturity model can be defined according to [4] as "a construction-

based model that consists of an anticipated, limited development path, separated into stages with defined 

characteristics and dimensions" or as "a sequence of levels (or stages) that together form an anticipated, 

desired, or logical path from the initial state to maturity” [5]. 

To this date, the development of maturity models for a wide range of processes has seen an unprecedented 

increase in popularity. For example, Tarhan et al. [2] analyzed 61 scientific articles focusing on the maturity 

models of business processes published between 1990 and 2014. The authors state that the current state of 

research in the area of maturity models is in the early stages and that academic literature lacks the 

methodological application component for many of the common maturity models that have been designed so 

far. They propose aligning existing models with a strong emphasis on normative properties and conducting 

empirical studies to demonstrate the validity and usefulness of these models.  
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3. STATE OF THE ART OF LOGISTICS MATURITY MODELS 

One of the basic ideas of logistics process maturity models is that increased maturity will improve business 

performance, which will improve the financial performance of the business. The fact that there is a correlation 

between process maturity and business process performance indicators has already been mentioned in 

publications [6] and [7]. The results of the Söderberg and Bengtsson study [8] also show that there is a strong 

relationship between the maturity of logistics processes and their financial performance. One conclusion of the 

study is that when companies use maturity indicators to improve their logistics processes, it is very likely to 

have a positive impact on the company's performance and probably on its financial performance. Confirmation 

of the above assumption clearly supports the creation and use of maturity models and their use in managing 

and improving logistics processes. In some studies, maturity models themselves are considered to be 

performance measurement methods, and therefore logistics process performance indicators [9].  

The following section will briefly introduce the published logistics maturity model. The study [10] provides 

industry enterprises with operational guidelines for evaluating distribution processes that, according to the 

author, are practical, verifiable, repeatable and extensible to other areas of logistics processes. However, the 

publication does not allow the model to be used by the professional public, as it does not contain details of the 

model or instructions for its application. 

In its work, Werner-Lewandowska [11] focuses on the maturity of the logistics processes of a company 

operating in the service sector and presents a series of 81 basic skills and methods, the implementation of 

which is considered to be an indicator of the maturity of in-house logistics processes, distinguishing 5 basic 

logistics areas - planning, resources, stock, distribution and reverse processes.  

Lahti [12] presented an analysis of the 6 maturity models of logistics processes in his study. He compares the 

basic characteristics of some maturity models with a focus on determining the number of levels, their 

nomenclature and definitions. They also introduced their own maturity model, which, like other models, is not 

very detailed and includes only 4 levels. What is interesting, however, is the definition of individual levels 

through the level of integration of in-house logistics processes - from a functional/operational focus, through 

internal and external process integration to integration throughout the enterprise. A total of 16 logistics process 

skills in 5 areas (planning, resources, manufacturing, delivery and overall) are rated on a proposed scale based 

on questionnaires. The disadvantages of this model is its considerable abstraction of reality and the 

impossibility to identify specific opportunities for improvement in detail.  

Reyes and Giachetti introduced another logistics process maturity model [13]. The disadvantage of the model 

is they still only use the basic general scale of maturity of processes in the structure: undefined, defined, 

managed, cooperating, and leading processes. The advantage of the model is, however, that it considers two 

other dimensions of evaluation: abstraction level - operational, tactical and strategic level of process 

management and different views on logistics processes - performance, information systems and technologies, 

customers, supplies, manufacturing and suppliers. The evaluation is in the form of a questionnaire, which was 

compiled by the Delphi method among the professional public, which for each level of the given subprocess 

or skill contains a general description of the respective level. 

Battista et al. [14] present a sophisticated logistics maturity model that attempts to overcome some important 

limitations of known models: an insufficient framework to incorporate a methodology for identifying qualitative 

and quantitative relationships between key performance indicators (KPIs), strategic objectives and 

improvement measures to be implemented in a specific area of logistics processes [15]; difficulties in using 

existing frameworks in industrial processes due to the low flexibility of the logistics process modeling 

architecture; difficulties for professionals to understand the criteria in process modeling and maturity 

assessment [16]; a lack of a holistic framework capable of incorporating a global vision of logistics processes 

[17]. 
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The presented maturity model consists of 5 relatively standard maturity levels from a level at which processes 

are uncontrolled, or ad hoc driven, to level-optimized processes and 13 major logistics sub-processes. In 

designing the model, however, the creators took the real situation and skills of logistics processes into account 

by including different indicators for different levels of maturity. For example, at level one, key performance 

indicators are not used at all, because the processes are basically uncontrolled, success indicators are used 

in specific areas, at level 2 indicators are used to determine the company's ability to obtain data and process 

information and process efficiency indicators, and level 5 works with key process performance indicators. 

However, as these indicators are relatively complex, there are many relationships between KPIs. In addition, 

it is clear that improving the process in a selected KPI can easily affect other indicators that can be 

mathematically linked or correlated. These interconnections, which create a certain KPI network, are further 

taken into account in the process of designing measures to increase the level of maturity during the process 

of choosing a target indicator. The presented maturity model works with three types of bonds - very strong 

direct/indirect, strong direct/indirect and weak direct/indirect. This network is modeled in the study as a 

weighted graph: each indicator represents a node and the bonds are represented by edges. Edges are 

weighted according to the three levels described with respect to the type of relationship (direct/indirect) with 

other nodes. Thus, for each node, it is possible to calculate its degree, which describes whether the KPI is 

more or less positively linked to the other KPIs. Thus, by reading values in a network of indicators, management 

may choose to focus on those indicators of a higher degree, those whose improvement would have a positive 

impact on most other indicators or those which would have a profound effect on the maturity of the entire 

logistics system. 

Although the authors report considerable benefits of implementing the said logistics process maturity in a 

particular company, it is necessary to mention the main disadvantage of this model, which is mainly its non-

transferability, the impossibility to modify or use it in another company. 

One of the most recent publications in the field of logistics maturity models belongs to Oleskow-Szlapka [18], 

who presented a methodological maturity model framework with a focus on industrial logistics 4.0. The 

designed logistics maturity model 4.0 is based on three dimensions of the model; the evaluation itself is carried 

out in areas pertaining to each dimension: management - investment, innovation management, value chain 

integration; material flow - degree of automation and robotization in warehousing and transport, IoT, 3D 

printing, 3D scanning, advanced materials, augmented reality, smart products; information flow - data-driven 

services, Big Data, RFID, real-time localization systems, IT systems. 

In the evaluation, there are 5 levels determining the level of maturity - ignoring, defining, adopting, managing, 

integrating, including a definition in the basic description of the levels. The main advantage of the presented 

methodological framework is, besides taking into account the 3 basic dimensions of the maturity model, its 

focus on modern technologies. The disadvantage of the proposed model is, above all, its lack of development 

into a form that would allow users to set their own maturity level evaluation criteria. 

4. CRITICAL EVALUATION OF STATE OF THE ART 

Available literature includes studies on the development of individual models of logistics process or business 

process maturity in general, as well as publications seeking to compare individual models, their structures, 

proposed scales and metrics. However, the common denominator of many models is the fact that their practical 

implementation and use in managing and improving logistics processes is very complicated or they make 

searching for missing methodologies with publicly available information an almost impossible task.  

Scientific literature has revealed that although many models of process maturity in general as well as models 

focusing on logistics processes have been developed, it cannot be said that the issue of assessing the maturity 

of logistics processes has been satisfactorily explored. Despite the relatively high number of models, their 

practical utilization happens rather as an exception and is mostly problematic, mainly due to the lack of 

methodology covering model implementation, their excessive vagueness, lack of accessibility or lack of 
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verification in practice. The main identified shortcomings of existing models of logistics process maturity, 

approaches to their creation, practical implementation in business practice or other implications for the creation 

of the maturity model include: 

 The maturity levels of current models are usually very broad and vague, and in most studies their 
definition is not based on empirical research on real logistics processes, but rather on their general 

classification. In most models, maturity levels are discreetly separated, which allows for a relatively easy 

interpretation of the assessment, but only remotely reflects the real situation where maturity levels are 

definitely not clearly defined. 

 The evaluation of process maturity is done by assessing basic general skills of logistics processes, or 

by a rough comparison with theoretical levels of business process maturity in general. Most models 

completely lack a more detailed elaboration of investigated processes. 

 These skills are often assessed only in terms of level of achieved/not achieved or on a general scale of 
maturity (non-standardized to optimized), however, there is no sophisticated system defining skill level, 

which classifies them according to technology level, staff, support system, level progress in a certain 

skill with respect to the way it is being used and at what quality.  

 In most models, the links between skills and indicators are not systematically taken into account, which 

is one of the barriers to their wider practical application. 

 The published studies do not allow the use of the model in practice, mainly because the complete model 

is not part of the study, most of the study is not published or the methodology for using the model is 

missing. 

 Most models with a few exceptions do not take into account more views; dimensions of logistics 
processes, which may include, for example: processes, technology, human capital, level of abstraction, 

etc. 

 The models do not work with varying degrees of abstraction of logistics processes and do not allow the 

evaluation of the maturity of the process at all basic levels of process abstraction - operative, tactical or 

strategic. 

 The models are closed; there is no model providing an update reflecting the development of new 
technologies and developments in the logistics process management or business sectors. Thus, after 

the model is published, it is virtually impossible to update the model by adding up-to-date new skills that 

have emerged or become standard in the industry. 

 Models lack a detailed multiple level evaluation - very simple overview input evaluation, advanced 

evaluation working with a wide set of indicators, including determining their links or a fully-integrated 

evaluation that can be implemented within an enterprise information system or linked to a key indicator 

system, 

 Available models do not include lists of specific recommendations - or a methodology for their 

compilation - that would allow for systematic work to achieve higher levels in individual areas; establish 
a plan for this area of management. Despite the evaluation, further recommended steps can only be 

inferred from the questions used to assess the level of maturity of logistics processes, so it is necessary 

to work with specialists who, based on the evaluation and analysis of logistics processes in a particular 

company, determine the improvement plan and its specific steps. 

 There is no model which would work across various industries and logistics processes. 

5. COMPREHENSIVE LOGISTICS MATURITY REQUIREMENTS 

A critical evaluation of the available scientific literature clearly reveals a research gap in the maturity model of 

logistics processes, which should be filled by further research. The following characteristics explain what the 
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“ideal” maturity model should contain for the successful advancement of scientific research in the research 

area: 

 The maturity levels must be determined on the basis of research into real logistics processes; their skills 
in the enterprise, and must allow the use of the model across sectors while maintaining the informative 

value of the results. 

 The defined maturity levels should account for the reality of the smoothness of transition between them, 

rather than define them as discreetly separated maturity levels. 

 The assessment of the maturity levels should be based on the assessment of logistics process skills 
identified by intensive research in real processes. 

 The skills in question must be evaluated with a sophisticated system in which the skills will be classified 

both in terms of their components and security through technology as well as security through personnel 

and support systems. The system will allow the assessment of the level of the given skill, taking into 

account the methods and the way it is implemented and the quality of implementation.  

 The maturity model must take into account the links between skills across all dimensions of the proposed 

model. 

 The model must include a methodology for using the model in practice and the entire model, including 
the methodology and other parts, must be available to the professional public. 

 The model must account for a wide range of views of logistics processes identified on the basis of 

research in practice; dimensions of logistics processes, which may include, for example: processes, 

technology, human capital, level of abstraction, etc. 

 The maturity model must enable the level of maturity to be assessed at all basic levels of process 
abstraction - the operational, tactical and strategic levels of process management. 

 The maturity model must allow for updates reflecting the development of new technologies and 

developments in the logistics process management or business sectors, for example by adding updated 

skills, best practices or technologies that have emerged or become standard in the industry. All this 

while maintaining the informative value. 

 The maturity model should allow evaluation at several levels of detail, overview input assessment, 

advanced assessment including determining skill links and indicators. It should also be possible to 

integrate the model within the enterprise’s information system, including the link to the key indicator 

system. 

 The model should include lists of specific recommendations and a methodology for their compilation 
that will allow for systematic work to increase the maturity level, establishing a plan for this area of 

management. 

6. CONCLUSION 

The study shows that there are many weaknesses of existing logistics maturity models, approaches to their 

building, practical implementation in business practice or other implications for the maturity model building. 

Only their elimination can help to make these models more objective and comprehensive tool for improving 

logistics performance of industrial companies. The development of such a tool is the aim of future research 

work of the authors of the article. 
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Abstract 

With the development of computers and software products, the importance of the use of quantitative methods 

for managerial decisions has been growing even when it comes to industrial companies. Decision making 

represents one of the most important managerial activities, which managers have to adopt on an everyday 

basis when conducting their work. The importance of the term managerial decisions is strongly linked to the 

fact that the quality and results of the decision processes have a great impact on the efficiency, operation and 

prosperity of industrial companies. Information plays a key role in decision-making processes. They are usually 

perceived as gathering processes and a transformation of input data to output information. A fundamental role 

in the process of gathering and collecting data and in their transformation into information is played by 

managers, whose knowledge, experience and intuition are necessary for making correct decisions. Time 

pressures and the limitation of individual sources hamper a proper search for all data, based on which 

managers can obtain high-quality information for their decisions. Poor-quality information and subsequent 

poor-quality decisions can form one of the reasons for a business failure. The Monte Carlo method represents 

one of the easily applicable computer solution simulation algorithms. The Monte Carlo algorithm is used for 

finding relations among individual quantities, which form a solution of a given explored problem and which 

provide characteristics of random processes that can be reproduced on computers. The objective of this article 
is to demonstrate an example of the use of the Monte Carlo algorithm for optimizing the number of workshop 

maintenance employees. 

Keywords: Management science, optimisation, simulation, Monte Carlo algorithm 

1. INTRODUCTION 

Computer technology has developed enormously during the last two decades. Its development has included 

the area of managerial decisions [1]. Mathematical methods, utilizing computers, have been used ever more 

often for a majority of issues related to managerial decisions. One of the easily applicable computer-solving 

methods is the Monte Carlo algorithm. It is a static stochastic method that uses random (pseudorandom) 

numbers for given calculations [2]. We will show one of its possible uses on an example of optimizing the 

number of maintenance employees for a workshop with 12 machines of the same type. 

2. ASSIGNMENT 

The task is to determine an optimal number of maintenance employees for a workshop with 12 machines of 

the same type. It has been statistically determined that, on average, 2 machines experience 1 defect per shift, 

6 machines have 2 defects per shift and 4 of these machines have 3 defects per shift. The duration of the 

individual defects as a random quantity is governed by the standard probability distribution with an average of 

30 minutes and a standard deviation of 10 minutes. One hour of downtime for a single machine corresponds 

to a workshop loss of 600 CZK. The average hourly wage amounts to 100 CZK/hour. The optimal number of 

maintenance employees should ensure a minimal cost related to the given defect repairs (the cost includes 

wages of the maintenance employees and losses caused by the outages). 
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3. SOLUTION CONSIDERATION 

It is a simple task, the objective of which is to determine the optimal size of the servicing set (number of 

maintenance employees). The following two quantities are decisive for the solution: 

 Intensity of the requirement inputs into the servicing set (machine breakdown rate during a shift) 
characterized by:  
‐ Number of defects during shift “P”, 
‐ Defect duration “x”, 
‐ Moment of the defect occurrence “M”. 

 Service intensity (number of maintenance employees who repair the defects during a shift) “U”. 

Extreme situation: 

 Insufficient number of the maintenance employees: 
‐ Low wages of the maintenance employees “NU”, 
‐ High downtime losses “NP”. 

 Excessive number of the maintenance employees: 
‐ High wages of the maintenance employees “NU” 
‐ Low downtime losses “NP” 

The goal is to determine such a number of the maintenance employees “U” that will result in a situation when 

the cost related to defect repairs during shift “N” (N = NU + NP) is as low as possible (Nmin). 

4. SOLUTION ALGORITHM 

The decisive quantities for solving the given task are random quantities. They acquire various values, 

depending on random effects of several factors. A retrospective statistical analysis came to a conclusion that 

the continuous variable of defect duration “x” can be considered a random quantity, which is subject to the so-

called standard probability distribution law (the “fluctuation” of this quantity is affected by several factors, which 

are not too distinct and mutually 

independent - from the quality of the work of 

the maintenance employees and availability 

of the material and equipment needed for 

the given maintenance activities, to the 

level of the given workshop control system). 

The distribution function of the (standard) 

probability distribution assigns to every real 

number a probability that a random quantity 

“x” acquires a value that is smaller than this 

number (Figure 1). 

        Figure 1 Normal distribution of the function x = f̅ + t*σ 

x - (random) value of the defect duration quantity (min), f̅ - median value (average of the given values) of a standard distribution (min), 

σ - standard deviation of the standard distribution (min), 

t - standard variable f̅ = 30 minutes 

σ = 10 minutes 

The presented stochastic task can be solved by the means of an artificial experiment based on its logical-

mathematical model (see the task solution consideration) [3]. This method represents an artificial simulation 

of probability situations and their assessments - coincidence simulation in compliance with the law, based on 
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which (we assume) coincidences work. This methodology is called a simulation. Its basis and the result of its 

application is a statistical estimation of a probability of a given variant of the progress of real processes, i.e. 

including the given optimal variant [4]. 

The so-called Monte Carlo algorithm plays an important role among the simulation procedures [5]. Statistical 

probability estimations are executed by the means of artificial selections, utilizing certain random mechanisms 

- usually so-called random (pseudorandom) numbers [6]. 

Random numbers - a sequence (set) of statistically independent numbers (no number from the given sequence 

depends on any preceding or following numbers). 

Task solution procedure using the Monte Carlo logarithm 

Simulation of (prediction of the possible) defect duration “x” for 12 workshop machines for each of: 

 2 machines - 1 defect 

 6 machines - 2 defects   statistically determined average per shift 

 4 machines - 3 defects 

By entering the generator of random numbers - in our case, the availability table - we gradually generate  

five-digit numbers (for available five-digit values of the distribution function) that simulate the value  

of the distribution function and the corresponding value of the so-called determinant variable “t” for formula 

x = f̅ + t*σ , where f̅ = 30 minutes, σ = 10 minutes. 

Table 1 Simulation of the number of defects per shift 

 

1) Simulation of the moment of defect occurrence “M” (prediction of the possible). In our case, by entering 

the availability table of random numbers once again, we gradually generate three-digit numbers that 

simulate the moments defects occur for a shift that lasts 0-480 minutes (Table 1). 
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2) Simulation of the defect duration intervals for individual machines during a shift based on the previous 

two steps (simulations). Their well-arranged records, table, diagram of the machine breakdown rate per 

shift (Table 2). 

*x = 30+t*10 (min)                         (1) 

Determining the (prediction of the possible) overall breakdown rate - downtime losses - of all workshop 

machines based on the simulation of the intervals of individual machine defect durations (from step 3) for a 

selected number of the maintenance employees. 

Minimal number of the maintenance employees 

j8]k � ∑ l]8m noNNmN pqm lo l�m porkl]8mN Mms N�]tl �8]k 
89]klmk9kum m8Mnovmm l]8m tqkp �N�]tl pqs9l]ok �8]k                     (2) 

j8]k � wxx
yxz � 1.64, based on which at least 2 maintenance employees are needed per shift 

Maximal number of the maintenance employees j89: is determined by the maximum number of machines 
that are simultaneously experiencing a defect 

j89: in the shift interval of 319 - 324 minutes, 6 machines are experiencing a defect simultaneously j89: is a maximum of 6 maintenance employees 

Table 2 Downtime losses for different numbers of maintenance employees 

 

5. ASSESSMENT OF THE TASK SIMULATION SOLUTION 

Determination of the optimal number of the maintenance employees “Uopt” 

U = cost of the wages of the maintenance employees NU (100 CZ/hour) + downtime losses NP (600 CZK/hour) 

U = NU + NP (CZK) 
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2 maintenance employees: 

NU = 100 x 2 x 8 = 1,600 CZK 

NP = 10 x 209 = 2,090 CZK 

U = 1,600 + 2,090 = 3,690 CZK 

3 maintenance employees: 

NU = 100 x 3 x 8 = 2,400 CZK 

NP = 10 x 93 = 930 CZK 

U = 2,400 + 930 = 3,330 CZK 

4 maintenance employees: 

NU = 100 x 4 x 8 = 3,200 CZK 

NP = 10 x 33 = 330 CZK 

U = 3,200 + 330 = 3,530 CZK 

5 maintenance employees: 

NU = 100 x 5 x 8 = 4,000 CZK 

NP = 10 x 5 = 50 CZK 

U = 4,000 + 50 = 4,050 CZK 

6 maintenance employees: 

NU = 100 x 6 x 8 = 4,800 CZK 

NP = 10 x 0 = 0 CZK 

U = 4,800 + 0 = 4,800 CZK 

6. CONCLUSION 

For the specified assumptions related to the workshop breakdown rate during a shift, the optimal number of 

the maintenance employees from the perspective of minimizing the overall cost related to repairing machine 

defects is 3. The introduction of the Monte Carlo algorithm is particularly worthwhile for repeated, routine 

solutions of standard problems, which includes the optimization of the number of the maintenance employees, 

and for cases when the prepared algorithm can be incorporated into the automated company management 

system. 
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Abstract  

The development of inland waterways transport in Poland is a great chance to relieve road transport, which 

currently accounts for 86 % of transport in Poland, with only 0.4 % for water transport. This is important 

primarily due to the obligations of the so-called White Paper (Roadmap to a Single European Transport Area 

issued in 2011 by the European Commission). The article presents the results of research carried out under 

the TRANS TRITIA project, implemented in an international consortium consisting of cross-border regions of 

three countries: Poland, the Czech Republic and the Slovak Republic. The research concerned the 

construction of scenarios for the development of inland waterways in Poland, taking into account not only the 

requirements of the White Paper, but also the needs arising from the growing needs for the implementation of 

international freight with a significant share of inland waterways. 

Keywords: Inland waterways, structural analysis of development factors, development scenarios 

1. INTRODUCTION 

As a result of many years of investment neglect, Polish inland waterways have lost its importance and 

practically does not exist as part of the transport system. It has been said for a long time that on the map of 

European inland waterways, Polish waterways are so-called "Bottleneck". However, it should be emphasized 

that Polish water routes have great potential from the point of view of international connections and are 
considered for inclusion in the trans-European transport network. To this end, the Act on the ratification of the 

European agreement on the main inland waterways of international importance (AGN) has recently entered 

into force in Poland. The AGN Convention obliges Poland to adapt the main waterways to at least class IV 

navigability. The agreement also indicates ten locations of inland ports of international importance. Currently, 

waterways in Poland, except for short sections on the lower Oder, do not meet the minimum international 

navigability conditions set out in the AGN Convention. Due to the next revision of the TEN-T network in 2023, 

it is necessary to develop and adopt programs for the reconstruction of waterways intended for inclusion in the 

network. The development of such documents requires a broader view and consideration of potential changes 

that may occur in the environment of the country's transport system. The article attempts to develop scenarios 

for the development of inland navigation in Poland in the context of incorporating the main inland waterways 

into the TEN-T network. 

2. METHODOLOGY FOR BUILDING INLAND WATERWAYS DEVELOPMENT SCENARIOS 

Contemporary applications of the scenario method appeared simultaneously in two countries: in the USA and 

France. Two schools have developed in the American centre, i.e. the school of intuitive logics and probabilistic 

modified trends school, while French practice in the field of research on the future allowed to shape the school 

La prospective. The experience of such companies as Shell, SRI, GBN and SAMI Consulting constituted the 

basis for the development of the intuitive logic school [1]. The scenario construction model promoted by this 

school is intuitive in the sense that it is based on the subjective assessment of uncertainty and its possible 

results by recognized experts, but is also logical, formal and requires a structured approach to the construction 

of scenarios [2,3]. 
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Scenario analysis, as part of the methodological toolkit of science-policy interfaces [4], has grown significantly 

over the last two decades [5]. In the opinion of A. Kononiuk [6] in recent years - i.e. since 2003 - the 

development of the scenario method was influenced by, among others publications of such authors as: P van 

Notten et al. [7], R. Bradfield et al. [1], L. Borjeson et al. [8], E. Hiltunen [9], P. Bishop et al. [10], C. Stewart 

[11], O. Saritas and Y. Nugroho [12]. Works of P. van Notten et al., L. Borjeson et al. were mainly devoted to 

establishing the typology and classification of scenarios. R. Bradfield et al. conducted a comparative analysis 

of three main schools of scenario construction. The idea of E. Hiltunen's work was to establish a relationship 

between weak signals, wild cards and scenarios. The purpose of the work of P. Bishop, A. Hines and T. Collins 

was to present all possible script construction techniques that appeared in the literature until 2007. The authors 

presented the usefulness, strengths and weaknesses of the identified 23 techniques, which were then grouped 

into 8 categories. The work of O. Saritas and Y. Nugroho is a proposition of an evolutionary approach to the 

construction of scenarios consisting in mapping the dynamics of variables at a given time [6]. The process of 

creating scenarios is shown in Figure 1. 

 

Figure 1 The process of scenario creation [13] 

Taking into account different approaches to building scenarios, the authors of the article adopted a 

methodology consisting of five stages: 

1) Preparatory stage - at this stage the current state of inland waterways in Poland and the potential for its 

future development have been presented; at this stage, key actors (stakeholders) were also identified 

in the area under study; 

2) Identification of factors determining variants of environmental behaviour - at this stage, factors affecting 

the development of inland waterways in Poland were identified; to check the interactions between the 

identified factors, an interaction matrix was used to assess them on a network; this approach has 
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identified factors that can be used as levers for the development of inland waterways; at this stage, IWT 

experts were involved in identifying interactions between different impact factors;  

3) Identification of key factors and the strength of their impact on the development of inland waterways - 

at this stage, statistical processing using the MICMAC program was used to identify key factors.;  

4) Scenario development - at this stage, the identified factors recognized as levers for the development of 

inland waterways were compiled with the behaviour of stakeholders, obtaining consistent scenarios for 

the development of inland transport. 

3. SCENARIO ANALYSIS 

Scenarios for the development of inland waterways in Poland were prepared on the basis of the methodology 

presented in point 2. The preparatory stage regarding the determination of the current state of inland navigation 

is presented in the article [14]. The next stages of scenario construction are presented in sections 3.1. up to 

3.3. of this article. 

3.1. Identification of factors determining environment behaviour variants 

Based on extensive literature studies and research conducted 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, Table 1 presents a list of 20 factors that have potential impact on the 

development of inland navigation in Poland. 

Table 1 Factors affecting the development of inland waterway transport in Poland [own study]  

Factor 
No. 

Name of the factor 

1 Shaping the integrated transport structure in the country 

2 Financing transport development from national and 
European Union funds 

3 Increasing demand for transport services 

4 Having active production potential in the industry of 
modern means of transport and ITS 

5 Decapitalization of infrastructure fragments in inland 
waterway transport 

6 Fragmentation of activities in the field of inland 
waterway transport development and lack of support for 
initiatives in this respect undertaken by national and 
local authorities 

7 Weak position of the country in obtaining EU funds for 
organizational and infrastructure solutions in the field of 
inland navigation 

8 Decapitalization of assets of inland waterway transport 
operators 

9 Expenditure on R & D, the effect of which will lower 
costs of development of transport systems and their 
services 

10 Energy-saving technologies in transport, causing a 
technological breakthrough and changing the market: 
alternative fuels, hybrid drives, hydrogen engines 
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11 Adaptation of waterways to international navigability 
classes 

12 Favourable arrangement of waterways from the point of 
view of the flow of freight streams (connection with 
Western Europe waterways and seaports) 

13 Implementation of the river information system 

14 Complementarity of the level of development of inland 
waterways infrastructure with the development of flood 
protection investments; production of energy from 
renewable sources; improvement of water relations 
(agriculture, industry, population) 

15 Increase in congestion; environment pollution; high 
accident rate in freight and passenger transport 

16 Implementation of the system of preferential subsidies 
strengthening the position of inland waterway transport 
in freight and passenger transport 

17 Policy promoting water and intermodal transport 

18 Formulated programs for the development of inland 
waterways and the degree of their implementation 

19 The river with railway infrastructure connection 

20 Increase in expenditures on transhipment infrastructure 
and improvement of port warehouse facilities (including 
the planned Terminal in Szczecin and Świnoujście; 
Logistics centre in Gorzyczki, etc.) 

The factors listed in Table 1 were evaluated by 15 experts who are members of the project steering committee 

and also responsible for inland waterway management. Each factor was scored on the following scale: "0" 

meant no effect, "1" weak effect, "2" medium effect, "3" strong effect between two factors. Table 2 shows the 

median rating values for each factor. Calculations related to the structural analysis of factor influences were 

made using MICMAC software. The program is available for free download on the "La Prospective" website 

edited by M. Godet [15]. The results of the program help to group variables and identify those with the greatest 

impact - key factors that exert a strong influence on other factors and at the same time strongly depend on 

other factors. 

In addition, structural analysis allowed the isolation of the following groups of factors: objective factors, result 

factors, auxiliary factors, decisive factors (motors and brakes), external factors, regulating factors and 

autonomous factors. 

3.2. Identification of key factors and the strength of their impact on the development of inland 
waterways 

Key factors combine high impact with a high degree of dependence. The "goals" factors are those that change 

more by themselves than others. They represent the possible goals of the examined system. Dependent 

factors / results are characterized by low impact and high dependence on other factors. They are particularly 

susceptible to changes in critical and key factors. The decisive factors (determinants) are those that exert a 

very strong influence on the system, i.e. driving and braking factors, but are difficult to control. Regulatory / 

ancillary factors have little impact on the system, but may be helpful in achieving strategic goals. Autonomous 

factors show the least impact on changes occurring in the system as a whole, and external factors are 

characterized by a less significant impact on the system than the impact of determinants, but more than the 

impact of autonomous variables. At the same time, the impact of the system on these variables is small [16]. 
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The conducted structural analysis, which was based on a matrix of direct influences, allowed the identification 

of six key factors: shaping the integrated transport structure in the country (1), decapitalization of infrastructure 

fragments in inland waterway transport (5), expenditure on R&D, which will result in lower costs of shaping 

systems transport services and their services (9), a policy promoting water and intermodal transport (17), 

formulated programs for the development of inland navigation and the degree of their implementation (18), 

linking river infrastructure with rail infrastructure (19). The results of the analysis are presented in Figure 2. 

Table 2 Matrix of Direct Influences (MDI) [own study]  

 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

1 0 0 1 3 3 0 1 0 0 3 3 3 0 3 1 3 2 3 1 2 

2 3 0 1 2 2 3 3 0 3 3 3 2 3 3 3 2 2 0 3 1 

3 2 2 0 3 3 3 2 3 0 3 3 3 2 2 3 1 1 3 0 1 

4 2 0 2 2 2 0 1 0 0 2 2 2 3 3 0 0 2 1 0 0 

5 2 1 1 3 3 0 0 3 1 3 1 3 3 2 0 0 1 3 0 2 

6 2 1 0 3 3 0 3 0 3 3 3 2 3 0 2 0 3 3 3 3 

7 3 3 0 1 3 1 3 3 0 3 0 3 3 2 3 0 0 3 0 0 

8 2 0 0 0 3 0 3 3 3 3 2 0 0 0 0 0 0 3 1 3 

9 3 0 2 3 1 3 0 1 0 3 3 0 0 3 2 2 2 0 2 0 

10 2 2 1 2 2 3 2 0 0 2 2 1 3 0 0 0 0 0 2 2 

11 3 0 3 3 3 2 0 1 0 3 3 2 2 1 0 3 3 0 1 3 

12 3 0 3 3 3 2 0 0 0 3 3 0 2 3 3 0 3 0 3 2 

13 2 0 1 1 0 2 0 0 0 2 0 0 2 1 0 0 0 0 0 0 

14 0 2 1 3 3 0 2 2 0 0 0 1 2 3 0 1 0 0 0 0 

15 3 2 0 3 3 3 0 0 0 3 1 0 2 2 1 0 0 0 0 1 

16 1 0 3 3 3 2 2 2 1 2 3 2 1 1 0 0 1 0 0 0 

17 3 2 3 0 3 2 3 2 0 3 3 0 2 3 3 3 3 0 3 3 

18 3 3 2 3 0 2 3 1 0 3 3 0 3 3 3 3 3 0 3 3 

19 3 1 3 3 3 2 2 1 0 0 3 1 2 2 0 3 2 0 1 2 

20 1 0 0 2 2 2 2 0 0 3 0 1 2 2 0 2 2 1 2 0 
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Figure 2 System grid to visualize the interaction pattern of relevant influence factors [own study] 
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3.3. Preparation of scenarios for the inland waterways development  

The key factors identified in the structural analysis became the basis for determining the following variants of 

inland waterways development scenarios: optimistic scenario, realistic scenario, stagnation scenario, 

pessimistic scenario. Table 3 presents an assessment of the behaviour of key factors in individual scenarios.  

Table 2 Assessment of the behaviour of key factors in individual scenarios for the development of inland  

              waterways [own study]  

Scenario/ 

Key factor (change trend) 

Dynamic growth 
(optimistic 
scenario) 

Stable/ 
sustainable 

growth (realistic 
scenario) 

No changes 
(stagnation 
scenario) 

Divergence of 
needs and 
possibilities 
(pessimistic 

scenario) 

Shaping the integrated transport structure 
in the country  

  
 

Decapitalization of infrastructure 
fragments in inland waterway transport   

 
  

Expenditure on R & D, the effect of which 
will lower costs of development of 
transport systems and their services 

  
  

Policy promoting water and intermodal 
transport 

    

Formulated programs for the 
development of inland waterways and the 
degree of their implementation 

    

The river with railway infrastructure 
connection   

  

 increase ;   unchanged;      decrease 

The optimistic scenario assumes an increase in factors related to shaping the integrated transport structure of 

the country, with simultaneous increase in R&D expenditure, which will result in lower costs of shaping 

transport systems and their services. In addition, the optimistic scenario assumes an increased focus on 

shaping policies that promote water and intermodal transport as the implementation of inland waterway 

development programs increases. In addition, there is a need to increase links in river infrastructure with rail 

infrastructure.  

In the realistic scenario, with the unchanged integrated transport structure in the country and the lack of 

changes in the scope of links between river and rail infrastructure, there will be an increase in R&D expenditure, 

which may result in lower costs of shaping transport systems and their services. Political and economic 

conditions conducive to the development of shipping are also assumed, and new inland navigation programs 

will be formulated, increasing the degree of implementation of infrastructure and organizational projects in this 

area. 

The stagnation scenario assumes that the country does not keep up with the opportunities created by the state 

and European Union institutions for financing the development of inland navigation; the result of this situation, 

e.g. the lack of projects, may be insufficient application for financial support for inland waterway transport 

projects. The effect of this state of affairs may be an increase in the decapitalization of infrastructure fragments 

in inland waterway transport. 
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In the pessimistic scenario, assuming slow economic development, small investments in transport 

infrastructure, poor policy promoting inland waterway transport and the lack of programs for inland waterway 

transport, there will be a decrease in R&D expenditure and a significant increase in decapitalization of 

infrastructure fragments in inland waterway transport, which will further reduce the share of shipping inland 

freight transport in Poland. 

4. CONCLUSION 

Many problems of the development of inland waterway transport in Poland result from the fact that the low 

share of this branch of transport in servicing transport needs is identified with its marginal significance in the 

Polish transport system. The rank of this branch in Poland is often underestimated, while the specificity of 

inland waterway transport means that its development opportunities are related to natural conditions, which 

often results in the lack of a relationship between the share of this branch in servicing transport needs and its 

actual role on individual markets. It should be strongly emphasized that in Poland, inland waterway transport, 

regardless of the low share in servicing the total transport needs, can play a very important role in selected 

market segments. 
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Abstract 

Maritime transport is still one of the most important sectors of transport for large volumes of transported goods. 

The existing solutions allow on the one hand a high degree of flexibility in the use of this type of transport and 

on the other hand establish common standards through the use of containers. Maritime container transport is 

exposed to many risk factors that can have a significant impact on the safe conduction of transport services. 

Problems in maritime transport affecting particular the proper implementation of intermodal transport 

processes. The safety of each stage of the maritime transport services and formal or legal procedures related 

to the compliance of established rules and safety standards may determine the efficiency and effectiveness of 

logistics processes of many companies, especially those which operate on an international scale. Delays as a 

result of failure, unit grounding or loss of cargo are implied by a number of factors that can be avoided when 

the safety management principles are respected. The aim of the article is the presentation of safety rules for 

maritime freight transport and initial identification of the main risk factors in the process. 

Keywords: Maritime transport, security, containers, risks 

1. INTRODUCTION 

Shipping by sea is often underestimated. It is considered to be slow and to require dedicated and complicated 

infrastructure, as well as highly specialized staff at its every stage. However, it should be remembered that the 
unit cost of maritime transport decreases with the increase of the size of a one-off batch, and that is why it is 

often used. Transport of goods by sea is regulated by a number of legal rules, the fulfilment of which is 

mandatory in order to ensure the safety of items placed on a ship and of the crew who service the operation 

or the ship. The international character of maritime freight transport means that it is necessary to introduce 

regulations and standards of a supranational character that will be observed by all participants of the 

transportation process [1]. Such an approach significantly reduces the disruptions and risks that may arise in 

both the organizational and implementation realms. This article presents the main regulations currently in force 

in maritime freight transport and refers them to the container-based method, which is the most common. In 

addition, an attempt was made to identify and classify the risks which may occur in maritime freight transport. 

These factors will be the subject of further development of the concept of a risk management system in 

maritime freight transport. 

2. THE LEGAL ASPECTS OF ENSURING SAFETY IN MARITIME TRANSPORT 

Transport of goods by sea is important for the development of the world economy. Sea routes not only play an 

important role in the process but also influence international relations. Therefore, all accidents and conflicts 

that occur in the seas and oceans are not only a matter of one country, but often become the issue of the 

international political and economic situation [1,2]. It is not possible to eliminate hazards and factors that affect 

the safety of maritime transport completely. However, those accidents and catastrophes were  the catalyst for 

introducing changes within the maritime transport safety rules, which focused mainly on the principles of 

navigation, selection of ship equipment, its construction and operation [3]. Despite the continuous 

implementation of new regulations aimed at reducing or eliminating the number of threats which may arise 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

194 

from maritime transport, disasters still occur and result in loss of life, destruction or loss of transported cargo, 

and therefore still require further improvement [1,4]. 

Maritime safety can be defined as the persistent state of nautical conditions, which is above the approved 

acceptable level, provided that these conditions result from direct navigation and directly affect human activities 

at sea. The safety of maritime transport can be divided according to the areas it covers under its protection [3]: 

 health and safety of people, 

 personal safety, 

 environmental protection, 

 safety of life at sea (e.g. piracy), 

 elements included in the land infrastructure and technical equipment of the ship. 

With regard to the characteristics of maritime transport, the scope of these conditions also includes issues of 

protection of marine environment from pollution [5]. The international nature of maritime transport, i.e. a  

situation in which ship crew, insurers, port operators, pilots and other entities involved in the logistics processes 

are not associated with the flag flying on the ship, enforces harmonization of legal regulations related to 

maritime safety. For this purpose, among others, the International Maritime Organization (IMO) has been 

established, which is designated for global shipping safety. IMO's legislative activities have allowed for the 

conclusion of a number of conventions aimed at increasing the level of maritime safety in transport and at 

protecting the aquatic environment [6]. It should be taken into consideration that maritime transport is regulated 

by laws and rules issued by state legislative bodies, and above all, through international bodies which 

supervise the safety of transported goods, human life and ecological issues. The most important international 

bodies regulating the areas of maritime safety include the International Maritime Organization, which is an 

entity acting for the United Nations. The main task of this organization is to prevent maritime accidents, to 

protect the aquatic environment, to ensure the safety of personnel associated with maritime transport [6,7]. 

The International Maritime Organization is responsible for enforcement of the International Convention for the 

Safety of Life at Sea (SOLAS), the most important and overarching treaty which regulates maritime safety. 

Chapter XI-2 of the SOLAS Convention on special measures to enhance maritime safety includes the 

International Ship and Port Facility Security Code (ISPS), which is a mandatory instrument for all countries 

party to the Convention. The organization has developed and introduced international collision laws and a 
number of necessary standards for seafarers. Moreover, it developed conventions and codes related to 

facilitation of maritime traffic, search and rescue operations, levels of load lines and rules for transportation of 

dangerous goods. The Maritime Safety Committee is the IMO's main technical body for safety-related matters 

[1,6,7]. Figure 1 shows the cooperation and inter-dependence of participating entities that shape maritime 

safety. 

The International Safety Management Code (IMS) is a set of rules developed by IMO in order to organize the 

administration of safety issues at sea and protection of its environment. The purpose of the code is to 

implement uniform global standards, guidelines and procedures for safe operation of entities. At present, the 

implementation of the provisions of the IMS Code is mandatory for all owners of maritime vessels [8]. The IMS 

Code regulates safety issues related to the means of transport, i.e. vessels and their owners, whereas the 

European Maritime Safety Agency (EMSA) addresses safety issues related to linear and nodal infrastructure 

[5]. 

Based on the general provisions related to the captain's obligations and rights, it can be concluded that from 

the moment of loading the goods onto the ship, all responsibility for its safety, which is associated with 

transporting it intact, and as a result of meeting the terms of the contract, is transferred to the captain of the 

transport vessel. Therefore, any oversight, failure to comply with obligations or a decision which circumvents 

the basics of safe navigation and transportation of goods may result in legal sanctions imposed successively 

on the captain of the ship and then on his employer, i.e. the shipowner. 
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Figure 1 The cooperation and inter-dependence of participating entities in maritime safety [3] 

3. MARITIME CONTAINER TRANSPORT  

Maritime container transport is part of intermodal transport [9]. In this case, the loading units are various types 

of containers, and means of transport include, apart from cars, also railways and/or container ships. Seaports 

serving container ships have to be highly specialized transhipment points. While transporting loads of such a 

great scale, it is important to provide adequate infrastructure to ensure the efficiency and safety of the process 

which uses container ships [10,11]. 

Containers used in maritime transport are unified structures, which leads to standardization of container 

dimensions and significantly accelerates and improves transhipment processes between different modes of 

transport. According to Drewry Maritime Research, the global number of shipment containers is over 33 million 

TEU (twenty-foot equivalent unit), 93 % of which are dry containers (both standard and special), and the 

remaining 7 % are refrigerated and tank containers [10]. The entity responsible for initialization and supervision 

of documents and issue of legal acts regarding containers is the International Organization for Standardization 

(ISO) [12]. The dimensional data on containers is shown in Table 1. 

Table 1 Series of standard containers according to ISO standard [11,12] 

Type Measure Length Width Height Capacity (m3) Weight (t) 

1A 
feet 

meters 

40 

12.90 

8 

2.43 

8 

2.43 

- 

61.0 

- 

3.0 

1B 
feet 

meters 

30 

9.12 

8 

2.43 

8 

2.43 

- 

45.5 

- 

2.0 

1C 
feet 

meters 

20 

6.05 

8 

2.43 

8 

2.43 

- 

30.0 

- 

2.0 

1D 
feet 

meters 

10 

2.99 

8 

2.43 

8 

2.43 

- 

14.3 

- 

1.2 

1F 
feet 

meters 

5 

1.46 

8 

2.43 

8 

2.43 

- 

7.0 

- 

1.0 
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The most popular containers as far as the type of transported cargo is concerned are: standard containers, 

with an open roof and/or side, tunnel containers, refrigerated containers and tanks [11,12]. 

Seaports and devices which enable container transhipment between various means of transport and the 

container ship are further elements of the maritime container transport infrastructure. Table 2 presents the 

largest ports in the world based on the number of containers shipped. 

Table 2 Largest ports in the world in terms of loading tonnage (mln TEU) [14] 

Harbour 2012 2013 2014  2015 2016 

Szanghaj (CN) 32.53 33.62 35.29 36.54 37.13 

Singapur (SG) 31.65 32.60 33.87 30.92 30.90 

Shenzen (CN) 22.94 23.28 24.03 24.20 23.97 

Ningbo-Zhoushan (CN) 16.83 17.33 19,45 20.63 21.60 

Busan (KR) 17.04 17.69 18.65 19.45 19.85 

Hongkong (CN) 23.12 22.35 22.23 20.07 19.81 

Guangzhou (CN) 14.74 15.31 16.16 17.22 18.85 

Qingdao (CN) 14.50 15.52 16.62 17.47 18.01 

Jebel Ali, Dubaj (IN) 13.30 13.64 15.25 15.60 15.73 

Tianjin (CN) 12.30 13.01 14.05 14.11 14.49 

Klang (MY) 10.00 10.35 10.95 11.89 13.20 

Rotterdam (NL) 11.87 11.62 12.30 12.23 12.38 

The following types of container ships which can be distinguished in maritime transport due to their dimensions 

are presented in Table 3.  

Table 3 Size breakdown of container ships [15] 

Type Capacity (TEU) Length (m) 
Overall 

width (m) 
Displacement 

(m) 
Description 

Ultra Large 
Container 

Vessel 
(ULCV) 

14,501 
and bigger 

366 
and longer 

49  
and longer 

15.2 
and longer 

Ships 400 m long, 59 m wide, 14.5 m 
submerged and 18 270 TEU in 

tonnage, Maersk Triple E ships may 
pass through the Suez Canal 

Nowy 
Panamax 

10,000-14,500 366 49 15.2 Ships bigger than Panamaax class. 
Due to their size they are not able to 

pass through the old locks of the 
Panama Canal. 

Post-
Panamax 

5,101-10,000 366 49 15.2 

Panamax 3,001-5,100 294.13 32.31 39.5 
Size of ships limited to the original 
dimensions of the Panama Canal 

locks [15]. 

Feedermax 2,001-3,000  Container ships, smaller ones used 
mainly to transport containers over 

shorter distances. Feeder 1,001-2,000 

Currently operating container ships have an average capacity of about 10,000 TEU, which gives significant 

possibilities to carry a large amount of cargo with only one unit. Annually, ships transport around 120 million 

containers, shaping the global turnover to be counted in billions of US dollars [9]. 

Maritime container transport requires well-developed port infrastructure as well as availability of other modes 

of transport. The port area must provide properly prepared water areas to manoeuvre, dock and load vessels. 
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In addition, the ports used for loading container ships must have appropriate facilities for fast and safe loading 

and unloading of goods.  

4. IDENTIFICATION OF RISKS IN MARITIME CONTAINER TRANSPORT 

Maritime container transport is exposed to many risks that can have a significant impact on the implementation 

of the transport contracts. For the purposes of this article, these threats were divided into internal and external 

categories. Internal factors include all deficiencies or irregularities which result from negligence caused by 

human factors, loading errors, inappropriate crew training as well as technical specifications of the ship or 

transported containers. Identification of risk factors which result from internal threats is carried out by analysing 

the process of loading and unloading the vessel, as well as technical issues related to the ship that may affect 

safety. Loading and unloading are important logistics processes for intermodal container transport. In the 

world's largest ports, container handling is carried out under time pressure, which is prone to accidents and 

irregularities [5,8,11]. This translates into destruction or damage of the cargo, as well as threats to the port 

service crew. It should be emphasized that among the possible causes of disasters or marine incidents, human 

error plays the largest part. The technical status, the design of the vessel and its maintenance record form 

another group of internal factors that affect the safety of maritime container transport. The ship must comply 

with the highest safety standards and should be subject to regular checks aimed at detection of any deviations 

from the required standards, which could help to prevent future disasters. The ship's superstructure, which is 

usually of large volume and mass, constitutes a significant percentage of the weight of the whole ship. 

Therefore, its proper location and design is paramount. Incorrect distribution of the centre of gravity can 

negatively affect the stability, and thus the safety of the vessel. In addition, cargo hold structures are considered 
to be important elements of the ship structure which determine transport safety. The correct design, placement 

and capacity of the cargo hold has an impact on the stability of the ship and its behaviour during bad weather 

conditions. Failures of the vessel and its instrumentation are a significant, though less frequent, reason for 

marine incidents. Failure of the engine, control systems or other infrastructure elements may have serious 

consequences, including those that can completely immobilize the unit or cause a major catastrophe [16]. 

External threats that affect the safety of transported goods are those whose occurrence results from the direct 

influence of factors that are not within the power of the shipowner and/or of the crew or the technical condition 

of the vessel. Here, we can include the group of external risk factors in maritime transport, including all issues 

independent of the human error factor. The group of external factors can be divided into the following 

categories [17]: 

 hydrometeorological factors - i.e. all phenomena which occur in the atmosphere, i.e. weather conditions 

in which the transport takes place, 

 geographical conditions - topography (seabed, bays and straits) in which the ship moves, 

 navigation conditions - indirectly related to hydrometeorological factors in which the vessel moves, 

 terrorism - all acts of terrorism and piracy which may take place in the international waters. 

Maritime container transport is exposed to these factors, and one of the means of early warning against their 

occurrence is the use of security systems that are aimed at an improvement of accuracy in navigation, 

monitoring and prevention of unwanted incidents which may arise along the entire shipping route [3,13]. Safety 

management systems are currently based mainly on electronic methods of data exchange between various 

entities involved in the organization and implementation of maritime transport. 

5. CONCLUSION 

Enforcement of safety of maritime transport is a problem of international importance. Threats to maritime 

transport can be systematized and recognized in various areas, yet they are mainly of a cognitive nature. 

Legislative activities are aimed at increasing the level of transport safety. For the efficient and effective 
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implementation of sea freight transport processes, it is important to identify and evaluate risk factors so that 

procedures can be prepared on that basis which will ensure rapid action to be undertaken in order to minimize 

potential risks.  
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Abstract  

RFID technologies are important in the collection of separate waste. The approach to waste management 

should be changed for the better by using RFID from landfill to recycling. This paper presents the use of RFID 

in waste management, theoretical background, design and application creation. The theoretical background 

deals with waste management, waste collection and RFID technology. The proposal addresses the issue of 

waste management and placing RFID chips in individual collection containers. The main criteria of the 

proposed application are the type of waste and weight. The application of RFID chips to collection containers 

should not only increase the interest in recycling, but also the percentage of recycling households in Slovakia, 

which is in 2019 in critical values.  

Keywords: RFID technology, recycling, waste management 

1. INTRODUCTION  

Landfilling is the most common way of disposing waste in Slovakia. Since Slovak legislation is also obliged to 

comply with European Union legislation, separate collection of waste and its subsequent recovery is 

increasingly promoted in Slovakia. An important factor is the composition of mixed municipal waste, such as 

the proportion of individual components in unseparated mixed municipal waste. Based on the research, the 

yield of separate collection of individual types of waste in the given municipality can be estimated. It is also 
important to define the composition of other flows of municipal waste, in addition to the separately collected 

fractions, also large-scale waste, garden waste and the like. On this basis, the first material analyses of 

municipal waste or mixed municipal waste began to appear in Slovakia at the end of the 1990s. By comparing 

and analysing the results obtained in terms of both time and area, it is possible to show that the results 

achieved have little informative value and are of little use. The reasons for this are: 

 inconsistent methodology of analysis, 

 inconsistent sampling and preparation system; 

 different social structure of analysed population, 

 different quantities and types of containers for collection points, 

 very rapid development of production and consequently the supply of products on the market, which 
has a qualitative and quantitative impact on municipal waste [1]. 

2. POSSIBILITIES OF USING RFID TECHNOLOGY IN WASTE MANAGEMENT  

The use of recycling is expected as a result of the use of RFID technology. The approach to waste 

management should change positively depending on the use of RFID technology. The current situation of 

waste management is characterized by landfilling, as evidenced by a survey of the Slovak Environmental 

Agency, which has been carried out since 2010 and is presented in Figure 1. New technologies offer broad 

opportunities for streamlining recycling processes and monitoring product life cycles. One of the new 

technologies is Radio Frequency Identification (RFID), which currently extensively interferes with modern 

manufacturing and retail chains worldwide [2]. RFID technology can also be effectively used in waste 

management. The widespread use of this technology has been largely contributed to by the so-called EPC 
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coding. The EPC has been designed to use an unlicensed wireless protocol, allowing essential parts of the 

system to be constructed without the need for licensing or renting third party intellectual property. It is able to 

respond flexibly to changes in demand, which is its main advantage over traditional identification technologies. 

RFID technology consists of an evaluation unit and a wide range of tag tags that include an electronic circuit 

and an antenna [3]. 

 
Figure 1 Waste disposal by code 

2.1. Concept of using RFID technology in waste management  

The proposed concept consists of 2 stages of application of RFID technology in waste management: 

 RFID application for municipal waste collection; 

 Labelling of specific RFID outputs. 

2.1.1 RFID application for municipal waste collection 

The use of RFID enables an 

improved support for 

recycling, while increasing 

the efficiency of waste 

management in cities and 

municipalities throughout 

the country. For better 

citizens' motivation, it is 

possible to use RFID 

features, which reliably 

identify containers and thus 

bring new possibilities for 

obtaining data regarding 

recycling. One way of 

remunerating these citizens 

may be to partially reduce 

the waste collection fees 

[4]. One of the applications 

of RFID technology is to enable the replacement of waste containers, which means the collection of full 

Figure 2 Intelligent monitoring of waste exports 
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containers and the distribution of empty containers. Another possibility for an active use of RFID technology is 

an application of precise planning for the transport routes of waste disposal vehicles. 

2.1.2 Labelling of specific RFID outputs 

Each household will be assigned an ID number written on RFID tags attached to collection containers. These 

will work on the high frequency UHF tag. Subsequently, the waste collection vehicles with RFID readers pass 

through the city. The tag indicates that the municipal waste collection container is full and then the waste 

collection vehicle captures the tag. The tag determines the amount of waste as well as the residence based 

on the assigned ID. By determining the amount of recycled waste produced monthly in each household, 

individual households receive a discount on the collection fee. Waste collection vehicles should be considered. 

The described system is presented in Figure 2. 

3. RFID SOLUTION FOR MUNICIPAL WASTE DISPOSAL  

The automatic information collection regarding the municipal waste disposal container can be a very useful 

indication. The advantage for the customer is that he pays for genuine services as well as for service providers 

who have no problem of demonstrating performance. Ideally, the location and time of the discharge mechanism 

triggering is recorded along with the container identifier [5]. This makes it possible to record and clearly 

document the waste disposal vehicle movement, the number of waste disposals, the number and type of waste 

containers as well as other operating data. 

 
Figure 3 Placing RFID chips on disposal containers 

Barcodes or contactless RFID tags can be used to identify disposal containers. These allow readings without 

direct visibility over a relatively long distance, and are therefore suitable for fully automatic identification without 

any human intervention as shown in Figure 3 [6]. 
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4. DESIGN OF RFID TECHNOLOGY SOLUTIONSFID SOLUTION FOR MUNICIPAL WASTE 
DISPOSAL  

Each waste disposal container is equipped with an RFID tag that has a unique number. This is assigned to a 

specific customer in the central database. The waste disposal vehicle is equipped with an RFID scanning 

system that is set up to read the RFID tag of the waste collection container or container when it is being 

emptied [7]. In combination with sensors that detect the physical movement of the mechanism, it is possible 

to compare the number of containers being emptied with the number of actually read codes and immediately 

identify the damaged / missing RFID tag or unauthorized dumping. The RFID reading itself is performed by an 

industrial reader with adjustable power and specially adapted antennas. 

The data and software are located on an industrial PC with high durability since everything is located on the 

outside of the vehicle body with operating temperatures coincident with the external environment Figure 4 [8]. 

Upon arrival at the base station, the data is automatically transferred via the WiFi network to the central server. 

The system is ready to record GPS coordinates of waste dipping and instantly transfers data over the GPRS 

network. The time of waste tipping and the unique EPC code from the RFID tag memory are transmitted. The 

data is transferred to the parent system used (usually the billing system) or to the database system. The system 

is used to view and calculate statistics. It is also possible to provide data to other applications. In normal 

operation, the vehicle operator may be provided with replacement RFID tags that may be used in the event of 

a damaged or missing tag. This will then be manually edited with the appropriate customer. By automatically 

identifying the waste containers, it is also possible to obtain information and evidence on the frequency of 

emptying the containers or on the efficiency of their deployment. Such information helps to optimize the number 
and location of collection points and also helps to draw out suitable routes for waste disposal vehicles [9,10]. 

This data can either be sent to the host computer in online mode or the data can be collected on-board and 

evaluated later. The offline option saves costs associated with mobile carrier data services that record track, 

consumption, and other traffic data. 

 

Figure 4 RFID for waste disposal vehicle 
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Benefits of the solution for towns and villages [11]: 

 Overview of exported waste volumes from individual payers. 

 Possibility of charging waste payments according to actually disposed waste. 

 Reducing the total amount of unseparated solid municipal waste for the whole municipality and thus 
reducing payments for its transport, disposal or landfill. 

 A tool for targeted separation support. 

 Tool for passportization, inspection and inventory of waste containers. 

 A tool for the rapid identification of irregularities in the waste registration and export process, which 
enables their targeted and prompt correction. 

Benefits of the solution for waste exporters [11]: 

 Relevant basis for objective billing to the municipality - list of exported containers - documented volume 

of waste per billing period. 

 Transparency of operations, which minimizes the need to resolve complaints from the municipality as 
well as complaints from the payers (citizens and organizations). 

Benefits of the solution for payers (citizens and organizations) [11]: 

 The solution provides an information portal on the status of container exports. 

 Possibility of direct settlement of payments for municipal solid waste according to the actually exported 

volume from individual payers. 

 Flexibility of waste disposal - the payer does not need to be bound exclusively by a flat-rate fees. Waste 
export and disposal services may be charged according to the amount of waste actually produced and 

exported [12]. 

5. CONCLUSION 

The success of waste separation is currently variable and depends on the specified criteria for each individual 

location. Recycling capacities of secondary raw materials are sufficient in Slovakia, but the weak point is the 

optimum method of separate waste collection. Automation and technology are on the rise in all sectors, also 

in the waste collection and recycling [13]. RFID technologies are intended to increase the interest not only in 

the field of recycling, which is also related to the issue of concern for care and improvement of the environment. 
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Abstract 

Analysis of factors affecting supply chains have been studied in the heavy industry sector. Determinants 

affecting the transformation of supply chains apply to each area of the business entity's operations. Starting 

from the closest surrounding of links in the supply chain, through social conditions, ending with the geopolitical 

situation of the world and globalization processes. The table described in the article presents the factors 

affecting supply chains. Social factors are extremely important in the global supply chain, because at different 

stages of the activity the supply chain can be serviced by extremely culturally different employees. The location 

of each element of the supply chain and its access to the communication infrastructure is another important 

issue. The operation of global supply chains depends not only on national legal and tax conditions, but also 

on international legal, tax and customs norms. The situation on global markets directly affects the functioning 

of supply chains. The supply chain is also transformed due to currency fluctuations and inflation. The pressure 

of international organizations on environmental protection is also becoming increasingly important in this area. 

Factors affecting economic entities in this article apply to enterprises operating in the heavy industry sector. 

The factors that were selected in the research were presented in the form of dependence graphs. This allowed 

for a thorough analysis of the links and impacts between factors and entities involved in the flow of goods in 

the heavy industry sector. 

Keywords: supply chain, heavy industry sector, transformation of supply chains, Determinants affecting the 

transformation of supply chains 

1. INTRODUCTION 

Observing the changes in the business environment over recent years, one can notice the growing impact of 

globalization, digitization and dynamically changing technologies on supply chains and business entity 

management. Today's supply chains are transforming into networks operating not only in the real world and 

cooperating with real entities, but the growing share of supply chain management is moving into the virtual 

sphere. Due to technological trends or the Internet of Things, virtual reality is increasingly affecting the real 

aspects of supply chains. Therefore, the transformation of supply chains is primarily associated with the 

development of digitization as well as technology and mechanics. 

The economic and industrial evolution has also influenced changes in supply chains, which primarily relate to 

its goals, substance and participants. Differences in the interpretation of supply chains also translate into the 

scope of functioning and goals of cooperation of supply chains. The most accurate wording defining supply 

chains include the subject structure, the object of flow, purpose, functional scope and areas of cooperation of 

entities participating in the flow of goods and services [1]. The supply chain can be defined as an economic 

network consisting of a network of enterprises that create exchanges of resources to obtain property benefits 

along with lowering costs and increasing competitiveness [2,3]. 

2. PROCESS OF TRANSFORMATION OF SUPPLY CHAIN 

Supply chains are structures susceptible to external factors, and thus favor the creation of conditions for 

transforming the structure of the supply network. Supply chains are primarily focused on achieving specific 

economic, organizational and quality goals, are influenced by the cost reduction paradigm and increased 
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benefits for the final customer. These elements can be achieved by transforming a smaller or larger part of the 

supply chain without having to implement radical changes. An important element in supply chain management 

is the two-way flow of goods and information. Changes in this area are very dynamic and have a direct impact 

on the transformation of supply chains. Supply chain transformation must be preceded by accurate data as 

well as qualitative and quantitative indicators. The use of accurate performance, efficiency and quality 

indicators for the supply chain enables the development of an appropriate transformation strategy for the 

logistics network and provides basic data on the supply chain [4,5]. Based on the analysis of the heavy industry 

sector in 2016-2019 and research on the supply chains of nine companies operating in this industry, factors 

influencing the transformation of supply chains have been selected. Determinants have been cataloged in nine 

areas that relate to technology, time, location, economy, politics, ecology, etc. Subsequently, determinants are 

assigned to each area, which are presented in Table 1. 

Table 1 Determinants affecting the transformation of supply chains [own study based: 2,4,5,6,7]  

Area Determinants 

Technology 
 technological progress 
 technological development 
 the growing role of telecommunications 
 access to a fast internet network 
 access to new technologies 
 access to information 
 quality of information flow 
 data theft 
 technological and technical innovations 
 use of IT systems 
 electronic banking 
 electronic data processing 
 data archiving in the cloud 
 digitization 
 digital business 
 virtual reality 
 virtual supply chains 

Time 
 technology development 
 development of IT techniques 
 information flow 
 developing emerging markets 
 quick response to customer inquiries and wishes 
 development of competition 

Localization 
 reduction of spatial barriers 
 deterritorialization 
 integration 
 limitation of state sovereignty 
 transport network density 
 communication network density 
 access to airports / sea / inland 
 access to train stations 
 access to highways, national roads 
 spatial mobility 

Logistical 
 dynamic spread of storage units 
 dynamic product changes 
 quick changes in product configurations 
 greater product personalization 
 compressed delivery cycle 
 B2B relations 
 B2C relations 

Economic 
 domination of economics 
 unpredictability of the future 
 accumulation of wealth 
 economization of politics 
 balance of payments charges 
 increase of unemployment 
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 lack of qualified labor force 
 situation of global markets 
 volume of foreign exchange turnover 
 average amount of customs duties 
 market regulation mechanisms 
 stock exchange quotations 
 exchange rates 
 inflation 
 turmoil in the energy markets 
 economic situation 
 liberalization of markets 
 strategies for responding to supply 
 budget restrictions 
 standardization 
 unification 
 integration 
 fragmentation 
 formalization 
 institutionalization 
 economy innovation 
 level of economic growth 
 uncertainty about market position 
 uncertainty about market identity 
 economic volatility 
 variability 
 leveling of prices / wages 
 price / wage level 
 number of international corporations and branches 
 share of intra-company flows 
 degree of concentration of production 
 export rate 
 industry relevance 
 share of production value in global production 
 level of foreign direct investment 
 investment projects 
 industry consolidation / transformation 
 implementation of strategic transactions 
 changes in company structures 
 costs increase 
 changes in demand and supply 
 competitiveness policy 
 tightened competition policy 
 business relations with clients 
 undisturbed communication 
 commitment to the implementation of orders 
 information flow 
 payment transactions 
 customer insolvency 
 payment deadlines 
 international flow of capital, goods, services and knowledge 
 export value 
 value of international investments 
 internationalization of the company 
 number of contractors / foreign branches 
 production fragmentation 
 market segmentation 
 supply chain segmentation 
 export capacity 
 international division of labor 
 changes in production structures and product offer 
 expansion of markets 
 new work places 
 access to international raw materials, capital and production resources 
 access to the global labor market and sales market 
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Political and legal 
 unpredictability of the future 
 dependence of the economic and political sphere on international capital 
 weakening of state structures 
 international legal and social relations 
 international tax regulations 
 aid received from public funds 
 policy of state authorities towards enterprises 
 changeability of legal regulations 
 legal regulations regarding the freedom to conduct business activity 
 effectiveness of corporate governance mechanisms 
 economic freedom 
 changes in economic conditions 
 tax rates 
 state fiscal policy 
 condition of the public finance sector 
 effectiveness of state control bodies 
 export value 
 value of state investments 
 changes in the political and economic structures of the state 
 limitation of political and economic sovereignty 
 political corruption 
 burden on the state budget 
 tax system reforms 
 functioning within the customs union or union of nations 

Social 
 instability of life 
 unpredictability of the future 
 depleting cultural diversity 
 commercialization of consumer culture 
 cultural deterritorialisation 
 commercialization of social relations 
 links with the cultural, territorial and professional community 
 social disintegration 
 increase in social activity 
 fees for social and social benefits 
 demand and supply of qualified labor 
 minimum wage amount 
 increase in labor costs 
 population movements 
 knowledge of foreign languages 

Globalization 
 the growing role of non-state, ineligible and undemocratic centers of economic 

power 
 concentration of power resulting from the superpower 
 separating the world of finance from the real economy 
 increase in differences between individual market segments 
 uncontrolled privatization of the sector and public space 
 centralization of political and economic decisions 
 globalization of social pathologies 
 social threats and terrorism 
 universalization 

Ecological 
 soaring pressure to use ecological solutions 
 legal regulations regarding environmental protection 
 use of alternative fuels 
 solutions aimed at environmental protection 
 ecological disasters 
 natural disasters 

The table above presents the factors responsible for the transformation of supply chains in the heavy industry 

sector. Figure 1 presents the process of transformation of supply chains together with the identified areas 

defined in Table 1. The transformation process concerns in the first stage a look at reality, which is determined 

by identifying supply chains including forms of cooperation. Each stage is preceded by an analysis of 

management methodologies together with an effective measurement of management performance. 

Successively moving to the action plan, there are estimated benefits from the transformation of supply chains 

based on training and continuous monitoring of changes. An invaluable element of transformation is support 
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at the executive stage and high organizational culture, which applies to every aspect of the flow of goods. The 

last element concerns constant changes in the environment, in particular time, technology and progressive 

globalization, which in turn affects economic and economic factors, etc., which manifests itself in the structure 

of transformation of supply chains. 

 

Figure 1 Transformation of supply chains [own study based on 8] 

Globalization forces producers, suppliers and distributors to constantly improve their products and services. 

Supply chain management must also be constantly improved so that the flow of goods is dynamic and 

unwavering. In order to achieve competitive advantage on the market, elements of the supply chain should be 

"updated" on an ongoing basis. The functioning of a given supply chain in a certain strategy is sufficient for a 

given period. However, globalization processes, the development of information technology and technologies 

mean that the concept proven and implemented a few years earlier may not be sufficient under today's political, 

economic and economic conditions. Transformation of the supply chain allows maintaining the current 

management concept, while transforming only those elements that are considered weak or insufficient. 

Transforming parts of the supply chain is undoubtedly a less costly and time-consuming operation compared 

to implementing a completely new management strategy [9]. 

CONCLUSION 

The recipe for success in managing the supply chain transformation is to master the transformation 

transformation cycle, which is shown in Figure 1 by using digital technologies and ensuring effective change 

management. Dig. 1 presents a practical and comprehensive framework for the transformation of supply 

chains, including implementation aids and action plans [8]. 

Globalization is an element that influences the structure, functioning and development of the supply chain. The 

concentration of population around urban centers contributes to centralizing logistics services within major 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

210 

urban agglomerations. Due to the dynamic development of globalization processes, consumers have become 

accustomed to the situation in which they can get anything from anywhere in the world in a very short time. An 

important factor in the functioning of supply chains is the consolidation of markets - mainly through political 

and economic issues regarding regional legal conditions to the world's largest markets. The success of the 

supply chain is largely dependent on local legal determinants, tax and tax ordinances, along with other 

specialized legal provisions regarding business operations. International activity of supply chains forces 

adapting to legal norms prevailing in a given country. Any political, economic or economic breakdown in a 

country where certain elements of the supply chain are implemented can lead to serious consequences for the 

functioning of the entire logistics chain. The supply chain collapse can be caused by the economic, political, 

social, etc. crisis in neighboring markets. Enterprises are forced to operate on the basis of economic forecasts 

regarding the planned demand or supply, while it is impossible to forecast exchange rates or the political and 

economic situation of a given geographical area. The right tool for responding appropriately to changes in the 

world of politics or economics is the rapid flow of information together with the appropriate reaction of business 

entities [3,9]. 
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Abstract 

The results presented in the article include the effect of cyclical annual empirical research carried out in 2016-

2019. Its objective was to identify and characterize the operating conditions of project teams within supply 

chains. The article focuses on problems in creating, coordinating and integrating work within the appointed 

project teams. The research shows that one of them is the problem of heterarchy, i.e. the multiplicity and 

changeability of power centers, which in practice is associated with the simultaneous occurrence of many 

decision centers, which leads to dispersion and the instability of power. The aim of the article is to show the 

issues related to the phenomenon of heterarchy in project teams operating in supply chains with an indication 

of the conflicts that this phenomenon generates. The article has a theoretical and empirical character. 

Keywords: Project team, project management, supply chain, management problems, heterarchy 

1. INTRODUCTION 

Hierarchical structures dominate in management practice, despite their numerous weaknesses.  In response 

to them, both in theory and in management practice, the alternative possibilities of integration and coordination 

of activities within the organization are developing. These are ways that respond to the requirements of a 

turbulent environment and provide flexibility in the conditions of fluidity and transitivity of organizational 

solutions. One of them is heterarchy, understood as the multiplicity and transitivity of power centers in the 

organization. 

Heterarchy is a phenomenon inherent to the functioning of project teams. Their inter-functional or inter-

organizational nature violates the principle of one-man management and causes a multitude and transitivity of 

decision centers. In the literature, the advantages resulting from such a solution, mainly concerning flexibility 

and competence, are the most frequently mentioned. Whereas there also exist some weaknesses causing 

problems in employee teams. 

The aim of the article is to show the issues related to the phenomenon of heterarchy in project teams operating 

in supply chains with an indication of the conflicts that this phenomenon generates. The article has a theoretical 

and empirical character. 

2. DESIGN TEAMS IN THE SUPPLY CHAIN - THEORETICAL CONSIDERATIONS 

In the literature on the subject and  business practice it is postulated to create teams at various levels of 

management and operating within various functions - this is reflected in the creation of, among others, problem 

teams, local teams responsible for the sphere of production, management teams and project teams focused 

on the implementation of specific tasks. The nature of the latter, regardless of whether they are mono-

functional or interdisciplinary, is characterized by temporariness, concentration on a specific goal, a departure 

from power based on formal authority in favor of expert power and the lack of strict division of labor within the 

team [9]. The specificity of the project team is also often characterized by going beyond functional boundaries, 

and sometimes (as in the case of the supply chain) even organizational ones.  
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The cooperation of individual entities in the chain begins at the stage of planning products and the demand for 

them, and ends with the implementation of orders and service to final customers - it, therefore, relates to 

various functional areas. The effectiveness of an enterprise operating in a network increasingly depends on 

the effectiveness of its cooperation with partners. This leads to building and implementing diversified practices 

of supply chain management and relations with entities that form its structure. This not only reduces costs but 

also creates the added value for customers by increasing the efficiency of deliveries and the quality of products 

offered, which results in the fact that not individual companies but supply chains compete more and more often 

[3]. Therefore, it is increasingly emphasized that the effective and synergistic supply chain management can 

be an underestimated source of competitive advantage [7]. This approach provides the shape and expression 

to theoretical considerations and empirical research focusing on supply chain management. To a large extent 

they are devoted to chain integration focusing on two perspectives [14]: the ways to achieve supply chain 

integration and the impact of supply chain integration on its efficiency / effectiveness. 

Integration is generally understood as the process of joining parts into a whole. The increase in its level in the 

supply chain ensures quick access to required information, increases sensitivity to customer needs and 

shortens response time compared to competitors [15], which in turn creates value for shareholders by reducing 

costs and increasing market share [8]. The literature points to the examples of Japanese supply chains as 

those that achieve the highest degree of integration and lead to building partnerships between individual 

enterprises. For example, Liker and Choi [11] describe the Japanese supply chain (Toyota and Honda) as a 

"partnership model" in which a network of suppliers learns and improves processes in cooperation with 

producers. Similarly, Iyer and the team [6] describe Toyota's supply chain in terms of close and long-term 
relationships with a high level of information exchange and cooperation to solve common problems. Most 

empirical research on supply chain integration focuses mainly on operational management, the use of 

information systems and technologies. However, the cooperation of supply chain entities, leading to the 

integration of its participants, can also be implemented through selected practices in the field of human 

resources management [12,14], such as establishing teams in the network structure. The analysis of this issue 

provides the basis for distinguishing two levels of ability to integrate a supply chain by project team [6]: 

 Level 1 (low) - internal integration variant - project teams are established mainly as a part of the supply 

chain leader enterprise.  

 Level 2 (high) - external integration variant - the supply chain leader enterprise is the initiator in 

establishing inter-organizational project teams bringing together members from partner organizations.  

Under level 1, a project team consisting of members of the leader's organization can carry out tasks for the 

same enterprise as well as for activities implemented in the supply chain. Research carried out by other authors 

(the Delphi method involving 13 expert practitioners and scientists) shows that the condition for external 

integration between organizations is the internal supply chain integration [12]. Detailed expert 

recommendations aimed at its achievement focus on the use of inter-functional teams and building matrix 

structures. Organizations need to develop a culture that is focused on horizontal workflows, as opposed to 

traditional functional hierarchies. 

In turn, level 2, assuming the establishment of inter-organizational project teams within the supply chain, is a 

higher stage 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 the 

individual tasks of the project are carried out. In addition, this option allows a more accurate selection of the 

project team members from the point of view of their knowledge and competences -there is a range of 

specialists from many, and not a single organization. Importantly, individual organizations (links) of the supply 

chain will more easily (in comparison with the option from level 1) accept decisions / solutions developed within 
the project team in which their representative participates (due to the representation of their interests). These 

considerations seem indisputable regarding the establishment of project teams as a supply chain integration 
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tool. Importantly, however, attention should be paid to possible problems that are associated with the creation 

and functioning of these teams. 

3. HETERARCHY AS A SOURCE OF CONFLICTS IN PROJECT TEAMS 

The hierarchy is understood as a system of many levels in the organizational structure, at the top of which is 

the highest-ranking manager (or managers) responsible for the operational activities of the organization as a 

whole; on subsequent levels, there are managers of lower levels. It is worth noting that the hierarchical level 

is understood here as each level in the organizational hierarchy, except for the lowest, where employees 

without managerial functions are located.  In traditional, hierarchical organizations, decisions are made 

hierarchically, according to the principle of one-man management. 

Heterarchy refers to the lateral coordination of organizational diversity, to both a structure and a condition, and 

to the relation of elements to one another when they are unranked or ranked in numerous different ways [2]. 

Stephenson [16] defines heterarchy as "an organizational form between hierarchy and network that provides 

horizontal links permitting different elements of an organization to cooperate, while they individually optimize 

different success criteria." Turning to heterarchy in design teams, according to Aime et al. [1], the heterarchical 

concept offers a theoretical core that integrates several distinct bodies of literature highlighting the dynamic 

power relations within groups. In heterarchical structures, power actively and legitimately shifts among team 

members to align their capabilities with dynamic situational demands [11]. The literature predominately 

describes the positive aspects of heterarchy, among which is the support of the processes of knowledge 

creation and learning of the organization, fostering greater creativity of inter-functional teams, ensuring faster 

response to signals from the environment and causing a reduction of the power distance in the organization. 
[1,4,13]. It is worth emphasizing, however, that the phenomenon of heterarchy entails significant problems. A 

deliberate breach of the principle of one-man management and the impermanence of power centers can cause 

organizational chaos and cause a sense of uncertainty and confusion among employees. These issues 

become particularly important in the case of the functioning of project teams with an inter-functional or inter-

organizational nature, whose members are subject to several decision-making centers, which contradicts the 

principle of one-man management. The multitude of power centers is in this case further intensified by their 

impermanence and transitivity, which also contributes to the emergence of conflict situations. In this case, they 

result from [10]: 

 receiving conflicting orders from superiors, 

 fights for material and human resources scattered in different places between individual organizational 

units in the case of inter-functional teams (and in the case of inter-organizational teams - between 

different organizations),  

 attempts to transfer or "planting" tasks to other organizational units (or organizations), 

 changes in management style and expectations of superiors,  

 the lack of continuity and consistency of decisions taken at higher levels,  

 the problem of double loyalty (in the event of disagreement at the managerial level, employees 

experience a dilemma towards which their supervisor should be loyal). 

4. RESEARCH METHODOLOGY AND GENERAL CHARACTERISTICS OF THE STUDIED 
ENTERPRISES 

The results presented later in the article are the result of cyclical annual empirical studies carried out in 2016-

2019 using the research tool in the form of a questionnaire. The objective of the conducted research, in a wide 

range, was to identify and characterize the operating conditions of project teams in supply chains.  
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One of the research areas included in the structure of the questionnaire was aspects related to problems in 

creating, coordinating and integrating work within the project teams, including in a heterarchical system. 

Questionnaires were sent to 79 selected companies by e-mail or given directly to their employees - the potential 

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, that within the structure of the 

enterprise occur project teams, available in the public data on the company. The analysis of the results was 

performed using an Excel spreadsheet. 

Out of 79 entities, 11 were ultimately not accepted for further analysis because the respondents indicated that 

no temporary project teams were established in their structure. In the case of the remaining 68, more than half 

were large enterprises, i.e. employing 250 or more employees (36 entities, 53 %). A quarter of the group 

surveyed are medium-sized companies (17 entities, 25 %). Other entities were classified as small and micro 

(11 entities - 16 % and 4 entities - 6 %, respectively). As for the business profile, production entities dominate 

(35 entities - 47 %). In 24 cases these are service entities (33 %) and in 15 commercial (20 %). It is also worth 

emphasizing that the surveyed companies represent various industries, including automotive, construction, IT, 

FMCG, furniture, textile, printing, paper, education and training, medical, mining, TSL, stone, agricultural, 

chemical and in e-commerce and robotics. 

 

Figure 1 Characteristics of surveyed entities - percentage approach (n = 68) 

From the point of view of the share of foreign capital in the examined enterprise, exactly half (34 out of 68 

entities) are companies in which there is no foreign capital. In 31 cases, they are entities with dominant foreign 

capital (i.e. above 50 % of shares). Only in three entities, the share of foreign capital is a minority. Companies 

with German capital predominate among entities with foreign capital. There are also entities with Japanese, 

British, American, Finnish, Swedish, Belgian, Swiss, French, Irish, Israeli and combined Franco-American 

capital.  

5. RESEARCH RESULTS 

Among the surveyed entities declaring the establishment of temporary project teams or working groups for the 

implementation of specific projects, the respondents made 150 indications under 6 proposed types of projects 

for the implementation of which such teams are appointed (the respondents could indicate more than one 

answer). Most often, such teams carry out implementation projects, e.g. launching a new product, 

implementing a quality management system or IT system (24.7 % of total indications), and tasks to solve a 

specific problem, e.g. eliminating a product defect (20.7 %). Subsequently, the tasks carried out as part of the 

company's core business were indicated, e.g. the design of individual customer orders, unusual / individual 

orders and development projects, e.g. development of the company's strategy or design of a new product (in 

both cases 18 % of total indications). Other areas of application of the project teams achieved a lower 

percentage. 
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As indicated earlier, one of the areas studied was the heterarchy problem, which included the following 

questions: 

 Are there situations that individuals participate simultaneously in several projects and perform different 
roles in them, e.g. in one project they are the manager and in another as the participant / performer? 

 Does the emergence of project teams in the organizational structure result in a double subordination 

situation, i.e. are team members subject to two (or more) decision-making centers for the duration of 

their operation? 

Answers to the first question indicate that in exactly 2/3 of cases (66.2 % of answers given), project team 

members perform different roles in individual projects. These results are not without impact on the appearance 

of double subordination cases in the organizational structures of the subjects studied. According to research, 

this situation occurs in more than half of them - 51.5 %, i.e. 35 out of 68 entities. The details are presented in 

the charts below (Figure 2). 

 

Figure 2 Percentage of indications regarding the occurrence of the situation: performing different roles by 

project team members under several projects (A) and double subordination (B) 

It should be noted that the problem of double subordination does not occur as intensely as the issues of 

members of project teams performing different roles in individual projects in the supply chain. Nevertheless, in 

both cases, the percentage of positive responses is significant, which may affect the effectiveness and 

efficiency of such teams. 

6. CONCLUSIONS AND SUMMARY 

The conducted analysis of results allows noticing the significance of the heterarchy problem in the area of 

functioning project teams within supply chains. A high percentage of indications regarding the simultaneous 

participation in different project teams and performing different roles in them may result in the members of 

such teams being very flexible and skillfully adapting to nature and role they play in a given team. A multitude 

of roles can, on the one hand, affect the development of experience and expanding the skills of team members 

in project management. However, on the other hand, it can cause perceptual discomfort and in the long run it 

can cause difficulties in correctly performing tasks assigned to a given role, e.g. more precisely and willingly 

performed tasks in relation to roles that are prestigious or more suited to the character of the person who 

performs them, with less commitment to performing roles less significant or performed in contradiction to the 

predispositions of a given team member.  

The described situation may be strengthened by the fact of frequent occurrence of double subordination cases 

in the organizational structures of the subjects surveyed. The occurrence of such a significant number of cases 

may cause that in many entities and projects implemented by them, problems may arise in the scope of: the 

communication between members of project teams, delegating tasks to team members by project managers / 

stem cell managers, assigning responsibility for tasks performed, difficulties in reconciling permanent duties 
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performed within stem cells with tasks carried out as part of the project team. These problems may, as a 

consequence, lead to conflicts between employees, both at the level of project teams and within stem cells. 

This means that the heterarchy problems can be transferred from the level of inter-organizational projects to 

the level of individual supply chain enterprises.  

The obtained research results seem to confirm that building project teams and implementing projects within 

the supply chain require a different and very thoughtful approach in their management. A slightly different 

structure of problems and a fairly intense problem of heterarchy may suggest the need to use different 

management instruments and influence on such a team. The main emphasis in the functioning of inter-

organizational teams should be placed on proper communication and the integration of the work of its 

participants, often representing links from different levels of the supply chain.  
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Abstract  

The subject of the research is the analysis of the impact of various factors on road safety of the transport of 

dangerous goods. The causes and circumstances of various types of road incidents involving vehicles 

transporting hazardous materials as well as technical states of vehicles has been analysed. The traffic 

incidents and their effects in period of 2014 - 2018 in Poland in three provinces have been analysed.  

Examinations on the technical conditions of vehicles adapted for the transport of dangerous goods in various 

age groups were carried out in the years 2007 - 2018. The results of road accidents usually depend on the 

types of vehicles and the collision geometry as well as the collision speed. Around 1,400 road incidents 

involving vehicles carrying dangerous goods have been recorded in Poland every year. Most of the accidents 

that have been analysed took place in the urban areas. Accidents involving vehicles carrying dangerous goods 

pose a risk not only for those participating in them, but also for the population and infrastructure of the 

neighbourhood. Most collisions were caused by errors of road users not related to the transport of dangerous 

goods. The analysis of traffic incidents in urban areas has shown that collisions occurred at road intersections 

of the same type. The results of the accidents depended mainly on the speed of crashing. Considering the 

threat arising from the type of cargo, due to speed limits resulting from traffic intensity, the results of accidents 

in urban areas were less severe compared to accidents in non-urban areas. The causes and effects of road 
collisions in non-urban areas were associated with the speed at which vehicles were moving and their technical 

conditions.   

Keywords: Road transport, road safety, dangerous goods  

1. INTRODUCTION 

The road transport is important for economic and social development of each country. In addition to the 

undoubted benefits, the development of road transport creates new problems related to road safety and 

environmental protection. The traditional approach to the topic of transport safety includes: engineering, 

enforcement, and education. However, this issue cannot be analyzed without considering economics, 

emergency response and enablement [1]. The assurance of road safety as well as direct and indirect costs of 

removing the negative effects of road incidents constitutes a significant part of global transport costs. The costs 

are also generated by available data collecting necessary to conduct research on ensuring safety in transport. 

The enablement of research results in cultural and social environment supports activities aimed at improving 

road safety. The transport of dangerous goods requires special attention of the potential hazard that it can 

pose in road traffic and for the environment. 

The prevention related to ensuring safety of the transport of dangerous goods can be classified into four 

groups: development of regulations and compliance to them, training of drivers and supervisory staff, proper 

maintenance and periodic examinations of vehicles and equipment, maintenance of traffic engineering 

including network of roads designed for transport of dangerous goods [2]. The requirements for the special 

technical equipment of vehicles, the qualifications of drivers and supervising personnel as well as classification 

of dangerous goods, the load methods, specific documentation to be provided in case of accidents are 

specified by national regulations and international agreements. In Europe the legal requirements for the 
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transport of materials posing a potential hazard due to their properties in both local and international road 

traffic are specified in the agreement concerning the international carriage of dangerous goods by road (ADR) 

[3]. Striving to minimize costs and reducing transport time require choosing the optimal route. However, these 

routes often connect and pass through major urban areas. The choice of rout that minimizes both the risk to 

the public and the travel time is a major challenge. The route selection can be assisted by decision supporting 

systems. The main task of these computer systems is to extract a large amount of data and all necessary 

information to support the decision making process. The risk calculation includes geographical, demographics 

and meteorological data. The use of appropriate models can assist in risk analysis in emergency planning 

[4,5]. Systems supporting the organization of dangerous goods transport take into account local climate, 

geographical and road network conditions [6,7,8].  

The location of vehicles transporting dangerous goods, especially in urban areas, is a separate issue. 

Controlling the movement of vehicles in real time allows to update the input data of supporting system and to 

respond to changes in traffic situations [9,10]. The effectiveness of the use of a vehicle movement control 

system depends on being applicable to all vehicles. 

The safety of the transport of dangerous goods may depend on the technical conditions of vehicles, road 

infrastructure, route network, choice of rotes as well as driver’s skills and responsibility. The recognition of 

direct and indirect causes of road incidents may contribute to increasing road safety. Studies that have been 

carried out can provide data for analyzing the possibilities of limiting the number and the effects of road 

incidents involving vehicles which transport dangerous goods.          

2. SCOPE OF RESEARCH 

Examinations on the technical conditions of vehicles intended for transport of dangerous goods in various age 

groups and categories were carried out in the years 2007 - 2018. The tests were carried out during periodic 

examinations of vehicles at vehicle control stations in scope of road safety.  Altogether, 63 vehicles were 

tested: 43 vehicles having a maximum mass exceeding 12 tons (category N3) and 19 trailers with maximum 

mass exceeding 10 tons (O4). Vehicles of all categories were tested applying devices used at vehicle 

inspection stations and road tests. The examinations included tests of the braking system on the roller device, 

road tests, measurements of braking deceleration during the road tests, examinations of ABS systems during 

road tests (only for trailers), testing the action of retarder during a road tests. The results of tests have been 

compared with the results of tests which were carried out for vehicles without dangerous goods licenses. 

According to the World Health Organization road incidents have been analyzed in three categories: road traffic 

accident, road traffic crash and road incidents without serious financial consequences. The road traffic accident 

has been defined as a collision involving at least one vehicle in motion on a public or private road that results 

in at least one person being injured or killed. Road traffic crash has been defined as a collision or incident that 

may or may not lead to injury, occurring on public road and involving at least one moving vehicle. The third 

category has been introduced because some of incidents do not have serious consequences for vehicles or 

people but the transport process has been disturbed. This category is not included in the WHO glossary of 

terms. 

Road incidents involving vehicles transporting dangerous goods in 2014-2018 were taken into account. The 

change of the number of road incidents has been assessed by determining the accident rate. Accident rate 

has been defined as a number of road incidents related to the total weight of transported goods. For the three 

areas with the highest number of road incidents, the causes of incidents have been analyzed taking into 

consideration direct perpetrators, technical conditions of vehicles, traffic situations and topography of the road 

network.           
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3. RESULTS OF THE RESEARCH  

3.1. Technical conditions of vehicles  

During control tests of vehicles intended for the transport of dangerous goods, defects that could affect road 

safety were found only in 5 vehicles (this is about 8 % of the vehicles that have been tested). The faults 

concerned the electrical system, indicators and lights. Faults related to the braking, steering or suspension 

systems which could have an impact on road safety were not identified. The faults found were not a direct 

threat to road traffic and were associated with typical damage occurring during the use of vehicles, not related 

to the quality of vehicle maintenance. However, it should be noted, that during the examination of vehicles the 

additional equipment of tanks for the transport of liquid fuels or gases were not checked.   

For comparison, in the control group of vehicles the same categories (N3, O4) not intended for the transport 

of dangerous goods, serious defects were found in 26 % of vehicles.    

3.2. Structure of road incidents  

In 2018, 31,674 road incidents were reported in Poland. The number of road incidents has been decreased 

systematically. In 2018, 31,674 road incidents were reported. In relation to 2014, the number of road incidents 

were decreased by 10 % but in relation to 2009 28 % decrease can be noticed. The road incidents involving 

vehicles transporting dangerous goods represent about 0.05 % of the total number of road incidents and the 

number of these systematically grows. The number of traffic incidents and their effects have been shown in 

Table 1.  

Table 1 Road incidents involving vehicle transporting dangerous goods 

Year Incidents Fatalities Seriously Injured  Slightly Injured 

2014 1327 26 94 226 

2015 1344 17 94 289 

2016 1324 13 106 278 

2017 1423 14 99 257 

2018 1481 16 102 307 

Total: 6899 86 495 1357 

In 2018 the highest number of road incidents involving vehicles transporting dangerous goods was recorded 

in the Lower Silesian (246), Lodz (240), Silesian (200) provinces while the highest total number of road 

incidents was recorded in the Lodz (4600) and Lesser Poland (4003) provinces.  

Within five years in Lodz province there were 1117 incidents involving vehicle transporting dangerous goods. 

The most incidents were recorded in Lodz city at three intersections with similar road layout. These are at-

grade intersections with two-way streets. A similar situation can be observed in Wroclaw. The most road 

incidents were at the three intersections with the same type like in Lodz. In Silesian province the most road 

incidents were on straight sections of the road in city centres and districts with old buildings and road networks.     

3.3. Causes of road incidents  

The causes of road incidents has been analyzed of the example of Katowice. The cause of most traffic 

incidents was the failure to yield right of way, almost 32 % (Table 2). All incidents were not caused by drivers 

of vehicles transporting dangerous goods. All vehicles transporting dangerous goods were in good technical 

conditions. 
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Table 2 Main causes of road incidents involving vehicles transporting dangerous goods in Katowice (2014-  

 2018) 

Causes of road incidents Number of incidents 

Failure to yield right of way 55 

Improper following distance 27 

Incorrect passing 13 

Improper overtaking 6 

Improper changing of lanes 6 

In 20 cases, minor technical failures of vehicles not transporting dangerous good were found. Incorrect 

pedestrian behavior caused 25 road incidents.  

4. DISCUSSION  

In 2014-2018 in the countries of The European Union (EU) 397,711,000 tons of dangerous goods were 

transported. About 80,000,000 tons of goods are transported every year. Germany and Spain are leaders in 

the transport of dangerous goods. In Poland the transported mass of this type of cargo is comparable to Great 

Britain, France and Italy. In terms of type of load, the largest percentage of transported mass are flammable 

liquids (54 %) and gases (18 %). About 85 % of cargo is transported by tank trucks. In Poland, in 2014-2018 

42,567 tons of dangerous goods were carried which is about 10 % of the mass of transport in the EU.  

Road incidents involving vehicles transporting dangerous goods represent a small percentage of total number 

of accidents. However, this type of road incidents can be very dangerous due to potential threats to the people 

and the environment. The trends in changes of the number of accidents can be characterized by the accident 

rate (Table 3).   

Table 3 Accident rate - the number of road incidents related to the weight of transported dangerous goods 

Year Weigh of transported 
dangerous goods 

(t) 

Number of road 
incidents 

Accident rate  

2014 8778 1327 0.151 

2015 9174 1344 0.146 

2016 8444 1324 0.156 

2017 8785 1423 0.161 

2018 7386 1481 0.201 

Examples from Lodz and Wroclaw of the places where collisions often occur indicate that apart from direct 

reasons caused by traffic participants, the type of road network and intersection layout are important.    

Intentions aimed at improving road safety should concentrate on reversing the unfavorable trend of increasing 

the accident rate. If it is not possible to limit the movement of vehicles transporting dangerous goods, the 

solution to improve road traffic safety may be the adaptation or use new traffic control systems with permanent 

controlling of vehicles with hazardous cargo. This seems to be the only way to reduce the number of collisions.   

In the analyzed cases of road incidents, except for cases of unpredictable damage of special equipment of 

vehicles, there were no deficiencies related to the technical conditions of vehicles and their equipment. Most 

of the vehicles that were examined were in good technical conditions. Also, the analysis of the causes of 

collisions has not shown that the technical conditions of the vehicles were the causes of road incidents. 
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Observance of the correct methodology of performing tests and extending the scope of tests allowed to detect 

inefficiencies in vehicles that could be considered as efficient during routine, periodic inspections. Apart from 

road tests related to testing ABS systems and retarders in trucks, the tests were carried out at vehicle 

inspection stations using measuring devices that are the standard equipment. However, in the case of 

damages of ABS systems or retarders, defects may not be detected due to the lack of an appropriate testing 

methodology. The change in the criteria was important for the assessment of the technical conditions of 

vehicles.  

5. CONCLUSION  

In the analyzed cases of road incidents, except for cases of unpredictable damages of special equipment of 

vehicles, there were no deficiencies related to the technical conditions of vehicles and their equipment. The 

increase of the number of road incidents involving vehicles transporting dangerous goods is a problem that 

should be resolved in the nearest future. The increasing number of collisions is not related to the amount of 

transported freight but rather to the overall increase of traffic. In the analyzed cases of road incidents, the 

causes of the collisions were not related to the level of drivers’ training or the technical conditions of vehicles 

transporting dangerous goods. One can observe a lack of awareness among other road users that causing 

a collision with a vehicle with a hazardous cargo can have much more serious consequences. Special marking 

of vehicles with hazardous freight should be properly interpreted by both the drivers and the pedestrians.  

Despite the relatively small number of collisions involving vehicles carrying dangerous goods, increasing 

tendency should not be underestimated. It should be kept in mind that the effects an accident in an urban area 

can be catastrophic.      
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Abstract  

In recent years, a high development of the length of bicycle paths in Polish cities can be observed. Along with 

their increase, there are also many elements of road infrastructure that improve the safety and comfort of 

traveling cyclists in cities. Parallel to improving traffic conditions, bike-sharing systems are developing. 

Operators and organizers of this form of transport in cities are introducing new offers consisting in lowering toll 

prices or introducing special tariffs for offered services. In Poland, bike-sharing systems are also being 

integrated between different cities. All this increases the share of bicycle users (including those with bike-

sharing systems) in urban traffic. The article presents suggestions for using the bike-sharing systems as means 

of transport for carrying out tourist trips around the city and factors affecting the possibility of using city bikes 

in tourism. The study was conducted in Wroclaw in October 2019. The article analyses the distance between 

bike-sharing systems stations and several key tourist points located in Wroclaw. A total of 21 tourist points 

was selected for analysis. The collected information also presents the distance separating tourist points from 

each other and the travel times between them using bicycles. 

The results of the conducted research indicate the potential to use bike-sharing systems in the aspect of urban 

tourism, presenting the strengths and weaknesses of this solution. The current location of bicycle stations 

around the analysed tourist attractions allows to travel the entire route in a cost-free option which, from the 

point of view of the possibility of incurring costs resulting from moving quickly around the city, can be very 

beneficial for tourists. 

Keywords: Bike-sharing systems, tourist transport 

1. INTRODUCTION  

Tourist travels in cities can take place in various ways: on foot, by public transport, by car or by bicycle. The 

choice of mean of transport is usually preceded by a detailed analysis taking into account the needs and 

requirements of decision makers [6]. In the case of tourists, the dominant selection criteria are classic 

evaluation parameters depending on the tourist's preferences and their assessment regarding the costs, time 

and safety of transport [4,5,8,9]. It can also be stated that the availability of the required transport infrastructure 

is significant for the functioning of a tourist attraction [10]. This infrastructure includes both means of transport 

used and transport routes. It should also be noted that many means of transport constitute an attraction in 

itself and enrich the tourist offer of the area, e.g. rail tourist routes, yacht and ship cruises, helicopter and 

balloon flights [10]. Confirmation of the role of transport in the development of tourism are, among others 

Wodejko's research [12]. Author among 5 stages of tourist consumption, mentions transport twice. The author 

also points out that a properly developed transport base is a prerequisite for the development of transport 

services. Sawicki in its publication [10]. indicates that the experience to date confirms the high correlation 

between the quality of transport means and the price of services rendered, and the development of tourism.  

Emphasizing the role of transport in tourism development, the importance of determining the capacity of tourist 

routes should be pointed out [7]. This aspect is particularly important for the most popular attractions in the city 

center. This area is characterized by the highest rate of urban traffic, which means that moving with individual 
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vehicles is associated with a longer movement time, due to congestion. At the same time, limited access to 

parking spaces extends the time of walking to and from a parking place and leaving the vehicle in this place. 

However, the implementation of travel by bicycle: provides high mobility in travel, is faster than walking and 

can be competitive to travel by public transport or car (in particular during a traffic summit and within the city 

center), it can be completely free, it is ecological and improves physical condition. At the same time, it meets 

the requirements for a high quality service, which is rated by tourists on the basis of time comfort (speed of 

transport), travel convenience, transport costs, as well as the opportunity to admire the landscape [10]. For 

this reason, the purpose of the article is to assess the possibilities of using the bike-sharing system as a 

solution supporting the development of urban tourism on the example of the city of Wroclaw. To achieve this 

goal, the first step presents the development of cycling and the characteristics of the bike-sharing system in 

Wroclaw. Then, the results of research on the possibilities of using the bike-sharing system to visit selected 

tourist attractions in the city were presented. The final point presents the conclusions of the analysis.  

2. DEVELOPMENT OF CYCLING TRAFFIC  

In recent years, a clear increase in the share of cycling traffic in Polish cities can be observed. In the period 

from 2010 to 2018, in Wroclaw, an increase in the share of travels by bicycle from 3.8 % to 6.3 % was observed 

[2]. The three main factors affecting such changes include: 1 - quantitative and qualitative improvement of the 

bicycle infrastructure (constant upward trend in large Polish cities [1]); 2 - a growing automotive indicator 

contributing to the creation of traffic jams through which residents are looking for alternative means of transport 

in their daily travels; 3 - development of bike-sharing systems, including increasing the availability and number 

of bikes offered in systems.  

Bike-sharing systems have undergone major changes in recent years due to the introduction of 4th generation 

bikes, which are characterized by the fact that the user does not have to use the docking station but can leave 

and take a bike from anywhere within the zone's accessibility. However, this option often involves additional 

fees. Currently, NextBike is the company that serves the largest part of the bike-sharing systems market in 

Poland. The presence of this company's services in many cities allows users to use bike-sharing systems in 

different cities without registering several times. The integration of systems within one operator allows traveling 

around the city by bicycle also by tourists. This fact initiated research on the possibilities of using a bike-sharing 

systems in the tourist aspect. 

 

Figure 1 Fees for using city bikes in Wroclaw, source: own study based on [14] 

In Wroclaw, the Wroclaw City Bike system has been operating continuously since 2010, the contract of which 

is concluded every 4 years. The currently operating system is the result of a third contract with NextBike, under 

which currently 2,000 bikes are available at 200 stations, located throughout the city [14]. Bicycles are available 

all year round and are all 4th generation bicycles. The location of the station is a result of experience from 

previously functioning systems in the city and research work carried out in this field [13]. The tariff in force in 
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the Wroclaw bike-sharing system has not changed since the first system maintenance contract was in force. 

Figure 1 presents the most important information regarding fees for using city bikes in Wroclaw. A novelty, 

resulting from the introduction of 4th generation bicycles, is a fee for leaving a bike outside the docking station, 

which is 3 PLN. The operator has also introduced a system of rewarding users, under which termination of use 

of a bike within the station after taking it from outside the station, results in topping up the user's account by 

PLN 2. 

3. USE OF BIKE-SHARING SYSTEMS IN TOURISM  

Travels carried out via rented city bikes can be divided into two basic types: 

 economic trip - the main assumption is to minimize costs by using the first 20 minutes of free bicycle 
ride and each time leaving the bike within the docking stations, which means that there is no need to 

pay any fees. Traveling over longer distances (thus extending the journey) takes place in stages where 

the bike can be returned at an intermediate station and after a while rented again to continue the journey. 

This option requires walking to and from the station to the destination or travel source; 

 minimum-time trip - the main assumption is to minimize travel time and reduce walking to a minimum. 

Costs incurred as a result of traveling between objects are secondary. Depending on the length of the 

journey, in this case there may be costs for: riding time (exceeding 20 free minutes) and leaving the bike 

outside the station (in situations where the destination is significantly distant from the nearest station of 

the bike rental system). Information on the amount of costs incurred is presented in Figure 1.  

A city bike may be the main mean of transport in the city or a mean of serving as one of elements of the 

combined transport carried out as a part of the journey. Its use can also grow among tourists, among others, 

by:  

 integration of bike-sharing systems operated in different cities by the same operator, 

 a quick and convenient way of registering in the system, possible to use via smartphone, 

 two bikes for rent for one user, 

 a large number of bikes and station locations available in the system, 

 affordable tariff, 

 availability of different types of bikes that can be rented (e.g. tandem, children's bike or electric bicycle), 

 the ability to rent and leave bicycles outside of sharing stations (this involves an additional fee - 

Figure 1), 

 a faster way of traveling between tourist points in relation to walking or by car, which gives the 

opportunity to spend more time on sightseeing. 

A large number of rental stations is important from the point of view of effective operation of bike-sharing 

systems, however in the aspect of using the system in tourism, the key element is the distance in which the 

rental stations are from tourist points. This analysis was made on the basis of selected points recognized by 

the authors as key from the point of view of tourism in Wroclaw. The tourist points selected for analysis are 

located in the center of Wroclaw and on its eastern side. These points are as follows (for each of the points its 
name was given and in brackets the distance between this place and the nearest bike-sharing station was 

given [3]): 1. Aquapark (210 m), 2. Viewpoint Sky Tower (240 m), 3. Main Railway Station (80 m), 4. Wroclaw 

Opera (230 m), 5. City Museum (400 m), 6. National Forum of Music (520 m), 7. Wroclaw Old Town Garden 

(260 m), 8. Wzgórze Partyzantów (170 m), 9. The City Hall (110 m), 10. Galeria Dominikańska (30 m), 11. 

Mathematical Tower (University of Wroclaw) (100 m), 12. Slodowa Island (370 m), 13. Panorama of the Battle 

of Racławice (290 m), 14. National Museum (90 m), 15. Cathedral (Ostrów Tumski) (370 m), 16. Botanical 

Garden (400 m), 17. Hydropolis (340 m), 18. Japanese Garden (620 m), 19. Multimedical Fountain (460 m), 

20. Centennial Hall (260 m), 21. Zoo Wroclaw (30 m). 
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The distance to bike-sharing stations from tourist points is from 30 meters to even 620 m. The average distance 

between selected points is about 270 m with a deviation of about 160 m. This indicates a large discrepancy in 

the distance between bike-sharing stations and key tourist points. Points such as Hala Stulecia and the 

adjacent multimedia fountain and Japanese garden, as well as the City Museum located in the city centre, are 

particularly well-located.  

The key from the point of view of analysing the use of bike-sharing systems in tourism is to determine the 

distance that separates individual tourist facilities from each other. Tourist journeys within the city are usually 

characterized by numerous of short-distance journeys made between points on the route. This is dictated by 

the desire to visit as many places as possible with often limited time. Table 1 shows the matrix of distance and 

cycling times that occur between selected tourist points within Wroclaw. As it can be seen, these distances 

range between 0.1 and 5.7 km and travel times in 98 % do not exceed 20 minutes, which indicates the 

possibility of carrying out a free ride by city bike between a very large number Wroclaw tourist points. The 

average distance between points is 2.2 km and the average journey time is less than 9 minutes with a standard 

deviation of 5 minutes. Due to the fact that most of the possible routes can be completed in less than 20 

minutes, one of the key decisions when making a bicycle trip by a tourist is to specify the place where the bike 

will be left. In the case of tourist attractions for which the distance from the bike-sharing station is large and 

the person making the trip does not want to pay fees for leaving the bike outside the station, the means of 

transport selected for travel may be different than the bike.  

Table 1 the matrix of distance and cycling times between selected tourist points within Wroclaw 

 

4. CONCLUSION 

Research work presented in the article is a continuation of the analysis described in [11]. The study was aimed 

at determining the possibility of using the existing bike-sharing system as a solution providing a comfortable 

and economical means of transport in visiting tourist attractions in Wroclaw. The current location of bicycle 

stations around the analysed tourist attractions allows to travel the entire route in a cost-free option. However, 

this requires putting the bicycle back to the station and walking to the selected location on foot. If the distance 

between the station and the location is too great - the tourist will give up this transport system. Therefore, 

decision-makers should locate bicycle rental stations in a sharing system in close proximity to the most 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Tourist point

1 Aquapark x 8 6 9 10 10 10 9 12 10 13 13 12 12 14 17 10 19 19 18 17

2 Viewpoint Sky Tower 2 x 7 6 8 8 7 9 10 9 11 13 11 11 13 14 15 22 22 22 20

3 Main Railway Station 1,4 1,7 x 4 6 5 3 3 6 4 7 7 5 5 8 9 9 16 16 16 15

4 Wroclaw Opera 2,2 1,5 1 x 2 2 2 4 4 6 5 8 6 7 9 9 11 17 16 16 15

5 City Museum 2,6 1,9 1,6 0,7 x 1 3 4 3 5 4 8 6 6 9 9 9 16 16 16 15

6 National Forum of Music 2,7 1,9 1,5 0,7 0,3 x 2 5 4 6 5 9 6 7 10 10 10 17 16 16 15

7 Wroclaw Old Town Garden 2,2 1,6 0,7 0,2 0,7 0,6 x 2 5 2 5 6 4 4 8 8 9 16 15 15 14

8 Wzgórze Partyzantów 2 1,9 0,6 0,8 1,1 1,2 0,4 x 5 2 5 6 4 4 8 8 7 14 14 13 12

9 The City Hall 3 2,1 1,6 0,5 0,6 0,8 1,3 1,1 x 4 2 4 5 5 6 7 11 17 16 16 15

10 Galeria Dominikańska 2,3 2,3 1 1,2 1,1 1,4 0,7 0,4 1,1 x 4 5 2 2 6 6 7 13 12 12 11

11 Mathematical Tower 3,2 2,6 1,8 1 1,1 1,3 1,5 1,4 0,7 1,2 x 3 4 4 5 5 9 15 14 14 13

12 Slodowa Island 3,2 3,2 1,8 2 1,8 2,1 1,6 1,4 1,4 1,5 1 x 3 3 3 3 8 14 13 13 12

13 Panorama of the Battle of Racławice 3 3 1,6 1,4 1,5 1,7 1,4 1,1 1,2 0,7 1,2 1 x 1 3 5 6 12 11 11 10

14 National Museum 3 3 1,6 1,6 1,6 1,9 1,4 1,1 1,6 0,7 1,2 1 0,3 x 2 5 5 11 10 10 9

15 Cathedral (Ostrów Tumski) 3,7 3,7 2,3 2,4 2,3 2,5 2,2 1,8 1,9 1,4 1,3 0,8 1 0,7 x 2 8 11 10 10 9

16 Botanical Garden 4,7 4 2,6 2,4 2,3 2,6 2,3 2,5 1,9 2,1 1,3 0,9 1,4 1,5 0,8 x 9 12 11 11 10

17 Hydropolis 2,9 3,9 2,2 2,7 2,2 2,5 2 1,6 3,3 1,9 2,7 2,7 2 1,6 2,3 2,6 x 8 4 7 6

18 Japanese Garden 5,3 5,7 4 3,8 3,9 4,1 3,7 3,4 4,5 3,2 3,9 3,8 3 2,8 2,5 2,8 2,4 x 1 1 4

19 Multimedical Fountain 5,1 5,5 4,2 3,6 4,3 3,9 3,5 3,2 4,3 3 3,7 3,6 2,8 2,6 2,3 2,6 2,2 0,2 x 1 3

20 Centennial Hall 5 5,4 4,1 3,5 4,2 3,8 3,4 3,1 4,2 2,9 3,6 3,5 2,7 2,5 2,2 2,5 2,1 0,5 0,1 x 2

21 Zoo Wrocław 5 5,7 4,3 3,5 4,2 3,8 3,4 3,1 4,2 2,9 3,6 3,5 2,7 2,5 2,2 2,5 2,1 1,1 0,7 0,6 x

time [min]

d
is

ta
n

ce
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km
]
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important tourist attractions. This will increase the availability of important points on the tourist route of the city, 

and at the same time will positively affect the popularity of using the bike-sharing system.  

Of course, using sharing bicycle, in addition to ensuring a comfortable and economical journey, must also be 

safe. In this connection, the technical condition of the vehicles used and the available infrastructure in the form 

of bicycle paths are of particular importance. This will be the subject of further research by the authors. The 

first stage of the research will focus on analysing the current availability of bicycle paths and preparing a 

forecast of the increase required for them in subsequent years. The second stage of the research will focus 

on determining the frequency of damage occurring in bicycles shared in the sharing system in Wroclaw. 
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Abstract  

Inventory management is a central task of the logistics area. The success of an efficiently operating system is 

determined by the selection of an appropriate method of replenishment of stocks based on the adopted control 

parameters. The inventory management process becomes extremely difficult in cases where the company has 

a very extensive range of products or when the market demand for individual products is characterized by high 

volatility. In a situation where both factors occur simultaneously, inventory management becomes a real 

challenge for the company. The decision-making process in this case depends to a large extent on a properly 

functioning calculation algorithm, which will take into account the specifics of the sector served and the 

occurring variability of demand. The purpose of the article is to present the results of research obtained under 

the project, whose end result was the development of an algorithm supporting the inventory control system in 

the selected enterprise. The company has clients from various sectors of the economy: automotive, household 

appliances, furniture industry, maintenance services. Therefore, the specificity of requirements regarding the 

availability of goods from stock is also varied. The article presents the results of the risk analysis resulting from 

the specifics of the enterprise's operation and describes the proposed algorithm for calculating the demand.  

Keywords: Inventory management, demand volatility, algorithm 

1. INTRODUCTION  

Logistics system support for the company's core processes plays a key role in building the company's 

competitive position [9]. An important task of this system is proper inventory management, in particular finished 

goods inventory [5,11]. The adopted management model depends on the material flow strategy in the 

enterprise, the industry served, customer requirements and the availability of information about future demand.  

Currently, we can distinguish two approaches to the theory of finished goods inventory. The classic and 

conventional inventory management theory emphasizes the importance of a hedge against demand 

uncertainty [2]. An increase in sales leads to an increase in inventory, the purpose of which is to mediate the 

trade-off between holding cost and uncertain demand. Thus, one of the major goals of this inventory theory is 

minimizing holding cost by reducing inventory level across an entire supply chain. Many studies have shown 

evidence of a significant relationship between inventory levels and several independent variables (including 

inventory holding costs, lead time, demand uncertainty, etc.), thereby implying the benefits of reducing 

inventory levels [8,3]. However, de Leeuw et al. [6] rightly point out that the complexity of supply chains means 

traditional inventory models often ignore important practical considerations. The contemporary inventory 

management theory focuses on the concept that high inventories can not only increase service level but also 

stimulate demand. For example, high inventories can increase product visibility, signal a popular product, 

provide customers an assurance of high service levels and future availability [1]. This dilemma between cost 

minimization and high inventory levels, especially in periods of demand volatility, has become a common 

theme in inventory management [4]. 

Therefore, enterprises are currently facing a huge challenge. The efficiency approach forces managers to 

constantly reduce inventory levels, which should lead to lower logistics costs. At the same time, the market 

approach forces high availability of products from stock in the warehouse. Only in this way can an enterprise 

provide a high level of service to its clients and maintain a highly competitive position. The inventory 
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management process becomes particularly difficult when the market demand for delivered products is 

characterized by high volatility. The decision-making process in this case depends to a large extent on a 

properly functioning IT tool that supports the actions of managers [12]. The type of data collected and the 

algorithms used for calculations by the ERP system acquires significant importance [10,7,13]. 

The aim of the article is to present the results of research obtained under the project whose end result was the 

development of an algorithm that supports the inventory management system for products with high sales 

variability. Therefore, the current stock replenishment system, which operates in the company, has been 

characterized. The results of the risk analysis were also presented. They indicate the effects of the current 

algorithm. Then the model of the new demand calculation was presented. The proposed algorithm takes into 

account the coefficient of variation for individual products in the calculations. The level of logistics service 

offered was dependent on this coefficient. Finally, the most important conclusions from the research are 

presented. 

2. CURRENT INVENTORY MANAGEMENT SYSTEM 

The studied organization is a production and commercial company that operates in the pneumatic sector. The 

company supplies its products to recipients from various sectors of the economy, primarily maintenance teams, 

automotive, household appliances and furniture. The analysis of historical sales data has shown that the 

specifics of product sales are characterized by high volatility - Figure 1. This variability causes that standard 

tools for managing inventory do not fulfill their role. This is due to the fact that these tools are largely based on 

the assumption of statistical repeatability of sales. Meanwhile, in the case of analyzed products, such 

repeatability does not occur. Even in relation to warehouse items, which are considered cyclically renewable 
and therefore are continuously stored in a warehouse, the analysis of historical data indicates that these 

products are characterized by high volatility rates. These indicators exceed the permissible standards for which 

it can be concluded that in the observed time series one is dealing with statistical repeatability. 

 

Figure 1 Sales variation of the selected product  

The current inventory management system, which is the basis for demand reporting in the ERP system, was 

created based on quantitative models described in the literature. The algorithm was built on the concept of 

cyclical replenishment of inventories based on two control parameters (T - optimal inventory renewal cycle and 

S - maximum inventory level). Parameter S in the algorithm used reflects the anticipated demand determined 

on the basis of the average sales volume registered over the last 12 sales cycles, while the cycle length 

corresponds to the adopted parameter T. Cyclical products are usually ordered in 1-, 2- or 4-week cycles. The 

cycle depends on the product group and supplier's conditions. This means that the algorithm uses "too 

historical" data for products with a long inventory renewal cycle. In order to calculate the current demand for 
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these products, the algorithm takes into account sales that were registered 6-10 months ago. This stiffens the 

reported demand and limits the flexible response to changing sales trends on the market.  

Parameter S also takes into account the delivery time. This period includes the time of order processing at the 

supplier's (lead time) and the time needed to enter the delivery to the warehouse (including all input operations 

related to the receipt, control, recording and placing of goods in the warehouse). Due to multi-assortment 

deliveries received from selected suppliers, the time of entering the delivery to the warehouse can last even 

several days. The algorithm also has the option of introducing a safety stock in the event of disturbances 

occurring in deliveries from a given source (e.g. delay or lack of complete delivery). The safety stock is 

expressed in the form of an additional number of weeks for which the delivered goods should be sufficient.   

The maximum stock level S is reduced by the current stock level on the day of placing the order. High sales 

fluctuations and, above all, periodically occurring sales peaks cause significant threats to determine the correct 

inventory. The conducted risk analysis showed that for the event "reporting excessive demand by the system" 

the risk indicator reached a level not accepted by the Management Board. This is due to the high frequency of 

this event occurrence and the accompanying effects. The most important result is too large inventory level, 

which causes excessive freezing of capital. At the same time, however, it should be noted that the system 

does not provide comprehensive information that allows logistics employees to make current decisions 

automatically. People responsible for purchases must actively participate in the reported volumes of demand, 

which requires their current knowledge of suppliers, products and customers. This makes it difficult to 

standardize work and employee substitution in case of holidays or sick leave occurrence. Therefore, the 

company's management decided to modify the current demand calculation algorithm in the ERP system. 

3. INVENTORY MANAGEMENT MODEL, THAT TAKES INTO ACCOUNT HIGH SALES VOLATILITY 

The proposed inventory management model is to be based on the forecasted amounts of future demand. For 

the preparation of the forecast, the method is to be selected that will have the smallest errors for the ex post 

forecast. The forecast deviation from actual sales will be estimated using two types of errors:  

Mean absolute deviation MAD: 

{?� � ∑ |v52M5|65}~ k            
   

(1) 

Thiel coefficient: 

I� � ∑ ���2�� ���}~∑ �����}~                 (2) 

where:  b] - registered sales in week i; -] - sales forecast for the week i 

Analysis of historical data indicates that the high volatility of registered sales limits the effectiveness of 

quantitative forecasting methods to determine future demand. Therefore, it was decided to purge (smooth) 

historical data that is the basis for calculating forecast sales for future periods. In this way, the time series 

adopted for prognostic analysis will be devoid of extreme values, which may significantly affect the 

overstatement or understatement of the adopted sales forecast, which is the basis for the determined demand 

in future periods.  

In order to select the appropriate smoothing criterion for the registered time series, a multi-variant analysis of 

possible options was performed. Finally, a time series smoothing procedure was adopted based on the 

average registered sales and standard deviation of the population calculated using the rolling method from the 

last 52 weeks preceding the moment of the analysis. Smoothing the time series in the developed algorithm will 

be carried out according to the principle expressed by the formula (3) and (4): 
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�� b] � { � �, [ℎ\� b] � { � �             (3) 

��  b] � { � �, [ℎ\� b] � { � �             (4) 

where: b] - registered sales in week i; { - arithmetic average of the last 52 weeks; � - population standard 

deviation from the last 52 weeks. 

The analysis of historical sales data by the simple regression method proved that the upward and downward 

trends appearing in the examined periods are short-term, and the indicator of the calculated trend is 

insignificant. Additionally, cost-benefit analyzes based on the analysis of the volume of registered errors have 

shown that the use of advanced sales forecasting methods is unjustified due to the slight differences in 

registered forecast errors. For this reason, the algorithm uses simple forecasting methods. Three forecast 

variants were adopted for verification. For all analyzed representatives, the 12-element rolling average method 

allowed to determine the forecasts with the smallest error, both MAD and THIEL for the analyzed period (2016-

2018). 

The sales forecast is created based on the cleaned time series. As a result, the variability of the demand 

assumed for calculations was limited. The reference period is one week regardless of the optimal renewal 

cycle. This prevents the receipt of multi-month historical data for calculating current demand. The prepared 

sales forecast is a rolling type. This means that it is updated each time on the day of placing the order, based 

on current sales data on a weekly basis.  

Based on the sales forecast determined in this way, the maximum level of stock in the warehouse is 

determined. The second basic control parameter is the optimal renewal cycle, which, similarly to the original 

algorithm, results from the standard of service offered by the supplier and the specifics of selling the product 

itself. Also the time of order processing includes both the time of delivery by the supplier and the time of taking 

the goods to the warehouse. The algorithm also includes a safety reserve expressed in weeks, which takes 

into account the occurrence of possible disturbances. New parameter included on the proposed approach is 

the ratio of logistics services. This ratio depends on the coefficient of variation, which is calculated and updated 

for the sale of a given product each time an order is placed. The coefficient of variation for individual products 

will be reported in set time intervals, as its nature is dynamic due to changing sales levels. This report will 

support managers' decisions regarding the qualification of the product to the appropriate group. The manager 

assigns a product to class X, Y or Z on the basis of the current value of its coefficient of variation. 

�� �e�� � , [ℎ\� �� � �               (5) 

��  S �e�� S �, [ℎ\� �� � �              (6) 

�� �e�� � �, [ℎ\� �� � �               (7) 

Where: 

 �e�� - coefficient of variation of product k; OL - ratio of logistics services. 

Indicator limits ( and β) are the basis for assigning the product to individual classes. Limit values are manually 

controlled by the manager. The X class has the lowest volatility index, these are the leading products in the 

company's constant sales. These products should never be missing from the store shelf, therefore the logistic 

service for them is set at the highest level (close to 100 %). The Z class consists of products with the highest 

coefficient of variation. These are products that are largely sold on individual customer orders. Therefore, the 

amount of their stock in the warehouse should be limited, because their sale does not require providing such 

a high level of logistics service as it is in the case with class X. The level of logistics service will be assigned 

by managers responsible for product management.  

Finally, the new algorithm will calculate the demand for individual products according to formula (8). 
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�� � ���� 7 �� � � � �� � 7 ��             (8) 

Where: �� - demand for the product k; ��� - forecast weekly sales of the product k;  � - optimal weekly ordering cycle; � - order processing time specified in weeks; �� - safety stock 

expressed in weeks; �� - logistic service indicator assigned in accordance with the reported coefficient 

of variation. 

4. CONCLUSION 

Enterprise logistics systems are currently facing a major challenge. The market requires high availability of 

products for enterprises. At the same time, managers are evaluated for the effectiveness of their activities. The 

combination of both these goals is extremely difficult, especially when products supplied to the market are 

characterized by high demand volatility. In this situation, IT tools support is important. The reporting system 

and methods of calculating future demand should support the decision-making processes of managers. 

The article presents the results of the project implemented jointly with an enterprise whose products are 

characterized by high demand variability. For this reason, a modification of the currently functioning algorithm 

for determining future demand has been proposed. An important modification was the shortening of the time 

horizon of data used to determine the forecast, smoothing the time series used and making the level of logistic 

service dependent on the current coefficient of variation, which groups products into three classes. The 

presented algorithm is currently implemented in the ERP system, which supports material flows in the 

enterprise. The first phase of the tests indicated its high efficiency compared to the current solution. 
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Abstract 

Modern agglomerations are interested in the development of public transport and the use of advanced 

technical and organizational solutions in this area. One of the elements is passenger information. Good 

passenger information reduces travel time and increases the competitiveness of public transport. It is therefore 

an element that encourages the use of public transport, improves the comfort of travel and improves the image 

of the city and the carrier. The question rises, how is the efficiency of the presented information in terms of 

passenger readability. Therefore, the aim of the paper is to identify the information system components which 

gives important information to the passenger, and which are threatened by misreading. Afterwards, the main 

goal of this work is to give answer about correctness of gathered information. There is lack of regulation on 

the visibility distance of displayed text in boards is not in line with the current disability friendly policy. An 

attempt has been made to determine the minimum visibility limits depending on the type of board and the type 

of text. The manufacturer of display boards also does not declare the visibility distance of the displayed text 

on the boards. It was found that boards of smaller size, commonly used in new vehicles, adversely affect the 

visibility of text. The worst results of visibility distance measurements were recorded on small LEDs boards 

with a contrasting line number installed in new trams in Wroclaw. The best readable are the messages on 

large LEDs boards with a contrasting line number commonly used in many cities. 

Keywords: Public transport, display board, passenger information systems 

1. PASSENGER INFORMATION SYSTEMS 

Passenger information systems are one of the most important elements of modern public transport. They 

significantly increase the comfort of passengers when travelling. They enable to obtain information necessary 

for travel comfort. They allow the carrier to communicate quickly with passengers. Modern trends concern 

ecological means of transport, accessible for people with reduced mobility and transparent information 

[1,2,3,4]. The basic functions of dynamic passenger information are: 

 assisting in the selection of the place to wait for the vehicle, 

 calculation of the waiting time, 

 supporting the decision on changing the planned travel method to alternative [5]. 

These systems are most commonly used in vehicles, stations, communication nodes, platforms and stops 

[6,7,8]. The main elements are electronic information boards and audio information devices. In a vehicle, visual 

information is provided by electronic boards. Depending on the demand, the boards are of different sizes and 

the matrices they are made of have different resolutions and different production technologies. They are 

installed at the front, sides and rear and in the interior of the vehicle. Additionally, a voice announcement 

system is installed, which increases the effectiveness of information provided to passengers. All the devices 

mentioned above are controlled by the on-board computer. Passengers inside the vehicle obtain complete 

information about the vehicle (line, mileage, stops, communication nodes, etc.), and those waiting at stops 

know how many minutes they will be able to continue their journey. At stations and airports, visual information 

is provided by means of electronic arrival and departure boards placed in halls, waiting rooms, on platforms, 

and voice announcements ensure its comprehensiveness [9,10]. At airports, the flow of passengers is 

analyzed on the basis of the information used [11,12,13]. Specialized software presents the content 
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automatically, providing predefined content to be displayed on all system boards. It is possible to modify the 

information on an ad hoc basis (e.g. due to a change in departure time), and to change the data permanently. 

The control system for display boards and voice announcements is compatible with the timetabling software. 

The system has the ability to provide passengers with scheduled information only, without automatic 

consideration of changes (e.g. delays). In real time mode (on-line), the timetable is displayed on the boards, 

but it is dynamically corrected for deviations during the ride. Modifications take place automatically. A 

passenger waiting at a bus stop always sees the actual time of departure of the vehicle from the bus stop, in 

which possible deviations from the timetable have been taken into account. These systems can be easily 

extended with additional elements. In this way, they can be activated in stages, depending on the customer's 

needs. 

The aim of the paper is to identify the information system components which gives important information to the 

passenger, and which are threatened by misreading. Afterwards, the main goal of this work is to give answer 

about correctness of gathered information. 

2. DEPARTURE BOARDS AT THE STOPS 

One of the most important functions of the modern urban public transport system is the information of 

passengers about the current, real time arrivals and departures of vehicles from stops and to present 

interchanges at selected stopping points. Dynamic Information Systems provide passengers with such 

information on electronic boards. The display boards in stops, which are part of the passenger information 

system, present current departure times to passengers [14,15]. They also enable the transmission of 

messages about traffic difficulties and changes in the course of the journey. Display boards usually consist of 
orange diodes and automatically adjust the brightness of light to the lighting conditions. This system enhances 

the comfort of travel by making up-to-date information quickly available. Passengers can quickly decide to 

interchanges within a node by comparing the actual departure times [16,17]. 

Data from on-board vehicle systems shall be used by a Central System to keep passengers informed so that 

arrival and departure times of vehicles can be displayed in real time according to their current deviation from 

the scheduled timetable. It is important because in case of high saturation of urban traffic, especially during 

peak hours, timetables placed at bus stops usually do not reflect the actual situation and will not be consistent 

with the moment of arrival of the vehicle at the bus stop. 

A dynamic passenger information system consists of the following interacting elements: 

 controller placed in public transport vehicles (analyses punctuality on the basis of data on the GPS 

location of the vehicle), 

 infrastructure for the exchange of short-range data (update of the timetable and directional tables in the 

depot), 

 long-range data exchange infrastructure (transmission of data to the server from vehicles and from the 
server to bus stops and mobile applications), 

 central server (processing of data received from vehicles and calculation of expected departure times), 

 dynamic passenger information in stops (display of actual departure times for passengers) [18]. 

The system can also be adapted to people with reduced mobility. At departure times it is possible to display 

information on whether the course is supported by low-floor rolling stock. The second facilitation is a built-in 

speaker, which reads all the information contained on the display board. 

A pilot solution is to replace the traditional timetables at bus stops with displays made in e-ink technology, 

commonly used in ebook readers. This solution has many advantages. First of all, there is no need to print and 

exchange cards with the timetable. Secondly, energy efficiency. The screen illumination can be powered by 
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photovoltaic panels. Thirdly, the flexibility of the solution. On such an e-ink display we can show real-time 

information about traffic difficulties. 

Nowadays, every passenger using mobile devices has access to a range of applications that allow to track 

difficulties and changes in running, plan a trip, or monitor punctuality. Until a few years ago, we used a timetable 

application, and now we can check the actual departure times of buses, trams and even trains. Depending on 

the city, the passenger can choose to check the live departures from his stop, the travel planner, information 

about the low floor or air conditioning. The authors [19,20] evaluated the application features of various carriers 

using a form. The need for integration of the programs with social media was demonstrated and the possibility 

of making proposals for changes in public transport was also demonstrated [21,22,23]. 

We can also use mobile apps during rail travel. As an example, you can give KDGo! which allows you to 

monitor the movement of Lower Silesian Railways, check the nearest departures from a given station, and 

even see the current speed of the vehicle. In aviation, we also use applications showing the actual departure 

times and delays of plane [24]. MPK Wroclaw as the first of the large transport companies in Poland decided 

to make the location of its vehicles publicly available. Each vehicle of the city carrier and its subcontractor is 

equipped with a GPS transmitter. The iMPK application has been running in Wroclaw since 2013. It provides: 

 actual departure times from the stop, 

 locate a vehicle with a particular rolling stock number, 

 check if the vehicle is adapted to the needs of people with disabilities, 

 check that the vehicle is air conditioned, 

 actual messages about traffics difficulties with the indication of the stops they concern. 

3. PASSENGER INFORMATION ON THE VEHICLE 

The displays of the internal passenger information system are on board the vehicles. They are used to provide 

various types of information to travelers. The basic functions are the presentation of the route, direction of 

travel, time, date, date and information about the next stop. In addition to these basic functions, you can also 

see: information about traffics difficulties and proposed interchanges. Informing passengers about traffics 

difficulties and route changes is carried out through a special HOT bar on multimedia displays. 

In vehicles there are the following types of internal displays: 

 XTL-type LED boards, 

 23" TFT LCD monitors (can display: part of the route, line number, driving direction, possible 

interchanges, date and time, information about the lockout of cashiers and activated air conditioning of 

the passenger area, active button on request stop, service number of the driver, can also be used to 

broadcast advertising materials while maintaining a passenger information strip of approximately 30 % 

of the monitor area). 

 38" TFT LCD monitors (designed to present the route in the form of the so-called "beads", contains all 
the names of stops with the distinction between the serviced and future, travel, times between the stops, 

names of the streets on which they are located, names of city districts, possible interchanges, 

information and tourist attractions, the number of the line and its category, date and time, contact details 

of the unit responsible for the organization of transport). 

3.1. PASSENGER INFORMATION OUTSIDE THE VEHICLE 

Outside passenger information is designed to provide information to a potential passenger by means of light 

boards. It should be brief so that the passenger can quickly identify the vehicle. In the event of a mistake, there 

is a risk of misuse by a passenger. Risk issues are important in transport systems [25,26]. The outside line 
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boards are characterized by a bright light color for visually impaired people. Increasingly, vehicles are also 

equipped with an external voice line and directional announcement system.  

Basic types of light boards used in Poland: 

 XTD-type of boards, 

 FLIP-DOT-type of boards. 

On XTD boards, the text is created by means of a LED matrix. In these boards, a high readability of the text is 

ensured due to the high brightness of the LEDs and the large angle of light. The LEDs used are white, blue, 

orange and red. In Wroclaw, the orange applause boards have been combined with a contrasting blue line 

board visible to the visually impaired.  The display boards automatically adjust the brightness depending on 

the prevailing conditions so that it is suitable in all conditions. In the evening they shine darker, and when the 

sun is shining brighter. This ensures optimum contrast. XTD LED panels are equipped with a battery saving 

mechanism in the vehicle in which they are installed.  When the vehicle engine is switched off, the LED 

brightness is automatically set to a minimum and after 20 minutes the LEDs are switched off.  If the engine is 

restarted, the displayed content is restored. In LED boards are used classic diode (round) and surface mounted 

diode (SMD) with a wider angle of light and greater durability. 

On electromagnetic boards (type FLIP-DOT), the text is created by electromagnetically controlled moving thin 

plates colored strongly fluorescent yellow-green on one side and black on the other side - Figure 1. The text 

consists of plates facing away from the viewer, while the black ones form a background. Inverting the plates 

causes an electromagnetic pulse. These plates draw current only when the text changes. The text is 

maintained for an infinitely long time by magnetic memory. 

 

Figure 1 Construction of FLIP-DOT display board 

Classification of boards according to their position in the vehicle: 

 front display board, 

 side display board, 

 back display board. 

The front display board is usually located above the windscreen of the vehicle and is designed to display the 

line number and the direction to which the vehicle is heading. The board can also display additional information 
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such as: negative - informs that a given line runs a changed route, pictogram - e.g. train symbol informing that 

a vehicle is going to a station, text "changed route", text "departure in X minutes". - indicating in how many 

minutes the vehicle will leave the starting point. The most popular size of the board is 24 x 200 light points. 

Depending on the position in the vehicle, each display board has its own unique address. The address of the 

display boards is set using switches shown in the Figure 2. 

 

Figure 2 Switches for changing the address of display boards 

The side display board is usually located on the right-hand side of the vehicle. The most common dimension 

is 24 x 60 light points. The area of line and direction can be separated. The board displays the line number 

and direction. 

The back display board is used to display the line number in most cases. It happens that a wider board is 

mounted on the rear of the vehicle to display the line number and direction. 

3.2. VISIBILITY OF BOARDS EXPERIMENT 

Visibility of displays was tested in the same conditions in a group of 15 people. The distance of display boards 

visibility was read out after prior inventory of the area and evaluation of the distance of individual characteristic 

points on the map (poles, lanterns). The distances of visibility of the display board were recorded in a group of 

15 people for one situation. The arrangement of the observer and the characteristic points on the testing ground 

is shown in the Figure 3. 

 

Figure 3 Characteristic points on the testing ground 

Vehicles of all types of display boards and text were recorded. Figure 4 shows the results of the research. The 

probability of reliable information reading (PRIR) has been calculated in function of reading distance. The most 

visible were the newest type of display boards mounted in buses (LLEC) - Figure 4B. Small new-type display 

boards in trams (SLE) - Figure 4D were less visible than old type FLIP-DOT boards (LFD) - Figure 4E. 
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Figure 4 Visibility research results by type of boards 

Due to the lack of formal regulations Due to the lack of formal regulations of the city carrier concerning the 

distance of visibility of the displayed text on the outside display boards of vehicles, research was carried out. 

The following types of display boards were inventoried and subsequently evaluated: 

 large LED boards (LLE) - Figure 5A, Figure 5D, 

 large LEDs boards with a contrasting line number (LLEC) - Figure 5C, 

 medium LED boards (MLE), 

 small LEDs boards with a contrasting line number (SLE), 

 large FLIP-DOT boards (LFD) - Figure 5B, 

 medium FLIP-DOT boards (MFD) 

Due to the type of text displayed on the boards: 

 one-line text - Figure 5A, Figure 5C, 

 double-line text - Figure 5B, Figure 5D. 
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Figure 5 Display types and types of texts 

Probability of reliable information reading (PRIR) allows to determine the distance from which the text of a 

given type on a given display board will be visible. This method is widely used in transport systems 

[27,28,29,30,31,32]. The correct and fast selection of the vehicle by the passenger, and thus the punctual 

departure time, depends on the visibility of the text. 

4. CONCLUSION 

The distances of visibility of display boards of different types were determined on the basis of the research 

carried out. The most visible were the newest type of display boards mounted in buses (LLEC) and the display 

boards of the same size, but without the contrasting line number (LLE). In the newest trams, smaller display 

boards than in buses (SLE) were installed. They are less visible than the old FLIP-DOT (LFD and MFD) boards. 

The reason may be that the distance of visibility of the signs displayed on the outside boards is not regulated. 

In auction for the purchase of new vehicles there are no requirements for the visibility of the display board. 

These analyses may be used to introduce such adjustments. Clear passenger information is important 

because it reduces travel time and increases the competitiveness and attractiveness of public transport. 

REFERENCES 

[1] [WTZ2019] WANG, W., TIAN, Z., JIANG, Y., WU, L., GAO, J. Dynamic control strategy based on passenger 
choice behavior with real-time information. Simulation [online]. 2019. vol. 95, pp. 809-822 [viewed 2019-11-13]. 

Available from: DOI: 10.1177/0037549717742508. 

[2] [SZ1] ZAJĄC, P., HAŁADYN, Sz., KWAŚNIOWSKI, S. Concept of reducing harmful emissions by road transport 

vehicles in the tourist route Karpacz-Jelenia Góra. In 11th Conference on Interdisciplinary Problems in 
Environmental Protection and Engineering EKO-DOK 2019. Polanica-Zdrój, 2019, pp. 1-9. Available from: DOI: 

10.1051/e3sconf/201910000091. 

[3] [R1] GIEL, R., PLEWA, M. The evaluation method of the process of municipal waste collection. In Carpathian 

Logistics Congress. Jesenik, 2015, pp. 281-287. Available from: WOS: 000387950100043. 

[4] [GS2017] GUZE, S. An application of the selected graph theory domination concepts to transportation networks 

modeling. Scientific Journals of the Maritime University of Szczecin [online]. 2017. vol. 52, pp. 97-102 [viewed 
2019-11-13]. Available from: DOI: 10.17402/250. 

[5] [NNH2019] NASSIR, N., HICKMAN, M., MA, Z.-L. A strategy-based recursive path choice model for public transit 
smart card data. Transportation Research [online]. 2019. vol. 126, pp. 526-548 [viewed 2019-11-13]. Available 

from: DOI: 10.1016/j.trb.2018.01.002. 

[6] [ATB2012] TIBAUT, A., KAUČIČ, B., REBOLJ, D. A standardised approach for sustainable interoperability 

between public transport passenger information systems. Computers in Industry [online]. 2012. vol. 63, pp. 788-
798 [viewed 2019-11-13]. Available from: DOI: 10.1016/j.compind.2012.08.002. 

[7] [IPP2010] POLITIS, I., PAPAIOANNOU, P., BASBAS, S., DIMITRIADIS, N. Evaluation of a bus passenger 
information system from the users’ point of view in the city of Thessaloniki. Research in Transportation Economics 

[online]. 2010. vol. 29, pp. 249-255 [viewed 2019-11-13]. Available from: DOI: 10.1016/j.retrec.2010.07.031. 

[8] [HYJ2019] YIN, H., WU, J., LIU, Z., YANG, X. Optimizing the release of passenger flow guidance information in 

urban rail transit network via agent-based simulation. Applied Mathematical Modelling [online]. 2019. vol. 72, pp. 
337-355 [viewed 2019-11-13]. Available from: DOI: 10.1016/j.apm.2019.02.003. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

240 

[9] [CCE2017] CSISZAAR, C., NAGY, E. Model of an integrated air passenger information system and itsadaptation 
to Budapest Airport. Journal of Air Transport Management [online]. 2017. vol. 63, pp. 33-41 [viewed 2019-11-13]. 

Available from: DOI: 10.1016/j.jairtraman.2017.06.022. 

[10] [ONB2019] OLIKER, N., BEKHOR, S. A frequency based transit assignment model that considers online 

information. Transportation Research [online]. 2019. vol. 88, pp. 17-30 [viewed 2019-11-13]. Available from: DOI: 
10.1016/j.trc.2018.01.004. 

[11] [KA1] KIERZKOWSKI, A., KISIEL, T. A model of check-in system management to reduce the security checkpoint 
variability. Simulation Modelling Practice and Theory [online]. 2017. vol. 74, pp. 80-98 [viewed 2019-11-13]. 

Available from: DOI: 10.1016/j.simpat.2017.03.002. 

[12] [KA3] KIERZKOWSKI, A., KISIEL, T. Functional Readiness of the Check-in Desk System at an Airport. Advances 

in Intelligent Systems and Computing [online]. 2015. vol. 365, pp. 223-233 [viewed 2019-11-13]. Available from: 
DOI: 10.1007/978-3-319-19216-1_21. 

[13] [KA4] KIERZKOWSKI, A., KISIEL, T. Airport Security Screeners Reliability Analysis. In IEEE International 
Conference on Industrial Engineering and Engineering Management. Bali, 2016, pp. 1158-1163. Available from: 

DOI: 10.1109/IEEM.2015.7385830. 

[14] [BC2019] BRAKEWOOD, C., WATKINS, K. A literature review of the passenger benefits of real-time transit 

information. Transport Reviews [online]. 2019. vol. 39, pp. 327-356 [viewed 2019-11-13]. Available from: DOI: 
10.1080/01441647.2018.1472147. 

[15] [WJ2019] WEN, J., NASSIR, N., ZHAO, J. Value of demand information in autonomous mobility-on-demand 
systems. Transportation Research [online]. 2019. vol. 121, pp. 346-359 [viewed 2019-11-13]. Available from: DOI: 

10.1016/j.tra.2019.01.018. 

[16] [MCC2017] MULLEY, C., CLIFTON, G.T., BALBONTIN, C., MA, L. Information for travelling: Awareness and 
usage of the various sources of information available to public transport users in NSW. Transportation Research 

[online]. 2017. vol. 101, pp. 111-132 [viewed 2019-11-13]. Available from: DOI: 10.1016/j.tra.2017.05.007. 

[17] [DEI2015] DIAB, E.I., BADAMI, M.G., EL-GENEIDY, A.M. Bus Transit Service Reliability and Improvement 

Strategies: Integrating the Perspectives of Passengers and Transit Agencies in North America. Transport 
Reviews [online]. 2015. vol. 35, pp. 293-328 [viewed 2019-11-13]. Available from: DOI: 

10.1080/01441647.2015.1005034. 

[18] [LZF2011] ZHU, L., YU, F., NING, B., TANG, T. Cross-Layer Design for Video Transmissions in Metro Passenger 

Information Systems. IEEE Transactions on Vehicular Technology [online]. 2011. vol. 60, pp. 1171-1181 [viewed 
2019-11-13]. Available from: DOI: 10.1109/TVT.2011.2107927. 

[19] [MDH1995] HICKMAN, M., WILSON, N. Usability Evaluation of Mobile Passenger Information Systems. 
Passenger travel time and path choice implications of real-time transit information [online]. 1995. vol. 3, pp. 211-

226 [viewed 2019-11-13]. Available from: DOI: 10.1016/0968-090X(95)00007-6. 

[20] [BLS2014] BEUL-LEUSMANN, S., CHRISTIAN, S., WIEDERHOLD, M., KREMPELS, K., JAKOBS, E., ZIEFLE, 

M. Usability Evaluation of Mobile Passenger Information Systems. User Experience, and Usability. Theories, 
Methods, and Tools for Designing the User Experience [online]. 2014. vol. 8517, pp. 217-228 [viewed 2019-11-

13]. Available from: DOI: 10.1007/978-3-319-07668-3_22. 

[21] [KA2] KIERZKOWSKI, A., KISIEL, T. Simulation Model of Logistic Support for Functioning of Ground Handling 

Agent, Taking into Account a Random Time of Aircrafts Arrival. In 5th International Conference on Military 
Technologies. Brno, 2015. Available from: DOI: 10.1109/MILTECHS.2015.7153694. 

[22] [GS2018] GUZE, S. Business Availability Indicators of Critical Infrastructures Related to the Climate-Weather 
Change. In Contemporary complex systems and their dependability: proceedings of the Thirteenth International 

Conference on Dependability and Complex Systems DepCoS-RELCOMEX. Brunów, 2018, pp. 248-257. 
Available from: DOI: 10.1007/978-3-319-91446-6_24. 

[23] [TU3] T., TUBIS, A., WERBIŃSKA-WOJCIECHOWSKA, S. Balanced Scorecard use in passenger transport 
companies performing at Polish market. Procedia Engineering [online]. 2017. vol. 187, pp. 538-547 [viewed 2019-

11-13]. Available from: DOI: 10.1016/j.proeng.2017.04.412. 

[24] [KZV2008] KONSTANTINOS, Z., VASSILIS, S., KONSTANTINOS, A. Integrated Passenger Information System 

for Multimodal Trip Planning. Journal of the Transportation Research Board [online]. 2008. vol. 2072, pp. 20-29 
[viewed 2019-11-13]. Available from: DOI: 10.3141/2072-03. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

241 

[25] [TU1] TUBIS, A. Information needs of decision makers for risk assessment in road transport. In Engineering in 
dependability of computer systems and networks: proceedings of the Fourteenth International Conference on 

Dependability of Computer Systems DepCoS-RELCOMEX. Brunów, 2020, pp. 525-533. Available from: DOI: 
10.1007/978-3-030-19501-4_52. 

[26] [TU2] TUBIS, A. Route risk assessment for road transport companies. In Contemporary complex systems and 
their dependability: proceedings of the Thirteenth International Conference on Dependability and Complex 

Systems DepCoS-RELCOMEX. Brunów, 2018, pp. 492-503. Available from: DOI: 10.1007/978-3-319-91446-
6_46. 

[27] [WW1] JODEJKO-PIETRUCZUK, A., WERBIŃSKA-WOJCIECHOWSKA, S. Block inspection policy for non-series 
technical objects. In Safety, reliability and risk analysis: beyond the horizon: proceedings of the European Safety 

and Reliability. Amsterdam, 2013, pp. 889-898. Available from: DOI: 10.1201/b15938-133. 

[28] [WW2] NOWAKOWSKI, T., TUBIS, A., WERBIŃSKA-WOJCIECHOWSKA, S. Maintenance decision making 

process - a case study of passenger transportation company. In Theory and engineering of complex systems and 
dependability: proceedings of the Tenth International Conference on Dependability and Complex Systems 

DepCoS-RELCOMEX. Brunów, 2015, pp. 305-318. Available from: DOI: 10.1007/978-3-319-19216-1_29. 

[29] [GS2010] GUZE, S. Reliability analysis of multi-state ageing series-consecutive "m out of k: F" systems. 

Reliability, Risk and Safety: Theory and Application [online]. 2010. vol. 1-3, pp. 1629-1635 [viewed 2019-11-13]. 
Available from: DOI: 10.1201/9780203859759.CH226. 

[30] [GS2016] GUZE, S., KOŁOWROCKI, K. Modelling Operation Process of Baltic Port, Shipping and Ship Traffic 
and Operation Information Critical Infrastructure Network. International Journal on Marine Navigation and Safety 

of Sea Transportation [online]. 2016. vol. 10, pp. 275-284 [viewed 2019-11-13]. Available from: DOI: 
10.12716/1001.10.02.10. 

[31] [R2] DĄBROWSKA, A., GIEL, R., PLEWA, M. The Picking Process Model in e-Commerce Industry. In 

Engineering in dependability of computer systems and networks: proceedings of the Fourteenth International 
Conference on Dependability of Computer Systems DepCoS-RELCOMEX. Brunów, 2020, pp. 525-533. Available 

from: DOI: 10.1007/978-3-030-19501-4_12. 

[32] [R3] GIEL, R., PLEWA, M. Analysis of the impact of changes in the size of the waste stream on the process of 

manual sorting of waste. In Proceedings of 37th International Conference on Information Systems Architecture 
and Technology. Karpacz, 2017, pp. 127-136. Available from: DOI: 10.1007/978-3-319-46589-0_10. 

  



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

242 

MODELLING OF CONTAINER TRAIN HANDLING IN THE LAND INTERMODAL TERMINAL 

Karol NEHRING, Roland JACHIMOWSKI 

Warsaw University of Technology,  

Faculty of Transport, Warsaw, Poland, EU,  

karol.nehring@pw.edu.pl, roland.jachimowski@pw.edu.pl    

Abstract 

The purpose of this study is to present an issue of a container train handling in the land intermodal terminal. 

The two main processes performed during the train handling are considered and analyzed. First one is train 

unloading. Second process is train loading. All the important factors affecting handling time and cost efficiency 

are featured. Its influence is described and justified. An article is opened by an introduction and the literature 

review. Crucial factors for choosing a research area are presented. Second part of the study presents intro to 

a future modelling process. Problem is formulated and assumptions are made. The main purpose of this study 

part is to create substructure and assumptions for mathematical model that will be a result of the study. This 

study results shall enable planned survey in the field of intermodal train handling. Multi-criteria mathematical 

model developed for an analyzed issue include chosen important factors such as container mounting pin 

configuration, empty wagons number minimization and others. Listed factors and other are occurring while 

train handling and got an impact on the whole process realization. The study is ended by conclusion to the 

considered intermodal train handling subprocess. 

Keywords: Intermodal transport, container train, process modelling, intermodal terminal, logistics 

1. INTRODUCTION 

Nowadays more and more attention is given to the intermodal transport. There are a few factors which 

determinates this occurrence. One of them is intermodal transport possibilities. With well-organized transport 

system it is possible to deliver goods more efficiently and faster. Especially thanks to combined transport using 

train at the main road and trucks on the initial and final shorter route section distances (allowing for door-to-

door transport). Intermodal transport allows to handle large amount of cargo in shorter time [1,10]. It enables 

to reduce needed handling work amount. Some service operations are limited (less repacking, document 

handling, moving small transport units). Only one transport unit is used during the transport process [9]. This 

type of transportation is very effective in terms of the middle and long transport distances. This type of transport 

is perfectly fitted to the European roads network and other conditions (average transport distance, land size, 

countries layout). Goods delivered to the sea transshipment point can be easily forwarded to the trains and 

trucks. Further operations can be carried out in the land intermodal transshipment points. In the last time 

transport ecological aspect has been considered [1,10]. Intermodal transport leads to carbon dioxide emission 

reduction. It has less impact on the environment and allows to reduce road traffic. The average road 

infrastructure exploitation period can be overlong [1,10]. Besides, there are a lot of other benefits (the whole 

transport process time reduction, better cost efficiency or development of the new technologies. The European 

Union emphasizes the importance of intermodal transport for over fifty years. Thanks to this approach 

intermodal transport is still developing. It is proved in rapports and statistics. A combined rail-road and rail-rail 

intermodal transport seems to have a huge potential [1,10]. Despite many benefits still not all optimization 

areas have been widely considered and presented in the scientific elaborations. Especially in case of land 

container and ITUs (Intermodal Transport Unit) transshipment terminal (Figure 1). 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

243 

 

Figure 1 Intermodal and combine transport usage benefits [1,9,10] 

Also, some mathematical models have been formulated [2]. Many models are based on assumptions and 

restrictions such as considering only limited number of types of ITU (e.g. only three ITU size types) or limiting 

other parameters range (pin configurations, stacking possibilities and others) [2,7,17]. It allows to consider 

factors that have not been discussed yet. Still there is lack of holistic approach which would consider more 

factors [2]. Example possible optimization areas in the intermodal land yard are presented in the Figure 2. To 

each area many factors can be assigned and considered in the further researches. 

 
1 Trucks and trailers management (e.g. parking places assignment and movement) 

2 Intermodal means of transport (e.g. reach stacker working algorithm, working areas approach) 

3 Gantry management and scheduling (e.g. working place assignment, priorities, queuing)) 

4 Train layout forming (e.g. loading and unloading, length and weight restrictions, aerodynamic) 

5 Intermodal units storing (e.g. storage places choice, units movement, stocking restrictions) 

6 Terminal layout (e.g. needed rails length, storage field capacity) 

7 Whole terminal work scheduling (where, how and when the process needs to be made?) 

Figure 2 Chosen optimization areas in the intermodal rail-road land terminal [1,9,10] 

In this study attention is focused on the rail-road land terminal functioning as it has been diagnosed that not 

enough studies have been developed in this area. Holistic approach is needed. In order to obtain more usable 

results study concerns only the specific functional area of intermodal terminal. It allows to consider more crucial 

factors for the chosen task execution. Authors’ aim is to maximize possible results apply and to make them 

reliable. One of the main factors while choosing the area of research was diagnosed problem at the market. 

Researchers have studied Polish intermodal transport market. It can be diagnosed that intermodal transport 

in Poland is still underestimated [1,10,15,16]. Intermodal transport in Poland is developing and researches 

need to be done in order achieve progress. Especially combined transport can be beneficial. It can help 

to reduce pollution and congestion. It can be crucial for the train market restructuration [1,10]. The authors’ 

intention is improving processes by the applying results of the study. 
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Further a brief literature review is presented and the optimization problem is formulated. Crucial information 

and the intro to mathematical model is presented in chapter 3. and 4. In this study mathematical model is also 

included (5. General mathematical problem formulation). The article is ended with a summary. 

2. LITERATURE REVIEW AND EXISTING APPROACHES 

There are researches made on land intermodal terminal. Mathematical models have been formulated. In order 

to narrow the research area, the focus is set on one problem: intermodal train handling in the rail-road land 

yard. Literature is analyzed so as to indicate what has already been described in the research area. 

Many useful information can be found in the literature researches made on the intermodal transport. Study that 

has focused on the discussed factors is the one made by BOYSEN, FLIENDER, JAEHN and PESCH [2]. 

Authors has compiled detailed intermodal market and literature research. In their research the lack of holistic 

approach is highlighted. The survey shows that there were studies made e.g. on the aerodynamic efficiency. 

Other researches mentioned in the study considered more aspects of train formation and handling. Still many 

of factors need to be included in holistic model in order to build complex survey on the intermodal train handling. 

Presumptions for the intermodal train handling are also presented and described. 

Another literature study has been made by STAHLBOCK and VOß [13]. Authors say that study is meant to 

present intermodal transport condition and perspectives. Authors find intermodal transport market as a fast-

developing branch of economy. The study is comprehensive: it considers many more land intermodal yard 

functioning areas then only train processes. Even if it does not focus strictly on the train handling some useful 

materials and information can be found in them. Often new approaches, technologies or models can be found. 

STAHLBOCK and VOß [13] presented functional areas such as container handling equipment, human 
resources, assisting systems or optimization methods. To each area possible optimization methods are added. 

It has also given overall look at the possible optimization methods (also to the train handling). 

Another wide literature research has been presented by CARIS, MACHARIS and JANSSENS [4]. Their article 

has been analyzed similarly to the previously described researches [2,13]. Authors in their study confirmed the 

importance of intermodal transport. This paper is more focused on optimal planning decisions. Possible 

solution methods are presented as references to the chosen scientific literature. During the optimization areas 

analysis the most important factors are decision levels. The authors’ approach considers decisions time 

horizons. Relaying on the presented data it is visible that some researches has been made in the area of 

intermodal train handling. It seems that researches focus more on the terminal equipment functioning. It can 

be seen that many discussed approaches are based on some simplifications. 

One of the studies focusing on the considered problem is the one made by BRUNS and KNUST [2]. In their 

article they focused on load planning trains. The authors’ aim was to indicate best practices. Weight restrictions 

are considered. The mathematical model is based on the three linear programming formulations. Factors 

included and the most important model presumptions in the study are presented below (Table 1). First linear 

model assumes discrete weight distribution and that one load unit length-type fits onto one slot. The second 

approach also is based on discrete weight distribution. It also concerns the load unit fixation type. Last one 

uses continuous model of the weight restrictions. Unit length is considered similarly. 

Table 1 Factors included in BRUNs and KNUST research [2] 

Nr. Factor/ assumption Nr. Factor/ assumption 

1 place of train handling 5 intermodal load units’ number 

2 number of handling wagons 6 intermodal load units’ types 

3 type of wagon 7 storage area 

4 train weight limit 8 ITUs main types 
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Another approach has been presented by CORRY and COZAN [5]. The focus of research also has been 

devoted to the ITUs flow between road and rail transport. It is emphasized how many factors influence 

processes in a terminal logistic system. In this study, main factors concerning are: types of equipment, terminal 

layout, storage capacity. Operating strategies are included in the analytical model. Authors claim that the aim 

of presented model is to deal with the uncertainty existing in the other studies. This mathematical model 

assigns ‘1’ to a container if it is matched to a wagon slot in a specific time or ‘0’ if not. Every container mass is 

identified. However, this mathematical model does not include pin configuration or aerodynamical aspect. Still 

this approach cannot be described as ‘the holistic’ one. 

POWELL and CARVALHO [11] is more specialistic one than the others presented. The study takes into 

account only intermodal flatcars. Their study again indicates equipment used in the terminal and operating 

rules as the crucial factors. The presented math model is dynamic. The authors’ aim is to help intermodal 

operators to improve their performance. This model concerns many ITUs possible layouts on the intermodal 

wagon: double stacking, mixing trailers and containers on wagon or placing many units on wagon. Wagons 

parameters (length, capacity and number of axes) can also vary. The model tries to adjust train loading plan 

to the task. Operation movements are concerned too. This model can be useful, but it is still not holistic. 

It varies from two models presented previously as it focusses on a dynamic units’ assignment and queuing. 

Research made in 2018 by HEGGEN, BREAKERS and CARIS [8] considers multi-objective approach for the 

intermodal train planning. The aim of this research is to utilize the train loading space, capacity, length and 

weight and handling load units. Intermodal work scheduling is also included. Model is static and multi- 

objective. Study leads to establishment of the most suitable work schedule. Analyzed parameters are 
presented below in Table 2. This study is based on analyzed before BRUNS and KNUST [2] research. It differs 

from BRUNS and KNUST’s approach as the main factor is not the fixation type but the unit size. Five main 

containers lengths are taken into account. In order to guarantee wagon stability, right weight distribution is 

considered (recommended is axle/center boogie/rear axle weight distribudtion 25 %/50 %/25 %). 

Table 2 Factors included in HEGGEN, BREAKERS and CARIS research [8] 

Nr. Factor/ assumption Nr. Factor/ assumption 

1 intermodal units’ types 6 units’ weight 

2 wagon types 7 units’ dimensions 

3 number of wagons 8 wagon tare weight 

4 wagon capacity 9 payload for the wagon boogie 

5 weight restrictions 10 distance between wagon boogies and center load 

LAI, BARKAN and ÖNAL [14] carried out studies on the narrowed topic range. Their study concerns 

aerodynamical aspects of forming intermodal train. The argumentation of this study is supported by achieving 

energy savings, fuel efficiency and cost reduction thanks to smart train layout planning. Study uses integer-

programing in order to support terminal operators. Similarly, to CORRY and COZAN’s [5] mathematical 

approach, this model assigns values ‘1’ or ‘0’ depending on the considered unit and wagon state. Aerodynamic 

force has a huge influence especially in the high-speed trains). A dense unit layout on the intermodal train can 

lower the aerodynamic force. The model’s aim is to reduce the unneeded empty spaces between ITUs. It is a 

guaranty of better stability of the train. 

FROYLAND, KOCH, MEGOW, DUENE and WREN’S [7] research can be useful too. Their research focusses 

on wider optimization area. The study concerns general containers operations in a land intermodal terminal 

realized by gantries. The study is based on the Port Botany terminal case. Their algorithm focusses on the 

container exchange, cranes scheduling and the allocation of the means of transport. Efficient space-time 
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divisioning should be a result of the presented method. This model uses information about container sources 

(import, export, transit), time periods and transshipment equipment efficiency. 

More theoretical approach has been presented by CRAINIC, PERBOLI and ROSANO [6]. Their study can be 

used as a source of general knowledge about the intermodal transport. The types of mathematical models are 

described (static or dynamic, stochastic or deterministic). It can be analyzed in order to expand knowledge on 

the intermodal transport functioning and it can have an indirect influence the survey [2,4,13]. 

The factor that hinders the study is the lack of current researches made on the intermodal fleet condition. The 

2018 report states that the last wide research in this area has been made over nine years ago in 2009 [17]. 

Due to this fact it is hard to estimate which kinds of intermodal wagons are in current usage. 

3. PROBLEM DESCRIPTION 

Many factors have an impact on the efficiency of the container train handling process in the land terminal. 

Chosen process is only one among many other intermodal processes. In order to build a useful and well fitted 

model attention needs to be drawn only on the narrowly chosen subprocess. A model considering many 

processes could be too much expanded. There is a risk of skipping important factors. Whole train, trucks and 

intermodal units handling optimization can be achieved by modelling and experimenting in the specific work 

area. There is also a possibility that this optimization algorithm will be more effective. 

While analyzing the intermodal yards functioning important evidences have appeared. They leaded to the final 

choice of the train handling process as the modelling one. The first factor was the geographical research area 

(Europe, Poland). This region’s potential as a market for an intermodal transport is still not used. It also leads 

to obtaining benefits. Rail-road intermodal land yards are a main part of point infrastructure. It allows to 
accomplish handling and ITUs flow. It is a buffering place too. Intermodal is a possibility to reduce road 

congestion. It is estimated that intermodal freight volume in Poland is only 4 %. Road transport dominates. In 

2018 about 74 % cargo has been moved by the road transport. In the intermodal transport mainly standard 

containers are used. In 2018 over 96 % of handled ITUs were containers [15]. Only 1,5 % of handling ITUs 

were truck intermodal trailers and swap bodies [9,15]. In 2017 in Poland 239,9mln tons has been transported 

with the usage of the intermodal transport. In 2018 it already was 250mln tons (5 % more). It is a proof that 

this market is still growing [16].  

The authors decided to focus on the train handling. This decision was made mainly due to the information 

presented in the literature. Lack of holistic approach and the easiness to indicate factors occurring while ITUs 

moving on and from the railway [2]. Improving this process seems to be possible. The construction of the 

proper model has been chosen as a task. The main factors can be for example an intermodal train 

aerodynamic, pin configuration, train optimal length, reduction of empty wagons and others. The factors 

influence handling time, work effort etc. The research area still seems to be unexplored [2]. 

The train handling process can have a huge impact on the intermodal terminal functioning. Not optimized 

handling strategy leads to an occurrence of negative phenomena (e.g. delays). Finding an answer for the 

question ‘when to change pin configuration?’ seems to be vital. The key factor is the precise train load plan. 

Other included factor should be an aerodynamical aspect [2,14]. Another factor is also connected with a train 

mass and capacity. Intermodal trains schedules are developed much earlier than the real train load and 

movement process. The intermodal train operator needs to register planned train parameters. The transport 

cost calculation and fees are based on this information. Moving empty wagons is not economical. Empty 

spaces occurring in the intermodal train layout sometimes can be caused by some independent factors (e.g. 

road delays). Despite this, well organized load plan and arrivals schedule leads to minimization of empty 

spaces. Empty course number reduction savings can be achieved. Another aspect is the possible ITUs layouts 

[2,3]. In order to sum up this section all handling aspects and factors are presented below (Figure 3). 
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Figure 3 Considered in the study factors occurring while train handling in the rail-road yard [2,3] 

In the next paragraph (4. General problem formulation) a brief ‘summing up’ problem formulation is presented. 

It includes the most important aspects of the analyzed task. 

4. GENERAL PROBLEM FORMULATION 

Using information from the previously presented data final problem can be defined. First step 

in the mathematical model creation can be done i.e. assumptions, restrictions formulation, varieties definition 

and systematization of markings. Model scientific description is planned to be done in the future research. 

research in the planned scientific project will also cover experimenting and optimization processes. The 

researchers target is to elaborate holistic intermodal train handling approach. In order to achieve this, 

multicriteria analysis is required. In such an approach all possible criteria can be considered with the 

differentiation of chosen factors importance for the process realization and efficiency. Multicriteria model is 

universal, gives many possibilities of analysis and allows to expand survey. According to the analyzed data in 

the next section (5. General mathematical problem formulation) example of mathematical model is formulated. 

It takes into account only one factor but presents logic of problem solving. 

5. GENERAL MATHEMATICAL PROBLEM FORMULATION 

In this part of the article the general mathematical model is presented. Presented below mathematical analysis 

focusses on the one factor i.e. intermodal container dimensions. Number of chosen criteria has been limited 

to only one factor as this is only example model. It allows to present logic of procedure possible to understand 

at the same time. The data necessary for the optimization task are as follows: 

I = {1, …, i, …., I} - set of containers, 

J= {1, …, j, …., J} - set of rail cars (wagons), 

dij - distance between container i and rail car j, 

li - i-th container length, 

Lj - j-th rail car length, 

qi - i-th container mass, 

Qj - j-th rail car total mass, 

Decision variables have an interpretation of the wagon's container allocation: 

� � �f]`�   f]` � F 1, when container i  is allocated to rail car ¨0, in other case                                                         
The criterion function (1) has the interpretation of minimizing the distance covered by the crane during train 

loading process: 

F�� � ª ª f]`
`∈«]∈C

Q]`   ¬⎯® ���                                                                        (1)
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The constraints imposed on the values of decision variables are as follows: 

 Every container can be allocated to at most one rail car (wagon): 

∀� ∈ C    ∑ f]``∈« S 1                                                                                                                   (2) 

 Total length of containers on the given rail car cannot excide the rail car length: 

∀¨ ∈ «    ∑ f]`]∈C °] S �̀                                                                                                                                             (3) 

 Total mass of containers on the given rail car cannot excide the rail car maximum allowed mass: 

∀¨ ∈ «    ∑ f]`]∈C ±] S �`                                                                                                                                           (4) 

 Decision variables can have binary values: 

∀� ∈ C   ∀¨ ∈ «     f]` � �0,1�                                                                                                                                    (5) 

The model is an introduction to the further research. Variable xij specifies if container i can be allocated to rail 

car j. The aim of the optimization is to minimize the distance covered by the crane working in the terminal. 

6. SUMMARY SECTION 

Intermodal transport is a developing economy sector. This type of transport brings benefits such as generating 

less environmental pressure, reducing a traffic congestion, handling huge amount of goods etc. It has been 

diagnosed that this geographical region combined transport potential is not used. In order to obtain optimized 

intermodal terminal functioning optimization in narrowed areas needs to be done. Authors decided to focus on 

the intermodal train handling process. There is lack of the holistic approach. 

Some reliable studies have been made in the research area. In order to find information about the specified 

optimization area three types of articles and survey can be useful. First of them is literature review. Information 

about studies made can be found in those sources. Second type of source are the articles and surveys that 

include mathematical models. They are especially precious because of the mathematical approaches 

presented in them Last type of helpful sources are all descriptive articles: reports etc. 

Authors’ main conclusion is that holistic approach is still needed in the chosen area. Some information needs 

to be update and more factors needs to be considered while constructing model. Mentioned factors are among 

the others: train aerodynamic, unit types and parameters, wagons types and parameters, fixation pins 

configuration, train layout, empty slots minimization, train weight etc. 

This article is an introduction survey to the next more advanced one which will include holistic model. Presented 

mathematical model example reduces number of considered factors. Purpose of this assumption is to present 

logic of thinking in a simple way. Presented model considers only units dimensions aspect. In this study only 

preliminary assumptions and restrictions have been formulated. Possible parameters range and variables have 

been specified. This information will be fully used in practice at the next stage. 

Formulated problem, assumptions made and described factors will be used in the future. Main general study 

task is to build model that would present a holistic approach to the train handling process. Versatile model can 

influence functioning of the considered functional terminal area. Main problem is the fact that considered 

problem is complexed. A lot of aspects need to be included. However, researchers will do their best to 

formulate complex model. It is believed that final surveys results will be helpful and will find practical usage. 
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Abstract 

At the end of the last century the local railway lines in Poland were closed. The traffic suspension on lines to 

attractive tourist destinations were closed too. The reason was lack of light rail vehicles that could climb hills 

on foothill and mountain railways, adapted to the decreasing number of passengers. On the other hand, limiting 

the admissible speed limits has limited the attractiveness. It was caused by unsatisfactory technical condition 

of the rail infrastructure. The road congestion has grown therefore the environment has been polluted. As a 

result, tourism development has been limited. Guided by the principle of sustainable development, taking into 

account the possibility to generate passenger streams, leads to the conclusion that communication on foothill 

and mountain regions should be based on the pro-ecological electrified railway, supported by complementary 

network, which would be served by electric buses and Park&Ride solutions. Therefore, the aim of the paper is 

to present the methodology of railway restoration taking into account boundary conditions of the transport 

system. In this paper the possibility of reactivation of service on one of mountain route in Poland was proposed. 

Based on microsimulation analyse which uses the equation of motion, the journey time and - as a result - 

railway timetable was established. Using geographic information system (GIS) tools the location of Park&Ride 

Parking and new station was proposed. The possible further development of transport system was discussed. 

Keywords: Railway infrastructure, railway timetable, traffic restoring, microsimulation 

1. INTRODUCTION 

The 1990s and the beginning of the 21st century were a difficult period for the railway system in Poland [1]. 

Due to the lack of light multiple units, high operating costs of train sets assembled from diesel (or steam) 

locomotive and railroad cars, deteriorating technical condition of the infrastructure determining the reduction 

of speed limits the rail traffic and low level of service in access points was suspended. The phenomenon took 

place especially on local rail lines, which were located mainly in west and south Poland, including Sudetes and 

Carpathian Mountains. Popular tourist destinations were deprived of access to railway system. Passenger 

traffic was taken over by road transport which is characterized by the occurrence of many risks [2]. There are 

especially many of them on winding, narrow mountain routes. Compared to other modes of transport, rail 

transport has many advantages [3] that are particularly evident in mountain areas. 

Nowadays, when EU funds are available, when light multiple units are available on the market [4], when models 

are being built to simulate, correct and improve the work of elements or entire transport systems [5,6], when 

various entities expressing willingness to cooperate in organizing transport [7], reactivations of service on local 

rail routes in mountain areas are possible and the development of existing connections is supported [8]. 

2. POTENTIAL FOR RESTORING RAILWAY PASSENGER TRAFFIC 

The railroad environment may change during a period when rail traffic has been suspended. New resorts have 

been created and new residential buildings have appeared. Directions and intensity of travel related to work 

and study have changed. Using the data of the geographic information system (GIS) the location of stops and 

stations was checked for their spatial availability and location of population centres. Results of accessibility 
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analyses are shown in Figure 1. Upper figure (A) presents population distribution. The more inhabitants, the 

more intense the blue colour clusters. Lower figure (B) shows walking time to existing stations. The less intense 

the shade of red, the greater walking time. For the least intense colours, the walking time is 15 minutes. 

(A)  

(B)  

Figure 1 Population distribution (A) and pedestrian isochrones for reaching railway stations (B) [own study] 

Analysis have shown that an additional railway station should be built in localization 7.4 km during restoring. 

The location provides passengers with the right level of service in all components of the transport access 

system and allows them to achieve functional readiness [9,10]. 

Every day 1911 people move in circular migrations solely due to occupational activity between the communes 

which cross concerned railway line. This is a significant passenger potential. Moreover, holiday resorts have 

prepared 12,000 beds, which are used by more than 300,000 tourists every year. The number of visitors is 

constantly increasing. 

3. TRACTION CALCULATIONS 

A microsimulation model calculating the train motion equation was built using MATLAB Simulink. Realised 

calculations are called tractive calculations. They are the basics for planning transport system and its offer due 

to the fact that they determine parameters of the train movement. 

3.1. Train motion equation 

Execution of tractive calculations reliant on the equation of motion solution [11,12,13] enable the determination 

of rational parameters of rail line and timetable: 

²�³, � � � ∙ µ ∙ p�¶
pl�              (1) 

where: 

F - resultant force (N) 

m - mass (kg) 

k - coefficient of swirling mass (-) 
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²�³, � � ��³ � ��³ � ���  - for accelerating           (2) 

²�³, � � ��·��³ � ��³ � ��� ¸� , ��³ � 0 - for braking         (3) 

��³ � ��³ � ��� , ²�³, � � ��³ � 0 - for cruising          (4) 

²�³, � � ��·��³ � ��� ¸� , ��³ � ��³ � 0 - for coasting         (5) 

where: 

B - braking force (N), I - additional resistance effort (from profile of line) (N), W - basic resistance effort 

(N), Z - tractive effeort (N) 

The equation of motion (1) can be noted as [14]: 

� � � ∙ µ ¹ ¶p¶
º

¶�¶~                (6) 

[ � � ∙ µ ¹ p¶
º

¶�¶~                (7) 

These calculations, called also minimal-time-travel, allow to determine the changes in vehicle velocity versus 

its traction properties and external conditions. On its basis it is possible to determine the technical travel times 

of individual sections, which are necessary to propose the timetable. 

3.2. The equation of tractive calculations 

Traction calculations were made for the 31WE emu. The calculations assume that the train moves at maximum 

velocity v=60 km/h due to the assumed infrastructure parameters. Part of results are shown in Figure 2 and 

Figure 3. 

 

Figure 2 The value of the unit resultant force, tractive effort, braking force, basic and additional resistance 

effort of 31WE emu as a function of the distance [own study] 

Calculations were carried out for the whole route, outwards and return. The calculations showed that the time 

needed for the multiple unit to complete the route outward (without stoppages, but taking into account stops 

and acceleration) is 18.77 minutes, return travel: 18.80 minutes. 
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Figure 3 The value of the time and velocity of 31WE emu as a function of the distance [own study] 

4. PROPOSED TRANSPORT OFFER 

4.1. Scheduled travel time 

The result of traction calculations is a component of the planned timetable. It is called according to the 

instruction [15] a component A of the of the train's travel time. The operating reserve is component B (for a 

passenger train it is 5 min for each 100 km of travel). Component D is the sum of stopping times at stops and 

intermediate stations, but the minimum commercial standstill time for an electric multiple unit is 0.3 min. The 

scheduled train travel time is presented in Table 1. Total scheduled train travel time is 22.4 min for uphill and 

for downhill ride. 

Table 1 The total scheduled train travel time between stations [own study] 

Portion 
of line 

Scheduled time (min) 
Portion 
of line 

Scheduled time (min) 

Uphill Downhill Uphill Downhill 

A B D A B D A B D A B D 

A-B 3.7 0.1 0.3 3.7 0.2 0.3 E-F 2.3 0.1 0.3 2.3 0.1 0.3 

B-C 1.7 0.1 0.3 1.8 0.1 0.3 F-G 1.4 0.1 0.3 1.4 0.1 0.3 

C-D 2.0 0.1 0.3 2.0 0.1 0.3 G-H 3.0 0.1 0.3 3.0 0.1 0.3 

D-E 1.6 0.1 0.3 1.6 0.1 0.3 H-I 3.5 0.2 - 3.4 0.1 - 

4.2. Proposed timetable 

Considering the capacity of stations [16] and railway line [17], technically possible train cycle [18,19] time and 

passenger potential [20], it is proposed to start a total of 18 pairs of shuttle trains on the route per working day, 

which translates into train operation of 592.6 km. It is planned to implement travels at hourly rate. On Saturdays 

and Sundays, it is proposed to launching 12 pairs of connections a day with 120 min. interval on mornings and 

evenings and 60 min. interval for the rest of the day. The timetable should be verified by the carrier and the 

organizer of the transport. It is reasonable to use a balanced scorecard [21] and modelling transport network 

using the selected graph theory domination concepts [22]. The train timetable so prepared must be assessed 

in terms of dependability assessment of system [23]. 

Hourly cycle time of railway timetable is very convenient for passengers, provides a satisfactory passenger 

offer and allows to operate the line using only one emu. 
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4.3. Investments accompanying revitalization 

The road system - especially during the tourist season - is overloaded. Difficulties are caused particularly by 

parked cars. As a result, it is justified to construct a Park&Ride car park located in the immediate vicinity of 

one of the initial access points to railway line. It is proposed to provide parking spaces for 500 vehicles in the 

first stage. Tourists will be able to park their car in the parking and continue their journey by train [24]. 

In order to increase access to the railway line, it is proposed to launch a bus line. The line will connect the last 

station (which is located peripherally) with the town centre. Bus timetables should be coordinated with train 

arrivals and departures. Such initiatives undertaken in transport, but also in logistics, are support [25] system 

performing in a system of systems [26]. 

5. CONCLUSION 

It is possible to restore traffic on the analysed railway line. The reestablishment of railway passenger traffic is 

favoured by the appearance on the market vehicles that were not available at the time of suspension. Due to 

the changing environment of the railway line and the change in population density in the area under 

consideration, it is reasonable to build a new railway station and start an additional, complementary bus line. 

The increasing number of tourists who can now reach the resorts only by car means that the narrow mountain 

streets will be increasingly crowded by vehicles. It is therefore justified to build a buffer car park near one of 

the initial stations of the railway line. 

Traction calculations carried out using the MATLAB Simulink environment allowed proposing a railway 

timetable. It is proposed to start a total of 18 pairs of shuttle trains on the route per working day and 12 pairs 

per non-working day. 
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Abstract  

The aim of the article was to develop a model for assessing the quality of service in the area of baggage claim 

at the airport. The aim was achieved by building an evaluation model based on fuzzy logic. Three criteria were 

taken into account. The first one concerns the time of baggage collection. The second criterion was related to 

baggage damage. The third criterion results from the space in the baggage claim area. This model is a 

response to the problem of modelling the baggage claim area and problems related to mishandled bags. There 

were currently no assessment models available that would present the passenger's point of view.  This model 

offers many advantages that allow the airport manager to check whether the system is working properly at the 

airport or whether corrective actions need to be implemented. 

Keywords: Baggage handling, level of service, airport 

1. INTRODUCTION 

Nowadays, transport systems have to meet many requirements [1]. We refer here to a few works of scientific 

literature, which emphasize the importance of all issues. Transport systems should be: efficient [2-5], safe 

[6-10], reliable [11-17] and environmentally friendly [18-20].  

It should also be borne in mind that well-designed systems are robust against various types of disturbances 

[21]. Therefore, the scientific work has to meet very important requirements. It is often the case that scientific 

studies are carried out a multi-criteria assessment [22,23].  

It is important not only to ensure adequate performance, security, etc., but also to look at the systems from the 

point of view of their user [24]. It is therefore important to consider the level of service as an output indicator 

[25]. Therefore, this work will focus on this assessment of one of the airport's handling processes. 

In this work, an issue of great importance for air transport passengers will be addressed. This passenger 

requires the handling system to ensure that the baggage is delivered on the same flight, is undamaged and 

can be picked up quickly.  

We present a model in which the phenomenon of mishandled bag is assessed from the point of view of the 

passenger. On this basis, the airport will know whether its system is working properly. In chapters 1.1. and 1.2. 

we show that it has not been developed yet and that it is a very serious issue to be solved. 

1.1. Statistical data 

Over the last ten years, the baggage transport system in air transport has been significantly improved (see 

Figure 1). The total number of mishandled bags decreased by as much as 51.5 % and the number of 

mishandled bags per 1,000 passengers decreased by 70.5 % [26].  

Given the high dynamics of the number of passengers handled over the period (64 % increase from 2.48 to 

4.08 billion passengers handled), the rate of incorrectly handled baggage per 1000 passengers reflects to a 

greater extent the scale of the improvements made [26].  
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The most dynamic rate of improvement can be seen between 2007 and 2014. The number of incorrectly 

checked baggage per 1,000 passengers decreased by as much as 61.3 %. In the last reported year, the 

number of incorrectly handled baggage per 1,000 passengers decreased by only 3 % (5.73 to 5.57).  

According to [27], mishandled bag is lost, delayed or damaged bag. The current [26] report on baggage 

handling issues in air transport indicates that in 2017 as many as 22.7 million baggage was incorrectly handled. 

New tools should therefore be developed to significantly reduce the number of errors that occur during 

baggage handling in air transport. 

 

Figure 1 Long term trends for mishandled bags [26] 

1.2. State of the art 

The Airport Development Reference Manual [28] presents recommendations for airports in terms of passenger 

level of service. These assumptions allow the airport to be classified into one of six service quality categories. 

It takes into account the space in the terminal as well as the time of passenger service in the queuing systems. 

IATA users benefit from this evaluation method. However, it does not allow the direct opinion of passengers 

to be known. However, it is estimated that up to 12 minutes is best to wait for baggage and up to 18 minutes 

is still acceptable. 

Scientific works can be divided into two main categories. The first one allows to get to know the direct opinion 

of passengers on the level of service through a survey [29-31]. The authors focus on different evaluation 

criteria. Other parts of the infrastructure and its systems are also assessed.  

The second group consists of scientific papers which allow for forecasting assessments for service systems. 

Linear regression methods, correlation coefficient, multiple regression, simulation methods or fuzzy logic are 

used [32-36].  

Very different aspects were raised: waiting time to the station, service time, kindness of staff, availability of 

baggage carts, waiting time for security check, reliability of controls, being safe, thermal comfort, acoustic 

comfort, cleanliness of the terminal, availability of toilets, prices of services on the terminal. However, these 

methods were not focused in detail on the subsequent service subsystems. In this article there will be a specific 

consideration of the baggage collection process only, which allows a precise assessment of this subsystem. 

There is a lot of scientific work on the Baggage Handling System (BHS) at the airport. However, they are more 

or less focused on the proper functioning of the system in terms of efficiency and safety.  
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For example, [37] in microscopic terms carried out the investigation into the design and control of merging 

bottlenecks of conveyor-based baggage handling systems, encompassing the merging control algorithm and 

the impact of the merge’s physical layout. In turn [38] shows how to model and design the entire BHS at the 

airport. In these two works, computer simulation methods were used. 

In addition, issues related to the operation and maintenance of BHS [39] show that in terms of the design and 

maintenance of the BHS system there is a great deal of knowledge. There are also works that suggest how to 

schedule tasks for the BHS [40]. 

It should also be noted here that one of the main objectives of BHS systems is to ensure safety. This area has 

already been well explored [41]. 

The statistics on mishandled bags presented in chapter 1.1. made the whole process of baggage travel 

interesting. Implementation Guide to Resolution 753/A4A Resolution 30.53 [27] have led to the development 

of effective methods for tracking baggage. This allows to identify where the baggage was lost or delayed. In 

this aspect, solutions related to baggage tracking via RFID are proposed [42]. 

The scientific work lacks consideration of whether the designed and operated baggage handling systems meet 

the requirements from the point of view of passengers. This article deals with this issue.   

2. MODEL FOR THE ASSESSMENT OF THE CHECKED BAGGAGE CLAIM PROCESS AT THE 
AIRPORT 

On the basis of the conducted research, three key criteria for assessing the baggage collection system at the 

airport were distinguished: 

 waiting time for baggage collection, 

 degree of damage to baggage, 

 space per passenger in the baggage claim area. 

The waiting time criteria and the space per passenger in the baggage claim (BC) area are natural criteria in 

the process of evaluating the hold baggage claim system. It is quite surprising that passengers qualify for the 

assessment of the baggage claim system for the degree of damage to baggage. Indeed, damage to baggage 

may occur at the airport of departure or in the ground handling process at intermediate airports. However, the 

research showed that the passenger blames the destination airport for the situation. 

Thus, the following linguistic input variables for the system evaluation were adopted: 

Xwt - waiting time for baggage claim, 

Xdam - degree of damage to baggage, 

Xspa - the space in the baggage claim area per passenger. 

As the linguistic output variable, the BC - Ybc system evaluation was adopted. The general concept of the 

model is shown in Figure 2. 

 

Figure 2 The concept of the model of evaluation of a baggage claim area 
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Membership functions were adopted for input data and are presented in Figure 3. It was assumed that each 

of the variables can be at a low or a high level. The waiting time for baggage claim is described as the time 

from the moment the passenger arrives at the baggage claim area to the moment the baggage is collected 

(measured in minutes). The degree of damage to the baggage is described as the percentage of damage to 

the baggage. As part of the survey, the acceptable level of damage to baggage (including scratches on the 

suitcase) was estimated. Similarly, the survey estimated the level of space per passenger. A membership 

function of output linguistic variable was represented by a low, average or high rate (Figure 4.). 

a)  b)  

c)  

Figure 3 Membership functions of the input linguistic variables: 

(a) waiting time for baggage claim, (b) degree of damage to baggage, (c) the space in the baggage claim 

area per passenger 

 

Figure 4 Membership functions of the output linguistic variable of evaluation of the baggage claim area 

Fuzzy operators are used to define the method of carrying out of a logical operation. Operators AND or OR 

can be used. In case of a logical product of A AND B, the most frequently function used is min (A, B) which 

determinates the minimum value of the A and B membership function. The situation is similar in case of the 

OR operator, where max (A, B) is determined, that is the highest value of the A and B membership function.  

Implication method application is done in two steps. In the first step, rules are developed. Weight can be 

assigned to each rule. It will decide about the rules significance. In the example shown, the weight is the same 

for all rules.  
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A set of rules can be as follows: 

R1: If (Xwt is high) and (Xspa is low) and (Xdam is low), then (Ybc is low) 

R2: If (Xwt is low) and (Xspa is high) and (Xdam is high), then (Ybc is high)  

R3: If (Xwt is low) and (Xspa is low), then (Ybc is average) 

R4: If (Xwt is high) and (Xspa is high), then (Ybc is average) 

R5: If (Xwt is high) and (Xdam is high), then (Ybc is average) 

R6: If (Xwt is low) and (Xdam is low), then (Ybc is average) 

R7: If (Xspa is low) and (Xdam is high), then (Ybc is average) 

R8: If (Xspa is high) and (Xdam is low), then (Ybc is average) 

On the basis of the rules adopted together with input membership functions, an output membership function is 

determined for each rule »oql¼½ �e , »oql¼� �e , … , »oql¼x �e . In case of the method developed, the minimum function 

was proposed to be applied in case of the output membership function. It has been applied in the majority of 

research papers. Aggregation of all outputs means an algebraic combination of all output membership 

functions. In order to do it, the maximum function for all output membership functions has to be calculated (1). 

»oql�e � �>f�»oql¼½ �e , »oql¼� �e , … , »oql¼x �e �   (1) 

The last step is the defuzzification process. It is usually based on determination of a centroid of output 

membership functions on the basis of the following formula (2) 

e∗ � ¹ ¾3¿À�g ∙gpg
¹ ¾3¿À�g pg   (2) 

By using the MATLAB software, it is possible to determine two-dimensional variables of the dependency of the 

space and waiting time on the evaluation of a baggage claim area (Figure 5.). 

 

Figure 5 Dependency of LOS and capacity on the evaluation of a baggage claim area 

It should be noted that if the rather regressive requirements for passenger handling in the baggage claim area 

are met: a waiting time of less than 2 minutes and a passenger space of more than 2 m2 per passenger can 

be given a maximum performance rating for this area. Waiting for baggage above 13 minutes results in the 

lowest rating for this system as well as for the space per passenger below 1 m2.  
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3. CONCLUSION 

The developed model enables the assessment of the system of baggage claim in the airport. For the purpose 

of developing input variables, research was conducted on the basis of the real system. The developed model 

is a universal model that can be applied at any airport. One of the conditions of application of the model is to 

develop the function of belonging depending on the preferences of passengers.  
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Abstract 

Transport communication problems in cities are becoming more and more frequent phenomenon. The 

constantly increasing level of congestion in cities negatively affects the natural environment and significantly 

increases the transport, operating or operating costs of companies providing transport services. Transport 

problems in cities are its indispensable element, while a rational approach to solving or limiting them affects 

the efficiency of the work of the city and processes occurring in it. The aim of the work is to identify the causes 

of transport problems in cities, present their effects and show ways to counteract them through the use of 

sustainable and intelligent logistics. Research tools such as analysis, synthesis, generalizations and 

comparisons were used to verify the goal. 

Keywords: Smart logistics, sustainable logistics, transport problems, urban problems, city logistics 

1. INDRODUCTION 

Transport problems in cities are becoming more and more common. The constantly increasing level of 

congestion in cities has a negative impact on the environment and significantly increases the transport, 

operating and operating costs of companies providing transport services. Transport companies are still unable 

to put in place a uniform system to identify events in cities or to inform users about travel conditions, with the 

consequent constant loss of travel time. An important factor of improvement of the above-mentioned 

phenomena is appropriate planning of processes managing urban public transport traffic. 

In this paper, the author focuses on the causes of transport problems in cities, pointing out which problems 

can be identified, showing their effects and ways of counteracting them at the same time. The congestion, 

which is the main transport problem in cities, is widely described. Due to its effects, every functional aspect of 

cities is worsened.  

The aim of the work is to identify the causes of transport problems in cities, present their effects and show 

ways to counteract them through the use of sustainable and intelligent logistics. Research tools such as 

analysis, synthesis, generalizations and comparisons were used to verify the goal. 

2. TRANSPORT COMMUNICATION PROBLEMS 

City transport problems can be divided into categories that in a simple and area-like way group negative effects 

on the functioning of cities: 

• problems related to transport in the city (causes) [1,2]:  

• increasing traffic,  

• burden on transport infrastructure, including significantly low capacity of urban road systems and 
the imposition of transit traffic on internal traffic,  

• commuting from non-urban areas to work,  

• daily truck operations (perceived as an inconvenience rather than a key service for a city,  

• inadequate planning and coordination of vehicle traffic, 
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• Insufficient integrated transport systems, 

• the low potential of transport links with policy and regulatory initiatives, 

• small amount of transport performed in the special range, 

• Insufficient inventory control, product availability and customer service, 

• lack of regulation of relations between suppliers and suppliers,  

• complicated structure of road administration,  

• operational complexity resulting from different storage and handling requirements for a wide 
range of products, 

• problems caused by transport (effects) [3, 4, 5]: 

• congestion (congestion of urban roads and inlet/outlet roads to urban areas), 

• threat to the safety of traffic participants, including unprotected groups of traffic participants - 
pedestrians and cyclists (drastic lowering of technical standards of roads and engineering 

facilities (poor technical condition) and other equipment of land infrastructure built into road 

lanes;), 

• noise and shocks, 

• negative impact on the environment and society, 

• urban effects: 

• a waste of time in pedestrian traffic, 

• consumption of urban space for cycling, 

• spatial competition between trucks, cars and pedestrians, 

• time competition between passenger cars and commercial vehicles, 

• distortion of the structure and surface of the city, 

• reducing the competitiveness of public public transport in relation to individual road transport. 

The first group of problems related to transport is caused directly by the functioning and behavior of residents 

and institutions of enterprises operating in the city. The psychology of the city's functioning indicates the 

demand, without which the inhabitants and entrepreneurs would not be able to function efficiently today.  

The negative impact of transport on cities is not new, but increased with the development of urban systems. 

This is mainly due to the fact that the development of lorries, which flow goods to and from the city, in or 

through the city, competes with both private and public passenger transport for limited road infrastructure 

resources. Their presence on the streets of cities contributes to the increase of air pollution [6]. 

Living in large urban agglomerations is comfortable and beneficial. Residents, however, also face many 

problems, such as the provision of housing and social buildings, urban transport and its effects, the heating of 

housing, the provision of water to residents, wastewater treatment plants, the disposal of waste and street 

cleaning, as well as the provision of adequate air quality. Urban problems are mainly related to development, 

creating undesirable phenomena such as the transport congestion [7], which is a chronic phenomenon of 

increased traffic density in infrastructure with insufficient road capacity [8]. The congestion is difficult to 

eliminate due to spatial limitations of infrastructure in cities, or a significant increase in traffic after the 

modernization of sections affected by the congestion [9]. 

The most common causes of congestion are: underinvestment in transport and its infrastructure, differences 

between social and private transport costs, road maintenance or modernization. Therefore, most often the 

congestion occurs in places with insufficient capacity called "bottlenecks" or in places which are not 

"bottlenecks" but which, as a result of the primary congestion, are congested secondary to congestion because 

the traffic bypassing the critical section is directed to other places causing the capacity to be exceeded there 
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as well, this type of congestion can be called secondary [3]. The factors that intensify the congestion effect 

may include a number of factors, i.e.: an increase in the number of people living in cities, an increase in the 

number of vehicles in cities, an increase in the number of shops for residents, a tendency to reduce warehouse 

space at the store, an increase in the popularity of local shops, a lack of unloading and loading infrastructure, 

the development of e-commerce contributing to an increase in the number of deliveries to individual customers' 

homes, modernization and expansion of transport infrastructure [10].  

The following types of congestion are present in urban infrastructure (see Table 1 for an illustration of the 

types of congestion) [11,12]: a single interaction where two vehicles cannot run smoothly over a given road 

section; multiple interactions arise between multiple vehicles and occur at a higher traffic level when at least 

50 % of the capacity is used; bottleneck, causes congestion at points or sections of the road network where 

infrastructure capacity is lower than on the surrounding network. A condition for this type of congestion is the 

condition in which the number of vehicles intending to drive a given section, where there is a bottleneck, 

exceeds its capacity; triggeneck, a situation where a congestion or congestion caused by bottlenecks begins 

to hinder traffic on other sections, usually on sections crossing a fragment of infrastructure where a bottleneck 

congestion is already present; gridlock, means stopping the traffic of the entire road network in a given area, 

e.g. in the city centre; congestion caused by the operation of traffic control equipment including traffic lights, 

level crossings with barriers, etc. 

Table 1 Types of congestion occurring in cities [own study based on graphics.google]  

Type of congestion Scheme Graphical 
representation 

a single interaction 

  

multiple interactions 

  

bottleneck 

  

triggerneck 

  

gridlock 

  

congestion caused by the operation of traffic control equipment 
including traffic lights 

  

The impact of the congestion on the city is mainly cost-related. Increasing congestion in the cities causes an 

increase in the costs of city services, as well as consequences in the emergence of other transport problems 

[13]. The solution to some consequences of congestion is e.g. introduction of telematics systems which, 

through the use of appropriate algorithms, manage traffic lights [14]. 

Another problem, which is caused by transport in the city, is the threat to widely understood safety [15]. This 

includes numerous accidents and their consequences, and pedestrians and cyclists are particularly exposed 

to hazards [16]. 
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The consequences of increased demand for transport are noise and shocks in cities. They are particularly 

burdensome for residents on major streets and inner-city sections leading to expressways, motorways, 

discomfort for residents, deterioration of their quality of life and accelerated destruction of buildings and 

structures in the city. Noise perceptible from 40 to 60 decibels, typical for average traffic, is harmful to health 

[17]. The origin of noise depends not only on the type and technical condition of vehicles, but also on the roads 

on which they move. Road transport contributes significantly to the emergence of environmental threats. In 

road traffic, harmful substances are released into the environment. As well as the use of brakes, clutches and 

tires. These factors have a negative impact on human health and local natural environment and cause 

deterioration of the quality of life in a given area [3,18]. 

The next problem is spatial intruding of the area development, distortion of the structure and surface of cities. 

This is manifested by the need to provide infrastructural space for the construction of appropriate wide 

transport routes, parking lots, as well as places for transshipment, storage and parking. This often destroys 

the image of the city. Moreover, the harmful impact of transport on urban infrastructure is expressed in the fact 

that the elements of the city's transport infrastructure (bridges and streets) are highly burdened by the weight 

of vehicles. As a result, biodiversity is lost by occupying valuable natural areas and cutting their continuity with 

newly built roadways [19]. 

3. SUSTAINABLE AND INTELLIGENT LOGISTICS 

The above-mentioned communication problems of cities are constantly growing through the continuous 

development of many social, technical and organizational aspects. It is therefore necessary to implement 

appropriate solutions available on the market to optimize and improve the processes in cities. Table 2 shows 
the causes of the problem and, at the same time, indicates the effect of the problem and proposes measures 

for effective logistics as a means of preventing the emergence of specific transport problems. Municipal 

representatives should take appropriate measures to reduce or eliminate the undesirable effects of transport 

problems in cities. 

Table 2 Specification of problems caused by transport in cities [own study]  

Problem  Cause Effect Solution 

congestion 

• increased urban congestion 

• increase in the number of 
vehicles 

• increase in the number of 
accidents 

• Numerous road upgrades 

• increasing the number of 
pedestrians (pedestrian 
crossings) 

• increase in the share of 
individual transport at the 
collective cost 

• uneven distribution of daily 
traffic and weekly traffic 
(weekend peak) 

• loss of travel time 

• urban congestion 

• increased pollution of 
the environment 

• increasing the number 
of road accidents 

• reduction of car traffic in cities 

• modernization of transport infrastructure 

• more efficient use of existing infrastructure 
(ITS) 

• the introduction of the car pooling and car-
sharing concept 

• effective management of traffic lights 
(SCATS, green wave) 

• Intelligent lanes 

• changing the driving culture of drivers 

• improving the functioning of urban transport 

• reduction of the number of parking spaces 
in the city centre (Park&Ride) 

• construction of interchanges 

safety 
emergency 

• increase in the number of 
vehicles 

• reckless driving 

• bad road signs 

• inadequate light signaling 

• permanent obstructions to traffic 

• lack of sufficient concentration 
of drivers 

• increase in the number 
of road collisions 

• increase in the number 
of accidents in the city 

• congestion 

• the introduction of urban traffic restriction 
zones 

• the introduction of ITS systems 

• improving the labelling of cities 

• community actions 

• restrictive rules as to the technical condition 
of the vehicle 
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Problem  Cause Effect Solution 

• failure of the vehicle braking 
system 

• malfunctioning light signaling 

• Incorrect road lighting 

• improvement of linear infrastructure of 
cities 

• the creation of lanes for bicycles and 
special vehicles  

• promoting walking and cycling 

noise and 
vibration 

• poor technical condition of 
vehicles 

• the absence of specific noise 
checks on vehicles 

• poor road infrastructure 

• absence of noise abatement 
devices 

• decrease in residents' 
satisfaction 

• restrictions on the 
establishment of 
recreational parks 

• impact on the 
construction of 
buildings 

• the introduction of electric vehicles 

• the introduction of noise abatement 
curtains 

• Restricting the movement of vehicles 

• improving the condition of road surfaces 

• modernization of vehicles (introduction of 
noise abatement devices) 

• introduction of communication lines in 
tunnels or excavations (natural sound 
barriers) 

negative 
impact on 

the 
environment 

• above-average concentration of 
exhaust gases in the air 

• greenhouse gas emissions 

• vehicle waste 

• Car leaks (petrol, oil, grease) 

• increasing the number 
of poisonings of 
inhabitants 

• water pollution 

• soil contamination 

• air pollution (smog) 

• the introduction of electronic vehicles 

• limiting access of combustion vehicles to 
the city centre 

• rational urban planning 

• construction of exhaust gas emission 
absorbers 

urban 
effects 

• urban fragmentation 

• lack of accessible cycling and 
walking infrastructure 

• the growth of heavy goods 
vehicles in cities 

• temporal and spatial competition 
between heavy goods vehicles 
and passenger cars 

• decrease in 
attractiveness of cities 

• more congestion in 
cities 

• increase in travel time 
through the city 

• increased number of 
accidents involving 
pedestrians and cyclists 

• rational design of bicycle and pedestrian 
paths 

• the introduction of a night-time delivery 
system 

• the introduction of telematics solutions 

• development of appropriate algorithms for 
managing urban transport vehicles traffic 

distortion of 
the city 

• bad spatial infrastructure of the 
city 

• poorly located manufacturing 
and service companies 

• loading of bridges and streets 

• decrease in 
attractiveness of cities 

• limiting the 
development of the city 

• limiting urban 
development 

• rationalization of investment activities 

• designing cities in accordance with the 
relevant concepts 

• reconstruction or modernization of line 
infrastructure 

• rational development of the city 

reducing the
competition 

of public 
transport 

• increase in demand for 
passenger cars 

• increased transport needs 
(choice of individual means of 
transport) 

• lack of adequate bus 
infrastructure in cities 

• inadequate timetables for 
passengers to meet the needs 
of residents  

• the increase in 
congestion in the city 

• higher transport costs 

• congestion in urban bus 
transport 

• decrease in the number 
of passengers 

• Introduction of bus lanes 

• the introduction of bus traffic optimization 
systems 

• the introduction of bus traffic control 
systems 

• periodic surveys of the facts with regard to 
the planned bus journeys 

• actions promoting public communication 

Transport problems in cities are its indispensable element, while rational approach to solving or limiting them 

affects the effectiveness of city work and processes taking place in the city. The Table 2 shows only possible 

solutions that can be used to eliminate particular problems. 

4. CONCLUSION 

The article presents transport problems of cities, which have a negative impact on their inhabitants. Daily 

functioning in urban areas is becoming more and more difficult every year. City problems are also related to 
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public transport, where vehicles travel hundreds of kilometers on the streets every day in order to transport 

residents from the starting point to the end point of their travel destinations. From the point of view of intelligent 

and sustainable logistics, the proposed solutions to the problems should be flexible and mobile enough to bring 

tangible benefits. The restrictive measures visible in the article are in most cases repeated in many of the 

problems that arise. Thanks to the analysis it can be stated that the key aspects are: introduction of additional 

lanes (bus lanes), use of alternative (electric) drives, introduction of telematic solutions (algorithms, intelligent 

traffic lights), investment in pedestrian and bicycle traffic, reduction of goods delivery during the day and 

modernization of road infrastructure. The presented solutions are only a proposal for effective counteraction 

of undesirable phenomena. Through the use of sustainable and intelligent logistics, there is an appropriate 

opportunity to effectively reduce transport problems in cities. 
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Abstract 

The company KES - Cable and Electric Systems, spol. s r. o. is constantly looking for new ways to improve its 

manufacturing and logistics processes in order to meet customer needs. Due to the constantly increasing 

requirements on the supply reliability and the quality of the heating sets, the company decided to implement 

principles of lean, especially team based cellular manufacturing. The basic objectives in the creation of the 

cellular heating sets manufacturing system were to eliminate unproductive time, increase production quality, 

improve material flow continuity and increase production volume. The aim of the paper is to point out the 

benefits and possible problems of implementing the team based cellular manufacturing system in the 

automotive industry. 

Keywords: Team based cellular manufacturing, heating sets, lean manufacturing, automotive industry 

1. INTRODUCTION 

Industrial companies in today’s competitive and globalized environment strive to improve the effectiveness of 

their processes, particularly by introducing lean manufacturing principles. They allow them to eliminate typical 

losses related to transport, inventory, motion, waiting, over-production, over-processing, defects and unused 

skills. One of the effective lean manufacturing instruments is represented by team based cell manufacturing. 

The aim of the paper is to point out the benefits and possible problems of implementing the team based cellular 

manufacturing system in the automotive industry. 

2. LITERATURE REVIEW 

2.1. Cellular manufacturing system 

Manufacturing cells have steadily gained in popularity over the past several decades. Cellular manufacturing 

system (CMS) is the process which has evolved from group technology that is a method of organisation for 

factories in which organisational units known as “groups” each complete a particular set or “family” of parts 

with no back flow, or crossflow between groups, and are equipped with all the facilities they need [1]. There 

are lots of benefits of CMS over long assembly lines. Heizer and Render [2] state that the cellular 

manufacturing concept can lead to reduced work in process inventory, as the work cell is set up to provide a 

balanced flow from machine to machine. It can lead to reduced direct labour cost due to the improved 

communication between employees, better material flow, and improved scheduling. It prompts for the high 

employee participation due to the added responsibility of product quality monitored by themselves rather than 

separate quality persons.  

The overall process of designing CMS involves the following four generic phases [3]: 

 Cell formation: involves grouping of machines which can operate on a product family with little or no 
inter-cell movement product. 
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 Group layout: includes layout of machines within each cell and layout of cells with respect to one another. 
In fact, the aim of this step is, arranging departments, aisles, machines, tools and instruments in the 

shop floor in the most efficient way. Layout design is an important decision in CMS and has a 

tremendous impact on manufacturing performance; hence, evaluating the performance of layout is a 

crucial issue in manufacturing system. In order to evaluate the layout performance, different criteria can 

be defined for this mean such as: material handling cost, throughput time, lead time and so on.  

 Groups scheduling: involves scheduling of parts production. 

 Resource allocation: assignment of tool, manpower, materials, and others resources. 

In the most ideal case, these criteria should be addressed simultaneously so as to obtain the best possible 

results.   

2.2. Technical vs social and human aspects of cellular manufacturing system 

There exists a significant and growing body of academic research exploring various technical facets of cell 

formation and design [4,5]. While many of the decisions inherent in cell system design are technical in nature 

(e.g. how work should be scheduled through the cell), there are significant human dimensions to cell design 

(e.g. how cell operators will be selected, trained and rewarded). Hyer et al. [5] conclude that many of the 

problems and failures in cellular manufacturing systems occur at the interface between the technical and social 

subsystems. Norman et al. [6] state that manufacturing companies can establish a strategic competitive 

advantage by placing a greater importance on the human elements early in the design and implementation 

process. The authors explain that the vast majority of the cell formation literature places primary emphasis on 

grouping similar parts and machines. Once the cells are designed, secondary consideration is given to the 

assignment of workers to the cells. At this stage, the human element has typically only considered workers in 

terms of their labour capacity and/or technical skills. In a study of implementation experiences, Wemmerlov 

and Johnson [7] concluded by making the following point, “the picture that emerges from this study is clear - 

restructuring the factory to adopt cellular manufacturing should not be viewed merely as a technical, 

engineering-dominated problem but as a change process where the people element dominates”. Where socio-

technical systems such as cellular manufacturing are involved, both aspects need to be considered to 

maximise success. This is the main idea of the team based cellular manufacturing systems. 

3. CASE STUDY 

In 2018, KES - Cable and Electric Systems, spol. s r. o., faced a situation where it was not able to meet the 

given delivery deadlines due to increasing customer demands and, at the same time, a high, inert reject rate. 

The high reject rate resulted in a high rate of work in progress, material wastage, reduced throughput and, 

subsequently, unprofitability of the given project. In the beginning of 2019, the company management thus 

decided to address the situation of the team based cellular manufacturing of the heating sets, continuous 

improvements of which are still taking place. 

3.1. KES - Cable and Electric Systems, s.r.o. 

KES - Cable and Electric Systems, spol. s r. o. (KES) was founded in Ostrava - Vratimov in 1992 as a subsidiary 

of ZKW Group GmBh, which is currently owned by LG Electronics and LG Corporation. The company produces 

over 1,400 types of wiring harnesses for the automotive and electrotechnical industries. The company products 

form part of the successful automobile brands, such as Audi, Bentley, BMW, DAF, Daimler, Ferrari, Ford, 

Lamborghini, Land Rover, MAN, Nissan, Opel, Rolls-Royce, Seat, Škoda, Volvo and VW.  

During the last few years, the company has focused on the production of electric heating sets of accumulator 

units for electric cars (see Figure 1). The heating sets for BMW are mounted on an aluminum structure with a 

circulating cooling liquid. In the winter, the heating set preheats the battery prior to driving and maintains a 
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stable temperature during the ride, thus increasing the battery lifespan and the car’s driving range. The 

preheating procedure can be launched automatically using a timer or a smartphone. 

     

Figure 1 Heating sets 

3.2. Heating sets production 

The heating set production project was launched in 2013. It is expected that the production will be terminated 

in 2023. A total of 253,000 sets should be produced during the stated period. The production process consists 

of six operations: 

 Crimping of the resistance conductor connector; 

 Inspection of the crimped connections - camera; 

 Harness assembly - line input; 

 Harness assembly - line output;  

 Measuring potting height using a deviance indicator; 

 High-voltage test. 

A heating set is formed by eight plastic rods, into which heating strips with resistance conductors are pasted. 

However, free conductors on the heating strips must be uninsulated prior to the pasting. These conductors are 

subsequently connected to other conductors by means of crimping. The heating strips, prepared in the 

aforementioned manner, are then put under a camera for a wire inspection. The uncovered parts of the 

conductors have to be protected against moisture and short circuits. That is why these parts are coated with a 

hardening substance on a hardening line (see Figure 2). 

 

Figure 2 Set of heating rods prior to entering the hardening line 

The plasma treating technology is also used on the line - plasma breaks the surface of the plastic rod, thus 

increasing the adhesion effect of the hardening substance. A high-voltage test is conducted on the line after 

the application of the hardening substance. The potting height on each rod is inspected after the application 

of the hardening substance using a deviance indicator. The last operation is yet another high-voltage test, this 

time conducted by the operator who actually operates the actual tester. 
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3.3. Initial condition 

An analysis conducted by the project and lean manufacturing department employees discovered deficiencies 

related to the production of the heating sets. These deficiencies can be divided into the areas presented below. 

Layout and material throughput  

The production process used to take place at isolated worksites, i.e. each operator was conducting a single 

specialized operation. Upon completion of his/her work, each operator would pass the given unfinished product 

to the buffer of the next worksite. The production structure was determined by the corresponding technological 

sequence of individual product operations. Each operation used to have its separate production procedure. 

However, the procedures were not always observed by the operators and they would adjust their respective 

worksites prior to the commencement of a given shift as they saw it fit by adding various aids and tools, which 

would, in the end, result in several inefficient and negative impacts. In order to identify these inefficient 

activities, a spaghetti diagram was prepared (see Figure 3). 

 

Figure 3 Spaghetti diagram 

Some of the main deficiencies included prolonged handling times, the reduced size of the handling areas and 

increased risks of product damage and operator injuries. Yet another negative phenomenon of a chaotic 

worksite was the need to search for the needed aids or materials. No precisely defined positions for particular 

materials or aids were specified within a given worksite.  

Quality 

Ever since its commencement, the heating set production process had evinced a high reject rate (12 % on 

average). As part of the monitoring of the operators’ work, several causes that had a negative impact on the 

product quality were determined. One of the main deficiencies was represented by breaches of the given work 

procedure and by the use of different, unpermitted instruments, which had the ability to damage the products. 

The operators would often omit the inspection of their work, an activity for which they were not motivated. That 

is why an error from the first worksite was often not discovered until the end of the production process. This 

situation generated a high reject rate, idle times and increased material consumption. 

Idle times 

Apart from idle times caused by a chaotic material throughput and the production of low-quality products, 

described above, the monitoring process also discovered additional idle times,  
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particularly in the following areas: 

 Shift changes and breaks - the line would be shut down during lunch breaks or shift changes. Its restart 
after such breaks of shift changes could be done only by a maintenance employee, who was not present 

at the given worksite. This would result in additional time losses. 

 Material supplies - the operators would take care of material supplies on their own. They would only 

start obtaining a given material when they completely ran out of it. They would do so by requesting such 

material in person and waiting for it until it was released from the warehouse. 

 Work aids - pursuant to a given work procedure, the corresponding work equipment must be used for 
executing the given work operations. Should the equipment become damaged, the replacement 

equipment was not stored at the worksite and the operators would ask the given foreman or 

technologists for it or, alternatively, they would wait for a maintenance technician to repair the damaged 

equipment, thus being forced to suspend their work. 

 Incorrectly conducted work - as part of the monitoring and pursuant to the reject rate analysis results, it 

was discovered that each operator conducts his/her work differently. The operations in question 

particularly included the operations prior to entering and after leaving the line. The operators would 

conduct these operations incorrectly, thus causing defects and/or shutdowns of the hardening line. 

The total idle time amounted to 23 % of the overall available time. 

Bottleneck 

Based on Figure 4, it is clear that the bottleneck of the production process is formed by the hardening line with 

a capacity of 10 sets/hour. The maximal capacity of the entire production process limited by this bottleneck is 

thus 80 sets/eight-hour shift. Based on an assessment of a two-month production, it was determined that the 

actual average number of the produced, sufficient-quality products per shift amounts to 52. The overall 

effectiveness of the production process amounted to only 65 %. The main reasons for this situation were the 

aforementioned reject rate and idle times. 

 

Figure 4 Performances of individual production process worksites 

Since the performance at the worksites outside of the hardening line was significantly greater, large supply 

quantities of unfinished production were forming at these worksites. 

Work system 

The heating set production was conducted by six operators who worked in a three-shift schedule. Due to the 

bottleneck and to the fact that the operators were not versatile enough, they were insufficiently utilized at the 

worksites with a higher performance. Moreover, it was discovered that performances significantly varied from 

shift to shift. The reward system was based on the total number of produced pieces (of a sufficient as well as 

an insufficient quality) and the operators thus did not care about the product quality. 
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3.4. Proposed changes 

The solution to the aforementioned problems was based on the creation of team-based cell manufacturing and 

on the application of lean manufacturing principles.  

Layout and material throughput 

Partial worksites have been merged into a single manufacturing cell worksite. The operators have become 

universal, i.e. each of them had to learn how to conduct all operations within the manufacturing cell. A new 

standardized work procedure has been created. It is based on the best experience and procedures gathered 

from individual shifts. At the same time, a worksite standard pursuant to the 5S principles has been created. 

The overall layout has been preserved since it corresponds to the given technological procedure. The change 

only applied to a modification of the work benches, when seven tables of various sizes and heights have been 

replaced by two compact benches. Unfinished products are thus moved along a single plane only. This 

measure reduces the percentage of possible damage caused by product handling and makes all excess moves 

unnecessary. 

Quality 

The aforementioned standardization of the production processes and 5S application have ended the use of 

the operators’ own work aids for the production. Thanks to the records on insufficient quality, it was possible 

to determine the shift that had conducted its work the best. This shift has then shared its work-related 

knowledge with the operators from the other shifts, thus reducing the number of rejects. The quality component 

has become part of the reward system. The measure has increased the interest of the operators in the product 

quality as part of every operation and, moreover, the number of rejects has declined even further. Quality is 
assessed on a daily basis. Since the hardening line forms a production process bottleneck, a short inspection 

activity was added prior to the product entering the line. The objective of this inspection is to eliminate products 

of insufficient quality entering the line and thus reducing its performance. 

Idle times 

The team manufacturing cell works continuously. The operators can therefore change during the breaks in a 

way that the line does not have to be stopped. The same applies to the shift change times. The incoming shift 

always comes in a few minutes earlier and the finishing operators can thus pass the given unfinished products 

on to the new operators. A shift handover book is used for this handover. The incoming shift checks the 

standards set at the worksite. The supplying process has also been affected by the change. A handler was 

assigned to each shift. In the beginning of and during the shift, this handler monitors the material needs within 

the framework of the entire cell. The handler also supplies the necessary material and removes any empty 

packages. The worksite has been equipped with spare work aids. Furthermore, a maintenance technician was 

also assigned to each cell. The technician monitors the line condition from a long-term perspective and ensures 

its error-free operation. On top of that, there is a mechanic assigned to each shift. This mechanic carries a 

walkie-talkie on him/her. Should there be a sudden line defect, the operators can quickly contact him/her. 

Bottleneck 

Due to the aforementioned deficiencies and the impossibility to itemize the operation, a proposal for changing 

the work system of the operators from individuals to a team has been accepted. Since the operators are only 

rewarded for products of a sufficient quality that have passed through all operations, they are able to switch 

during the shift in a way that no large supplies of unfinished production are created anywhere. 

Work system 

The original number of operators (six) has been reduced to five, the corresponding reward has been set as a 

team reward and the operators have become universal. It means that each operator has been trained for each 

operation. The operators are currently being rewarded as a team for the number of pieces produced in a 
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sufficient quality. Daily shop-floor management has been introduced at the worksite. Each shift has a leader 

who monitors the cell performance and records the results on a prepared form. Individual shifts can thus be 

compared among themselves, which creates, from a psychological perspective, a competitive environment. 

4. RESULT AND DISCUSSION 

The introduction of the team based cell manufacturing had led to the following results: 

 Reduced reject rate from 12 to 2 %. 

 Reduced idle time from 23 to 11 %. 

 Increased overall production effectiveness from 65 to 87 %. 

 Savings related to the reduction of the number of operators on each shift (the additional activities of the 

handler and maintenance technician have not resulted in an increase of the number of these employees 

within the framework of the company). 

Thanks to the above, the heating set production project profitability has increased from -10.3 % (loss) in the 

end of 2018 to the current 19.8 % (October 2019). 

Pursuant to the case study, we can summarize and generalize the following benefits of the introduction of the 

team based cell manufacturing: 

 Individual employees switch individual tasks and move within the frame of the cell in a way that they 

help one another and balance the given work. 

 The best employees share their experience with other team members, thus increasing its productivity. 

 The employees know the entire production process and thus assist in the process of its continuous 

improving, reducing idle times and improving the production quality during all stages of the production 

process. 

Nevertheless, when introducing team based cell manufacturing, the process of selecting individual members 

of each team (and particularly selecting a strong leader) and setting an effective motivational system are very 

important. It is clear based on the aforementioned facts that the technical part of the project and the human 

and social part should be identically emphasized. 

5. CONCLUSION 

Thanks to reduced wage expenses, reduced material consumption, increased throughput and improved 

product quality, the project has, after many years, become profitable once again. The operators are now able 

to detect error causes earlier than at the end of the process, thus preventing the production of rejects. They 

control all production process operations, thanks to which they have reached a greater qualification, obtained 

new knowledge and skills and grasped the entire production process in more detail. As part of the 

implementation of the team-based cell manufacturing, they come with their own innovative ideas. They have 

been continuously improving the process even further. It was this team spirit for which they have been awarded 

by the company management as the best team in 2019. 

Thanks to the aforementioned results, we can declare today that we have eliminated time and financial losses 

by applying suitably proposed, team-based cell manufacturing. The auxiliary buffers in the form of unfinished 

production supplies have disappeared. In this system, individual problems have become more visible and we 

are forced to deal with them, thus continuously improving the corresponding processes. 
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Abstract 

The risk factors in the warehouse process can be at every stage. Therefore, it is necessary proper 

management of warehouse operations in order to risk management. The main of risk management is to 

prevent disturbances in the company, which is why this subject is so important for any organization. The aim 

of the article is to present the re-control method and the impact on the reducing the occurrence of risk factors 

in warehouse companies in the FMCG branche. 

The research methodology used in the article is a method of re-control used in the warehouse management, 

which it means selective checking of accepted deliveries to the warehouse and quality and quantity of stored 

goods. In the research identified specific risk factors occurring in the warehouse process, the occurrence of 

which can be limited by using re-control method. All these elements form a developed procedure that can be 

adapted to storage companies. The diagrams developed in accordance with the IDEF method are the 

foundation for the practical application of the re-control method to manage risk for warehouse companies.  

The implementation of changes in the warehouse process management procedures will significantly affect the 

organization of the warehouse enterprise, bringing benefits in terms of reducing of occur the  risk factors what 

affects to financial benefit, reputation, however it will require entities to involve additional people how must 

perform systematic control in the warehouse. 

Keywords: Re-control, risk factors, receive proces 

INTRODUCTION 

The possibility of result risk factors in warehouse management is its inseparable element, which is why 

managing them is so important. The purpose of the article is to present the method of re-control in order to 

minimize the occurrence of risk factors in warehouse companies in the FMCG branche. The method of re-

control the delivery will allow you to reduce errors when analyzing receive goods to the warehouse. The 

characteristics of the method consist in the next analysis of the accepted delivery by persons who were not 

previously involved in accepting this delivery. The article presents using the IDF0 method the procedure for 

implementing the method of re-delivery by warehouse facilities and indicates what risk factors can be 

minimized taking into account the characteristics of the facility, warehouse management system and the type 

of products stored. 

1. STORAGE PROCESS IN COMPANIES OF FMCG BRANCHE 

Warehouse management plays an important role in the supply chain. The production enterprise management 

system is based on the warehouse managemend, both in terms of supplying raw materials to the production 

line and in order to too the sale of finished products [6]. 

The quality of the warehouse facility operation consists of individual activities that are carried out during the 

flow of inventory through the warehouse. The first element in the warehouse process is the stage of accepting 

the goods to the warehouse, where the goods are unloaded from the external means of transport. Then the 

stock is stored until the product is released to the next element in the supply chain [9]. 
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Type of stocks stored by research object are articles from the FMCG (Fast Moving Consumer Goods) industry. 

This is an industry of fast-rotating products, which includes groceries, cosmetics, detergents, cigarettes and 

alcohol [10]. Supply chains in this industry are dynamic. The rapid marketability of products results in the need 

for constant replenishment of stocks. Food products have expiry dates, which is why they must be delivered 

to customers quickly and in appropriate conditions [8]. The area of warehouse management performs an 

important function in storing goods, because it must function without interference, in order to smoothly flow the 

inventory throughout the entire stage of the warehouse process, and thus enable the functioning of the supply 

chain without interference. 

2. RISK MANAGEMENT IN WAREHOUSE 

Risk is an inseparable element in the area of logistics. Also including in warehouse management, where 

numerous manipulation activities are performed, which favor the occurrence of risk factors. The constant 

possibility of the occurrence of risk factors in the warehouse operations forces the entrepreneurs to manage 

disturbances to prevent their occurrence. Risk is an inseparable element in logistics, referring to the possible 

occurrence of an event that will affect the organization's goals. Both the probability (likelihood) and the effect 

(outcome, consequence) of risk can be measured, with risk being mainly seen as a negative phenomenon to 

be avoided [3][5]. The concept of risk is often defined in terms of processes that should be managed, which is 

why the concept of risk management is defined as a multi-stage process whose task is to support the 

achievement of the planned goal through appropriate procedures at the lowest cost.[4]. 

There are many methods of risk management. The most important element when performing manipulation 

activities is to implement them correctly, for this purpose, their control is important. The concept of both external 
and internal control is defined as the management function, which consists of a set of activities (control 

phases). The control consists of the following activities [11]: 

1) Determining the control element, 

2) Risk assessment process, 

3) Information system, 

4) Control activities (in case of non-compliance), 

5) Supervision (monitoring) of control. 

At every stage in the logistics process, there may be control and re-control points, where different methods [7]. 

The control point is a place in the logistics process where in order to guarantee the correct functioning of a 

given element, it is necessary to control the function performed. The idea of checkpoints is to detect mistakes 

as soon as possible. Controlling deliveries in a warehouse process is particularly important because it starts 

the warehouse process. However, disposable checking the delivery itself may not be enough, so you need to 

re-check the delivery to minimize risk factors. This means that the delivery will be checked again by other 

people at a later time. 

3. RESEARCH OBJECTS 

The implementation aspect of re-control of delivery is based on the analysis of procedures in the warehouse 

process of the research objects: 

 companies providing warehouse outsourcing services (7 companies), 

 enterprises with own storage (5 companies). 

They are industrial warehouses that are to ensure continuity of production by storing semi-finished and finished 

products. Conduct research  in storage services with warehouses in the following categories were surveyed: 

 mechanized warehouses, 
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 high storage buildings, 

 facilities with between 10,000 and 25,000 pallet spaces, 

 warehouses use bar codes as a technique for automatic identification of goodsA logistic audit was 

carried out regarding the acceptance of deliveries of articles from the FMCG industry, namely foodstuffs 
and packaging being part of the foodstuff. 

4. THE RE-CONTROL METHOD IN WAREHOUSE 

Warehouse processes are burdened with numerous risk factors, so in order to efficiently and without disruption 

to the operation of the warehouse process it is necessary to manage risk factors. The examined entities are 

responsible for supplying the production line with raw materials and semi-finished products. They also act as 

distribution warehouses to ensure the continuity of sales of finished products. The occurrence of risk factors 

in warehouse management has a direct impact on manufacturing companies, in particular in the production 

and distribution process. The task of warehouse management is to spend raw materials and components on 

the production line as required, and in the area of distribution to release the finished product to the next link in 

the supply chain as ordered. In order to be able to perform the above activities, it is very important to correctly 

receive the goods in the warehouse, because it is this stage that begins the warehouse process and directly 

affects the production and distribution process. 

One of the methods to minimize the occurrence of risk factors, in particular in the process of accepting goods 

into the warehouse, is the method of control. It involves performing a re-control of the accepted product in the 

area of warehouse management, by persons do not have prior contact with a given delivery. The idea of 

checkpoints in warehouse management is very widespread in the FMCG industry, in particular regarding 

foodstuffs, as the designation of checkpoints is a basic element of the HACCP system. 

A person who functions administrative activities performs a specified number of delivery re-control after a 

previous shift (in the case of warehouses working for more than one shift) or downloads the delivery 

documentation from the previous day. Control activities are performed by employees of warehouse 

administration and warehouse operators.  

The number of re-controls carried out by warehouse facilities is determined on the basis of the following 

formula: 

Z\ � O � �Á7½zz%
p  (%)                                                                                                                                        (1) 

[own study] 

where: 

Re-c - indicator on how many re-control delivery should be checked per month 

Dr - average number of deliveries in the month in which the risk factors occurred 

d - average number of deliveries per month  

To perform the inspection, complete the delivery re-inspection card. Elements included in the re-control 

delivery card are presented in the table (Table 1). 

In order to present graphically the procedures for implementing risk management through the method of 

delivery re-control in warehouse management, the IDEF0 (Integration Definition) method was used, which is 

presented in the diagram below (Figure 1). 
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Table 1 The re-control delivery card [own study] 

The re-control delivery card 

Warehouse documentation Supplier Name 

Delivery number 

Delivery document number 

Confirmation of compliance of the delivery document with the warehouse 
receipt document from the supplier 

Manufacturer's label analysis with 
delivery document 

Product index number 

Supplier lot 

Date of production 

Expiration date 

Allergens 

Weight of goods on the pallet / number of items on the pallet 

Unit of measure 

Type of pallet 

Data in the computer system Information on stored goods 

Location of goods in the warehouse 

 
Figure 1 The procedures for implementing risk management through the method of delivery re-control in 

warehouse management [own study] 

The IDEF0 method consists of three cubes: 

1) Receipt of goods from the FMCG branche, 

2) Product identification and analysis, 

3) Re-control of accepted goods. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

282 

The element starting the procedure is the order to accept the goods in the warehouse. Then, manipulation 

activities are carried out to accept the goods, consisting in full identification and analysis of the assortment. 

The next stage is the storage of goods, followed by re-inspection of the delivery, based on the delivery control 

card. After a secondary product analysis, it can be determined whether the goods can be stored or whether 

the product is required to be transported to the non-compliant area and the delivery checked again. The 

element confirming re-control of delivery is the delivery control card. 

By implementing the method of delivery re-control, it enables the reduction of several risk factors related to the 

area of warehouse management in the surveyed entities. The division of risk factors has been defined into the 

following groups: type of warehouse process, model of warehouse management and characteristics of goods 

from the FMCG sector in the warehouse area. The table (Table 2) presents risk factors whose probability of 

occurrence of risk factors will be minimized by using the method of delivery re-control. 

Table 2 Risk factors whose probability of occurrence of risk factors will be minimized by using the method of  

             delivery re-control [own study] 

Risk factors 

Receive goods Delivery of unsolicited goods 

Receiving an incorrect quantity of goods 

Receiving damaged goods 

Hidden defects of goods 

Receiving goods with incomplete or ill-filled documentation 

Incorrect identification of goods 

Incorrect sorting of goods 

Incorrect labeling of goods 

Incorrect delivery date 

Model of warehouse management No material classification, 

No detailed data on individual stock 

More effective material quality control system, 

Incorrectly prepared warehouse documentation. 

Characteristics of goods from the FMCG 
sector in the warehouse area 

Microbiological agents (e.g. mold), 

Biological hazards e.g. rodents, birds, 

Pests e.g. insects, 

Contamination of the product with physical factors, e.g. fragments of 
pallets or glass, 

Contamination of the product with dust or dirt, 

Inventory control, 

Inventory identification, 

Labeling of goods. 

The re-control method allows to minimize the basic identification errors of the goods in terms of article name, 

supplier's batch and quantity of the product, but will also reduce the occurrence of indirect interference such 

as lack of material classification or material quality control system. Very important elements are also occurring 

risk factors characteristic of articles belonging to the FMCG industry.  
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In mechanized warehouses, control is a key element to avoid interference. Computer systems and bar codes 

they facilitate work in warehouse management and affect risk management, however, it desensitizes 

employees against responsibility, accuracy and conscientiousness of performed activities, especially at such 

an important stage as taking goods into storage, therefore the implementation of the method of controlling 

supply will affect significantly reducing errors by accepting the assortment, once again checking the given 

delivery, but also will affect the quality of work performed at the first identification of the delivery, because 

people analyzing the received goods to the warehouse are aware of the possibility of checking them by third 

parties. 

CONCLUSION 

When storing goods from the FMCG industry, which are raw materials for the production of goods or ready 

products for the customer, the smooth functioning of warehouse management is a very important element. If 

the right amount of product is not delivered to the production process, it may stop this process. The 

consequence is an increase in production costs and suspension of manufactured products. In turn, incorrect 

delivery of the finished product to the customer will reduce the reputation of the storage facility, but also the 

product manufacturer. The specificity of mechanized warehouses is based on the mechanization of the facility, 

however, all activities are carried out under the control of warehouse operators, which is why the control of 

manipulation activities is such an important element in the warehouse process. By implementing the method 

of re-control the delivery, this will allow for correcting any non-compliance during the receipt of the goods, not 

only will minimize the likelihood of risk factors related to the specifics of the received goods, but will also affect 

aspects related to warehouse management and risk factors related to the receipt and storage of goods 
belonging to the FMCG industry. The presentation of the procedure for implementing the IDEF0 method in 

warehouse facilities indicates how with low financial outlay it is possible to minimize the occurrence of risk 

factors in warehouse management and how easy it is to implement it by mechanized warehouses. 
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Abstract  

The conviction of good fuel quality determines whether the user is satisfied and loyal. The most important 

criterion in this case is trust in the quality offered. Achieving a compromise between quality and price is the 

main goal of the aspirations of most users of modern automotive technology. For some, it is the expectation 

of the highest quality, for others a satisfactory quality at the lowest possible price, but a minimum level of 

confidence is always a necessary condition that the fuel used will not harm the automotive technique used. 

The perception of fuel quality is much more often based on a skillfully created brand image than on the 

observations, experience and knowledge of customers, because the quality of fuel can only be objectively 

assessed by a professional laboratory, conducting sample tests in accordance with established standards and 

procedures. Therefore, we are dealing with a kind of asymmetry of knowledge between the fuel buyer and its 

supplier, which in turn requires a huge credit trust of customers, on the one hand, and on the other is a 

temptation to various types of abuse. That is why there are systems that play the role of an impartial, objective 

expert whose one of the tasks is to eliminate the mentioned asymmetry. Functioning systems often do not fully 

meet the requirements set out in them, which is why the presented concept of modification of the national 

system for monitoring and controlling the quality of liquid fuels in Poland, according to the author, can contribute 

to improving the effectiveness of eliminating inadequate quality fuels from the market. 

The article discusses the legal foundations and main assumptions of the liquid fuel quality monitoring and 

control system in force in Poland, with particular emphasis on the risk of quality deterioration occurring in the 

distribution process. The biggest shortcomings of the functioning system were identified. The next part 

presents the author's proposition to modify the existing system of monitoring and quality control in Poland, 

developed on the basis of experience and conclusions gathered during the research on the correct functioning 

of the system in the years 2009 - 2018.  

Keywords: Liquid fuels, supply chain, system of monitoring and quality control 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. 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 Community, 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 Community is first and foremost a common economic 

area, a common market. Its participants are both individual clients, as well as companies or institutions.  
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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. 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 [7,8]. 

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 (deterioration) of its quality [1,2]. 

Deterioration of quality is caused by [3,5,6]: 

 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 condition.  

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 [4]. 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 [13], 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.  

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” [9] and EN 14275:2013 “Automotive fuels - Assessment of 

gasoline and diesel fuels quality - Sampling from retail and factory distributors” [10]. 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. 
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The main assumptions of the system set out in the above standards are based on the following principles [14]: 

 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; 

 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. 

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 [11] and 

a dozen or so issued on the basis of its implementing regulations. 

The basic structure, subject and principles of operation of the fuel quality monitoring and control system in 

Poland are as follows [11]: 

 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 [12]; 

 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); 
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 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 (two parts): 

 European (compliant with EU requirements); 

 national. 

The scope of control in both systems is convergent (Table 1). 

Table 1 System of monitoring and quality control of liquid fuels in Poland - differences in the national and  

  European subsystem [own study] 

System element European (part) subsystem National (part) 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. CONCEPT OF MODIFICATION OF THE SYSTEM OF MONITORING AND QUALITY CONTROL 
LIQUID FUELS IN POLAND 

To get to the presentation of the concept of system modification, you must first formulate general, universal 

substantive assumptions of the system: 

1) The liquid fuel quality control system should be focused on obtaining reliable data on the quality of motor 

gasolines, diesel fuels and other fuels in specified locations of the logistics process. 

2) The main goal of the system should be to prevent the distribution of liquid fuels not meeting the quality 

requirements specified in applicable regulations. 

3) The system should cover all components of the fuel logistics process liquid. 

4) The system should not be "repressive" by definition, since it is currently in force such a system has 

failed. Education on changing consciousness is necessary all system participants. The main philosophy 

of the system should be preventive actions, i.e. counteracting mechanisms leading to deterioration of 

fuel quality. It is proposed that the penalty imposed on dishonest sellers was an order to suspend the 

sale of fuel of poor quality, until it is replaced in the tank (at the owner's expense). 

5) In addition to controlling the current state of fuel quality, the system should seek to determine causes of 

poor quality and their elimination or minimization. It is necessary introduction of feedback, i.e. 

implementation of conclusions resulting from the analysis results of qualitative research in improving the 

functioning of the system. 
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6) The results of tests and qualitative analyzes of liquid fuel samples taken should serve as databases to 

develop appropriate procedures to eliminate fuels of poor quality liquid from commercial trading - the 

system should be open. 

7) The system should be as close as possible to the relevant EU legislation regarding fuel quality control. 

8) The system should have an internal (own) control subsystem, so-called Quality Inspectorate, e.g. 

checking if the sample taken actually comes from the place provided in the label; should control the 

repeatability and reproducibility of test results qualitative samples of liquid fuels. 

9) It is necessary for the system manager to draw conclusions and take corrective actions, leading to the 

improvement of the quality of liquid fuels on the basis of mandatory end of each year of reporting 

documents (Trade Inspection reports) - existence of a “coupling back”. 

10) The system cannot be too expensive during implementation. 

11) The system should have a clearly defined boundary purpose from the very beginning - one can speak 

of full correctness of its functioning in the case of participation in sales (turnover) of poor quality samples 

at a level not exceeding 3 %. 

Taking into account these assumptions, it is proposed to modify the national monitoring system and quality 

control of liquid fuels in the following areas: 

1) Responsibility for individual areas of the system should be divided into two parts: 

 Trade Inspection - would only be responsible for collecting samples for analysis and immediately 
forward them to the laboratory; 

 Office of Competition and Consumer Protection - would be responsible for functioning all other 
elements of the system, exercising substantive supervision over its proper functioning (System 
Manager). 

2) Introduction of mobile quality control laboratories subordinate to the Trade Inspection, used at the 

request of the System Manager when receiving a notification suspected inadequate fuel quality. Such 

laboratory should be equipped in research equipment necessary to quickly determine the values of basic 

parameters qualitative liquid fuels. In case of a positive result of an on-the-spot check at the controlled 

entity, samples are not taken for analysis and sent to laboratory to determine all specified quality 

parameters in relevant regulations. This will reduce the operating costs of the whole system. 

3) Establishment of the Quality Inspectorate, an independent unit reporting directly to the Managing 

Authority a system that would act as a quality police. It should be composed of experts whom the task 

will be to check the correct functioning of all system components, including the area of responsibility of 

the Trade Inspection. Inspectors should have competence to independently collect and submit samples 

for qualitative analyses anywhere in the system. Their actions would be aimed at eliminating fraud at 

collecting samples and determining the reproducibility and repeatability of tests in mode continuously. 

4) Indication of one central laboratory performing qualitative analyses of samples collected samples and 

three laboratories conducting counter-sample analyses. Choosing a laboratory for follow-up analysis 

should be done by lot. Counter sample forwarded to control (repeat) analysis should be marked in an 

anonymous way, preventing it the ability to identify where it was downloaded and view the result of the 

quality control carried out in the central laboratory. The result of the check-up (regardless of whether or 

not positive or negative) should be sent directly to the cell dealing with results analysis (reporting to the 

System Manager), bypassing central laboratory. This will ensure full objectivity of research. 

5) It is proposed to modify the existing sampling method for analysis qualitative - the change should 

concern the number and purpose of individual samples. Three (instead of two as usual) should be taken 

for analysis: 

 sample A - intended for basic qualitative analysis - collected directly by the inspector and transferred 
to the executing laboratory analysis, no later than within 12 hours of collection; 
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 sample B - counter-sample - intended for control analysis in the event of disclosure deviations from 
the norm in sample A - taken by the inspector and transferred with sample A to the laboratory 
performing the analysis, not later than within 12 hours of collection; in case of deviations from quality 
standards (in sample A) it is sent to the selected laboratory by lot; 

 sample C - secured by the inspector and left in place at the controlled person; can be used by the 
controlled entity to conducting qualitative analysis at your own expense (only in the laboratory 
accredited), and the results obtained in this way should be treated by the courts in criminal cases on 
an equal footing with those obtained in laboratories participating in the system - this is to ensure 
possibility of defence. 

The samples taken should be marked so that the location cannot be determined their collection by 

unauthorized persons or persons conducting qualitative analyses, and such identification would be possible 

only through a special cell reporting directly to the Manager the system after passing data from the Trade 

Inspection. 

6) To improve the reliability of the "national" subsystem, due to the high costs functioning, low efficiency 

and systematic reduction of financial resources allocated to its implementation, the scope of control 

should be limited to testing parameters qualitative as in the 'European' subsystem with the proviso that 

they have been downloaded all parameters that are given must be inspected in quality standards 

(eliminating the possibility of influencing the selection of parameters up to testing by the System 

Manager). 

7) It is necessary to perform the full implementation of the standard in the scope of appropriate selection 

“country model” for statistical assessment of the quality of fuels placed on the market liquid - transition 

from model B to model A - increase in the number of analysed samples up to about 200 per year for 

each fuel tested. This will allow for fuller image reproduction of liquid fuel quality in Poland. 

8) It seems advisable to divide all normative parameters of fuels liquid into two groups: 

 group I - parameters important from the point of view of operational safety, constituting 20 % of the 
causes causing 80 % of all effects of liquid fuels inadequate quality (using the assumptions of the 

Pareto-Lorenz diagram concept); all quality parameters indicated in this way should be mandatory 

controlled by mobile laboratories upon receipt notifications of suspected inadequate fuel quality; 

 group II - all other quality parameters specified in the relevant ones regulations (less important from 

the point of view of operational safety), whose change is not directly related to the intentional action 

of third parties (e.g., natural storage processes, inadvertent cause accidental quality change). 

9) During the development of the results of the analysis and handling of the entity found poor quality fuel 

should only focus on those system participants logistic in which evident and intentional adulteration of a 

fuel batch was found - this would result in greater transparency of the analyses presented and would 

increase efficiency in eliminating dishonest sellers from the market. 

10) In the event of receiving a signal about the trade of poor quality fuel (obligatory confirmed from several 

sources), guaranteeing IH representatives the possibility of publishing immediate decisions suspending 

the authorization of trading in liquid fuels until the moment of receiving the results of the qualitative 

analysis of “suspicious” fuel. After taking a sample of the product immediately, it should be sent 

immediately to analyses and treated by the system laboratory as a priority in research study “instant 

control” (the test result should be known within 72 hours). Because of the possibility pursuing claims by 

the controlled entity due to incurred losses termination such must be implemented at the statutory level. 

11) Introduction, the so-called deviations allowed for quality parameters from group II. This would allow  

a more reliable representation of the quality picture and avoid e.g. a problem stigmatizing distributors 

for violating vapor pressure during transitional periods. 

12) Inclusion in the “European part” of the system liquefied petroleum gas (LPG), exceptionally fuel 

important in our country. 
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13) Enabling the System Manager to modify its functioning on based on the conclusions and proposals 

presented by the team analysing the results research, so-called “open system” - such a provision should 

be included in the [11]. 

The implementation of the proposed system changes has been presented in the form of an algorithm in  

Figure 1. 

 

Figure 1 The concept of the modification of system of monitoring and quality control of liquid fuel in Poland 

[own study] 

5. CONCLUSION 

The conviction of good fuel quality determines whether the user is satisfied and loyal. The most important 

criterion in this case is trust in the quality offered. A compromise between quality and price is the main goal of 

the majority's aspirations users of modern automotive technology. For some, this is the highest expectation 

quality, for others satisfactory quality at the lowest price, but always a condition a minimum level of confidence 

is needed that the fuel used will not hurt used automotive technology. Fuel quality perception is more often 

based on skillfully created brand image than on the observations, experiences and knowledge of customers, 

because the quality of fuel can be objectively assessed only by a professional laboratory, conducting research 

samples in accordance with established standards and procedures. So we are dealing with a certain type 

knowledge asymmetry between the fuel buyer and his supplier, which in turn requires one huge credit trust of 

customers, on the other hand it is a temptation to various types of abuse. That is why there are systems that 

play the role of an impartial, objective expert, of which one of the tasks is to eliminate this asymmetry. 

Functioning systems often not quite meet their requirements, which is why the concept of national modification 

is presented monitoring and quality control system of liquid fuels in Poland, the task of the author may be 

contribute to improving the effectiveness of eliminating inadequate quality fuels from the market. 
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Abstract  

The aim of the paper is to present a concept of Corporate Social Responsibility (hereafter, CSR) in supply 

chain. We discuss the idea of CSR and present examples of practices towards CSR based on enterprises 

gathered in some supply chains. As we can see, in today’s business world, growing attention is being paid on 

the business concept Corporate Social Responsibility, mostly because of environmental concerns, regulatory 

impacts, commercial benefits and reputation in front of the society. Increasing number of companies initiates 

and implements practices considered as CSR activities. The concept of CSR is very important from perspective 

of sustainable supply chain. 

Keywords: CSR, Corporate Social Responsibility, supply chain, sustainable, sustainability 

1. INTRODUCTION 

Supply chains especially global supply chains are complex and often not very transparent, making it an ideal 

starting point for companies to improve their social responsibility. Most of contemporary enterprises gathered 

in supply chains display an increasing interest in the ethical conduct of business. By bringing ethics into supply 

chains, enterprises are able to create benefits for the public, improve their image and help to eradicate negative 

behaviours. In the context of sustainable economic development, the concept of corporate social responsibility 

CSR (related to the ISO 26000 standard) gains significance [1-4]. 

So far, social or ecological values have not been deemed to constitute a fundamental aspect of supply chains. 

This changes with the introduction of the so-called triple bottom line (TBL), an approach that balances 

economy, environment and society, embodying the idea of sustainable development. The aim of TBL is to 

support business solutions which are simultaneously socially responsible, environmentally friendly and 

economically valuable. The environmental and social outcomes are treated on an equal footing with the 

financial outcomes. The three together make up shared value. In this respect, the concept of creating shared 

value (CSV), proposed in 2011 by M. Porter and M. Kramer in Harvard Business Review [5], is of great 

significance. 

Corporate Social Responsibility in general, and sustainable supply chain management in particular, have been 

a growing interest for companies and researchers over the past two decades [4]. The applications of CSR and 

sustainability concepts to supply chain have predominantly concerned the environmental issues. Most of the 

existing studies examine specific sustainable supply chain segments: purchasing and inbound logistics, 

production and manufacturing, or distribution and outbound logistics. Indeed, while the social and the 

environmental issues are clearly associated in the sustainable supply chain definition, a recent comprehensive 

literature review [4] revealed a clear deficit on the social dimension in sustainable supply chain research 

papers. 

The research contributes to the development of the theory on sustainability supply chain from CSR 

perspectives. The study analyzed benefits that are obtained from the practices of CSR. We analyzed the theory 

of sustainability and CSR its implications in the efficiency of the supply chain on innovation and business 

results.  
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2. CSR AND SUSTAINABILITY CONCEPT IN SCM  

Sustainability in supply chain can be viewed as having three parts: environmental, economic and social [6]. In 

practice it means the management of environmental, social and economic impacts, and the encouragement 

of good governance practices, throughout the lifecycles of goods and services. Sustainability is an increasingly 

important requirement for supply chain management. As a consequence, achieving sustainability in suppy 

chain requires an integrated approach and multi-dimensional indicators that link a community’s economy, 

environment and society in enterprises gathered in a given suppy chain. Considering the challenges of 

contemporary enterprises and the supply chains from the perspective of sustainability and socially responsible 

expectations, the capability of entrepreneurs and supply chains to meet the demands of respecting the 

interests of different groups of stakeholders is of particular significance. This follows from the stakeholder 

theory, according to which an enterprise and supply chains has many stakeholders, who are instrumental in 

attaining its specific goals (Figure 1). The objective of supply chain sustainable is to create, protect, and grow 

long-term environmental, social and economic value for all stakeholders involved in bringing products and 

services to market by enterprises garthered in a given suppy chain [7]. Employing sustainable and CSR in 

supply chain benefits relationships with business associates, clients and the community. 

 
Figure 1 Interdependence between the implementation of sustainable development objectives and CSR in 

supply chain 

 
Figure 2 Environmental, social, and governance impacts in the supply chain [7] 
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As we can observe the contemporary supply chains implement in their practice respctively concept of 

sustainability and corporate social responsibility (Figure 2). It is importance from the perspectives of the 

environment, health, safety and stakeholders of supply chains. At its core, sustainable development is the view 

that social, economic and environmental concerns should be addressed simultaneously and holistically in the 

development process of supply chain.  

According to the literature [8-13] CSR in supply chain can be viewed as a philosophy in which corporate 

behavior must be seen as seamless and as a strategy for cooperation and survival. There are many different 

considerations and definitions of what is meant by CSR. No single definition or consideration has been fully 

accepted internationally. For example Friedman (1962) defines CSR as an instrument that helps businesses 

of all sizes reconcile economic, social and environmental objectives [14]. The literature shows that the 

implications of CSR in supply chain management SCM are limited and additionally do not consider the point 

of view of integrated management. In most cases, studies are focused on particular areas within the supply 

chain and these are treated independently. Analyzed problems are respectively: environmental aspects in 

SCM [15-17] reverse logistics [18], ethical aspects [19-21], human rights aspects [21]. A fragmented analysis 

does not provide an answer to the question of how any company can effectively position the global role of CSR 

within the supply chain management [19].  

CSR began to be recognized as a new strategic activity that may become a source of competitive advantage 

for the companies [20]. It is recognized as a core business activity, which suggests that social responsibility is 

an important area, especially from the point of view of globalized supply chains [13,22]. The main functions 

and responsibilities of the supply chain management are environmental performance, controlling the quality of 
goods and services (supplies) of suppliers, and regulating delivery times and improving the quality of the 

products offered by the company [4, 23]. With the globalization of markets, large corporations have adopted 

ISO certifications in their processes to meet their social obligations, considering the demands of the market 

and complying with environmental standards [24]. 

In this field of research, some experts have agreed that CSR and the efficient management of the supply chain 

generate significant quantitative and qualitative benefits for businesses [25]. These business sustainability 

practices seek shared benefits, such as the social and economic development of the regions, an increase in 

the quality of life, the professional development of employees, an increase in the satisfaction of clients and 

investors, and the strengthening of their image and business reputation [26,27]. 

 

Figure 3 Building the Case for Supply Chain Sustainability [BSR, 2010] 
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We emphasize that the business case for supply chain sustainability for a particular company depends on a 

variety of issues including industry sector, region of operation, stakeholder expectations, business strategy, 

organizational culture, and past performance. In general though, there are a number of opportunities to use 

supply chain sustainability activities to enhance business value [28]. While not mutually exclusive, the most 

commonly cited business value drivers impacted by supply chain sustainability are depicted in Figure 3 (BSR, 
2010).  

Researches and practices demonstrate an increasing number of enterprises implement CSR into their 

managerial practice. It seems that the adoption of sustainable and CSR practices in supply chain is becoming 

the norm. Not only large enterprises but also small and medium-sized enterprises, which have a major impact 

on the development of neighborhoods and communities, display the need to apply CSR as well. Enterprises 

engage with CSR and the majority of businesses have policies in place to prevent slavery in the supply chain, 

lower carbon footprint and promote sustainable sourcing. The properly implementation of CSR policies, 

enterprises gathered in supply chain need to have a 360 degree view of the network through the multiple 

enterprises involved in the given supply chain. Visibility and transparency are key of the efficient of CSR 

implementation in the supply chains. Companies in supply chain are expected to be able to track the carbon 

footprint not only of their own manufacturing activities, but also their transportation, distribution and 

procurement activities, while monitoring the related activities of their extended supply chains as well. 

Below we present practices of chosen companies in supply chain according to CSR. For example, Unilever 

elected to move away from its policy of outsourcing logistics, and brought it in-house, working on the premise 

that it has the internal capability, and scale, to improve supply chain service costs, reduce carbon emissions 
and relieve Europe’s roads of one truck in five.  

Another practice of CSR concerns DENSO Group and ITOCHU. These companies promote CSR through their 

business activities, with the aim of achieving a sustainable society. DENSO Group has developed various 

sustainability-related tools, including the supplier sustainability guidelines, in order to efficiently promote 

sustainability together with its suppliers. ITOCHU keeps working to manage its supply chains in consideration 

to the social or environmental impact of a variety of products and services handled. ITOCHU has established 

the CSR action guidelines for supply chains to explain its position to suppliers, and expects and encourages 

their understanding and implementation of every item mentioned below: 

1) Suppliers shall respect the human rights of employees, and never treat employees in an inhumane 

manner.   

2) Suppliers shall prevent forced labor or child labor.  

3) Suppliers shall not practice discrimination in hiring and employment.  

4) Suppliers shall prevent unfair low-wage labor. 

5) Suppliers shall respect the rights of employees to organize, for smooth negotiation between labor and 

management. 

6) Suppliers shall strive to provide employees with a safe and healthy work environment.  

7) In the course of their business activities, suppliers shall duly consider the need to conserve 

ecosystems as well as local and global environments, and strive to prevent the occurrence of any 

environmental pollution.  

8) Suppliers shall observe all related laws and international rules, and ensure fair transactions and 

prevent corruption.  

9) Suppliers shall disclose information regarding the above items in a timely and appropriate manner. 

As we can observe buyers are often those that engage with CSR the most and the majority of businesses have 

policies in place to prevent slavery in the supply chain, lower carbon footprint and promote sustainable 

sourcing.  
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CONCLUSION 

Enterprises benefit from sustainability which enables to transform them into self-sustained business vehicles 

operating with minimum negative impact on the operational environment. The progress in sustainability often 

derives from concrete innovative sustainable solutions which may include new marketing methods, 

organizational methods, products (goods or services) and processes. More specifically, making supply chain 

sustainable requires balancing and integrating economic and environmental societal objectives, supportive 

policies and practices. Appropriate trade-offs are often necessary, given the diverse interests of enterprises 

gathered in the supply chain and their society. 

Corporate social responsibility in supply chains means that enterprises gathered in supply chains especially 

protect natural environment and contribute to social well-being in a tangible way. By bringing ethics into supply 

chain, companies are able to create benefits for the public, improve their image and help to eradicate negative 

behaviours. Responsible supply chain management concerns cooperation with your suppliers to ensure that 

they have CSR strategies and to create ongoing improvements in suppliers' CSR performance. It is especially 

important to focus on high-risk suppliers, for example from industries that are known to face particular 

challenges, or from countries where national legislation and internationally recognised principles for human 

rights and labour rights, the environment and anti-corruption, are not fully respected.  
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Abstract 

Popularization of Internet access and socio-economic growth were the reasons of taking the 13th place by 

Poland in the list of countries according to the speed of e-commerce market development. The dynamics of 

this development determines the need to constantly analyze processes in e-commerce enterprises and make 

changes to meet the growing demands of customers. Short delivery time is now a key factor, which significantly 

affects gaining competitive advantage. One of the increasingly used solutions allowing to get it, is implementing 

goods to person principle in the picking process. 

Using this principle is connected with the necessity of applying conveyors, stacker cranes and/or automated 

guided vehicles. Implementing this kind of handling equipment creates the need of system analysis already at 

the design stage. To make this possible without interfering with the real system, simulation modeling is used 

increasingly often. Representation of considered system operation with the use of simulation methods is not 

only a good supporting tool in designing new system elements. It can also be used to analyze warehouse 

solutions, which have been already implemented. 

Simulation model of picking process with the use of conveyors and stacker cranes was used in this article. The 

model was subjected to sensitivity analysis to indicate its problematic areas, to determine its maximum 

efficiency and factors which can negatively influence on its reliability. Maximum frequency of releases from the 

storage area and efficiency of picking and packing stations were also presented. 

Keywords: E-commerce, simulation modeling, logistics, picking, goods to person 

INTRODUCTION 

The number of Internet users in Poland maintains an upward trend over the years. Currently, their number is 

estimated at 27.5 million people, which is more than 71 % of the polish population, what shows Geminus’ 

report E-commerce in Poland 2019. In addition, there has been a noticeable increased interest in online 

shopping in recent years. In connection with the above, the e-commerce market is dynamically developing in 

Poland. This is confirmed by the growing share of the value of this market in Poland's GDP every year (Figure 

1). In 2018 e-commerce market had the value of over 18 billion euro. 

In the context of e-commerce, the authors present its current state and development prospects, based on 

publicly available reports. The number of online stores over the years and their distribution based on activity 

time on market and number of employees is presented. The age of the clients, the type of products most 

frequently bought and the opinions of Internet users about online shopping are also taken into account. In 

addition, problematic areas are indicated along with proposals for their improvement [2], as well as barriers to 

the development of e-commerce enterprises [3]. 

Growing number of online stores is the reason for greater choice of products, but it is also connected with 

setting greater expectations by clients. Low prices, high quality and wide range of offered products is currently 

not enough. Key factor, which can provide new clients and keep the regular ones is a guarantee of short 

delivery time. In connection to this, e-commerce enterprises are aiming to shorten warehouse processes [4-7], 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

300 

which are constantly analyzed and evaluated [8-10]. Technological solutions limiting human participation in 

the preparation of orders to a minimum in order to apply partial or complete process automation are 

implemented. The use of automated guided vehicles [11-13], stacker cranes, automatic shelving [14-17] and 

conveyor system [18-20] is becoming more and more common. The process where these solutions are used 

is primarily the picking process [21-23]. Picking can be done by two main principles: person to goods or goods 

to person. In the first one picker moves to given locations from the picking list, where ordered products are 

located. Time of walking between locations is strictly connected with unpredictable human factors [24,25] and 

it is also over 50 % of the total picking process time [26]. According to this, more and more often goods to 

person principle is implemented. In this principle necessity of moving between locations is eliminated, which 

is very often a reason for not completing orders according to the set time. The application of this principle 

eliminates the need to implement route planning algorithms that are part of transport problems [27-31]. 

 

Figure 1 Share of e-commerce market value in Poland’s GDP [1] 

One of the solutions in goods to person principle is implementation of a system consisting of stacker cranes 

and conveyors. In this type of system picker’s role is limited to picking the product and putting it in the right 

container. The picking system with type of solutions has been analyzed in this article. 

The aim of this article is to present picking process analysis for the e-commerce enterprise on the basis of 

simulation model. Maximum frequency of releases from the storage area and efficiency of picking and packing 

stations were presented. Additionally, maximum efficiency of the system and its problematic areas were 

shown. 

SYSTEM AND MODEL DESCRIPTION 

In analyzed system two types of orders can be seen: for individual clients and for enterprises. They are 

distinguished by the type of packaging. Orders for individual clients are placed in cardboard boxes and orders 

for enterprises are placed in plastic containers. 

The input in analyzed system are client’s orders. The system can be divided into two subsystems (Figure 2): 

 Subsystem of releases from the storage area, which are based on clients‘ orders (subsystem 1) 

 Subsystem of picking and packing processes with the use of goods to person principle (subsystem 2) 

The processes from subsystem 1 can be described in the following points: 

1.1. Client makes order through the website. 

1.2. The order is directed to the warehouse management system and queued as part of ongoing tasks  

1.3. Location of order’s components is searched and the product is reserved 
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1.4. Stacker crane takes the klt-box from the rack and transports it to the conveyor 

1.5. Klt-box moves to one of six picking stations 

1.6. After picking the right product by the picker, klt-box moves back to the stacker crane* 

1.7. Stacker crane puts the klt-box to its location 

*In the case when klt-box is empty, it is removed from the conveyor, refilled and placed back on the conveyor 

The processes from subsystem 2 can be described in the following points: 

1.1. In the picking station, on one from six monitors full information about order is showed 

1.2. Picker prepares the appropriate packaging (depending on the client type) and puts it under the monitor. 

On the conveyor from subsystem 1 order’s component is transported. After picking the right component 

from the klt-box, picker puts this box on another conveyor, which transports it to the stacker crane 

1.3. The previous activity is carried out until picking process of given order is finished. After this picker pushes 

the container on another conveyor located behind picking points. Container is transported to the carton 

closing machine. 

1.4. Containers are transported to the packing stations, where they are prepared for shipment. If the order 

was packed in plastic container, packer puts the new container on conveyor. If the order was packed in 

cardboard box, new box is sent from the cartoning machine. 

 
Figure 2 Scheme of the picking system 

Modeling [32,33] and simulation are used to analyze processes in detail characterized by randomness  

[34-38]. Simulation model used in this article to analyze picking process was created with the use of Flexsim 

software. This model is characterized by constant and variable parameters (Table 1). 
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Table 1 Model’s constant and variable parameters 

Name of the parameter Designation Value 

Constant 

Speed of the conveyor Vc 1 m/s 

Number of picking stations npa 6 units 

Number of packing stations npi 16 units 

Working hours per shift t 8h 

Variable 

Number of pickers n1 {1, …, 6} 

Number of packers n2 {1, …, 10} 

Frequency of releases from the warehouse tw {0.8; 1; 2; 3; 3.34; 4; 5} s  

The visualization of the picking system in the analyzed enterprise is shown on Figure 3. 

 

Figure 3 Visualization of the analyzed picking system in Flexsim software 

A sensitivity analysis was carried out to determine the maximum efficiency of the system and to identify its 

limitations. By changing the input parameters and conducting 100 repetitions of simulation, the number of 

orders finished in the picking process and packing process were examined.  

RESULTS OF SIMULATION 

In order to transport klt-boxes to the picking stations just in time, there must be correctly established frequency 

of releases from the storage area. Currently it is 3.34 seconds. By checking longer and shorter time intervals 

it was possible to designate the best fitted time. After conducting 100 hundred repetitions of simulations, results 

were presented in form of a chart (Figure 4). 

Time interval longer than 3.34s gives worse results than the time currently used. However implementing 3 

seconds as time interval can give better efficiency. It is possible to get 249 packed orders per 1 hour instead 

of 222 packed orders. Additionally, with this interval percent of packed orders in picked orders is the highest 

at the level of over 81 %. 
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Figure 4 Number of orders finished in picking and packing process per 1 hour 

Important parameters in analyzed system are also number of pickers and packers. Taking into account 

currently used frequency of releases from the storage area, number of required pickers and packers was 

examined. There are six available picking stations in the system. Results show that with the releases from 

warehouse every 3.34s, efficiency of picking stations with the use of 3, 4 or 5 pickers is at the similar level 

(Figure 5). 

 

Figure 5 Efficiency of picking stations with the use of different number of pickers  

Using 4 pickers instead of six can give the highest average efficiency of picking stations (280 orders per 1 

hour) with results concentrated around it.  

Correct number of pickers is not enough to get the best possible overall efficiency. As important as number of 

pickers is also proper number of packers. Number of packers was changed and number of packed orders was 

compared with the number of previously picked orders (Figure 6).  
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Figure 6 Efficiency of packing stations with the use of different number of packers 

On the basis of results it can be stated that with 7 packers it is possible to get the highest number of packed 

orders per 1 hour. Getting better efficiency with less number of packers is connected with applied conveyors. 

More packers means longer transport path, which is the reason of lower efficiency. However too few packers 

can create situation, where conveyor is blocked because of orders are not packed on time.  

CONCLUSION 

Goods to person principle implemented in the picking process can largely eliminate unpredictable human 

factors, which are one the the main reasons of delayed order processing. Conveyor systems are solutions very 

often applied according to this principle. In analyzed e-commerce enterprise used conveyor system has serial 

structure. Every element of the system is strictly connected with the others. Due to this, occurrence of damage 

in any element can stop the entire system. This is the main limitation of such systems. With the use of Flexsim 
software, simulation model was created. Results of conducted simulations enabled to indicate the number of 

pickers and packers and also the time interval between releases from storage area, which can give the highest 

efficiency. Reducing number of pickers and packers can give improvement in picked and packed orders per 1 

hour. In making changes in conveyor systems or implementing them, it is important to consider connections 

between elements. In choosing proper number of pickers, there should be number of packers and frequency 

of releases from warehouse taken into consideration. Too many or too few workers can lead to lower efficiency. 
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Abstract 

This paper shows the evolution of the demand for beverage cans, which reflects real sales of beverages in the 

Eastern European region. The aim of the paper is to select appropriate forecasting methods for this type of 

production and consumption. The basic problem arises from the procurement of materials for the production 

of beverage cans and the planning of shipments. The introductory part is devoted to the description of the 

issue from the perspective of the manufacturer of beverage cans, methods of forecasting and sales analysis. 

Based on time series analysis, the methods used for seasonal consumption estimation were used: Holt-

Winters method, Seasonal indexes and SARIMA. The results were used as input for planning in the PUSH 

system, in the company that produces beverage cans. Thus, on the basis of the monthly forecast results, 

transport and production capacities and material inputs for customer orders are secured.  

Keywords: Forecast, planning, beverages, beverage cans, batch 

1. INTRODUCTION 

Forecasting is integral part of decision-making activities at the level of an enterprise management. 
Management sets goals and objectives, tries to predict the evolution of external factors, then selects actions 

and activities that, it hopes, will result in achieving the determined aims. The need for forecasting is increasing 

as a management tries to reduce its dependence on circumstances and becomes more scientific when it exists 

in a certain environment. Since each enterprise area is related to all others, a good or bad forecast can affect 

the entire enterprise [1,2]. Areas, where forecasting plays a key role, are: 

1) Planning: Efficient use of resources requires planning of production, transportation, purchasing, 

personnel, etc. Forecasts at the level of demand for product, material, labour, financing or other services 

are the basic input into planning [3]. 

2) Acquisition of resources: From the moment of need to the acquisition of raw materials, the hiring of 

personnel or the purchase of machinery and equipment, it can range from a few days to several months. 

The task of forecasting is to determine these requirements well in advance of the actual need. 

3) Setting stock requirements: all organizations need to determine what resources they want to have at 

disposal in the long term. Such decisions are dependent on market opportunities, environmental factors, 

and on their own financial, personnel, manufacturing and technological resources. All this requires 

accurate forecasts and managers who will be able to interpret forecasts and make appropriate decisions 

[4-6]. 

Of course, there are many other areas that require forecasting, but the previous three categories of areas are 

typical of short, medium and long-term forecasting requirements in today's enterprises [7]. This range of needs 

requires often various unique approaches to forecasting in uncertain events and ultimately its own forecasting 

system. Therefore, enterprise management requires to have the knowledge and skills in at least the following 

four areas [7]:  
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 Identification and defining the problem of forecasting; 

 Procedures setting for selecting the appropriate method for a specific situation; 

 Application of a range of forecasting methods for a specific situations; 

 Organizational support for the application and use of formalized forecasting methods. 

The forecasting system of an enterprise must have links between the forecasts of individual management 

areas. These links cannot be ignored, if the forecast is to be successful, because there is a high degree of 

dependence among the forecasts of different divisions or departments [8]. For example, forecast errors in 

forecasted sales can trigger a variety of responses that affect production plans, budget forecasts, inventory 

levels, price, etc. This will in turn affect the level of sales, operating costs and cash flows [9-11]. 

This paper analyzes the market situation from the point of view of cans beverage produces. The aim of the 

paper is to outline the development of demand using forecasting methods in order to optimize planning in the 

company CB Slovakia s.r.o. Practical experience suggests that sales fluctuate in seasonal rhythm and this 

causes problems in purchasing of materials for production and transportation planning as they force the 

manufacturer into regular batches. For this reason, CB Slovakia s.r.o. cooperated in the analysis, evaluation 

and preparation of the forecast for the development of demand for the following period(s).  

In the logistics department at CB Slovakia s.r.o., there was no clear seasonality or cyclicality of orders from 

customers known for which the company produces beverage cans. This means that the logistics department 

did not have sufficient information on demand fluctuations, and so the department was unable to respond in 

time and prepare production capacities for periods of higher demand, when orders were not fulfilled and vice 

versa, too large stocks were created in periods of low demand for products. CB Slovakia exports its products 

mainly to customers in Central and Eastern Europe and the United Kingdom. The shares of individual customer 

orders can be seen in Figure 1 [12]. 

 
Figure 1 The percentage ratio of all orders throughtout the EU countries [12] 

2. DATA INPUTS 

The company CB Slovakia provided its monthly customer sales for 2016 and 2017 for forecasting of orders to 

optimize planning in the PUSH system. The amount of orders is shown in the number of exports by trucks. 

Depending on the volume of the can (500 ml, 330 ml, 250 ml), one truck represents approximately 240,000 

beverage cans.  

Slovakia
8%

Czech Rep.
3%

Poland
43%

Hungary
39%

Romania
5%

UK
2%

Percentage of exports of orders to 

EU countries
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After the data were processed, the individual orders were classified into the following sections: 

 According to the assortment: individual customers of the company were redistributed based on the 
assortment of beverages: beer, soft drinks and energy drinks. Beer is bottled into 500 ml cans, soft 

drinks are bottled into 330 ml cans, and energy drinks are bottled into 250 ml cans. 

 According to the regions: individual customers of the company are located in several regions 

(mentioned above), but only two regions were selected, where the company sends the highest number 

of trucks to its customers. The Figure 1 shows the percentage of all company orders for the years 2016 

- 2017 to particular EU countries. Most customers and thus the largest share of orders up to 43 % (6778 

can trucks) are transported to Poland and slightly less 39 % (6110 can trucks) of the total number of 

orders are transported to Hungary. The third place is for customers in Slovakia Max Drinks owns 8 % 

share of the total number of orders produced in CB Slovakia s.r.o. and next (4th place) with 5 % share 

belongs to Romania [12]. 

3. FORECASTS 

Based on the data selection above, there will be analyzed the data and selected the appropriate forecasting 

method and then consequently calculated the monthly forecast for 2018 in this chapter. 

3.1. Future orders forecast according to assortment 

The customer sales during years 2016 and 2017 are presented in the number of exported trucks, in Figure 2. 

In breweries, the demand for cans starts to rise slowly in February and from the arrival of spring until the end 

of summer, customers order cans in the largest quantities compared to other months of the year [12]. 

 
Figure 2 Sale and forecast of sale for breweries cans 

The second category in the section by assortment includes soft drinks. Figure 3 shows customer sales during 

years 2016 - 2017 to customers such as Coca-Cola and Pepsi Cola, these soft drinks are very popular of 

among the young people. For comparison with breweries, there is not so much visible seasonality. 

 

Figure 3 Sale and forecast of sale for Coca-Cola and Pepsi Cola cans 
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The last category in this section is energy drinks. Figure 4 shows the sales of cans for energy drinks, 

interesting is, that there is the same number of trucks sold in July and August in years 2016 - 2017. For energy 

drinks, the number of trucks is not as high as for beer and soft drinks. 

 

Figure 4 Sale and forecast of sale for energy drinks cans 

3.2. Future orders forecast according to regions 

The analysis and forecast according to the region is focused on two strongest regions of customer sales. The 

strongest region for the company is region Poland. There are 9 customers in the region of Poland, with whom 

the company has signed contracts for the delivery of cans. In 2016 and 2017, the company sold 6,778 

beverage cans to this region. In 2016 it was 3456 total number of trucks and in 2017 it was 3322 total number 

of trucks [10]. 

Figure 5 graphically shows sales to all customers in Poland within years 2016 and 2017 and there is quite 

strong seasonal influence, especially during summer months, when the highest demand for cans is recorded. 

 

Figure 5 Sale and forecast of sale of cans in Polish region 

The second strongest region is Hungarian region. There are 3 customers in the Hungary region who ordered 

a total of 6,110 beverage cans in 2016 and 2017. In 2017 it was 2981 and in 2016 it was 3129 trucks. The sale 

is graphically presented in Figure 6. There can be seen a sharp increase of sale beginning of year 2015, 

where in February sold 83 trucks and gradually in April climbed up to 385 trucks. In 2016, the demand for cans 

also increased significantly, but more smoothly. 

 

Figure 6 Sale and forecast of sale of cans in Hungarian region 
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4. CONCLUSION 

The benefit of created forecast is not only in managing input materials and completing orders, but also in 

managing inventory in the form of final products in stock. When planning is running within PUSH system, then 

it would be better to start producing small orders, according to the calculated forecast and it would save time 

associated with multiple re-setting lines during the month (when real orders come). It is recommended to start 

fulfil high volume orders for particular customers in December, January, February to use enough production 

capacities, when the company receive orders in relatively lower numbers and volumes compared to other 

months of the year. In this case, the company would be better prepared for the rapid increase of orders and 

their volumes. In the case of the production “to stock”, in the form of final products, which are delivered to 

customers with a specific design, (this is the case of described company), it is very important communication 

with customers about upcoming design changes. Design changes in packaging products in the food industry 

are very common, when manufacturers try to attract buyers for their goods and prepare various competitions 

or limited edition packaging e.g. if there are Olympic Games, football or ice hockey championships. 

Based on the forecast, each enterprise can better set the supply and storage levels. It can determine the 

maximum and minimum stock levels as well as the order level. In the case of unexpected situations, 

requirements can be supplied with the safety stock, which must be always kept in stock, especially for the most 

important components or products for the most important customers [13]. 

ACKNOWLEDGEMENTS   

“The submitted work is a part of the project VEGA 1/0317/19, "Research and development of new 

smart solutions based on principles of the Industry 4.0, logistics, 3D modeling and simulation for 

production streamline in the mining and building industry.", funded by the Scientific Grant Agency of 

the Ministry of Education, science, research and sport of the Slovak Republic and the Slovak 

Academy of Sciences.” 

“The submitted work is a part of KEGA project 006TUKE-4/2019 "Transfer of knowledge from the field 

of logistics into the preparation of innovative teaching materials for selected study units of the newly 

accredited study program" Commercial Logistics”. 

REFERENCES 

[1] MALINDŽÁK, Dušan. Production logistics I. Košice: Štroffek, 1997. p. 167 

[2] MALINDŽÁK, Dušan, PACANA, Andrzej, PAČAIOVÁ, Hana. An effective model for the quality of logistics and 
improvement of environmental protection in a cement plan. Przemysl Chemiczny. 2017. vol. 96, no. 9, pp. 1958-

1962. 

[3] VEGSOOVA, Olga, STRAKA, Martin, ROSOVA, Andrea. Protecting and securing an environment affected by 

industrial activity for future utilization. Rocznik Ochrona Środowiska. 2019. vol. 21, no. 1, pp. 98- 111. 

[4] VILAMOVÁ, Š., BESTA, P., KOZEL, R., JANOVSKÁ, K., PIECHA, M., LEVIT, A., STRAKA, M., SANDA, M. 

Quality quantification model of basic raw materials. METALURGIJA. 2016. vol. 55, no. 3, pp. 375-378. 

[5] KAČMÁRY, Peter. Príspevok k aplikáciám metód prognózovania v logistike podniku: Habilitation thesis. Košice: 

TU FBERG Košice, 2018. p. 193. 

[6] ARMSTRONG, J. SCOTT. Principles of Forecasting: A handbook for researchers and practitioners. Dordrecht: 

Kluwer Academic Publishers, 2001. p.849. 

[7] VEGSOOVA, Olga, STRAKA, Martin, SULOVEC, Vladimir. Global Assessment of Industrial Expansion for 

Minimizing Environmental Impacts Utilizing the Principles of Mining and Logistics. Rocznik Ochrona Środowiska. 
2019. vol. 21, no. 1, pp. 14-28. 

[8] STRAKA, Martin, MALINDŽÁKOVÁ, Marcela, KHOURI, Samer, ROSOVÁ, Andrea, LENORT, Radim, BESTA, 
Petr. Application of the mathematical statistics for the evaluation of the waste incineration process. Ochrona 

Środowiska: Annual Set The Environment Protection. 2018. vol. 20, pp. 32-53. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

312 

[9] PETERKA, Pavel, KREŠÁK, Jozef, ŠIMOŇÁK, Jan, BINDZÁR, Peter, KEČKEŠOVÁ, Ivana. Tractive work of the 
aerial cableway towing haul rope. Measurement. 2017. vol. 100, pp. 322-328. 

[10] LAUBERTOVÁ, Martina, MALINDŽÁKOVÁ, Marcela, ROSOVÁ, Andrea, TRPČEVSKÁ, Jarmila. Material flow 
model of electronic waste sampling and assaying. Przemysl chemiczny. 2016. vol. 95, no. 7, pp. 1390-1394. 

[11] STRAKA, Martin, TREBUŇA, Peter, ROSOVÁ, Andrea, MALINDŽÁKOVÁ, Marcela, MAKYSOVA, Helena. 
Simulation of the process for production of plastics films as a way to increase the competitiveness of the 

company, Przemysl Chemiczny. 2016. vol. 95, no.1, pp. 37-41.  

[12] DAŇKO, Adrián. Návrh prognózovania budúcich objednávok pre optimalizáciu plánovania v systéme Push v 

spoločnosti Crown Bevcan Europe & Middle East: Diploma thesis. Košice: TU FBERG Košice, 2017. p. 56. 

[13] ŠADEROVÁ, Janka , BINDZÁR, Peter. Using a model to approach the process of loading and unloading of 

mining output at a quarry. Gospodarka Surowcami Mineralnymi. 2014. vol. 30, no. 4, pp. 97-112. 

 

  



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

313 

FUZZY APPROACH TO SUPPLY CHAIN RISK ASSESSMENT. CASE STUDY 

Sylwia WERBIŃSKA-WOJCIECHOWSKA, Maciej CHLEBUS 

Wroclaw University of Science and Technology, Faculty of Mechanical Engineering, Wroclaw, Poland, EU, 

sylwia.werbinska@pwr.edu.pl, maciej.chlebus@pwr.edu.pl  

Abstract  

The paper discusses a problem of risk assessment in supply chains. The need to adapt the operation of supply 

chains in today’s uncertain and volatile environment has caused the need to develop a well-adjusted asset 

management and risk management systems. Following this, the authors analyze a risk management system 

implemented in a case company from automotive industry. Based on the analysis results, the authors propose 

fuzzy FMEA method use in order to ensure the possibility of achieving the company’s set goals. The short 

comparative analysis of the new approach and a classic FMEA method implementation is provided. The work 

ends up with summary and directions for further research.  

Keywords: Fuzzy approach, supply chain, risk assessment, uncertainty  

1. INTRODUCTION  

In today’s time of intense global competition, every industry is constantly looking to enhance their production 

levels and performance efficiency [1,2]. On the other hand, there is a groving awareness of the necessity of 

developing a risk management systems, which will allow the identification and management of hazardous 

events [3,4].  

According to [5], FMEA is a videly used approach for identification, evaluation and effective management of 

risks in production systems. However, the input parameters in this approach (called probability of occurrence, 
severity and detection of failurem mode) may be difficult to estimate by experts due to many uncertainies 

(internal/external ones) in such production systems performance. Thus, fuzzy logic can be implemented to 

overcome such problems.  

Currently, the Fuzzy FMEA is videly used in practice [6]. A comprehensive review on fuzzy FMEA applications 

is given e.g. in [7]. In this study, we proposed the application of the Fuzzy FMEA method, aiming to develop 

the prioritization and assesment of risk events that likely occur in the production systems of the analysed case 

company. Thus, the remaining of this article is as follows. Section 2 pesents the results of the application of 

conventional FMEA (currently used in the case company). Later, the Fuzzy FMEA approach is proposed in 

order to overcome some drawbacks connected with the performed risk analyses. The paper ends with 

summary and recommendations of research.  

2. CASE STUDY 

The analyzed international company, on the example of which research was conducted, is located in Poland 

in Lower Silesia region. The investigated company is a global manufacturer of compressors for automotive air 

conditioning. In Poland, the company was established in 2005 and nowadays employs about 1,100 people and 

has over 40,000,000 square meters of production area for holding manufacturing processes, including: 

production of bodies by high-pressure aluminum casting, mechanical treatment and assembly of complete 

compressors. Each year it produces about 3 million compressors, which are delivered to European assembly 

plants of the biggest car manufacturers. Currently, the investigated company manufactures products for world 

famous brands such as Volkswagen, Volvo, or Ford. Moreover, the company has assembly lines for HVAC 

systems (automotive heating, ventilation and air conditioning systems) for SCANIA and DAF manufacturers, 
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with a production capacity of 140 thousand units per year. In the production plant operate 26 production lines, 

which include processes such as: high-precision machining, grinding, electron welding, friction welding and 

coating.  

The main goal of the company is to respond to the customers' demand for appropriate technologies, products 

and services. World's success is based on the three strategic pillars: quality, cost and delivery on time, as well 

as continuous product development with constant care for the environment. The company’s motto is 

“Delivering Excellence” and the company’s policy is to achieve the trust and satisfaction of its customers and 

an essential position on the market. 

In order to achieve the policy goals, some priority actions are defined. One of them is connected with ensuring 

the highest quality supply components for air conditioning systems and ventilation. This is mainly achieved by 

implementation of rigorous quality control, continuous control of the assembly parameters as well as meeting 

the ISO and IATF standards. The second covers risk-based thinking and continuous improvement of integrated 

management system.  

The main goals of risk management system is to ensure proper performance of company’s goals and tasks 

and create company’s resilience system. The risk is defined as the effect of uncertainty on objectives. The 

currently implemented risk management system is focused on 13 main areas (e.g. Business risk management, 

Legal risk management, Occupational risk management, Environmental risk management, Operational 

(production/logistic) processes risk management, Supply risk management). In the given paper the authors 

focus on operational risk management system (for production system performance), which bases on five main 

steps implementation (according to Figure 1) and is compatible with ISO standard. The selection of production 
system area for risk analyses is mainly connected with the company set goals. This operational area has the 

best structured approach for risk management and analyzes are carried out on an ongoing basis and the 

results continuously monitored. The introduced risk management approach bases on simplified FMEA (Failure 

Mode and Effect Analysis) method use. The detailed description is given in the Section 2.1. 

 

Figure 1 The main steps of risk management method used in the analyzed company (source: case company 

documents) 
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2.1. Conventional FMEA implementation 

The first step of the investigated risk management system is risk events identification. For the considered case, 

in the carried out research the results of performed in 2017 FMEA analysis are considered. The managers 

defined 14 main hazard events that may occur. The defined risk events are strictly connected with production 

processes performance (internal risks). Moreover, two external risks connected with danger of power supply 

failure and natural disaster occurrence were also identified. On this basis, the simplified FMEA procedure was 

implemented. The assessment of risk indexed parameters bases on the very limited point scale (see Table 1). 

The investigated company analyzes the main risk parameters only in the 3-point scale, what limited its 

usefulness and may lead to wrong decision-making. The results of the performed FMEA analysis are presented 

in the Table 2. The obtained results are later analyzed according to the defined risk management activities 

(Table 3).   

Table 1 Risk indexed parameters rankings for RPN estimation (source: case company documents) 

Occurrence of risk event Severity of risk event for an organization Detection of risk event by a customer  

Description Scale Description Scale Description Scale 

Low probability of occurrence 1 
Low impact on organization 
performance 1 No influence on a customer 1 

Medium probability of 
occurrence 2 

Medium impact on 
organization performance 2 

Medium influence on a 
customer 2 

Very high (almost certain) 
probability of occurrence  3 

Very high impact on 
organization performance 3 

Very high influence on a 
customer 3 

Table 2 Risk assessment for the case company operational performance using FMEA analysis (source: based  

             on case company documents) 

Risk event 

Risk analysis 

Probability of 
occurrence 

Severity of risk 
event for an 
organization 

Detection of 
risk event by a 

customer  

RPN 
index 

The product does not meet the specification 2 1 2 4 

Oil leak into the ground 1 2 2 4 

Aliphatic hydrocarbons emissions exceeded 1 2 1 2 

VOCs (Volatile Organic Compounds) emissions 
exceeded 

2 3 2 12 

NO2, SO2, CO emissions exceeded 2 2 1 4 

Production equipment/plants fire 1 2 2 4 

No staff to complete production plans 2 3 2 12 

Serious, fatal or collective accident occurrence 1 2 2 4 

Spare parts not available 2 2 1 4 

No machining tools 1 2 2 4 

Insufficient production support 2 2 2 8 

Incorrect waste management (throwing waste to wrong 
containers) 

2 2 1 4 

No power supply 2 2 2 8 

Local flooding 1 2 2 4 
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Table 3 Company’s risk management activities according to the estimated RPN (source: based on case  

               company documents) 

RPN index values Description of risk management activities 

1-3 

risk event significance is assumed to be low, which means: a small impact on the achievement 

of the objectives and tasks and no impact on the key activities of the organization; the risk 
assessed as acceptable, should be monitored, the decision to counteract is taken by the owner 

of the process, except for those risks where detection parameter is equal to 3 points, then risk 
prevention is always undertaken 

4-8 

risk event significance is assumed to be medium, which means: average impact on the objectives 

and tasks performance and potential impact on the key activities of the organization; the risk 
assessed as medium, should be counteracted and monitored, can be tolerated only if the costs 

of counteracting are too high, then the risk should be only monitored, but the decision is made by 
the process owner 

>8 

risk event significance is assumed to be very high, which means: in the event of a risk occurrence, 
it is very difficult or impossible to implement the organization's tasks and goals - very high 

negative impact on the implementation of the key activities of the organization or the inability to 
implement them, may cause significant financial losses; the risk is assessed as high, it should be 

constantly monitored, it cannot be tolerated, it must be immediately counteracted 

The main limitation of the used method is a very general risk event assessment based on the three-point scale. 

This causes that many events receive the same rating, which would mean that the same emphasis should be 

placed on the so-called management and monitoring activities. For example, two events VOCs emissions 

exceeded and No staff to complete production plans achieved the same number of points in every risk 

assessment parameter (the highest rank in the given analysis). However, taking into account the possible 

negative consequences, which are defined by the risk managers, in case of the risk event VOCs emissions 

exceeded, one should take into account not only the organizational problems (e.g. failure to implement 

production plans, no shipments to the customer, stopping the customer's production line) there should be also 

taken into account environmental issues (environmental pollution, penalties imposed on the organization). 

Thus, these two risk events should not be quantified in the same way.  

Following this, and taking into account the main drawbacks of the conventional FMEA method (investigated 

also e.g. in [3]), the authors propose fuzzy FMEA implementation in the company’s risk management system.  

2.2. Fuzzy FMEA implementation 

Implementation of fuzzy FMEA model bases on two main steps: choosing a fuzzy membership function and 

defuzzification of membership function [3,8]. In this research triangular fuzzy numbers (FN) are used. A 

triangular FN is presented by a triplet Az = (a, b, c), and its member function is given by: 

»g�f � Ã
:29
Ä29     �ÅP > S f S i
u2:
u2Ä    �ÅP i S f S O                (1) 

The FN parameters meaning is straightforward: a and c are the lower and upper bounds of fuzzy number Az, 

respectively, and b denotes the modal value of fuzzy number Az. Based on this, the risk assessment 

parameters ratings for the case company are presented in Tables 4-6.  
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Table 4 Fuzzy ratings for occurrence of risk event (source: own contribution) 

Rating Probability of occurrence Fuzzy number 

Absolutely Certain (AC) Risk event is almost inevitable (9, 10, 10) 

Very High (VH) Risk event is very likely to occur (8, 9, 10) 

High (H) Repeatable risk event (7, 8, 9) 

Moderate High (MH) Occasional occurrence of risk event (6, 7, 8) 

Moderate (M) Rare occurrence of risk event (5, 6, 7) 

Low (L) Relatively low probability of occurrence (4, 5, 6) 

Very Low (L) Very low probability of occurrence (3, 4, 5) 

Remote (R) Risk event is remote (2, 3, 4) 

Very Remote (VR) Risk event is very remote  (1, 2, 3) 

Absolutely Uncertain (AU) Risk event is almost unlikely (0, 1, 2) 

Table 5 Fuzzy ratings for severity of risk event for an organization (source: own contribution) 

Rating Probability of occurrence Fuzzy number 

Hazardous Without Warning (HWoW) Very high severity ranking without warning (9, 10, 10) 

Hazardous With Warning (HWW) Very high severity ranking with warning (8, 9, 10) 

Very High (VH) 
System inoperable with very high negative consequences 
(e.g. cost, time) (7, 8, 9) 

High (H) 
System inoperable with high negative consequences (e.g. 
cost, time) (6, 7, 8) 

Moderate (M) 
System inoperable with minor negative consequences 
(e.g. cost, time) (5, 6, 7) 

Low (L) 
System inoperable without noticeable negative 
consequences (e.g. cost, time) (4, 5, 6) 

Very Low (VL) System operable with significant interference (3, 4, 5) 

Minor (MR) System operable with some interference (2, 3, 4) 

Very Minor (VMR) System operable with minimal interference  (1, 2, 3) 

None (N) No effect (0, 1, 2) 

Table 6 Fuzzy ratings for detection of risk event by a customer (internal/external) (source: own contribution) 

Rating Probability of occurrence Fuzzy number 

Absolutely Uncertain (AU) No effect for customer (0, 1, 2) 

Very Remote (VR) Very remote chance to negatively influence a customer (1, 2, 3) 

Remote (R) Remote chance to negatively influence a customer (2, 3, 4) 

Very Low (L) Very low chance to negatively influence a customer (3, 4 ,5) 

Low (L) Low chance to negatively influence a customer (4, 5, 6) 

Moderate (M) moderate chance to negatively influence a customer (5, 6, 7) 

Moderate High (MH) Moderately high chance to negatively influence a customer (6, 7, 8) 

High (H) High chance to negatively influence a customer (7, 8, 9) 

Very High (VH) Very high chance to negatively influence a customer (8, 9, 10) 

Absolutely Certain (AC) Almost certainty  (9, 10, 10) 
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Later, linguistic variables are allocated to each of the factors of risk number by experts. The next step regards 

fuzzy RPN index calculation based on multiplying the risk factors as fuzzy numbers. To convert a fuzzy number 

to a concrete value, there are several methods that can be implemented [6,8]. In this research center of gravity 

method is used [7]. The obtained analysis results are presented in Table 7.  

Table 7 Risk assessment for the case company operational performance using fuzzy FMEA analysis  

Risk event 

Risk analysis 

Probability 
of 

occurrence 

Severity of 
risk event for 

an 
organization 

Detection of 
risk event by 
a customer  

Fuzzy RPN 
index 

Deffuzified 
RPN index 

Rank 

The product does not meet the 
specification (8, 9, 10) (4, 5, 6) (8, 9, 10) (256, 405, 600) 420.33 2 

Oil leak into the ground (2, 3, 4) (7, 8, 9) (6, 7, 8) (84, 168, 288) 180.00 8 

Aliphatic hydrocarbons emissions 
exceeded (1, 2, 3) (7, 8, 9) (5, 6, 7) (35, 96, 189) 106.67 13 

VOCs (Volatile Organic Compounds) 
emissions exceeded (6, 7, 8) (8, 9, 10) (5, 6, 7) (240, 378, 560) 392.67 3 

NO2, SO2, CO emissions exceeded (6, 7, 8) (7, 8, 9) (5, 6, 7) (210, 336, 504) 350.00 5 

Production equipment/plants fire (1, 2, 3) (8, 9, 10) (8, 9, 10) (64, 162, 300) 175.33 10 

No staff to complete production 
plans (7, 8, 9) (9, 10, 10) (9, 10, 10) (567, 800, 900) 755.67 1 

Serious, fatal or collective accident (1, 2, 3) (7, 8, 9) (4, 5, 6) (28, 80, 162) 90.00 14 

Spare parts not available (6, 7, 8) (6, 7, 8) (5, 6, 7) (180, 294, 448) 307.33 6 

No machining tools (3, 4, 5) (6, 7, 8) (5, 6, 7) (90, 168, 280) 179.33 9 

Insufficient production support (7, 8, 9) (4, 5, 6) (6, 7, 8) (168, 280, 432) 293.33 7 

Incorrect waste management 
(throwing waste to wrong containers) (7, 8, 9) (7, 8, 9) (1, 2, 3) (49, 128, 243) 140.00 11 

No power supply (6, 7, 8) (8, 9, 10) (5, 6, 7) (240, 378, 560) 392.67 3 

Local flooding (1, 2, 3) (6, 7, 8) (7, 8, 9) (42, 112, 216) 123.33 12 

The obtained results give the possibility to compare both the modeling approaches. In the analysis that bases 

on the fuzzy FMEA approach the highest ranks are given to the three events: Serious, fatal or collective 

accident, Aliphatic hydrocarbons emissions exceeded and Local flooding. However, based on the conventional 

approach use, e.g. the local flooding risk index was estimated only to 4 points. This may result from more 

diverse assessment scales for risk parameters that are now better adjusted to the company’s operating 

conditions.  

3. CONCLUSIONS 

On the basis of literature research (among others in the fields of practical used risk analysis methods, resilience 

engineering, supply chain risk management, as well as in the field of quantitative and qualitative analyses 

using, for example, key evaluation indicators) and case studies from enterprises representing various sectors 

of the economy, authors will develop a new measure of the level of production process reliability that will take 

into account the performance results in the main areas of operation and will be consistent with the proposed 

definition of reliability of the production process, given e.g. in [9]. Thanks to this, managers could use the 

developed solutions that would adapt flexibly to the needs of the processes they manage.  
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The development of such a system, taking into account the specificity of the industry and production processes, 

will be the subject of further research carried out by the authors. 
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Abstract  

The paper presents an example of the solution of transport management and organization in the quarry in 

terms of material flow requirements and machine efficiency. Raw material transport is a very important 

technological process in the quarry. Harmonization of material flow requirements and transport management 

are a significant logistical problem in quarries. The basis of this solution is to ensure the electronic collection 

of information in quarry and their subsequent use in ensuring the required material flow with minimizing 

downtime of machinery. Optimization of such transport management in the quarry is ensured by the developed 

software. The main objectives of this optimization were to minimize transport equipment downtime and 

maximize materials flow using available mechanisms. For the software solution was chosen as the method of 

computer simulation of individual alternatives with subsequent evaluation of optimal solutions in terms of 

minimum downtime respectively maximum transport performance. The transport management software was 

designed based on practical experience in the granodiorite quarry in Slovakia. However, with minor 

modifications, it is also applicable to other quarries with automotive raw materials transport. Finding a solution 

to this problem is the basis for economically sustainable quarrying. 

Keywords: Material flow, optimizing software, simulation, transport, logistics 

1. INTRODUCTION 

Mining in the quarry represents a set of different connected technological processes. For effective functioning 

of these technological processes it is necessary to be assured logistics and established logistics system [1]. 

In quarry, the main tasks of logistics are the management, integration, regulation and control of all material, 

information and finance flows and related logistics activities - transport, storage, handling and packaging [2]. 

The established logistics system of the quarry thus ensures the control, assurance and realized of the flow of 

materials, information and finance [3]. The basic objective of activities in the stone quarry is to ensure a smooth 

material flow and an economically efficient supply of raw material as an input to the technological lines for the 

production of aggregates. This objective can only be achieved by optimizing the individual elements of the 

logistics system [4]. The issue of process optimization and overall logistics of the company needs to be given 

considerable attention, and many authors are dealing with this issue at present - (Zeng, 2019), (Ercelebi, 

2009), (Straka, 2018), (Khouri, 2018). From the point of view of achieving the stated basic objective of activities 

in the quarry, transport can be considered as one of the key technological processes and elements of the 

logistics system [5]. Optimizing of transport process is therefore an important step towards increasing the 

efficiency of quarrying and ensuring the functioning of the logistics system [6]. This paper is focused on design 

of software solution for organization and management of quarry transport. This software has been designed 

and implemented in the quarry as an aid to the daily planning of mining in the quarry under varying input 

conditions to solutions minimizing mechanism downtime and ensuring maximum material flow to technological 

line for the production of aggregate [7]. 
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2. THE MAIN OBJECTIVES OF OPTIMIZATION, INPUT CONDITIONS AND USED RELATIONS 

Based on request of the mining company, key objectives of optimization were identified as follows: 

 Minimize the downtimes of shovel excavators used to load disintegrated raw ore and dumpers used for 
transport,   

 Maximize the transport output when using transport mechanisms available.  

Both of these goals are related to the need for better allocation and management of mechanisms at individual 

workplaces. Therefore, it is the question of a classical optimization problem [8]. 

 
Figure 1 Scheme of the transport system in quarry [author]  
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where: 

Qp - expected hour performance of a dumper (t.h-1), 

mn - average load weight (t), 

tcp - average duration of one dumper cycle (s), 

G -  carrying capacity of a dumper (t), 

kvn - dumper carrying capacity use coefficient, 

kprp - dumper downtime coefficient. 

More precisely, the average cycle of dumper can be determined by analyzing data from GPS devices and 

using the arithmetic mean. 
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where: 

tc - average time of one work cycle (s), 
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tci - duration of one work cycle (s), 

n - amount of cycles (cycles). 

Loader downtime per shift: 

rr pepr ttt                 (3) 

where: 

tprr - downtime duration of loading device in one shift (s), 

te - effective time in one work shift (s), 

tpr - actual work time of loading device in one shift (s). 
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where: 

tpr - actual work time of loading device in one shift (s), 

ncp - amount of work cycles of loading device in one shift (cycles), 

tnp - average time of dumper loading (s), 

p - amount of dumpers assigned to loading device (pieces). 

Dumper downtime per shift: 
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where: 

tprp - downtime duration of dumper in one shift (s), 

te - effective time in one work shift (s), 

tpp - actual work time of dumper in one shift (s), 

kprp - dumper downtime duration coefficient in one shift (-). 

kprp


tpp
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               (6) 

where: 

kprp - dumper downtime duration coefficient in one shift (-), 

tpp - actual work time of dumper in one shift (s), 

te - effective time in one work shift (s). 

An important task was also to determine the basic criteria conditions. The first condition is related to 

performance of loading mechanism and transporters assigned to it. 
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where: 

te - effective time in one work shift (s), 

ncp - amount of dumper work cycles in one shift (cycles), 
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tnp - average time of dumper loading (s), 

p - amount of dumpers assigned to loading device (pieces). 

The second condition is related to transport performance and primary crusher as a primary element of treating 
line.   
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where: 

Qp - hourly performance of dumper (t.h-1), 

pc - total number of dumpers transporting the raw ore (pieces), 

Qd - hourly performance of primary crusher (t.h-1). 

3. OPTIMIZING SOFWARE 

In terms of the selected methods, the method of computer simulation of individual alternatives with subsequent 
evaluation of optimum solutions in terms of minimum downtime and maximum transport output was adopted 
prospectively. The computer simulation is now used in various areas of process control, transportation and 
logistics [6]. 

Optimizing program has been created in Java programming language, the advantages of which are as follows: 
safety, ability of scaling, multiplatformity, robustness, etc. The program was proposed as desktop application 
based on priority requirements and shall meet the following requirements. simple graphical interface, possibility 
to adjust parameters of individual work mechanisms, work cycle duration time of mechanisms used, effective 
time of work our duration, primary crusher capacity, optima output into files of the .xls type of MS Excel 
application in the form of tables [6].   

 

Figure 2 Sample of input parameters [author]  

The main input data to be selected are accessible mining workplaces and types of loading devices and 

dumpers used.  

Primary problem solved by the program is the division of dumpers and loading mechanisms on individual 
mining workplaces. Based on actual requirements stated by the user, the optimizing program should guarantee 
the optimum calculation in terms of minimum downtimes and simultaneously optimum with respect o maximum 
transported aggregates of stones from the loading place to the crusher.  
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Based on the selected mining sections, loading devices and dumpers, each variant of reallocation of 
mechanisms is simulated and the total downtime value and total transported quantity are determined. In the 
program, there is a possibility to simulate actual situation independent on results of the above mentioned 
optimum.   

 

Figure 3 Sample output of optimization program for determining the maximum quantity transported [author] 

4. CONCLUSION 

The designed software to optimize the transport was applied in selected stone quarry in Slovakia. The 

application of this system simplified mining planning in this quarry. At the same time, transport costs have been 

reduced due to better transport management and organization. As part of the application of this software, the 

data collection method was gradually changed. The previous data collection system with PDA that required 

operator interaction has been replaced by an automatic GPS data collection system. This data is automatically 

downloaded, thus updating existing data and subsequently evaluating the data via pivot tables. The statistical 

processing of these data provides information on the performance and efficiency of the used mechanisms (e.g. 

number of dumper cycles performed, driving times, downtime of machines, etc.). The data thus obtained are 

also inputs to the designed optimization software. Based on them, it is possible to simulate of the current 

situation and find an optimal solution for dividing of available mechanisms into individual ready workplaces. 

Output data helps to manage and organize the transport system more efficiently, to control and regulate the 

material flow of the raw material and to plan further procedures for the extraction of the raw material in the 

deposit. The application of this software showed the need for further development in the field of optimization 

of logistics transport systems and their interconnection with information systems in quarries, which is also 

positively reflected in the economic indicators of the company. 

ACKNOWLEDGEMENTS   

"The submitted work is a part of the project VEGA 1/0317/19, "Research and development of new 

smart solutions based on principles of the Industry 4.0, logistics, 3D modeling and simulation for 

production streamline in the mining and building industry", funded by the Scientific Grant Agency  

of the Ministry of Education, science, research and sport of the Slovak Republic and the Slovak 

Academy of Sciences.". 

REFERENCES 

[1] ZENG, W., BAAFI, E., & WALKER, D. A simulation model to study bunching effect of a truck-shovel system. 
International Journal of Mining, Reclamation and Environment, 2019. vol. 33,no. 2, p.p 102-117. 

[2] ERCELEBI, S. G.; BASCETIN, A. Optimization of shovel-truck system for surface mining. Journal of the Southern 
African Institute of Mining and Metallurgy, 2009, vol. 109, no.7, pp. 433-439. 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

325 

[3] KHOURI, S., ROSOVA, A., STRAKA, M., BEHUN, M. Logistics Performance and Corporate Logistic Costs, Their 
Interconnections and Consequences. Transformations in Business & Economics: International Journal of 

Scholarly Papers.2018. Vol.17, no.2, pp. 426-446. 

[4] STRAKA, M., ROSOVA, A., et al.: Principles of computer simulation design for the needs of improvement of the 

raw materials combined transport system, Acta Montanistica Slovaca. 2018, Vol 23, no. 2, pp. 163-174. 

[5] VEGSOOVA, O., KHOURI, S., STRAKA, M., ROSOVA, A., KACMARY, P., BETUS, M. Using Technical Means 

and Logistics Principle Applications to Solve Ecological Water Course Accidents. Polish Journal of Environmental 
Studies. 2019. vol. 28, no. 5, pp. 3875- 3883. 

[6] SOFRANKO, M., WITTENBERGER, G., SKVAREKOVA, E. Optimisation of technological transport in quarries 
using application software. International Journal of Mining and Mineral Engineering. 2015. Vol. 6, no. 1 (2015), pp. 

1-13. 

[7] CECH, J., SOFRANKO, M. Economic projection and evaluation of mining venture. E & M Ekonomie a 

management. 2018. vol. 21, no. 2, pp. 38- 52. DOI: 10.15240/tul/001/2018-2-003. 

[8] SOFRANKO, M., LISTIAKOVA, V., ZILAK, M. Optimizing transport in surface mines, taking into account the 

quality of extracted raw ore. Acta Montanistica Slovaca. 2012. Vol.17, no.2 (2012), pp.103-110. 

  



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

326 

THE SIMULATION OF MATERIAL FLOW OF CUSTOM PRODUCTION OF TREATMENT 
MACHINES FOR MINING ACTIVITIES  

1Marian SOFRANKO, 1Olga VEGSOOVA, 2Tomasz MALKUS, 1Samer KHOURI, 3Marek ONDOV 

1Technical University of Kosice, Institute of Earth Sources, Slovakia, EU, 

marian.sofranko@tuke.sk, olga.vegsoova@tuke.sk, samer.khouri@tuke.sk 

2Cracow University of Economics, Department of Process Management,Poland, EU, małkust@uek.krakow.pl 

3Technical University of Kosice, Institute of Logistics and Transport, Slovakia, EU, marek.ondov@tuke.sk 

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. The aim is to analyse the 

material flow of the production process and then create a simulation to determine the length of production and 

identify the bottleneck. In order to get a better idea of the production process, a simulation model was 

developed in selected software tools as a project of custom production of treatment machines for mining 

activities. The impulse to start production is given by the customer, where every completed order is immediately 

dispatched to the customer. The order with the highest frequency in the production program of the company 

is used to create the material flow. The order consists of 6 machines, but the aim is to determine the length of 

the production of 1 machine and identify the bottleneck of the production process by simulation. 

Keywords: Project, logistics, production, simulation model, efficiency 

1. INTRODUCTION  

Currently, it is a very important auxiliary means of production logistics computing in the form of various 

simulation programs that are able to harmonize material and information flow, allow for detailed analysis and 

monitoring of production design, integrate an optimal system of material flow, plan and manage production [1]. 

Through simulation and simulation programs in production logistics, it is possible to mimic the real system 

using a creep model, to conduct experiments on the created simulation model in a simulation environment and 

to apply the results, findings and outputs of the simulation to a real production system, whether newly designed 

or existing [2]. The material flow is analysed in a plant engaged in custom manufacturing of processing 

machines for mining activities. The plant operates with the PULL system, where each completed order is 

immediately dispatched to the customer. The order with the highest frequency in the production program of 

the company is used to create the material flow. The order consists of 6 machines, but the aim is to determine 

the length of production of 1 machine and identify the bottleneck of the production process by simulation [3,4]. 

2. METHODS 

2.1. Analysis and visualization of material flow of production process 

The aim of the paper was to analyse the material flow of the production process and then create a simulation 
in order to determine the length of production and identify the bottleneck [5]. Therefore, a formalized process 

flow diagram has been developed following an on-site production review [6]. The diagram shows the general 

production process with all possible flows. It is suitable for all kinds of products for the company. The forming 
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process can take place in 2 types of machines. The first type is forming bending presses that bend the sheets 

into the desired shapes and at given angles. The second bending process is used to create arches, semi-

arches, pipes, funnels, cylinders [2]. Both fall under forming due to changes in a sheet shape. For each type 

of plant owns two machines. The packaging process is mainly to mean placing machines on a means of 

transport. Wooden prisms are used to separate them. In the case of dispatch of spare parts, packing is carried 

out as usual [2]. The parts are placed on pallets and fixed with plastic straps, sometimes foil is also used. 

Atypical spare parts require pallets with specified dimensions. The plant creates these pallets itself. A 

warehouse of finished products is more of a concept than a reserved place. In most cases, the products are 

shipped immediately. The maximum delay is waiting for the completion of the order or the rest of the machines 

and parts included in the order. The finished machines are stored in this assembly shop during this waiting. 

The starting point for creating the simulation is the knowledge of material flow, therefore, a formalized scheme 

of the production process is needed. Based on this scheme, the individual activities in the production process, 

as well as their sequence based on the technological process, are determined [2]. 

 

Figure 1 The formalized production process diagram 

Production starts with the stocking of basic materials [2]. Sheets and dense material are required for this type 

of machine. Subsequently, the dimensions of the inputs are adjusted to the desired sizes. The plates are cut 

in 3 bats and the dense material is cut with 3 saws. Material with modified dimensions is subjected to surface 

blasting. After surface treatment, 2 flows are formed. The first flow consists of dense material, which continues 

to the middle machining centre where the threads are drilled, grinding edges. Then this material is split and 25 

pieces of it are reprocessed and enter the assembly where it waits for the remaining parts needed for assembly 

of the machine. The remainder of the material is fused together with the sheets before being easily machined. 

The second flow consists of sheets, which are further divided into 2 groups. The 1st group has to be bent after 

surface treatment. This group includes 70 % of metal sheets. The 2nd group consisting of the remainder of the 

plates skipping bending. Prior to the easy machining, these groups and the flow of metallurgical material are 

joined into 1 flow and enter there, where they are attached to each other by spot welding. Subsequently, the 

pieces are welded together in a heavy machining shop and the coarse weldments are machined. The pieces 

thus formed are surface-treated and enter the assembly. Before assembly, hard-to-reach areas of parts that 

arise after assembly are sprayed with paint. After the paint has dried, all parts are assembled into 1 machine 

and the drive element is added. Each machine passes a two-hour test. After passing the test, the machine is 
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sprayed with paint. Each coating has a specified thickness. The last step is loading the machine onto the 

vehicle. Since orders consist of several machines, previously made machines are waiting for the last in the 

designated places in the assembly hall. When loading, wooden prisms and artificial straps are used to separate 

the machines from each other, thus preventing damage to the coating during transport [6]. 

2.2. The production process simulation 

Simulation is a research method where we replace the object of study with a model. We make experiments on 

the created model with the intention to accumulate and later use information about the real system [7,8]. 

Simulation is a method of approximate determination because its outputs are probabilistic and serve for 

statistical estimation. it is necessary to distinguish the simulation time, which is the length of the simulation on 

the computer and the simulated time that corresponds to the duration of the real system. In this case, the 

simulation time will be governed by the variable time flow method [9]. This method is based on jumps in time 

to various events in the system, such as the beginning or end of an operation. The simulation program 

EXTENDSIM 9 is used for the simulation. Before creating a model, the basic parameters that must be entered 

in blocks must be determined [10]. The titles and priorities of individual materials or groups of materials are 

diversified and the behaviour of items in the pre-activity series. The rules for the distribution of flows and the 

duration of the activities will be defined, as shown in Table 1. 

Table 1 Time allocation of individual activities 

Activity Duration [min.] Duration (beam) [min.] 

Cutting 7±2  

Oxy-cutting 9±5  

Blast cleaning 8±2 

Bending 60±10 

Middle machining 15,90,50 

Tacking     45±15 120 

Welding     40±10 500 

Welding seam shaping  150 

Painting of components     8,15,10  

Assemblage 720  

Testing 120 

Painting 210 

Bundling and loading 20±5 

3. RESULTS 

3.1. Evaluation of the simulation 

When evaluating the simulation, it is necessary to take into account that the last phase does not start until the 

previous phases have been completed [11]. The marked block represents the point at which the parts 

accumulate. The following blocks are inactive until 51 parts have accumulated in the previous block. After 50 

attempts have been simulated, the production interval of 1 machine per order is determined. The lower limit of 

the interval is 3,800 minutes and the upper limit is 4,100 minutes [2]. 
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Figure 3 Simulation model of production process 

The statistical results presented in Table 2 show that the bending process represents a bottleneck in the entire 

production process [2,12]. 

Table 2 Statistical results from simulation 

Block Occupancy 
of activity 

Occupancy 
of queue 

Maximal queue 
length [pcs] 

Time of first 
event [min.] 

Time of last 
event [min.] 

Cutting 2.64 % 2.53 % 30 0 124 

Oxy-cutting 8.96 % 8.79 % 84 0 387 

Blast cleaning 14.5 % 11.92 % 46 4 2825 

Bending 15.52 % 14.57 % 33 17 649 

Middle machining 64.6 % 63.22 % 72 15 2709 

Tacking 20.11 % 6.45 % 20 352 2786 

Welding 16.14 % 0.56 % 3 426 2820 

Painting of components 6.95 % 1.12 % 2 411 2838 

Final phase 6.33 % - 0 2838 3899 

4. CONCLUSION 

In Figure 4, we observe a rapid increase in the number of requests in a row as a function of time and a slow 

decline in the curve. This behaviour clearly shows that the bending operation does not manage to meet its 

requirements. Figure 5 shows the capacity utilization of bending machines that operate without reserves, 

which is not suitable for ensuring continuous operation. This activity requires the addition of another machine 

to partially smooth out a number of requirements [2]. 
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Figure 4 Size dependence of the series of bending 

over time 

Figure 5 Dependence of machine occupancy of the 

bending process over time 

Another operation to pay attention to is blasting. This operation will serve most requests. Its row size in  

Figure 6 maintains approximately the same value over a given period of time. In Figure 7 we observe 

continuous work without reserves. Based on these graphs, the activity is referred to as overloaded, and a 

suitable remedy is the addition of a blasting machine to speed up the handling of requirements [2]. 

 

Figure 6 Dependence on the size of the blasting 

process series over time 

Figure 7 Dependence of machine occupancy of the 

blasting process over time 

Production logistics has its application within the logical ordering of production and production process, as it is 

able to unify the purchase, distribution, connection of production and assembly processes by means of 

appropriately selected supporting tools and means by handling, storage, and transport [13]. Nowadays, 

computer technology in the form of various simulation programs, which are able to harmonize material and 

information flow, enable detailed analysis and monitoring of production design, integrate optimal material flow 

system, plan and manage production, is a very important tool for production logistics [14]. Through simulation 

and simulation programs in production logistics, it is possible to mimic the real system using a creep model, to 

conduct experiments on the created simulation model in a simulation environment and to apply the results, 

findings and outputs of the simulation to a real production system, whether newly designed or existing. Due to 

strict cost monitoring within each production process and logistics management, it is necessary to verify the 

possibilities of various planned systems and system changes, to look for innovative and at the same time 

successful and economical solutions [13,15]. It should be stressed that the requirements for changes in 

technological or organizational measures still entail certain risks. It is through simulation programs that these 

risks can be reduced, reduced or eliminated by the fact that simulation programs are capable of modelling the 

work environment and simulating the consequences of various decisions within production processes [16]. As 

a result of applying the simulation and using a suitably selected simulation program, you are more confident 

that the proposed solution is right for the organization, even before the actual implementation in actual 

conditions. 
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Abstract  

The presented paper deals with the characterization of the logistics system created to introduce a 

comprehensive approach to safety management, namely the safety management system and its individual 

elements, which in cooperation lead to maintaining the desired level of air safety. Air transport is a very specific 

transport sector with high safety requirements. To maintain the necessary level of safety, it is essential to follow 

established and best practices. At the same time, it is also necessary to respond and to adapt to constant 

development of air transport. Logistic support is part of the activities of all IRS units, without which the 

consequences of an emergency event in the required time and quality could not be remedied. The topic 

discussed is related to the efficient set-up of logistics for the need for interoperability of the integrated rescue 

system when dealing with air traffic emergencies. The elimination of the consequences of an emergency by 

the rescue services results from the management of the rescue units. In the absence of logistical assurance, 

shortcomings in the event of the required speed and quality could not be removed. Therefore, it is necessary 

that all IRS components have the necessary comfort for the quality performance of their activities, which are 

usually performed in very demanding conditions of intervention. The logistic support of the basic and other 

components of the IRS should not be underestimated in emergencies and the entire area of logistical support 

should always be the centre of attention of all competent authorities. 

Keywords: Logistics, air transport, security, Integrated Rescue System, emergency event 

1. INTRODUCTION 

Air transport is one of the youngest transport mode. Since its formation, it has undergone far more rapid 

development than other types of transport. Aircraft are still able to make greater and greater transport speed 

than other means of transport and carry larger number of passengers [1,2]. Air transport excels in the speed 

of the transport process in comparison to all other modes of transport [3]. However, the disadvantage is that 

the time of transport and thus the speed of the transport process also include a considerable time loss when 

moving from a city to airport and vice versa, as well as loss times at check-in and clearance at an airport [4]. 

Increasing aviation safety is influenced by the modern equipment of new aviation technology, the rapid 

technical development of ground facilities, the automation of air traffic control and the increasing professional 

level of flight personnel, that allow air traffic to become less and less dependent on weather [5,6]. However, 

aviation safety is still affected by the human factor, which appears to be the weakest element in air transport 

and its failure is still the cause of most accidents [7,8]. There are the risks associated with aviation in  

Figure 1. On the other hand, air transport is the safest transport in comparison to other modes of transport 

[9,10]. 

The environmental impact of aviation is currently one of the most serious problems. Worldwide, aviation uses 

only a fraction of the world's energy consumption. Aviation contributes minimally to global pollution and global 

warming [11]. New technologies used in the production of aircraft and especially power units lead to a reduction 
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of the overall noise in civil aviation operations. Also, the requirements for noise reduction in civil aviation are 

negligible compared to road and rail transport [12]. 

 

Figure 1 Risks concerning the air transport, author 

2. AIRPORT SECURITY THREADS 

An airport is an object that provides various services, while the primary service is the providing of transport 

between two traffic junctions. Nowadays, the air transport is considered to be the fastest mode of transport, 

and although the air transport can be said to be the safest, there are many accidents associated with it [13,14]. 

From the point of view of a possible accident within the air transport, the vulnerable areas are mainly airports 

and the vicinity areas of airports and so-called flight paths. Therefore, the interaction of airports and especially 

the units of the integrated rescue system (hereinafter abbreviated as IRS) is very important. It is important that 

the IRS units are able to cooperate together well and quickly at emergency rescue after air accidents [15,16]. 

IRS consists of individual rescue units, which, in case of danger to life, health, property or environment, ensure 

quick informativeness, effective use and coordination of forces and resources of individual rescue entities, 

which provide necessary assistance [17]. IRS represents a system of mutual relations and given rules of 

cooperation, which runs among state administration authorities, self-government, natural or legal persons as 

well as rescue services, which is presented in the diagram in Figure 2. 
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Figure 2 The structure of the integrated rescue system relations, author 

Threat is, nowadays, a very often used term related to the ability to harm the interests and values that are 

protected by the state. The value of this threat is changing, and there is a certain amount of damage, which is 

determined by the amount of the potential damage and the distance [18]. 

Natural threats solution at the airport is one of the basic duties of an airport management, where the objective 

is to maintain the condition for a safe and clean surface of the movement areas of an airport. In case of stronger 

climatic phenomena in winter, a layer of snow and ice is occurred on the surface. Another adverse natural 

phenomenon associated with natural threads at the airport is the wind [19,20].  

In terms of the greatest threat of biological factors to an airport area, birds or other animals need to be 

considered. Although the surroundings of an airport are monitored, it is not always completely successful in 

relation to the detection of a danger. The main problem is the movement of animals when an aircraft takes off 

[21]. 

Leakage of dangerous substances, objects, disruption of water or fuel supply, damage to technical equipment, 

communication network, poor management of safety equipment and many others can be also included to the 

technical threats group [22].  

Human-related threats include a number of activities, such as: bombing, robbery, various kinds of spying, 

stealing important data, assaults, extortions, thefts, bluffs, inadequately qualified security personnel, leak of 

classified information and other activities related to the physical factor. Social threats are associated with 

human factors such as accidents, absence of employees, disturbances, migration waves, various conflicts and 

more [23,24]. 

Systemic process threats are also differed. These threats include poor workflow efficiency, such as 

management and planning defaults, poorly utilized new technologies, poorly managed human resources, 

many different departmental communication errors, and many others [25]. 

The operation of an airport is associated with threats, whether natural, technical or human. Today, there are 

more of these threats than in the past. Therefore, there is an increased effort to maximize security against 

these threats. Security and elimination these threats are constantly improved [26]. 

3. REMOVING THE CONSEQUENCES OF EMERGENCY EVENTS BY UNITS OF THE INTEGRATED 
AVIATION RESCUE SYSTEM 

The management and coordination of IRS rescue services at the place of intervention in Slovak Republic is 

regulated by Act No. 129/2002 Coll. about an integrated rescue system. It states that the commander of the 

intervention of the Fire and Rescue Corps manages and coordinates the entire operation of the rescue services 

of the integrated rescue system at the place of the intervention [27,28].  
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In the case of an air accident or assistance in the event of an air accident or search for an aircraft, it shall be 

the authority responsible for searching for the aircraft and saving human lives. In general, rescue units are 

managed at three levels: tactical, operational and strategic [29]. 

Operations that are included in the operational management from the moment of an emergency has been 

reported are characterized by a logistics system to minimize air traffic accidents in the following diagram 

(Figure 3). 

 

Figure 3 Logistics management at the level of the IRS Coordination Centre to minimize accidents in air 

transport, author / [30] 

When dealing with an emergency event, we can expect: 

 the need for a large number of forces and resources, at the beginning of the intervention lack of forces 

and resources of the IRS units, 

 searching and rescuing of people on a large area, 

 the need to coordinate the IRS units and other entities in the place of the accident, 

 high organizational requirements for the management of the intervention of IRS units, 

 poor accessibility of the accident site, 

 presence of hazardous substances within the aircraft structure (e.g. fuel, pressure vessels, etc.), 

 the need for initial psychological assistance to persons affected by an emergency, 

 the need to coordinate the transmission of information to the families of victims or injured persons, 

 the great media interest and undisciplined behaviour of survivors at the site of the incident, 

 language barriers among people affected by an emergency and IRS units.  
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The procedure of IRS units in rescue and liquidation works includes the following activities: 

 an aircraft searching, 

 exploration of the place of an air accident, 

 exploration of the impact trace; i.e. in places, where the parts of an aircraft are impacted, 

 reduction of risk at the place of an emergency, 

 searching and rescuing of persons from an aircraft wreck and other places where endangered persons 

can occur due to the accident, 

 evacuation of persons from an emergency area or from the area where an emergency may spread, 

 providing pre-hospital emergency care to injured people, sorting wounded and transporting to hospital, 

 identification of the number of persons affected by an emergency and their identification, 

 psychosocial assistance to affected persons by an emergency, 

 the role of forensic medicine, 

 warning the population of the effects of an accident related to an air accident, 

 establishment of an information centre for the public, 

 investigating the causes of an accident.  

Each IRS unit performs tasks as a team. However, each team has a determined manager, who has also other 

duties because he is the first qualified specialist at the place of an air accident [31,32]. 

4. CONCLUSION 

Air transport is a very specific transport sector with very high safety requirements. It is essential to follow well-

established and standing procedures to maintain the necessary level of safety. At the same time, it is also 
necessary to respond and to adapt to constant development of air transport. This submitted paper deals with 

the system, which is created to introduce a comprehensive approach to safety management, namely the safety 

management system and its individual elements, which, in cooperation, lead to maintaining the desired level 

of aviation safety. 

Logistic support is a part of the activities of all IRS units, without which the consequences of an emergency 

event in the required time and quality could not be remedied. The essential part of the activities of all units 

within the IRS is their logistic support. In the absence of logistical assurance, shortcomings in the event of the 

required speed and quality could not be removed. Therefore, it is necessary that all IRS units have the 

necessary comfort for the quality performance of their activities, which are usually performed in very 

demanding conditions of intervention. The logistical support of basic and other units of the IRS should not be 

underestimated in emergencies and the whole area of logistical support should always be the centre of 

attention of all competent authorities. 
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Abstract 

Background. The emission of hazardous substances has a significant impact on environment pollution and 

becomes a noticeable problem. Public transport, warehouse processes, and waste management are the main 

sources of pollution in cities. Ecology oriented solutions in the city’s logistics systems may lead to improve the 

quality of citizens’ life. The use of sustainable logistics may cause positive feedback on the surrounding 

environment. The interest of green logistics increases rapidly due to a growing amount of urban waste, energy 

consumption and greenhouse gases released to the atmosphere. The aim of this paper is to analyze the green 

logistics solutions and to consider their application in Polish cities. 

Method. The article is theoretical and is based on a literature review. The main research method is an analysis 

of green logistics solutions and possible ways to implement them in Polish cities. 

Results. Implementation of planned solutions in Polish cities could improve the shape of the natural 

environment together with a citizen’s life quality. Cooperation between local government, entrepreneurs and 

citizens is indispensable to achieve the expected results. A necessary (but not sufficient) condition for 

increasing the quality of life in the city is an implementation of green logistics solutions. The basic ones include 

the development of infrastructure for public transport and vehicles powered by alternative fuels (mainly 

electricity). It is important to implement sharing concepts based on vehicle sharing, as well as a participatory 

approach to city management, allowing each resident to feel jointly responsible for it. Nowadays, Polish cities 

invest money in renewable energy to power public transport vehicles. In addition, the number of charging 

stations for electric vehicles is increasing very quickly. This means we observe positive changes in people’s 

behavior about their environment. 

Keywords: Sustainable development, green logistics, ecology 

1. INTRODUCTION 

Nowadays, ecology has a significant role in society life. Development of technology, costs optimization trend, 

overestimated consumption and direction of personal needs leads to increase of environment pollution. One 

of the most the pollution affecting factors are a logistics processes, mainly the transport. Among the main 

unwanted effects are the increase of greenhouse gases emission, intensification of noise pollution, more time-

consuming congestion, unsafety roads and decreasing a quality of life as a result of factors mentioned above. 

All of those phenomenons are noticeable primarily in the cities. The mobility of people and the flow of goods 

to, from and within Europe must be cost effective, safe and environmentally sustainable [1]. Considering, 

society have to reduce negative influence on the environment, implementing ecology solutions. European 

Union is working on an environmental protection plans, leading to minimize impact of transport system on 

climate and environment through promotion of a resource efficient transport, which respects the environment 

[2]. From another side, local governments take into account implementing new ecological solutions from the 

sustainable green city logistics field. Significant progress towards low-emission mobility is therefore an 

essential component of the broader shift to the low-carbon economy needed for cities. 

The aim of this paper is to analyze the green logistics solutions and to consider the application in Polish cities. 
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2. SUSTAINABLE LOGISTICS - FOUNDATIONS AND IMPLEMENTATION 

Sustainable development meets the needs of present generations without compromises about the ability of 

future generations to meet theirs [3]. Its affects on reconciling economic development objectives, maintaining 

or improving the living conditions of populations and protecting the environment [4]. Sustainable development 

should affect every sector of economy. Furthermore, sustainable logistic is very important, because the 

logistics processes have an enormous influence on economy, society and environment. Especially, 

sustainable logistics solutions should concern the cities, because the traffic and concentration of companies 

in big agglomerations causes many environmental problems due to logistics task execution.  

The researchers are focusing on four topics in their sustainable logistics studies: transport-related impacts 

reduction, reduction of nuisances linked to logistics buildings, energy and material consumption reduction,  

logistics development activities as a tool for economic growth [5]. Cirovic et al. [6] believe that the increasingly 

serious traffic problems lead to traffic congestion and environmental pollution, which greatly raise the cost of 

living in cities, and at the same time, have an important impact on the health of urban residents. Municipal 

administrations are investing in sustainable city logistics initiatives such as urban distribution centers, 

congestion pricing, delivery timing and access restrictions in order to improve the condition of goods transport 

in cities and reduce their negative impacts on citizens and their environment [7]. The transport issue is 

considered from the perspective of shifting to less polluting modes than road transport or by developing “clean” 

transportation: electric vehicles, bicycles and alternative fuels, for instance [8]. Roumboutsos et al. [9] pointed 

out that low emission vehicles can effectively solve the adverse effects on the environment caused by the city 

logistics distribution, they through the introduction of electronic transport vehicles car, using the system 
innovation research of city green logistics problems, and puts forward the system innovation framework to 

promote the development of green logistics in city. Against Jamshidi A. et al. suggest, that there is a need to 

identify the most common and suitable criteria and factors for evaluating the sustainable city logistics initiatives 

and more importantly, advanced decision-support systems (DSS) which could be applied for selecting the best 

initiatives in different cities [10]. Unfortunately, people involved in decision process of implementing 

environment friendly solutions in logistics are not aware of long term finance benefits [11].  

Based on a literature review researchers studies regarding the sustainable city Logistics are focused mainly 

on green logistics cargo transportation. However, there is much less studies regarding passengers transport 

problems. This article concentrates on a public transport logistics problems and concerning green solutions.  

Implementation of green solutions in cities is a long process, divided into few stages. Process of implementing 

eco-solutions on city logistics (Figure 1) should begin with creating legal and organizational regulations. This 

stage is performed on European Union and different countries level. The next unit responsible for sustainable 

logistics are local governments of the cities, which are creating city development plans. Next stage tells about 

corporate social responsibility between local entrepreneurs, because they control material and citizens flow. 

The most important stage is leaving existing habits and implementing of ecological solution in logistics. This 

stage should also involve citizens of the cities. Intensity of mobility models should be reduced through 

promotion of public transport and other low-emission passenger transport types. Creating of physical and IT 

infrastructure is necessary to implement rest of green logistics points and should be done by local 

governments. The last stage is a society education and behavior change. 

 

Figure 1 Green city logistics process implementation  
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Despite of length and complexity of green logistics implementation should result a long-term benefits and 

status of environment pollution. The Green City Index [12] illustrated the ranking of cities with positive 

experience in green logistics solutions. The ecological indicators included CO2 emissions, energy, buildings, 

transport, water, waste and land use, air quality and environmental governance. Copenhagen has one of the 

lowest CO2 emissions and the most environmentally friendly transport. In Stockholm, 68 % of people cycle or 

walk to work, the highest percentage in the European Index [13]. Riga offers the longest public transport 

network - 8.6 km per km2, almost four time the average Index of 2.3 km per km2. In Kyiv, 74 % of the population 

uses public transport to get to work. Oslo has the lowest emission of CO2 and uses the highest share of 

renewable Energy at 65 %. 63 % of the population by data of the European Index uses green forms of transport 

reach to work. Warsaw is placed in this ranking on 16th position among European cities. The high green 

indicators of the cities listed above are conditioned by the authorities' appropriate approach to their 

development strategies. This is a positive example to act towards the implementation of sustainable urban 

logistics.  

According to above information, the main objective of sustainable city logistics concept is to modify freight 

transportation and logistics for increased economic, environmental and societal efficiency and sustainability. 

In turn, these green practices can be a role model for other developing cities. 

3. POLISH CITIES TOWARD GREEN LOGISTICS 

Polish cities have a high level of air pollution, due to exhaust gases from cars powered by fossil fuels. In 2016, 

yearly emission in Poland created by transport and warehouse sector was 22-27 mln tons, what is 8 % of 

whole emission in this country [14]. In the same time, European Union noticed that the transport and the 
warehouse sector was responsible for 14 % of whole CO2 emission. This means logistics processes in Poland 

are not as critical as in the rest of Europe for environment. Aside the numbers, Poland should also reduce 

emission of hazardous substances. Citizens are affected by congestion and noise pollution what have a 

negative influence on quality of life. In 2018, per 1,000 citizens was a 610 personal cars, what is a 36 % more 

than in 2010 [15]. Regarding this information, Poland is highly motorized country with 6th position of the most 

motorized countries in Europe. Between 1993 and 2016, public transport outside the city loses almost 75 % of 

passengers, together with liquidation the 50 % of lines. Joining the European Union in 2004 resulted reduction 

of the average fill of buses by 40 %. In 2018 number of people using rail transport decreased by 14 % 

comparing to year 2000 and was 310.3 mln of passengers [16].  

However, ecological awareness of people was increased in the last few years. Number of hybrid and electrical 

vehicles on polish roads rises from one year to another. At the end of June 2019 in Poland, there was 6,092 

electrical passenger cars. 67 % was the fully electrified cars (BEV) - 3,855, the rest of them was the plug-in 

hybrid cars (PHEV) - 2,237 [17]. According to other European Union countries, number of electrical vehicles 

is small. For comparison, in Germany at the end of September 2019, the number of registered passenger 

electric vehicles was around 274,000, of which 83,175 were fully electric, while the rest were hybrid cars [18]. 

Inferior result was noticed in Czech Republic, Slovakia and Lithuania. For example, in the Czech Republic in 

2019, there were only 421 fully electric cars and 4,439 hybrid cars (of which 156 plug-in) [19]. Unfortunately, 

the number of electric trucks and vans in Poland at the end of May 2019 was only 337 pcs, and electric scooters 

and motorcycles - 4,604 pcs. Moreover, the number of electric buses was 198 pcs [20]. One of the problems 

for electric car owners is the limited availability of car charging stations outside city centers. In July 2019, there 

were 971 normal power charging points and 486 high power charging points. Despite this, it can be said that 

the charging station network is well developed in comparison to the number of electric cars - there are less 

than 4 passenger cars per one point. Considering the information, it can be stated that Poland, as a country, 

is striving to develop ecological logistics solutions, but it is still not as advanced as Western European 

countries. In spite of all, the recent development trends could lead to significant improvement in the near future.  
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In attempt to evaluate the stage of implementation of green logistics in Polish cities, three agglomerations were 

analyzed. Warsaw, Cracow and Wroclaw were selected for the comparative analysis of green logistics 

indicators. Those agglomerations were selected because of: 

 Warsaw is the capital of Poland and the city of biggest population, 

 Cracow - the second largest city in Poland, 

 Wroclaw - the fastest growing city, very important for country economy. 

Table 1 presents statistical data on logistic indicators related to green logistics in Poland in general and in 

Warsaw, Wroclaw and Cracow in 2018. The largest number of vehicles per 1000 inhabitants was in the capital 

of the country and amounted to 749.7 pcs. In Cracow and Wroclaw by 8 % and 15 % correspondingly. This 

means that the inhabitants of these cities mainly use passenger cars, not public transport. The negative effect 

of this situation is the increased noise and CO2 emissions, as well as traffic congestion. In Warsaw, solutions 

will be introduced to limit the mobility of cars with high levels of air pollution in the city center. In Poland, 

educational activities will be carried out to promote means of transport other than a passenger car. In Cracow, 

it is also planned to limit the possibility of cars entering to the city center. Such practices are used in many 

European cities. Low- or zero-emission zones are for e.g. in Vienna, London, Amsterdam. On the one hand, 

the high level of motorization in the analyzed cities shows economic development, and on the other hand, the 

low ecological awareness of the residents. To limit the negative impact of the increase in the number of 

passenger cars, inhabitants should be encouraged to use public transport. 

Table 1 Logistic indicators in Poland and in Warsaw, Wroclaw and Cracow in 2018 

Logistic indicators Warsaw Wroclaw Cracow Poland 

Motor vehicles (pcs) per 1000 
inhabitants 

749.7 639.4 689.9 610 

Fleet of public transport 
vehicles (pcs) 

727 - trams 
1,831 - buses 

358 - trams 
329 - buses 

389 - trams 
643 - buses (10 % 

hybrid, 4 % elektric) 

no data 

Length of bicycle paths (km) 590 540 213.7 13,904.7 

Number of parking lots (pcs) in 

the Park & Ride system 
16 13 4 175 

Number of electric car 
charging stations (pcs) 

100 43 45 1,457 

A modern ecological solution is the Park & Ride (P + R) systems, which allow to park car and change to public 

transport in order to get to the city center. They are widespread in most European cities. In the analyzed period, 

there were 175 places of Park & Ride in Poland: 16 in Warsaw, 14 in Wroclaw and 4 in Cracow. Car parks of 

this type contribute to reducing traffic jams in the center of an urban area. Such solutions should be actively 

implemented in cities, which requires the interference of local authorities.  

The fleets of public transport vehicles in these cities are well developed according to the needs of residents. 

There are 727 trams and 1,831 buses in Warsaw. In addition, you can use the metro in Warsaw. In Cracow, 

passengers are transported by 389 trams and 643 buses, and in Wroclaw by 358 and 329 accordingly. It 

should be noted that Cracow invests in eco-buses, consisted of 90 hybrid and electric buses. Warsaw and 

European cities such as Paris and London have placed new orders for this type of vehicle. Currently, over 30 

e-buses travel around Warsaw [21]. Moreover, the purpose of the Wroclaw Sustainable Public Transport 

Development Plan [22] assumes to ensure sustainable transport development in this area to achieve both 
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ecological, as well as social and economic goals. Unfortunately, Wroclaw only tested the electric bus, which 

was not permanently assigned into service. 

In the future, public transport in Polish cities should be more popularized in order to reduce traffic jams in the 

city and reduce greenhouse gas emissions. This idea requires actions in the field of creating pro-ecological 

communication behaviors of the inhabitants. 

The idea of the green logistics implies the use of alternative means of transport, which can be bicycles and 

scooters, also with electric drive. All of analyzed cities have a well-developed bicycle route infrastructure. The 

total length of cycling routes for Poland in 2018 was 13,904.7 km. Warsaw has 590 km, Wroclaw has 540 km 

and Cracow has 213.7 km. Cracow wants to have a modern infrastructure, what should be useful for creation 

an effective network of high-speed connections, joining all resources. According to the Investment Program - 

Study of Basic Bicycle Routes [23], approximately 223 km of bicycle routes should be created in Cracow. Also 

in Cracow, Warsaw and Wroclaw you can move on electric scooters, which are a shared means of transport, 

positively affecting the environment. In Wroclaw there are 540 km of bicycle paths, as well as over 700 km of 

streets with a speed limited to 30 km / h, where cyclists ride next to cars. Wroclaw has introduced one of the 

first city bike sharing systems in Poland; today there are 2 thousand city bikes and although Warsaw has more 

of them, in relation to the number of inhabitants Wroclaw is on the top. A complex bicycle transport and 

pedestrian system will be developed in Warsaw, including architectural and environmental barriers will be 

eliminated. Road safety will be improved, especially for walking and cycling citizens. This is a positive indicator 

of green mobility in Polish cities that are chasing green European cities. 

Data on the number of electric car charging stations indicate an increase in demand for such logistics 
infrastructure. There are 43 electric car charging stations in Wroclaw, 45 in Cracow, and 100 in Warsaw [24]. 

Taking over the experience of European cities, charging for the first few months is free, which should 

encourage city residents to buy electric cars. Holders of electric and hybrid cars registered in Cracow can enter 

the restricted traffic zone and park in the paid parking zones as part of a monthly subscription costing PLN 100 

[25]. Such benefits should contribute to the increase in the number of electric passenger cars in the Polish 

cities. 

Cracow is mainly struggling with too high a share of individual cars in the city's transport system and poor air 

quality. According to the Cracow 2030 strategy [25], the city aims to become a smart city, which optimizes 

energy consumption, carries out activities for the protection and adaptation to climate change, measures to 

reduce emissions of pollutants into the environment, and the city's resource management is based on the 

principle of sustainable development, with using infrastructure based on modern technologies. 

The development strategy of the city of Wroclaw 2030 [26] is based on the principles of green logistics, which 

is reflected in focusing on ecological ways of getting around the city and the development of public transport, 

clean air, renewable energy sources, noise reduction, halting suburbanization and logistics planning. Also in 

Wroclaw undertaken promotional activities for sustainable transport. 

In Warsaw, in accordance with the implementing strategy Warsaw 2030 [27], integrated interchanges will be 

built in the next few years. Also solutions in the field of intelligent transport systems will be implemented to 

facilitate efficient movement around the city. 

Analysis of the logistics indicators in selected cities resulted the Polish cities started to implement environment-

friendly ecological solutions. The Table 2 shows problems of city logistics, separated from the literature review 

and the situation in the selected cities. The most important problem is the low environmental awareness of 

government. Next problem is the high CO2 emission. Another problem is a lack of green solution subsidization 

in a private transport. Low emission cars and buses (for ex. BEV and PHEV) have the lowest rate of CO2 

emission. Last one is the high motorization level of society, what leads to congestion, noise and lack of safety 

on the roads. 
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Table 2 The city logistics problems and the green solutions 

№ Problem Solution Realization 

1 

Low ecology awareness of 

government, entrepreneurs 
and citizens  

Shaping pro-ecological 
attitudes  

Wide promotional campaigns about the environment 

status and assign logistics process influence on that. 
Education of society. 

2 
High greenhouse gases 

emission 

Reduction of greenhouse 

gases emission and 
pollution 

The use of low-emission vehicles, popularization of 
public transport. 

Introduction of low-emission zones in the city and a ban 
on vehicles entering the city center. 

Introduction of alternative ways of travelling   

3 

Low level of support for the 

use of environmentally 
friendly vehicles 

Government subsidies 

for the purchase of low-
emission vehicles 

Financial encouragements for the purchase of clean 

energy personal and cargo vehicles. 

Adaptation of infrastructure (charging stations) to the 

needs of low-emission vehicles 

Fast charging systems adapted to cars and freight 

trucks. 

Creating priority lanes for environmentally friendly 

vehicles. 

4 
A large number of vehicles 
moving on the road and 

causing congestion  

Adaptation of public 
transport to the needs of 

the citizens 

Increasing the fleet of public transport vehicles, number 
of lines, frequency of fares 

Elimination of the above-mentioned problems is possible due to the correct formularization of objectives and 

the appropriate way of implementing green logistics strategies. The first step should be a dialogue between 

authorities, residents and entrepreneurs. At the same time, it is important to emphasize the huge importance 

of ecological awareness of society. Therefore, people should know about the benefits of the use of low-

emission vehicles and the use of public transport. Government subsidies for the purchase of low-emission 

vehicles, extension of the infrastructure necessary for free movement and other benefits can be developed 

through the development of urban logistics. 

4. CONCLUSION 

Sustainable city logistics should be based on green solutions. Based on a literature review, it was found that 

too little attention was paid to the problem of passenger transport in cities. Therefore, cities were implementing 

green solutions in the public transport. It was found, that barriers for develop of green logistics are mainly lack 

of cooperation between local government, citizens and entrepreneurs. Positive phenomenon is the 

implementation of city strategy based on green economy through investing in bicycle roads, developing on 

public transport, low-emission areas and investments in green infrastructure. On the other hand, companies 

start to implement visible ecological solutions like electrical bikes or scooters for a rent. Citizens can quickly 

move around the city. It also contributes to greater variety of mobility and has a positive impact on noise level 

and air pollution, because cycling is more environmental friendly than travelling by a car. Those solutions are 

most suitable in cities with well-developed bicycle road network. Another conclusion is a fact, that cities should 

launch campaigns promoting the sustainable development, green logistics and caring about surrounding 

environment. 

The research gap depends on the lack of empirical research on public attitudes towards proposed green 

solutions in the field of sustainable logistics. Therefore, attention should be given to the mentioned problem. 
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Abstract  

The publication focuses on the current state of urban mobility in the city of Košice. It describes the current 

state of solution of the integrated transport system in the Košice region. The result is the implementation of 

solutions that would have a positive impact on the development of the city, improvement, efficiency and 

greening of public transport in the city of Košice by designing new tram lines to the Košice airport and the 

quarter Ťahanovce. 

Keywords: City logistics, urban mobility, Integrated transport, City public transport 

1. INTRODUCTION 

The ever-increasing traffic load and the removal of the population from towns to villages more than before 

force us to think about improving the city's transport services [1,2]. Demand for commuting could be reduced 

or turned into walking. Another option is to regulate transport in some way to reduce its negative 

consequences. This problem can be solved by a quality public transport offer, which the population itself will 

increasingly use because it freely chooses - it will be more profitable for people [3,4]. In this way it is possible 

to satisfy the increased transport demands with lower negative impacts on the environment [5]. To some 

extent, the mobility problem can be solved by the integration of public transport, which also results in higher 

cost-effectiveness [6,7]. Despite the long-term debate in the Košice region on the introduction of an integrated 

transport system, this system has not yet been applied. In Slovakia, the integrated system is fully functional 

only in the Bratislava region, while in the neighbouring Czech Republic, an integrated transport system has 

been introduced in almost all regions. 

2. INTEGRATED TRANSPORT SYSTEM KOŠICE - KORID  

Integration of public transport is the cooperation of their providers for the benefit of passengers using the 

system. This means interconnecting all types of urban and regional transport, providing 'one-cast' services to 

passengers in terms of tariff and transport 

conditions, coordinating timetables, 

information, marketing and so on. The 

integrated transport system is the highest 

and most elaborate form of cooperation in 

public transport, where, within the 

framework of cooperation between 

customers and carriers, the essential 

competences for the integration of more 

carriers are transferred to a legally 

independent coordinator who works with 

his own staff and assets. 
Figure 1 Integration of public passenger transport 



  December 2 ‐ 4, 2019, Zakopane, Poland, EU 

 

 

348 

Description of KORID 

The city of Košice has been more intensively involved in the operation of integrated transport since 1992 and 

has undergone various stages of development and was originally intended mainly for the transportation of US 

Steel s. r. o. workers from and to the work. The result of this activity was a system of travel on one ticket and 

the transport of passengers served three different transport systems - public transport, bus transport SAD and 

railway transport ŽSR. 

The Integrated Transport System (ITS) of the City of Košice and the Košice Self-Governing Region (KSK) 

under the single name KORID is a large-scale project that is currently in design and implementation. In order 

to reduce the negative effects of transport on the environment, the main element of the KORID system is rail 

transport. Due to its mobility, readiness and flexibility, road transport has gained wide representation, but its 

environmental impact is the most noticeable of the other modes of transport. Noise and atmospheric pollution 

increase from year to year just by increasing the number of cars on our roads. Road transport generates 

around 40 % of CO2 emissions and another proportion of other pollutants that have a significant share in 

climate change. 

The essence of the integration of public transport in the city of Košice lies in the use of rail transport as a 

supporting element of the whole system. Another great benefit is the fact that Košice has the same track gauge 

on tram tracks as on railway tracks, 1435 mm. The new hybrid tram system applied in the KORID system 

effectively solves the problem of “amphibian” on State railway transportation system and Košice public 

transport lines simultaneously. The new vehicle is a priority for KORID and solves the most serious problem, 

even though it will be the most expensive of other means of transport. The above-mentioned uniqueness of 
the city's rail system will allow the extension of KORID to the whole region by means of railway lines to nearby 

Prešov and its satellites. 

Preferred building of systems combining tram and rail transport building of TT (tram-train) systems, which will 

bring rail transport closer to the sources and destinations of the roads, thus creating a prerequisite for the 

involvement of public suburban bus transport in ITS, where they will serve as a surface service of the territory 

with a link to the supporting rail network and the network of car parks, including individual car transport (Park 

& Ride, Bike & Ride, taxi services). Passengers using this system will be able to use ITS for transport in the 

city of Košice as well as for suburban and regional transport with service up to 100 km. 

 
Figure 2 The scope of the integrated transport system KORID 
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3. SUGGESTIONS FOR RATIONALIZATION OF URBAN MOBILITY IN KOŠICE 

3.1. Possibility to connect Košice airport and Pereš Industrial Park to the tram line 

Tram connection of Košice International Airport will be solved in connection with the planned development of 

the IMMOPARK industrial park with relocation of the existing tram line through the airport. The proposed tram 

connection of Košice Airport to the network of the public transport - Moldavská - VA USS railroad should serve 

for direct transport service of Košice Airport and IMMOPARK industrial park. The site is located on the outskirts 

of the core city by the road I/ 50 E571 Košice - Zvolen - Bratislava. Direct communication connection to Košice 

International Airport is passing through this locality. It is an area of 190 ha with the possibility of further possible 

expansion, so far used as agricultural land and industrial area. The location has a good connection to the city's 

communication system and public transport. In the pre-press area, the tramway turnover and the continuation 

of the tramway along the Air Museum to the direction USS are proposed. In Figure 3 it is possible to see the 

proposed connection of the tramway with the Košice airport. The relocation of the line envisages the 

preservation of the tram stops “Perešská” and “Poľov, rázcestie” on the high-speed line and also the 

preservation of the stop “Priemyselný park pri letisku” of the bus line 23. It is possible to consider transformation 

of bus line no. 23 into tram, which runs from the station square through the industrial park to the airport at 

hourly intervals. The expected capacity is 350 passengers per hour, the total transport capacity offered in one 

direction is 5,950 passengers per day, which is about 2 million passengers per year. In addition to this line, the 

R lines will also operate via the airport to US Steel. 

With the possibility of interconnection of the DPMK tram network with railway network of ŽSR in the area of 

the railway station Košice (Staničné námestie) will thus be able to consider direct train connection of Košice 
Airport from Poprad - Spišská Nová Ves - Kysak (Prešov) in the future. For this type of public transport within 

KORID, it is considered in the future to introduce a hybrid regiotram (TRAM-TRAIN), which can be operated 

on the ŽSR network and on city railways. 

 

Figure 3 Relocation of the tramway through the airport 

3.2. Interconnection of a quarter Ťahanovce with the city by tram 

The interconnection of the rail network of the city public transport and ŽSR rail network at the terminal Sever 

node will be solved as a part of the tramway concept to the quarter Ťahanovce. The priority phase of the 

construction of this terminal is to build a stop on the existing double-track railway line and transfer links to the 

trolleybus stops on Hlinkova Street and the TESCO store. Part of the parking lot in front of the store is proposed 
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and reserved in P + R mode. It is important to deal with the terminal Sever area with regard to the mentioned 

links, to future additions of the tram line. The currently unused siding to the former magnesite plants, including 

a single-track bridge over the Hornád River, is proposed to be adapted and used as a tram line. 

The track-side solution indicates that it will be possible to use the regional tram-train and suburban rail 

system in a versatile manner and in enough capacity for all combinations of relationships: 

 Kysak - Košice, railway station (ŽSR only) 

 Ťahanovce - Košice, NMM (tram only) 

 Kysak - Kosice, NMM (railway - tram) 

 Ťahanovce - Košice, railway station (tram - rail). 

The basic criterion is a technically feasible rail connection to the existing railway line ŽSR and the newly 

established stop Košice - Sever. The main basis for designing the modified track route were maps and visual 

inspection of the proposed routes. 

 

Figure 4 Connection of quarter Ťahanovce to rail transport 

The proposed route of the new line 

The route is 2,852 km long. From the connection to the railway station, the route runs under the overpass and 

leads through the space next to the road and industrial buildings, crossing the supply road to Ťahanovce. After 

shaking to Americká trieda, they join the existing intersection next to the church. It is also guided by a green 

belt separating two two-lane roads. The final stop is in front of the Americká trieda - Madridská junction. The 

route will leave the original stops - Church, Municipal Office, Overpass and Madridská. The proposed speed 

is 80 km/h. At the final stop, a simple rail connector is inserted into the track to allow the crossing of tram sets. 

In Figure 4 shows the proposed connection of the quarter Ťahanovce to the network of urban railways with 
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connection to the ŽSR line in the terminal Sever. The proposed tram line is marked in red and starts with the 

connection to the existing tram line at the Námestie Maratónu mieru, continues on Hviezdoslavova Street, 

where it crosses a roundabout and then continues along Masarykova and Alvinczyho streets. At the end of 

Alvinczyho, it continues along Rampova Street, where it crosses the ŽSR line and along the ŽSR line enters 

the proposed stop Terminal Sever, which is designed as a transfer station with the possibility of the passage 

of railway vehicles on the ŽSR and public transport networks. From the Terminal Sever, it goes to Americka 

trieda at Ťahanovce quarter, to the final stop at Ťahanovce - Madridska. 

4. LOCAL POPULATION SURVEY ON PROPOSALS 

In the period from April 1, 2019 to April 22, 2019, a local population survey was carried out in the form of an 

electronic questionnaire in order to obtain an opinion of the local population regarding the satisfaction of urban 

mobility in Košice and new proposals for improving urban mobility in the Košice region. A total of 210 

respondents were involved in the survey. 

Of all the questions we have selected 2 which are related to this article: 

1) Would you welcome the extension of the tram line to the airport? 

This issue was monitored as effective would be to extend the tramway to the airport. Of the total number of 

210 respondents, 169 respondents, which represents 80.5 %, would welcome the extension of the tram line 

to the airport. Twenty-seven respondents answered that they would not welcome the extension of the tram line 

and the fourteen could not comment. 

2) Would you welcome the extension of the tram line to quarter Ťahanovce? 

By this question was monitored as effective would be the extension of the tram line to quarter Ťahanovce. Of 
the total number of 210 respondents, 166 respondents, representing 79 %, would welcome the extension of 

the tram line to the quarter Ťahanovce. Twenty-six respondents said they would not welcome the extension of 

the tram line and eighteen could not comment. 

5. EVALUATION OF PROPOSALS FOR RATIONALIZATION OF URBAN MOBILITY IN KOŠICE 

5.1. Multicriteria evaluation 

It is one of the methods of comprehensive assessment, which minimizes the degree of subjectivity in choosing 

the appropriate variant. The task of multicriterial evaluation of variants is to describe the objective reality of the 

selection using standard procedures and thus to formalize the given decision problem, i.e. to convert it into a 

mathematical model of a multi-criteria decision situation. 

The aim of multicriterial evaluation is to assess several variants of solving a given problem according to 

selected criteria and to determine their order. 

There are two ways to rate: 

 Maximize - the better it meets, the more points. 

 Minimize - the better it meets, the fewer points. 

General procedure for solving tasks using multi-criteria decision-making: 

1) defining the criteria by which the options will be evaluated, 

2) determination of weights for individual criteria (standardized or non-standardized), 

3) calculation of partial utility of variants for individual criteria, 

4) calculation of the overall usefulness of the options, 

5) selection, determination of optimal variant (max, min). 
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Figure 5 Multi-criteria evaluation methods 

Determination of criteria weight 

 Group determination of criteria weights, expert approach (heuristic approach), 

 Application of indirect methods - determination of criteria weights (mathematical approach), 

 Gradual change of weight values of individual criteria, resp. using several methods and comparing them 

(combination approach), 

 Weights express the importance of the criterion, but also indicate the ratio of importance between the 
criteria, 

 It is recommended that the balance is equal to 1. 

Expert approach to weighting criteria (non-standard) 

 Weights are determined by experts based on their experience in the range of values, 

 Criteria are evaluated in a pre-defined interval of so-called. cardinal rate <1, K>, 

 Cardinal rate, i. the rating range defines the sensitivity of the method. 

5.2. Evaluation of proposals 

Two proposals were proposed to improve urban mobility in the urban area of Košice, namely: 

 Proposal 1 - Connection of Košice Airport and Pereš Industrial Park to the tram line. 

 Proposal 2 - Interconnection of quarter Ťahanovce with the city by tram. 

The multicriterial method was used. Weights were given for the selected criteria [7,8]. The sum of the weights 

is 1. The improvement of mobility as the most important criterion was determined by the weighting 0.3. The 

technical solution and the construction costs were determined by the weighting 0.2, as these aspects play an 

important role in planning and building important transport constructions. Ecologicality was determined by 

weighting 0.1. The social importance is important [9,10] and therefore weighted by weighting 0.2. The weights 

of the individual criteria were multiplied by the degree of alternatives of the individual criteria, based on expert 

opinions and the output of the local population survey. Alternative levels were set from 1 to 10. Where 1 is the 

minimum and 10 the maximum. 
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In Table 1 is processed using the multi-criteria decision-making method between two proposals. Proposal 

No. 2, the interconnection of the quarter Ťahanovce with the city by tram track reached the most points, 8,1, 

and therefore the city of Košice and the competent authorities should deal with this proposal as a priority. The 

second one is proposal No. 1, connecting Košice airport and Pereš Industrial Park to the tram line, which 

reached 7.4 points. 

Table 1  Multicriterial decision making of proposals 

Criterion Weight 
Proposal 1 Proposal 2 

Points Result Points Result 

Improving mobility 0.3 7 2.1 10 3 

Technical solutions 0.2 8 1.6 7 1.4 

Ecologicality 0.1 7 0.7 9 0.9 

Construction costs 0.2 8 1.6 6 1.2 

Social importance 0.2 7 1.4 8 1.6 

TOTAL 1  7.4  8.1 

RANK   2  1 

6. CONCLUSION 

The article dealt with urban mobility in the city of Košice. Solutions were proposed for the rationalization of the 

mobility of the population in Košice, two proposals were proposed, namely the connection of Košice airport 

and Pereš industrial park to the tram line and connection of the quarter Ťahanovce to the system of city 

railways. In conclusion, the work was evaluated and a proposal to improve the mobility of the population in the 

city of Košice was selected using the multi-criteria decision-making method, which should be addressed as a 

priority. 
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Abstract  

Problems of logistics support of weapon systems in their life cycle operation and support phase, especially 

considering its modernization are presented in the paper. In the introduction inevitability of the modernization 

process of crucial weapon systems was emphasized. Furthermore, the concept of weapon system, life cycle 

of the weapon system and modernization of weapon systems where presented. A general description of a 

model of the process of creating the plan of technical modernization of the Polish armed forces was also 

presented. The main part of the article presents the areas of logistics that should be newly tailored to the needs 

of the modernized weapon system. These basic areas include: processes of operation and maintenance, 

material and technical supplies, staff acquisition, availability of service devices, creation of databases, 

organization of trainings, computerization, logistics infrastructure, dedicated transport means. The main 

conclusion of the article is to emphasize the fact that the modernization of weapon systems entails not only 

the costs of modernizing a specific type of weapon (tank, infantry fighting vehicle) but also the costs of logistic 

support in operation and maintenance phase of their life cycle.  

Keywords: Weapon system, life cycle, modernization, logistic 

1. INTRODUCTION  

The inevitability of the modernization process of crucial weapon systems (WS) is primarily due to their at least 

30 years of operation. During this time, at least two factors affect the failure to adapt their ability to current 

requirements [1-3]. The first is the changing threat that these systems should counteract, and the second is 

continuous technical progress enabling improvement of key parameters affecting capabilities of these systems 

[4]. As it results from the above, it is necessary to implement actions aimed at adapting the capabilities of WS 

to current requirements of modern battlefields.  

The modernization of WS is seen through the modernization of their key subsystem - a type of military 

equipment. That is why in the further part of the article the concept of modernization of the WS and 

modernization of military equipment is presented similarly.  

Rational management of the life cycle of defence systems (including WS) is extremely important due to the 

very high costs of the life cycle of these systems (reaching hundreds of billions of US dollars) [5,6]. 

But the problem of technical modernization of the WS is not only a purely technical issue but often a political 

will. Such a flagship example in the Polish Armed Forces is the BWP-1 infantry fighting vehicle. It should be 

noted, however, that just a few years after the BWP-1 was put into operation (1966), work was undertaken to 

modernize it, and in many countries its modernized, proprietary versions (e.g. Romania, Slovakia, Belarus, 

China) are currently in operation. Leaving in the service of the unmodernized BWP-1 poses huge logistical 

problems with its maintenance. 

Despite this infamous example (BWP-1 in the Polish Armed Forces), the standard is to modernize weapon 

systems (even several times) before deciding to withdraw them from service. Hence the importance of this 

process in the life cycle of weapon systems. 
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2. MODERNIZATION OF WEAPON SYSTEMS 

The WS is defined as a set of cooperating weapon types (along with their related equipment) with personnel, 

material and technical means, services and means of transport/shipment (if required). The above-mentioned 

elements are to ensure self-sufficiency of the WS, defined by the type of weaponry, in operation [7].             A 

graphic presentation of the concept of weapon system is shown in Figure 1. 

 

Figure 1 The idea of weapon system 

In NATO, by adapting the classification set out in ISO / IEC 15288, the entire product life cycle has been 

divided into six stages: concept, development, production, use, support, withdrawal. 

However, according to the model adopted by the Polish Ministry of National Defense, the life cycle model of 

the WS includes the following phases (Figure 2): identification, analytical and conceptual, implementation, 

operation and maintenance. 

 

Figure 2 Graphical presentation of weapon systems life cycle processes in Polish Armed Forces 

WS modernization process in its life cycle is generally carried out in two phases, realization and O&M. In the 

realization phase, in the area of modernization, it is important to design the future WS in such a way that its 

further rational development is possible. In particular, it is about the possibility of increasing the capabilities of 

WS by replacing critical modules (assemblies, subassemblies). 

The completion of the last stage of the WS life cycle in the Polish Armed Forces is subject to its 

decommissioning, if it does not meet the requirements of the Armed Forces due to at least one of the following 

conditions: 

 utilize worktime standard, 

 physical wear and tear, preventing further use when the repair is unprofitable or impossible, 
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 combat, technical and operational parameters that do not meet the requirements of the army when 
modernization is unprofitable or impossible, 

 organizational and regular post changes in the Armed Forces, resulting in no prospects for the WS 

further operation. 

According to the current nomenclature in the Armed Forces of the Republic of Poland, the increase in the 

capabilities of WS can be achieved through the process of its modification or modernization. Both processes 

mentioned above take place in the O&M phase of the weapon systems life cycle. 

Modification is understood as the process of improvement of WS, consisting in the exchange, replacement or 

extension of existing components, functions or software without changing its principal purpose. As a result of 

the modification, no new WS is created (i.e. it maintains its existing material index). Good example of this 

process is overhaul and modification of T-72M1 tank. 

Whereas, the modernization process, which is also a process of improvement of WS capabilities, involves 

changing its operational parameters. Especially critical operational parameters. As a result of this process, 

new WS is created (receives a new material index). As an example of this process may serves modernization 

of Polish Leopard 2A4 tanks to Leopard 2PL version. 

As follows from the above, the modernization of WS significantly changes its capabilities and is a much more 

complex and costly process than the modification process. Therefore, the frequency of execution of the WS 

modification process is definitely greater than its modernization. 

Thus, the essence of the modernization of WS is to increase its capability, combat value (Figure 3). 

 

Figure 3 Graphical presentation of the process of modernizing a weapon system (the meaning of symbols in 

the text) 

The initial combat value of WS is WB0 at the time of its entry into service. The decrease the combat value of 

WS during its operation is symbolized by the A1 curve. This decrease continues to the contractual allowable 

level of combat value (WBmin1). In order to prevent exceeding the allowable level of combat value, the 

modernization process (M1) is carried out, thanks to which the combat value of WS increases to the value of 

WBmod1. A significant fact is that the level of combat value of military equipment after modernization (WBmod1) 

is higher than its initial level of combat value (WB0). The relationships presented above are repeated in time 

(WBmin2, WBmin3 - admissible levels of combat value decline after modernization of M2 and M3; A2, A3 - curves 

of the decrease in combat value after modernization of M2 and M3; M2, M3 - subsequent modernizations; 

WBmod2, WBmod3 - a level of military equipment combat value after the modernization M2 and M3). 
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Of course, the cyclicity of changes is not equal for each time interval. Also the lines symbolizing the change 

(increase) in the level of allowable combat value (line C) and the level of combat value after modernization 

(line B) may correspond to the value of various functions (this is not always a linear function as shown in the 

Figure 3). 

It should be noted that the absolute increase in the level of combat value of WS obtained as a result of the 

modernization process is definitely greater than the increase obtained as a result of the modification process. 

Assessing WS in the O&M phase in terms of the possibility of modernization, WS can be divided into three 

basic categories: 

1) Modern WS that meets the requirements, not being modernized. 

2) WS that meets the requirements to a limited extent, with modernization potential justifying its further 

operation. 

3) Obsolete WS that does not meet the requirements and does not have the modernization potential 

justifying its further rational operation. 

3. LOGISTICS IN MODERNIZZATION OF WEAPON SYSTEMS 

The main task of logistics in the operation of WS is to enable its use and maintenance during both peace 

(training) and war (combat) activity. 

The modernization of the weapon type forces changes to the existing logistics subsystem securing the 

operation of the modernized weapon type. 

Key modifications to the logistics subsystem of the modernized type relate to: 

4) Possibilities of performing new maintenance services. 

5) Ensuring the availability of new spare parts in ongoing and combat operation (repair kits). 

6) Acquiring new competences by service personnel. 

7) Provide new means of transport (or adapt existing ones) enabling the movement of a modernized type 

of weaponry. 

The design of the logistics subsystem to support the use of the modernized WS should start at the stage of 

analyzing the possibilities of meeting new needs and transforming them into technical parameters. It should 

include an analysis of the following areas: 

a) operation planning, e.g. 

 defining the exploitation plan throughout the system life cycle: 

 what might work badly? 

 who will fix it? 

 where can you fix it? 

 how will it be repaired? 

 when will it be fixed? 

 what levels of operation? 

 what will the maintaining subsystem structure look like? 

 repair or replacement? 

 what documents are to be admitted to service (e.g. certificates)? 

 ..., 
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b) determination of the possibilities and manner of recruiting personnel: 

 staff structure, 

 skills ranges, 

 obtaining certificates, 

 number of staff, 

 ..., 

c) supply subsystem design: 

 acquisition, storage, movement, allocation and placement of stocks and spare parts, 

 inventory control methods, 

 standardization of spare parts, 

 supply chain length, 

 ..., 

d) determining the availability and design of maintaining devices: 

 type of devices: mobile or permanent located in facilities, 

 equipment for material measures, 

 general and special tools (measuring instruments, ...), 

 device calibration, 

 automatic or manual operation of devices, 

 ..., 

e) creating and planning the use of the database: 

 electronic form or paper form? 

 data format: in descriptive, tabular form, technical drawings (diagrams), ..., 

 data storage method - e.g. on electronic media, 

 different data requirements, 

 ..., 

f) organization of trainings and instructions: 

 training programs and techniques, 

 training rooms, 

 training and training participants: logistics and operators, 

 forms of training: individual and group, 

 training at all levels of use, 

 training means, 

 ..., 

g) computerization - a logistics subsystem should use computer hardware and software in every sphere of its 

activity, 

h) determining the availability and design of the logistics infrastructure: 

 warehouses, workshops, hangars, ..., 

 field infrastructure arrangement and equipment, etc., 
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i) determination of the possibilities and design of transport equipment: 

 containers, pallets, ..., 

 loading units, 

 protection of transport units, 

 equipment requirements (hoists, cranes, forklifts, ...), 

 size and weight of resources moved, 

 .... 

4. CONCLUSION 

The commissioning of a new modernized type of armament that meets the new requirements implies the need 

to adapt the logistics subsystem supporting the use of this type of armament so that the WS based on it is self-

sufficient in operation. 

The presented design approach of the new logistics subsystem includes the most important aspects of logistics 

functioning having a direct impact on the self-sufficiency of WS. 

The lack of such a systemic approach generates future operational problems of the modernized type of 

weaponry (which does not ensure its self-sufficiency. A good example illustrating the negative effects of the 

lack of such an approach is the example of modernization of the Leopard 2A4 tank to the Leopard 2PL version. 

As a result of the modernization of this tank, its weight increased to about 60 tons. This resulted in that the 

existing wheeled transport means were not able to transport the modernized tank in accordance with applicable 

regulations. Therefore, the decision was made (apart from modernization costs) to purchase new sets for the 

transport of tanks up to 70 tons [8]. The start of delivery of sets (in 2020) coincides with the planned completion 

of modernization of 128 Leopard 2A4 tanks to the Leopard 2PL standard. Of course, this increases the cost of 

upgrades that were not previously considered. 

When planning the modernization of the WS (and its costs), system planning of the logistics subsystem 

quantitatively, qualitatively and cost must also be taken into account. 
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