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CONCEPT AND IMPORTANCE OF AGROLOGISTICS FOR DEVELOPMENT 
OF AGRIBUSINESS 

Bogdan KLEPACKI 

Agricultural University in Warsaw, Department of Economics, Warszaw, Poland, EU, 
bogdan_klepacki@sggw.pl 

Abstract 

National economy is diverse. Farming, its oldest element, was a dominating field providing the society with 
food and non-food products (especially those necessary for making clothes or containers). As societies were 
developing other kinds of productions began to emerge, especially production of tools and weapons. It 
became more and more important for human kind not only to produce agriproducts, but also to process them 
and store, to make farm tools and machines and last but least to make other agrimaterials (e.g. fertilisers, 
fodder, pesticides, fuel). This way a system joining different stages of production processes began to shape 
up. They included preparation of production, production itself and processing of agriproducts, as well as 
trading raw materials and processed products. It resulted in creating agribusiness, which as an economic 
category corresponds with the concept of food economy. This publication aims at a brief presentation of the 
concept and importance of agribusiness and its logistics, defined by the author as agrilogistics. 

Keywords: Logistics, agribusiness, agrilogistics 

1. THE CONCEPT AND IMPORTANCE OF AGRIBUSINESS 

For Poland agribusiness is of vital importance, as our country is the sixth biggest producer of food in the 
European Union. Gross added value generated by Polish agribusiness makes about 4 % of its national total 
value and about 6 % of GDP. 

Agribusiness as a branch of national economy encompasses three basic fields: 
1. providing farms and agribusiness companies with raw materials, means of production and services, 
2. farming which produces agriproducts and agriservices, 
3. processing agri raw materials into agriproducts, as well as storing and distributing food. 

Agribusiness includes all entities which take part in producing food and delivering it to the consumer. These 
can be a wide range of economic entities: from producers of machines, devices, different materials and 
energy carriers for farming and agri- and food-processing industry, through farming itself and next food 
processing, ending with wholesale and retail, advisory and financial services or even trainings contributing to 
development of all kinds of activities connected with production and delivery of food to the final consumer. 

At the beginning of the 1990s agribusiness went through very relevant and profound changes connected with 
implementation of market economy and thus privatisation. These changes started processes of restructuring 
and consolidating agrienterprises, the pace of which depended on the branch. Despite significant changes, 
Polish agrisector is still facing many challenges, which emerged before and right after Poland’s accession to 
the European Union. Prices of agri raw materials evening within EU exert a strong pressure to improve 
competitiveness of Polish agri-business. 

It should be stated that Polish agribusiness deals relatively well with these challenges. Many facts confirm 
that, however balance of turnover in international trade proves it best. Before accession Poland had a 
negative balance in food products trade with EU. Thus there was a threat that after accession this situation 
may even worsen. But despite such fears, after 2005 Poland improved food products trade balance and 
reached a positive result. For instance in 2012 agri and food products exports amounted for 75.2 billion PLN 
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and imports for 57.0 billion PLN, resulting in +18.2 billion PLN trade turnover balance [1]. In 2009-2012 
Poland’s trade balance equalled respectively (billion PLN): -40.1; -55.2, -64.6; -44.7, of which only food 
products and animal livestock respectively: +8.6; +9.4; +11.4 and +18.1 [2]. Farming and food industry use 
significant labour force in our country, in 2011 they employed 2.5 million people of the total of 14 million 
employed in Poland, they engaged nearly 13 % of the value of fixed assets and their share in global production of 
the country amounted for 13.4 % and 10.6 % of added value [2]. 

2. IMPORTANCE OF AGRILOGISTICS FOR AGRIBUSINESS  

Logistics defined as managing all activities connected with transporting and storing goods, which are to 
enable flow of products from the place of their origin to the place of consumption, but also defined as 
managing information on products, may be a crucial factor improving competitiveness and effectiveness of 
agribusiness. 

So far mainly trade or service companies as well as international concerns were interested in logistics. It was 
reflected in numerous academic, research and popularising publications in this field. Agribusiness 
companies were not very keen on logistics and agrologistics was rather insufficiently described in the 
literature as well. Over the last years, however, managers of agricompanies more and more often seek new 
ways and possibilities of improving flows of materials and information. So it seems that both the academics 
and practitioners face many new and crucial challenges connected with this field.  

The role of logistics in agribusiness is of special importance because of specificity of this sector, resulting 
from: 

1. considerable time imbalance in supply and demand for agriproducts (concerning especially plant 
production, including processing cereals, fruit and vegetables); many agriproducts are produced only 
once a year, in a special season (strawberries in early summer, cereals in mid-summer, apples mostly 
in autumn, etc.), due to a relatively stable demand for bakery products, vegetables, fruit, etc., it is 
necessary to store many raw materials, that is why store houses are needed, but generate costs, 

2. for farming and agribusiness it is necessary to build specific store houses, as most products stored in 
the wrong way gets spoilt; in case of many products store houses cannot be universal (which would be 
cheaper), as they must meet certain requirements on e.g. temperature, humidity or air flow, which 
make them quite expensive investments,  

3. a low transportation and storage susceptibility of agriproducts (eg. milk, meat, fruit and vegetables), 
which often contain 80-90 % of water, are not very concentrated and pre-processed, e.g. raw 
materials for dry fruit and vegetables, jams, cheese, sausage or bread; 

4. most agriproducts are economically and physically sensitive to transportation; their economic 
sensitivity results from the above mentioned big contents of water, while physical sensitivity may be 
caused by either the nature of these products (just to mention strawberries or raspberries, which 
transported wrongly change into a liquid mass, losing their value for the retail client), or by their 
fermentation, mouldering or drying out, etc. 

5. many agriproducts require special transportation, e.g. milk cisterns, vehicles adjusted to carrying 
cattle, pigs or poultry and eggs, lorries to transport flour, grouts or rice in bulk, such means of 
transportation are usually specialised and can rarely be used for other tasks, 

6. agricompany is also a ‘by-the-way’ logistic company, for instance when producing potatoes it is 
necessary to transport to the field of 1 ha about 2 tons of seed potatoes, several kilos of mineral 
fertilisers, hundreds of litres of water to be used for spraying anti-pesticide, anti-weed and other 
remedies, and at the end of the season to transport from the field several tones of potatoes, of 
standardised size and deliver this products to the recipient; it happens so in case of all kinds of 
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agriproduction, which means that transport and storage are the main activities of both a farmer, and a 
plant processing agri raw materials,  

7. managing logistics is easier when there are few big entities than when there are several small ones; 
most farms are still small and dispersed, producing relatively small output due to small production 
scale, while processing companies want to purchase large amounts of cereals, fruit, vegetables, 
animals, etc., of the same quality. There are attempts to organise groups of producers, whose task is - 
among other - to merge smaller amounts of agriproducts into big deliveries, however in Polish 
conditions they are not very popular as farmers prefer to act individually, thus making logistics dealing 
with collection of goods from farmers and delivery of production means to farmers more complicated, 

8. over the last two decades Polish agriculture and agribusiness have gone through significant changes, 
especially concerning technology and techniques of farm and similar production, at present in 
agricompanies we deal with machinery and devices of different generations, not always compatible, 
which hinders the flow of technological and logistic processes, 

9. different technological levels is often accompanied by different levels of knowledge possessed by 
agriproducers; not all of them appreciate and implement modern technological requirements of 
production processes, they are quite often attached to traditional methods of production, which they 
have learnt from the older generation, while contemporary consumers have explicit requirements 
about the quality and contents of products, and especially about their qualitative heterogeneity,     

10. in farming and agribusiness, there are numerous and independent links in the whole supply chain 
“from the field to the fork”, which cause significant disturbances in information flow and problems in 
coordinating their work and deliveries of raw materials and producers from one link to another in food 
supply chain. 

The adequate organisation of logistic processes taking into consideration the specificity of agrisector can 
increase competitiveness of Polish agricompanies, both due to optimisation of costs and to offering the 
recipients delivery service of a better quality. 

3. CONCEPT OF AGROLOGISTICS - SUMMARY 

Agrologistics can be defined as an activity including organisation, planning, controlling and realisation of the 
flow of farm and food products from the place of production of agri raw materials (farms and agricompanies), 
through channels of purchase and storage (agritrade, units of Agencji Rynku Rolnego), production (the 
whole farming and food processing industry) and distribution, to the final recipient (food consumer). Its aim is 
to meet the requirements of the market and to retain safety at minimal costs and minimal engagement of 
capital use.   

However even perfect logistics in a single agricompany will not result in significant improvement of regional 
and national competitiveness. At present, effective cooperation and its continuous improvement at all stages 
of delivery chain is a key aspect. The chance to export more Polish agri and food products depends on 
flexible adjustment of whole logistic agri-chains to changing conditions and on application of the most 
modern systems, including those using electronic and internet technologies. 

Taking into consideration the specificity of agri and food products, resulting from their vulnerability to 
transportation and storage, it is important for agribusiness to effectively and correctly organise the supply 
and distribution in delivery chains, so as to maintain the quality of fresh products, which will influence the 
loyalty of consumers and profitability of the business. This is why creating integrated cold chains is another 
key issue. 

Also traceability of raw materials and agri and food products is essential from the point of view of food quality 
and safety. Traceability enables tracing the flows of goods from the stage of production to the final consumer 
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and reversely. The advantages of this approach are: a more efficient crisis management (quickly taken 
decisions on withdrawing selected groups of products from the market), risk management (identification and 
documentation of products possessing qualities that cannot be defined), easy and fast access to information 
on clients and consumers as well as optimisation of management of warehouse stock.  

The trend of transition from production orientation to orientation towards clients forces agribusiness to seek 
new, more and more effective solutions, which at the same time allow to increase competitiveness on 
international markets. Thus in the future agricompanies will aim at: 
• identifying and using new logistic concepts and solutions increasing costs and improving customer 

services, 
• creating co-working supply chains, using mutual resources, enabling traceability and monitoring of the 

move of products, in order to increase added value of sold products and respecting standards of food 
safety, 

• using complex IT systems, devised to meet the needs of agribusiness and supporting efficient 
management of logistics. 

Successful managing and organising logistics in agricompanies is possible when they take knowledge based 
decisions and actions. This is why research enabling transfer of well known solutions, knowledge and skills, 
used in ‘general’ logistics to agrologistics will be more and more important. The success of agricompanies 
also depends on the research and counselling taking into account the specificity of such sector as 
agribusiness. 
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Abstract 

The aim of the paper was to present the current developments and possible development directions of food 
supply chains. The authors proposed also a definition of food supply chain. It was indicated that it is 
necessary to conduct a research concerning the functioning of the food supply chains. Due to the nature of 
the food supply chains, especially temporal imbalance of supply and demand, quality requirements and 
exchange of quality information, an important issue might be an increase in the level of cooperation within 
the chains. The organizational aspects of cooperation in food supply chains were emphasized in the paper. 

Keywords: Food supply chains, agri-food sector, cooperation within the chains, organizational aspects  

1. INTRODUCTION  

Each organization acts in a network, and each acts as a customer when it buys materials from its own 
suppliers, and then it acts as a supplier when it delivers materials to its own customers. „Products move 
though a series of organizations as they travel from the original suppliers of raw materials, through 
intermediate organizations, and on to the final customers. This „network of organizations that are linked 
through upstream and downstream relationships in the different processes and activities that produce value 
in the form of products and services in the hand of ultimate customer” is defined as supply chain [13].  

The Institute of Logistics described a supply chain as „a sequence of events intended to satisfy a customer” 
[14], giving a view so broad that it could include anything. Other views are more focused, such as H. Peck's 
description of the „flow of materials, goods and information (including money), that pass within and between 
organizations, linked by a range tangible and intangible facilitators, including relationships, processes, 
activities, and integrated information systems” [24]. The including of relationships between different stages is 
a base for leading an efficient management strategy in the entire chains. The supply chain management is 
defined following D. Simchi-Levi, P. Kaminsky and E. Simchi-Levi as: „set of approaches utilized to efficiently 
integrate suppliers, manufacturers, warehouses, and stores, so that merchandise is produced and distributed 
at the right quantities, to the right locations, and at the right time, in order to minimize systemwide costs while 
satisfying service level requirements” [27]. 

The objective of supply chain management is to increase competitiveness of its all stages. This is necessary 
because individual organizational units do not correspond individually with the final consumer for the 
competitiveness of their products and services but the responsibility lies with the supply chain as a whole. 
Hence, competitiveness shifts from individual firms towards the whole chain [16]. 

2. FOOD SUPPLY CHAINS  

The process of food production, that takes place in each national economy within the framework of its 
subsystem known as food economy, is the point of reference in the agribusiness chains [8]. According to 
A. Zalewski, food economy is among the most important and the most complex segments of the national 
economy. It covers the whole process of material production associated directly and indirectly with food 
production and distribution. It consists of manufacturing the means of production for agriculture, agriculture 
and food industry [33]. According to A. Wos, the concept of the food economy is a term that preceded the 
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development of the theory of agribusiness and was used for the determination of related links of the national 
economy, which are directly and indirectly involved in food production and distribution [32]. 

Food production and distribution are one of the key conditions for functioning of the agribusiness. The way 
and principles of food movement from the farmer to consumer are determined by agribusiness links that form 
the food chain [7]. F. Tomczak states that the food chain provides the food supply from the farm gate to the 
consumer, transforming agricultural raw materials into products that may be easily purchased, prepared and 
consumed. The chain includes purchasing, processing, distributing companies as well as food service 
companies and retail traders, and as a result of the overall transformation and economic needs it is constantly 
changing and being developed [29].Thus, the food chain is a sequence (string) of manufacturing and service 
processes necessary to obtain final consumer goods from raw sources [7]. As stated by J. Golebiewski, the 
food chain is the central axis around which various spheres of agribusiness are developed [7]. 

Different types of entities may be distinguished within the structure of the food chain [see 20, 18], namely: 
agriculture, food industry, wholesale and retail trade. In the literature, one can also find other systematics. 
On the basis of literature review it was stated that the structure characterizing the food supply chains should 
include agriculture, purchase and trade of agricultural products, food industry, wholesale and retail trade and 
other entities, such as: government institutions, local government institutions, service providers including 
providers of means for agricultural production (see Fig. 1). They are a network of organizations involved, due 
to relationships with suppliers and customers, in a variety of processes and activities that create value in a 
form of products and services delivered to final consumer [26]. 

The integration degree reflects the strength of relationship with trading partners. The supply chain with 
respect to food products can be defined as "cooperation in different functional areas of agricultural 
producers, intermediary companies (trade), processing companies, manufacturing, services and their 
customers, between which flow streams of agri-food products, information, and funds" [17]. 

 
Fig. 1 Structure of food supply chains. Source: [15]. 

The supply chain can be analyzed by the contribution of individual stages while creating added value. Within 
the framework of the food supply chain, it may be noticed that in the long term the share of agricultural 
products in consumers’ budget shows a continuous downward trend. In this context, the reference to an 
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example of the Dutch market has been made, where more and more value added is generated within the 
stage of processing, trade and services, and less on the level of agricultural production. This trend intensified 
in the early nineties. Reducing share of farmers in the overall income of the supply chain need not to be 
directly related to their performance, which is determined rather by return on investment and labor 
productivity [see 23]. 

The observed phenomenon may be a result of significant changes in food consumption. One can noticed 
a shift from consumption of fresh products in the direction of processes products and from consumption at 
homes towards consumption outside homes. Production of processed food requires the involvement of the 
greater part of value added than in the case of fresh products and consumption outside home requires the 
involvement of more investment then consumption at home. This shift in the way of consumption is reflected 
in food products, in the creation of which processing and trade have the largest share. The main problem of 
modern agriculture is that societies become wealthier, while farmers in these countries are getting poorer. 
As stated by A. Czyzewski, added value in the market mechanism is distributed in such way that most of the 
gain goes to those who are closest to the consumer. Market redistributes added value depreciating 
agriculture [4], thus the government should step into the sphere of intermodal flows in order to transfer the 
created and not realized by farmers value added [19]. Also capital integration of farmers and processing 
companies may be a mechanism that counteracts the depreciation (e.g. it takes place in milk processing). 

3.  FEATURES OF FOOD SUPPLY CHAINS  

The feature of the food supply chain is a product that is a subject of specific safety requirements designed to 
protect the final customer (the consumer). Thus, a wide variety of standards and rules affects the activities of 
enterprises in the food chain. Regulations concerning the quality of agricultural products are the important 
aspect associated with the specificity of food processing. The growing requirements of consumers cause that 
more and more attention is paid to high quality of these products. At the same time the quality shows a direct 
relationship with the price of the product and has a direct relationship with the standards [21].  

One of the main elements of food safety is assurance of identifying the origin of the product which was 
described in the EU Regulations No. 178/2002 or 1935/2004. The regulation 178/2002 was remitted to lay 
down the general principles and requirements of food law, establishing the European Food Safety Authority 
and lay down procedures in matters of food safety [25]. The requirement 178/2002 should guarantee the full 
traceability of food demanding from each stage of supply chain collecting data about products. It obliges 
companies in the food chain to guarantee the traceability of its products as well as to recall of unsafely 
products (products recall actions). In this way tracking and tracing of food from the producers to industry and 
from logistic services to final costumers will be possible [3]. The Regulation has shown that food processing 
companies should implement a system that allows the identification of the product from primary production 
up to final consumers (tracking) and in the opposite direction (tracing). These companies should also, if 
necessary, share information about their suppliers and recipients of the relevant services [25]. With the 
concept of traceability it is possible to indicate where in the chain some problems occurred.  

Throughout the food supply chain the adequate level of quality, hygiene and wholesomeness for all 
intermediate and final products should be provided. Wholesomeness of products should be provided at the 
beginning of the chain, so on farms, including their suppliers of inputs and services [2], through trade and 
processing (primary and secondary) to the distribution system, including consumer products, as well as final 
consumers. 

The central condition is the chain-wide coordination of the data exchange and the tracking and tracing of the 
data which should include quantity, type of raw materials, origin (import, country), supplier information, 
transport and warehousing information. The linking of defined product unities with the accompanying 
parameters relevant for product and the access possibilities on the suitable information is the basis of the 
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development of traceability systems [3]. This is particularly important in supply chains, in which the cargo 
handling, transport and processing of raw materials (lots of them) are mix with each other frequently. 
Defining units and size (Traceable Resource Unit) allows tracking goods, clear differentiating of specific parts 
and forming new parties arising from the combination of the others.  

The implementation of solutions supporting food security covering the entire supply chain is voluntary and 
depends on the market situation and the structure of companies' customers. However, the recipient may, 
depending on their market power, influence the quality policy of its suppliers which are forced to provide 
information about the use of manufacturing technologies and their impact on hygiene and quality of the 
delivered products. Thus, the assurance of products' wholesomeness is dependent on proper 
communication with customers and consumers, and creation of the quality tracking systems is a challenge 
for the entire supply chain. 

4.  DEVELEOPMENT'S DIRECTIONS - INTEGRATION 

In the literature one can find arguments indicating that the integration of resources within a single enterprise 
is more efficient than making transactions through the price system (the market). This is confirmed by 
A.D. Chandler stating that the internal organizational coordination triggers higher productivity, as well as it 
results in reduced costs and higher profits than coordination by the market [12]. The author continues that 
what economists call “economies of scale” does not come from an increase in the production volume within 
one plant, but from use of internal networks between plants within one enterprise and use of internal 
coordination [9]. 

The aspect of the ownership right plays here an important role. According to A.A. Alchian and H. Demsetz, 
owners of resources increase their productivity - and thus the efficiency of use of the resources - through 
cooperative specialization, and this leads to an increase in demand for various types of organizations 
supporting cooperation [1]. The integration with environment (external organizations) of the system is also 
highlighted (a company is understood as the system). Cooperation is here the main element of the 
organizational integration of a company with environment [28]. Integration is described both in terms of 
traditional logistics functions [10] and of removing barriers (or boundaries) between organizations [22]. The 
need for integration between an enterprise and its environment increases with the degree of intensification of 
global competition. In this context, the concept of integration, considered as a key factor in achieving better 
results by an enterprise, is one of the most important topics in the scientific literature.  

The analysis of the literature in the field of enterprise’s integration with environment enables to show 
a number of compelling evidence for existence of a relation between integration and productivity, which is 
acknowledged by M.T. Frohlrich and R. Westbrook; S.K. Vickery, J. Jayaram, C. Droge and R. Calantone 
[6, 31]. The output of the literature on the integration between partners in the supply chain has significantly 
increased [30]. N. Fabbe-Costes and M. Jahre, in their literature review, argue that authors generally agree 
that stronger relationships and higher integration's degree lead to better business performance [5]. 
Nevertheless, D.C.K. Ho, K.F. Au, E. Newton postulated in this context to establish the structures and 
methods that help to describe and explain the relationship between performance of companies and 
integration practices in the supply chain [11]. In context of food supply chain integration S. Jarzebowski 
proposed the SCIDM (Supply Chain Integration Degree Measure) [15]. The author shows the positive 
influence of integration within the agri-food sector. 

5.  CONCLUSIONS  

The main objective of the management of all supply chain stages is to increase their competitiveness. 
Similarly, the functioning of supply chains in agribusiness can be described. However, food supply chains 
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show a particular specificity. The feature of the food supply chain is a product that is subject to specific 
safety requirements designed to protect the final customer (the consumer). 

The activities related to the safety and quality of food, including requirements related to the identification of 
the origin of products, are increasingly gaining in importance in the Polish food sector. Thus, all participants 
of the food supply chain must adapt their mechanisms of collecting and transmitting information in order to 
meet the increasing requirements. The introduction of instruments supporting the identification of the origin 
of products has become an important element enabling agricultural producers to strengthen the competitive 
position, or even maintaining on the market. 

Because the threats of food wholesomeness are more frequent, the importance of supply chains in 
agribusiness and their coordination and exchange of information along the chain are particularly important 
and are gaining in importance. Integration practices within the supply chain include among others: creating 
relationships with external partners, cooperating with subcontracting third parties, different integration forms, 
cooperation, collaboration, organization, long-term agreements or creating symbiotic partnerships. 
This various forms of cooperation occur within the supply chains and can increase food safety for consumers 
as well as lead to better performance of chain participant.  
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Abstract  

Introduction process there is a need to move various loads. They consist on production (directly or indirectly 
used agricultural production) as well as agricultural products of plant origin or animal. Materials flow, raw 
materials and products with their associated information flows are subject to logistics. The logistics company, 
which is holding a farm, can be very simple or very complex. It depends on the size of the farm, the structure 
of production , direction or specialization process. The movement of the products is quarantined by inside 
transport defining as the internal machinery and equipment used for the transport of material goods and 
people in production or maintenance, often within an object, such as storage buildings or shop floor. This 
article presents the significance of transportation in the farms and agribusiness from the management point 
of view based on Polish companies. 

Keywords: Transport, agribusiness, logistics, size of the company 

1. INTRODUCTION 

According to a new food and beverage market report (Harris, 2010) Poland is one of the EU's most important 
agricultural product providers. About 77 % of the agricultural land is arable, 2 % is covered by orchards and 
about 20 % is permanent pasture. It is a significant producer of wheat, sugar beet, pork, poultry and milk, 
and, the leading EU suppliers of rye, triticale, oats, rape, potatoes, carrots, onions, apples and cherries. That 
should determinate the strong agribusiness which is the business of agricultural production. Modern 
agriculture, especially in developed countries, has become increasingly dependent on the input and output 
situation. System that reaches farther than just the farm, includes all entities that are involved in food 
production and delivering it to the final customer. Agribusiness as a field of activity of economic is defined as 
a system of fostering the development of entrepreneurship. Entrepreneur committing the necessary 
resources, which are productive potential of the company maximizing profit through efficient use and adapt 
to changing market conditions. The majority of companies operating in the field of agribusiness is 
fragmented individual farms, and small and medium-sized companies using their local resources. From the 
other hand, there are the agribusiness companies which represents rather industrial-style agriculture. That 
is, farms are often very large, highly specialized, and run like factories with large inputs of fossil fuels, 
pesticides and other chemicals, and synthetic fertilizers derived from oil (Larsen 2007). This industrial 
agriculture is sometimes considered a great success. However, new awareness of the costs is beginning to 
suggest that the benefits are not as great as they formerly appeared. 

Taking into account the relationship between the ring-fenced departments involved directly and indirectly in 
the food production and participation in global product development (Woś, 1996, 1998) the Polish 
agribusiness includes on: 98 % agriculture, 27 % of industrial output, 23 % construction, 37 % of trade, 10 % 
transport and communications, 8 % forest and 23 % of the other branches of the national economy (Fig. 1).  

Agribusiness can also be defined as a system which creates the food production chain. In this situation the 
companies are perceived as units which creates food supply chain in which transport is a very significant 
issue. Although the transport system in the company is a component of many elements (Fijałkowski, 2003, 
Lasek et al., 2008), an appropriate, well designed, effective and optimal requires from the managers treating 
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it as an important, even fundamental activity in whole production system (Coyle, 2007, Kisperska-Moroń and 
Korzysianiak 2009, Romanow, 2003, Rokicki, 2011). 

 

Fig. 1 The structure of agribusiness 

2. METHODOLOGY 

The aim of the research was to determine the importance of transport in the agribusiness sector enterprises 
in Poland. Data were collected based on surveys (XII 2009 - III 2010) which had been distributed to all 
agribusinesses companies classified as small, medium and large. They operated in the food processing 
sector that were TAX-based. Aprart form that there were 1.5 thousand randomly selected micro-enterprises. 
In total, it was 10 thousand companies form which 511 responses were obtained (5.11 %). Data for this 
study were used without processing, and does not include records with missing data. At the end, 504 
surveys were used for this research. 

 

Fig. 2 Structure of the enterprises surveyed 

The selected companies represented agribusiness industries as: manufacturing and meat processing, fruit 
and vegetable processing, dairy production, manufacture of grain mill products and starch, production of 
bakery and flour, animal feed production, and the production of beverages. The data analysis was used 
graphical analysis due to the nature of the data obtained in the nominal or ordinal scale. To establish the 
relationship between the selected selected characteristics relating to transport and the size of the company , 
industry agribusiness supply area and the area of the market were used chi-square test. In order to verify the 
hypotheses apply statistics χ 2, the value of which we expect from the formula: 
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The tables from the chi-square statistic value read χ 2 read out at a significance level χ and the (r-1)(k-1) 

degrees of freedom, namely: 
2

)1)(1(; −− krαχ  

If χ 2 ≥ χ 2α, (r - 1)(k - 1) à reject Ho in favor of the alternative hypothesis 
If χ 2 < χ 2α, (r - 1)(k - 1) à There was no reason to reject Ho of independence of features. 

3. RESULTS 

Transportation should be an important department for any production company. Most agribusiness 
companies as a rule did not have a separate transportation department (71 % of the companies). This 
reflects the poor coordination of transport processes in the analysed enterprises. Whereas a separate record 
of transportation cost was kept by 42 % of the companies, what allows us to rate the importance of transport 
in the agribusiness enterprises as poor. Although most companies did not have a separate organisational 
unit to deal with transport, they took steps to adjust the matters connected with transportation (Fig. 3). Most 
often the companies paid attention to the proper selection of transportation routes, less often to reasonable 
use of load capacity of the vehicles. The larger the company was, the more attention it paid to adjustment of 
routes, and the less attention to reasonable use of load capacity of the vehicles. 
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Fig. 3 Adjustment of transportation in the agribusiness enterprises - multiple choice (%) 

The conducted chi2 test for independence of variables showed dependence between size of the company 
and adjustment of transportation routes (chi2emp. = 17.13, chi20.05 = 7.81, p-value < 0.05, df = 3) and 
vehicle load capacities (chi2emp. = 39.18, p-value < 0.05). Also a strong correlation between the 
agribusiness sector and adjustment of vehicle load capacities (chi2emp. = 65.4, chi20.05 = 15.51, p-
value<0.05, df = 8) and lack of dependence for adjustment of transportation routes were confirmed. 
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Subsequent tests concerned dependence between the supply area and adjustment of vehicle load capacities 
(a strong dependence between chi2emp. = 43.75, chi20.05 = 11.07, p-value<0,05, df = 5 was found) and 
adjustment of vehicle load capacities (a strong dependence chi2emp. = 81.58, p-value<0.05). A strong 
dependencies was also found between the sales area and transport adjustment (chi2emp. = 30.90, 
chi20.05=11.07, p-value<0.05, df = 5) and adjustment of vehicle load capacities (chi2emp. = 87.41, p-
value<0.05). Greater coverage area of operation imposes taking steps towards adjustment of the transport 
on the companies. As a rule the companies, which operate locally or regionally, did not make any adjustment 
of load capacity and transportation routes. 

All agribusiness companies used vehicle transport, regardless of size of the company (Fig. 4). Thus 
transporting goods by trucks allows for immediacy, that is door-to-door transport. Other types of 
transportation were employed occasionally. Also a regularity showing that the larger the company was, the 
more often it used other types of transportation (the marine transport was most common). Large companies 
more often offer their products in the international markets (Europe, other continents), thus a greater demand 
for the marine transport, for example. 
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Fig. 4 Types of transportation used in the agribusiness companies - multiple choice (%) 

The companies used both its own transport and the external transportation services. It was decided to 
analyse the dependencies between use of only own transport and only external transportation services. The 
conducted chi2 test for independence of variables showed dependence between size of the company and 
use of only external transportation services (chi2emp. = 30.18, chi20.05 = 7.81, p-value < 0.05, df = 3). The 
larger the company was, the more often it used external means of transportation. Also a dependency 
between the agribusiness sector and the use of only external transportation services (chi2emp. = 58.40, 
chi20.05 = 15.51, p-value < 0.05, df = 8). In particular, the companies manufacturing oils and fats, 
processing fruits and vegetables and manufacturing animal feeds used only external means of 
transportation. Subsequent tests confirmed strong dependencies between the use of only external 
transportation services and the supply area (chi2emp. = 51.37, chi20.05 = 11.07, p-value < 0.05, df = 5) and 
sales area (chi2emp. = 70.47, p-value < 0.05). The increase in operating area of the company caused 
assignment of transportation tasks to external parties. Whereas Local scale of operation encouraged the use 
of own means of transportation. 

Purchase of transport means was most often financed from company's own funds (Fig. 5). Other important 
sources was leasing and purchase based on both the company's own funds and bank loan. Dependence 
between size of the company and use of leasing for acquiring vehicles was confirmed (chi2emp. = 11.47, 
chi20.05 = 7.81, p-value < 0.05, df = 3). For larger enterprises the purchases of transport means were co-
financed also from the EU funds.  
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The conducted chi2 test for independence of variables showed small dependence between the agribusiness 
sector and acquiring transport means through leasing (chi2emp. = 16.10, chi20.05 = 15.51, p-value < 0.05, 
df = 8). Also lack of dependency between the operating area and acquiring transport means through leasing 
was confirmed. 
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Fig. 5 Sources of financing purchase of means of transport in the agribusiness enterprises 

 - multiple choice (%) 

Companies with small scale of operation used mainly their own means of transport (Fig. 6). The larger the 
company was, the more often it used services. Mostly the companies ordered only the transport service 
itself, less often ordered arranging the whole transportation processes to the forwarders. The conducted chi2 
test for independence of variables showed dependence between size of the company and use of forwarding 
services (chi2emp. = 45.01, chi20.05 = 7.81, p-value < 0.05, df = 3). Also a strong dependency between the 
agribusiness sector and the use of forwarding services (chi2emp. = 73.62, chi20.05 = 15.51, p-value < 0.05, 
df = 8). The use of forwarding services strongly depended on supply area (chi2emp. = 119.54, chi20.05 = 
11.07, p-value < 0.05, df = 5) and sales area (chi2emp. = 155.06, p-value < 0.05). 
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Fig. 6 Transportation services used by agribusiness companies - multiple choice (%) 
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When comparing their own transport management to their competitors, most often the companies defined it 
as average in the sector (Fig. 7). It was noted that the larger was the company, the self-assessment was 
better. 
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Fig. 7 Assessment of own transport management in the agribusiness companies (%) 

Future plans for transport were connected with purchase of new means of transport (Fig. 8). Over 50 % were 
considering such operations in the future. The larger the company the more likely it was willing to entrust the 
transport to specialised transport companies. 
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Fig. 8 Future plans for transport in the agribusiness enterprises - multiple choice (%) 

The conducted chi2 test for independence of variables showed small dependence between size of the 
company and plans for use of outsourced transport (chi2emp. = 7.93, chi20.05 = 7.81, p-value < 0.05,  
df = 3). A dependence between the agribusiness sector and plans for use of outsourced transport was found 
(chi2emp. = 22.45, chi20.05 = 15.51, p-value < 0.05, df = 8). Most often the transport outsourcing was 
considered to be used in the future by companies manufacturing oils and fats, milk, least often by the meat 
processing companies. Plans for transport outsourcing depended on supply area (chi2emp. = 25.52, 
chi20/05 = 11.07, p-value < 0.05, df = 5) and sales area (chi2emp. = 25.00, p-value < 0.05). 
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4. CONCLUSION 

Transportation should be an important department for any production company. The research in the 
agribusiness firms showed that most companies did not have a transport department and did not record the 
related costs. The transport adjustment concerned transportation routes and vehicle load capacities. 
Dependencies between the mentioned improvements and size of the enterprise, supply area and sales area 
were found. Dependencies between the agribusiness sector and adjustment operations were found only for 
vehicle load capacity. All the companies used vehicle transport. The use of other types of transport was 
dependent on size of the company. Also dependencies between use of only external transportation services 
on size of the company, area of operation and sector were fond. Particularly high dependencies were seen 
for area of operation. Large companies and companies active in the international markets used external 
transportation services more often than small companies operating locally. acquiring transport means 
through leasing depended on the size of the company, and to a small extent, on sector and area of 
operation. Using forwarders was dependent both on size of the company, on sector and on area of 
operation. Particularly significant impact was found for area of operation. 

The companies perceived their transport management as average in the sector. Larger companies rated 
themselves better. Future plans for transport were connected with purchase of new vehicles and 
outsourcing. Use of external transport services was dependent on the area of operation, agribusiness sector, 
and, to a lesser extent, on size of the company. A similar percentage of companies, regardless of their size, 
planned purchase of transport means. The larger were the companies and the larger was their area of 
operation, the more often they outsourced the transportation services and hired companies arranging the 
transport. The influence of agribusiness sector on arranging transport was was lower than the one of the 
variables mentioned above. 
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Abstract 

Logistic costs are the basic quantitative measure of efficiency and modernity of logistic processes. The 
knowledge of size, structure and places of generating the costs enables to shape a price policy and make 
strategic decisions in managing an enterprise. The research aimed at defining the significance of cost 
analysis in agribusiness enterprise management. The analyses considered the level of logistic costs and 
their share in operating costs. 108 enterprises of meat branch and 189 enterprises of bakery and mealy 
products' branch were analysed in detail. At the turn of 2009 and 2010 the research was conducted in the 
enterprises. The research showed that the share of logistic costs in total operating costs was 7.8 % on 
average; still, it was diversified depending on the size of enterprise.  

Keywords: Logistic costs, analysis, agribusiness enterprises 

1. INTRODUCTION 

Changing economic conditions, uncertainty of actions, growing clients' demands, and intensifying 
competition have forced the enterprises to take up actions improving effectiveness of operation and 
perfecting management processes [7]. One of the most important tools in this scope is the analysis of 
operating costs with the simultaneous search for the possibilities of their optimization. The analysis includes 
connections of production or service costs with factors determining their size. The importance of analysis 
results from the fact that every economic entity has a certain production or service task to perform, which is 
imposed by the market of buyers, and should be carried out taking advantage of the existing means in the 
most effective and reasonable way possible.  Searching for solutions leading to performing the tasks at low 
costs is the basic aim of managing an enterprise [1]. 

In the structure of operating costs, the logistic costs have a great influence on determining financial results. 
These constitute money evidence of using human labour and objectivised labour, as well as, expenditures 
and other negative effects of exceptional occurrences which result from inventory maintenance and a flow of 
material goods and information connected with logistic actions taken up within an enterprise and between 
enterprises [11]. The costs are characterized by variability in the particular periods of time, dispersion, 
division of responsibility for their shaping between many posts, as well as, considerable labour intensity of 
actions connected to their determination. Therefore, many enterprises do not use logistic cost keeping, 
neither they have information on its actual level [3].  

According to the worldwide forecasts, the issue of logistic costs is going to become more and more complex 
together with its growing significance [14]. The issue has not been fully defined yet; especially, in connection 
to agribusiness enterprises. This is visible in the limited number of research studies and an inconsiderable 
number of domestic and foreign publications. The agribusiness is perceived as one of the biggest 
subsystems of economy, which is shown by the volume of product, as well as, the potential used for 
production and distribution of products of agricultural raw materials [2]. The branch structure of the 
agribusiness is very complex since it includes both producing materials for further production in the 
agriculture and the agricultural and food processing, and the agriculture and other branches of primary and 
secondary processing. The logistic costs are the basic quantitative measure of efficiency and modernity of 
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logistic processes in the agribusiness enterprises. The knowledge of size, structure and places of generating 
the costs enables to shape a price policy and make strategic decisions in management.  

2. MATERIAŁ AND METODS 

The research aimed at defining the significance of cost analysis in agribusiness enterprise management. The 
analyses considered the existence of organisational units with logistic tasks in the agribusiness enterprises, 
the level of logistic costs, and their share in operating costs. What is more, the complexity of this type of 
costs and difficulties in their estimation were discussed, as well as, areas of logistic costs analyses and the 
possibility of using them in the enterprise management were determined. The research study used reference 
books, as well as, available data concerning logistic costs in agribusiness enterprises obtained thanks to 
survey questionnaires conducted at the turn of 2009 and 2010 by researchers of Warsaw University of Life 
Sciences - WULS (Szkoła Główna Gospodarstw Wiejskiego w Warszawie - SGGW). Meat branch, and 
bakery and mealy products' branch enterprises were analysed in detail since these were the branches that 
provided the most considerable number of questionnaires, respectively 189 and 108. The enterprises were 
assigned to the branches according to the declarations of entrepreneurs based on Polish Classification of 
Activity (Polska Klasyfikacja Działalności). The costs connected with functioning of the following areas were 
perceived as the logistic costs: a separate logistics department, inventory management, storing, packing and 
reverse logistics, transport, logistic information management, and an insurance of logistics infrastructure. The 
results of analyses were shown in a form of descriptions, figures and tables.    

3. RESULTS AND DISCUSSION 

The significance of logistics in the enterprises could be evaluated on the basis of existence or lack of 
department, organisational unit or a person responsible for logistics processes. This kind of unit's task is to 
supervise all the actions taken up in the particular enterprise connected with material and information flow. 
The functioning of a separate department or unit performing logistics tasks was declared by only 20.2 % of 
entrepreneurs from meat processing plants and 7.8 % of those producing bakery and mealy products  
(Fig. 1). Therefore, the gained results showed the dispersion of logistics tasks in the most enterprises of 
agribusiness, through giving them to different departments.  

 

Fig. 1 The existence of a separate logistics department in agribusiness enterprises 
Source: own study based on [9] 

The existence of units coordinating logistics actions was related to the size of enterprise.  Big business 
entities had a logistics department in most of the cases, while in small enterprises its existence seemed to be 
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unjustified. The enterprises which did not have a separate logistics department, often created a unit 
responsible for the area of logistic processes; transport or storing mostly, and information management to 
much lesser extent.  Lack of these departments or units in the organisational structure of the business 
entities hampered determination of level and structure of logistic costs.  

Logistic costs are generated as the result of actions connected with physical flow of raw materials, semi-
finished products, and end products and materials, that ensure availability of the above-mentioned elements 
at the right time, in a particular place, in a needed amount and a proper quality [6]. With regard to the source 
of cost generation in logistics processes, there are the following categories mentioned: inventory 
maintenance, storing, packing and creating unit loads, transporting, and managing logistics information [8]. 
The particular categories of costs cannot be discussed separately since they are interrelated (Fig. 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The systemic nature of logistics costs 
Source: own study based on [8] 

Furthermore, there are trade-off substitutional relationships which consist in the fact that cost reduction in 
one subsystem (e.g. transport) could lead to the increase of other costs, e.g. concerning stock [12]. Bearing 
in mind the nature of existing relations, one should seek for a solution where the total costs of logistics 
actions are the lowest [15].  

With regard to the complexity of logistic costs, their identification in an enterprise is an essential issue. This 
results from several reasons; among others: 
• use of traditional cost accounting methods according to the nature of expenses and their allocation for 

enterprise resources,   
• inconsistency of this category's systematics, which consists in different definitions and classifications 

of logistic costs,  
• necessity of taking specificity of enterprises and their processes into consideration,  
• limited knowledge of processes and particular actions in the enterprises,  
• no recognition or reasons for and mechanisms of generating costs. 
• In the economic practice there are two fundamental areas of logistic costs' analysis [11]: 
• preliminary analysis (general) - includes examining level, structure and dynamics of total logistic costs;  
• detailed analysis - uses methods of the cost and effect analysis, taking into account the basic sections 

of logistic costs (Fig. 3). 
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Fig. 3 The subject of logistics costs' analysis 
Source: own study based on [11] 

The condition for conducting the preliminary and detailed analyses is having properly processed data. The 
attempts to identify and evaluate the level and structure of costs of logistics that have been made in Poland 
are not consistent and all-embracing research studies [4]. The main reason for that is using the traditional 
methods of accounting in enterprises, which do not provide enough information for the modern logistics in its 
process and market dimensions; e.g., many logistic costs connected to product or client profitability ware 
hidden in other costs as production or marketing costs [13]. 

In the examined enterprises, the share of logistic costs were defined on the basis of respondents' 
declarations. A very low level, up to 4 %, was obtained for approximately 1/3 of meat processing plants, as 
well as, bakery and mealy products' manufacturers (Table 1). A similar percentage concerned a rather low 
level of these costs; namely, from 5 to 9 %. On the other hand, a very considerable share; over 15 %, was 
obtained for 9.4 % of bakery branch enterprises and 5 % of meat processing plants.  

Table 1 The share of logistics cost in total cost in agribusiness enterprises 

Processing industry 
Share of logistics cost 

very high 
(above 15 %) 

rather high 
(10-14 %) 

rather low 
(5-9 %) 

very low 
(1-4 %) 

Average 
share 

Bakery and mealy products  9.4 % 25.1 % 31.4 % 34.0 % 8.0 % 
Meat processing plants  5.0 % 29.0 % 34.0 % 32.0 % 7.6 % 

Source: own study based on [9]. 

The average share of logistic costs in total operational costs was estimated as 7.8 %. Still, most of the 
enterprises showed a very small share of logistic costs and their inconsiderable percentage, which could 
result from a lack of the actual cost accounting. Information on costs is used to estimate stock and products, 
control costs, evaluate efficiency, and take up strategic actions (Fig. 4). It provides assistance with enterprise 
management, including finances, employees, and material resources. It is the basis for prices applied in an 
enterprise. Costs of logistics are one of the main evaluation criteria of efficiency of used technologies, and, 
with regard to importance, they are only inferior to superior standards of customer service [5]. Wrong 
information concerning shaping the costs could lead to unfavourable, long-term decisions concerning the 
business activity's direction.  
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Fig. 4 Areas of cost information use 
Source: own study 

The knowledge of costs is of the essential importance with regard to enterprise management. It enables 
streamlining of solutions in the agribusiness within the scope of inventory register, inventory management, 
and transport. Still, to be able to make rational decisions and be effectively competitive in the market, a 
complete information on costs at every stage of logistic chain is essential - from supply, through production, 
storing and transport, to distribution of products and services. A helpful tool in this scope is an IT system 
which takes different areas of an enterprise into consideration. 

4. CONCLUSIONS 

On the basis of conducted research and executed analyses, the following conclusions were drawn: 

1. The agribusiness sector is a complex structure, both with regard to branch diversity and production 
scale. Rapidly changing conditions and liberalisation of international trade force an acceleration of 
product and information flow. Still, the awareness of logistics' significance in agribusiness enterprises 
is relatively inconsiderable which is especially visible in lack of separate organisational unit 
responsible for logistics processes in some entities.   

2. Costs, including logistic costs, have a considerable influence on determining financial results. The 
costs defining in the enterprises is a difficult and complex issue. Mainly, this results from different 
definitions and systematics of logistic costs. Furthermore, the significant limitation for recognizing the 
level and structure of costs is traditional cost accounting method according to the nature of expenses 
and their allocation for enterprise resources.  

3. The particular categories of costs are interrelated and there are substitutional relationships between 
them. Therefore, they cannot be discussed separately. In order to take up actions improving 
effectiveness of enterprise functioning and perfecting management processes, the costs analysis is 
advisable. The condition for the analysis is having properly processed data.  

4. With regard to complexity and dispersion of logistic costs, a part of agribusiness enterprises do not 
use logistic costs recording, neither there is information of their actual level. Logistic costs are the 
basic measure of efficiency and modernity of logistic processes; hence, the importance of their precise 
identification and detailed specification according to the current needs. The share of logistic costs in 
operational costs in the examined enterprises was estimated as 7.8 %. Still, it differed depending on 
the branch and the size of enterprise.  
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Abstract 

The main aim of the city logistics is the coordination of people and material flow within the city. However, 
freight transport in the city is still not taken into account by most local authorities in transportation plans. The 
paper presents survey results conducted in Polish cities with the county rights. The main aim of the research 
was to verify the extent of local authorities involvement in urban freight transport. According to the survey 
results Polish local authorities are insufficiently involved in improving the movement of goods within the city. 
In the author’s opinion freight transport should be included in the city logistics functional strategy. 

Keywords: City logistics, urban freight transport, local authorities 

1. INTRODUCTION 

Freight transport in urban areas results in congestion, air pollution, noise, increased logistics costs and 
thereby increased prices of products. Effective and efficient freight transport requires the involvement of 
many stakeholders who directly or indirectly influence the flow of goods in the city. Unfortunately, the needs 
and expectations of city logistics stakeholders are usually different [1-4]. A key role in the area of city 
logistics, including urban freight transport, is played by local government [4, 5], which should develop a city 
logistics strategy, including in it stakeholders’ expectations [6]. It is the local government, which through 
different types of regulatory tools, may impose solutions in order to improve the movement of goods and 
people within the city. 

The main aim of this paper is to analyse the activities in the field of urban freight transport undertaken by 
local governments in Polish cities. The author attempts to verify the hypothesis: Despite the fact that Polish 
local governments note the growing congestion problem, they are insufficiently involved in improving the 
movement of goods within the city. In order to achieve the purpose, the author has conducted a survey 
among cities with the county rights. The survey helped elicit answers to the three questions [7]: 
1. Are there employees or departments in the city councils involved in issues relating to freight transport?  
2. What kinds of activities related to the organisation of an efficient goods flow have been undertaken to 

date by the surveyed cities, and how many of these projects will be implemented in the next five 
years? 

3. Do the local governments cooperate with other stakeholders in the field of freight transport to improve 
the residents’ quality of life?  

The author will attempt to develop recommendations that would assist the city authorities in making 
decisions in the field of freight transport. 

2. THE ROLE OF FREIGHT TRANSPORT IN THE CITY 

City logistics is a relatively new domain in scientific research. Its main objective is the integration and 
coordination of the flow of people, goods and information in urban areas. The issue of the movement of 
people in the city, especially in the context of public transport is widely considered by many scientific 
communities and local governments. Polish local governments undertake various activities to improve this 
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sphere in the city. This is primarily due to the regulatory framework, which in most countries requires the co-
ordination of public transport by the local authorities. The situation is slightly different in the case of urban 
freight transport. This remains an area somewhat neglected by local authorities, both in their ongoing 
projects and strategic plans. 

Urban freight transport (UFT) is variously defined in the literature [8]. One of the first [8] urban freight 
transport definitions was developed by S. Hicks in 1977. According to it “all journeys into, out of, and within a 
designated urban area by road vehicles specifically engaged in pick-up or delivery of goods (whether the 
vehicle be empty or not), with the exception of shopping trips”[9]. L. Dablanc has developed a slightly 
different definition. In her opinion urban freight transport involves “the organization of the displacements of 
materials and products inside urban areas” [10]. A significantly more precise definition of urban freight 
transport, taking into account the transit flows, has been developed by D. José and A. V. de Magalhãesa. 
According to them UFT “includes all the movements of loads that have an origin and/or destination in those 
areas, as well as inter-city displacements inside metropolitan regions, and those movements that only cross 
the urbanised area”[11].  

Freight transport in the city plays an extremely important role, especially for the people who buy goods in 
shops, workplaces, entertainment centres or order the goods to the house. In the city a small number of 
activities that do not require a supply of material resources can be selected [12]. In the literature, discussion 
on urban freight transport relates mainly to a narrow range, such as the optimisation of the group of goods to 
customers located in the city. There is a need for a holistic approach and interdisciplinary research in the 
field of freight transport in the city, especially from the perspective of urban management [13]. One of the few 
examples dealing with the problems of urban freight transport from the point of view of urban management is 
the research carried out by M. Lindholm, Sweden [5] and the study presented in this publication. 

Another major problem that hampers the implementation of research on urban freight transport in the city is 
difficult access to much of the data and lack of standardised procedures for data collection and analysis at 
the national or international level. Therefore, research carried out in different cities / countries cannot often 
be comparable [12, 14]. 

3.  LOCAL AUTHORITIES AS A MAIN STAKEHOLDER IN THE URBAN FREIGHT TRANSPORT  

Freight transport certainly affects the quality of life of residents in the city. Trucks carrying loads in the city 
run on the same streets and thoroughfares as the private and public passenger transport. This causes an 
increase in congestion, air pollution and noise in the city [12]. Coordination of urban freight transport requires 
the involvement of many stakeholders. There are several stakeholders who are indirectly or directly involved 
in urban freight transport. Among them we can distinguish [8,15]: 
• the shipper (sender of goods, consignors), whose aim is to satisfy the customers’ needs by providing 

goods at the lowest cost;  
• the transport company, whose purpose is to meet the needs of shippers and consignees by providing 

high quality transport services at low cost;  
• the consumer/consignee: a resident or employee/business person/shop owner and the visitors, whose 

aim is receiving goods in a short time;  
• public administration:  

o local government, which aims to provide a high quality of urban life for the residents and the visitors 
through the implementation of organisational, regulatory and infrastructure solutions, like for 
example: zoning restrictions, time windows, etc. [16, 17] and  

o national government, which aims at alleviating the effects of transport in the city and makes 
arrangements to provide interstate (i.e. at the level of the European Union) in the reduction of 
emissions and noise pollution in the city.  
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Freight transport in the city is affected by various factors such as: social, economic, legal and technical. The 
organisation of freight transport in the city is conditional on access to transport infrastructure, residents’ 
lifestyle, legal regulations restricting truck journeys through the city. Furthermore, there are other 
stakeholders, like: institutions, companies, which indirectly are involved in urban freight transport, which local 
governments should also be aware of. These also include: “trade associations, commercial organisations, 
land/property owners, vehicle manufactures, mobile and IT solution producers” [8]. 

Studies show that the classical approach to transport planning in the city does not take into account the 
movement of goods [18]. This is due to the fact that freight transport mainly is organised by private 
companies and therefore local authorities do not feel the obligation to deal with this area of the city [19]. 
Including different interests of the various urban freight transport stakeholders is undoubtedly a challenging 
task [11]. However, local government should develop a city logistics strategy, which would include passenger 
and freigth transportation plans (Fig. 1). A city logistics strategy could be one of the functional strategies of 
the city. This would enable local authorities to improve people and material flow within the city and reduce 
degradation of the environment. Transportation plans should be developed on strategic, tactical and 
operational levels [20].  

 

Fig. 1 The role of local authorities in freight transport in the city 
Source: own research 

4.  METHODOLOGY AND SURVEY RESULTS 

In order to verify the hypothesis the author has conducted the study, which comprised six stages. The first 
phase consisted of a literature review of Polish and foreign sources in the field of freight transportation. On 
the basis of the literature review and the work of Lindholm M. [5] a research tool in the form of a 
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questionnaire was developed [7], which was subsequently tested by four experts. The developed survey was 
sent during the end of December 2012 and the beginning of the 2013 to all cities with county rights in 
Poland. The survey manoeuverability was at 55 % (36 out of 65 towns with county rights filled the 
questionnaire). Among the cities that have sent the completed questionnaire were: nine cities with the 
population up to 100 thousand, 14 cities with a population between 100 thousand and 199 thousand, 13 
cities with over 200 thousand inhabitants. The sample was a target screening. Questions were focused on 
the role of local government in developing urban freight transport solutions. The whole questionnaire was 
divided into the areas:  
• institutional arrangement of freight transport in organisational structures of Polish city councils;  
• local government efforts to improve freight transport;  
• results achieved from projects undertaken by local government;  
• projects, which will be implemented in the future; cooperation with other stakeholders in implementing 

past and future projects in the field of freight transport.  

In order to conduct the survey the author used an electronic questionnaire, which was sent via e-mail to all 
city councils. Interviews with representatives of seven city councils were also conducted. In order to analyse 
the data the author used two tools: SPSS and Excel. Research results allowed the drawing of conclusions 
and further recommendations.  

Due to the limited size of the work the author presents only the most important results. Among the examined 
cities, 14 of them have employees who perform tasks in the field of urban freight transport. The average 
number of employees per city was 2.5 of working time and the median is 1. It should be emphasised, that the 
average percentage of working time per task in the field of urban freight transport is 31%.  

An important objective of the study was to obtain information about implemented projects (Fig. 1)and on the 
involvement of local governments (Table 1) for the urban freight transport. Among the examined cities the 
most popular projects related to freight transport included: “prohibition on the movement of trucks through 
the city centre” (23 responses), “implementation of traffic-light control system” (21 responses) and  
“restrictions for heavy goods vehicles” (18 responses). Unfortunately, only two studied cities have 
implemented “night delivery organisation”. 

Fig. 2 The number of implemented projects by local governments related to the freight transport 
Source: Own resource [7] 

The research shows that local government co-operation with other stakeholders requires significant 
improvement. Freight carriers and shippers were the least frequently invited for cooperation, despite the fact 
that the solutions were related to freight transport. 
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Table 1 The number of stakeholders involved by local government in the implemented projects related  
    to freight transport 

Description of the projects 
Involved stakeholders in the implemented projects 

Local 
authorities 

Transport 
companie

s 

Consumers/ 
consignees 

Shippe
rs 

others 

Restrictions on the movement of vehicles 
in the city centre (during peak hours) 12 0 3 0 1 

Prohibition on the movement of trucks 
through the city centre 24 1 3 0 1 

Restrictions for heavy goods vehicles 
(e.g., restricted hours to enter the city 
centre)  

18 2 5 0 0 

Night delivery organisation 2 0 0 0 0 

Implementation of traffic-light control 
system  22 1 7 1 3 

Source: own resource [7] 

The research shows that the most tangible benefits of completed projects directly or indirectly relating to the 
freight transport came from such projects like: the improvement of transport infrastructure (33 responses), 
the environmental protection (21 responses), traffic management (10 responses) and only six projects were 
directly related to the urban freight transport. According to the respondents the implemented projects brought 
the most benefits in: the reduction of environmental pollution (50 projects) and in a reduction of vehicle travel 
time in the city (37 projects). During the study it was also found that some cities do not measure tangible 
benefits of implemented projects and provide this information in an intuitive way.  

5.  CONCLUSION 

Despite the fact that the movement of freight represents just 10 % to 18 % of all  transport, it contributes to 
40% of the formation of air pollution and noise in the city [21]. Freight transport in the city in relation to the 
long-distance freight transport causes more damage to the environment as a result of frequent stops at traffic 
lights and at junctions as well as being less economical, since fuel consumption in the city is increasing even 
up to 140 % [6, 22].  

The research shows that few Polish cities with county rights have taken steps to improve the transport of 
goods, despite the fact that local authorities are aware of the problem caused by the excessive number of 
vehicles in the city. The reason is the fact that for the next five years of 154 planned projects for urban 
logistics, only five will be directly concerned with urban freight transport. Local government in order to take 
care of the quality of urban life and the attractiveness of the city for tourists should include efforts to promote 
urban freight transport in the city's development strategy [23, 24]. It is also worth developing a functional city 
logistics strategy which will include freight transport. Both the planning and implementation of city logistics 
projects require from local government should involve of all stakeholders. 
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Abstract 

Considering the phenomenon of transport through the prism of economic importance, it may be concluded 
that it performs its role by supporting the spheres of exchange and production. It is, therefore, an integrating 
factor in one process flow and transformation of all good. This enables the continuous flow in the process 
and affects internal and external beneficiaries. 

Unfortunately, transport is not only applied to provide timely delivery, good quality and quantities of goods 
etc., but is also a significant cost generator. 

Transport costs affects the sphere of distribution generally, and this does not mean that it is not correlated 
with the other spheres of logistics processes. The area of transport, in addition to the storage area, is of 
great importance in formulating business strategy in terms of cost-effectiveness, reliability of operation, 
creating a competitive advantage. Due to this role, it is essential to its operation to be faultless, that is why 
the need for risk managing in the transport processes arises. 

The article covers the importance of the transport process in the implementation of physical flows. It 
indicates the size and importance of the costs which are generated during the execution of transport 
processes. The method applied is to minimize the identified risk management. On the basis of these studies, 
the importance of the correct calculation of the cost of risk when deciding on its implementation has been 
shown. 

Keywords: Total costs, actual costs, transport processes 

1. INTRODUCTIONS 
Transport is one of the key drivers of the economy. A lot of attention has been paid to the process of 
increasing the intensity of the flow of materials between operators, as well as the flow of materials for 
production, the production and movement of finished goods from distribution to the final users. Expectations 
for the transport role are constantly growing. These are mostly related to the following factors: time, cost, 
reliability, capability, flexibility and quality. 

The range of the global market and the associated opportunities for cooperation, development of technology, 
the widespread use of IT systems, relocation of factories and warehouses, are also conditioned by the 
transport processes. This is an aspect already described in the publications of A. Smith, who said that the 
division of labor is limited by the size of the market. Thus, the development of transport affects the change in 
the international division of labor and specialization of production [1]. 

Transportation regulates the scope of the impact of business on the market and can reduce the cost of its 
implementation by acting on the same scale of production of finished products and the extent and manner of 
their distribution. More broadly, transportation and its development is directly proportional to the economic 
growth of the region covered. The driving force of the economy is directly dependent on its existence at the 
same time. According  to A.Hirschmans [8], lack of adequately developed transport infrastructure may 
become a barrier to further development of the productive sectors. Similar views can be found in the 
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publications of W. Isard [9], which are somewhat complementary to A. Hirschman thesis informing that 
transport services are consumed at the same time in which it is carried out and, as such, cannot be stored. It 
follows the opinion saying that if transport services cannot be stored, it is possible that transport potential 
directly depends on on its infrastructure . 

Considering the phenomenon of transport through the prism of economic importance, it may be concluded 
that it performs its role by supporting the spheres of exchange and production. It is therefore an integrating 
factor in one process flow and transformation of all goods in the product. This allows the flow of the process 
results to their internal and external audiences. 

Unfortunately, transport is not only to ensure timely delivery, quality, quantity, etc., but is an important cost 
generator. Transport costs, charges mostly the sphere of distribution, which does not mean that it is not 
correlated to the other spheres of functioning logistics processes. The sphere of transport, in addition to the 
storage sphere, is of great importance in formulating business strategy in terms of cost-effectiveness, 
reliability of operation, creating a competitive advantage. Due to this role, it is essential to its operation to be 
faultless so here occurs the need for risk managing in the transport processes. 

2. THE IMPORTANCE OF THE TRANSPORT PROCESS IN THE COST MODEL OF AN ENTERPRISE 
Transport costs are associated with the movement of all kinds of material goods, which are involved in 
logistics processes. It shall be analyzed according to the phases of physical movements which they are 
supported by.  

The amounts for transport infrastructure company is primarily determined by the structure and size of the 
physical flow. Therefore, it has to be taken into account when estimating the size of the physical flow of the 
technical infrastructure: the structure and size of the labor, fuel supplies, transport processes and any other 
additional charges depending on the industry, the market in which the company prospers, the current 
economic situation, etc. 

The level of costs is directly reflected in the profitability of the company. Since transport processes depends 
on the time-to-results process for the final users and so at least its cost involved in the production of goods. 
Increased transport costs are reflected in the prices of finished goods, which determines their marketability in 
the market. 

In the literature one can find many of the concepts of cost flow system in the area of physical handling 
[2,3,5,11], exterior and related handling processes, but rarely the risk management is indicated. 

When taking into consideration the scale of the costs of the present process, its reliability is crucial. In the 
transport process especially, the possible consequences of occurring theirs factors are visible in several 
areas of company’s functioning, and it was fundamental in analyzing the costs of physical flow.  

3.  RISK MANAGEMENT IN THE TRANSPORT PROCESS  

Managing the risk in transporting, as underlying process of the physical flows, shall begin with the 
recognition of its infrastructure. This approach facilitates the identification of risk factors for an assessment 
(probability, impact, costs), and to develop strategies. Sources implying risk factors must be sought: in the 
product, fluctuations in demand, suppliers - breach of contract, not satisfied with the quality of components, 
lack of timely delivery, etc., logistics operations, the clients -  changes the requirements for the level of 
customer service, from service providers - such as consulting companies mistakes, poor agreement with 
logistic operators, the low level of service, with competitors (industry, competitive group). 

The level of risk in business operations depends on e.g. the number of links in the chain of supply, 
accessibility of major transportation hubs and the number and types of distribution channels. 
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Any time where there is the movement of goods, there are numbers of risk factors related to this fact. The 
most frequently cited risk factors in this area include improper handling of transported cargo unit, theft, loss, 
damage, loss of weight, etc. 

Based on the known literature course approach to risk management [4,7,10,14,16], risk analysis can be 
carried out in the transport process using the following diagram, Fig. 1. 

 

Fig. 1 Framework for the analysis of risk factors in the transport process 

It is extremely important in minimizing the costs of transport processes to continuous observation of the 
progress. Implementing risk management shall be preceded by the string of specified, precisely conducted 
activities. Analysis of risk management should include both internal and external transport and associate d 
maintenance. Based on the description of actions which are in each of these processes, we record the risk 
factors that have occurred as well as those that are likely to occur at different stages of the process. 
Information you shall pay attention to are as follows: mode of transport, the specification of customers, 
weather, number of routes, the volume of containers, type of cargo, loading conditions, product information 
and place of destination and the data on the human population. Identification of adverse events is a critical 
step in the risk analysis of transportation. 

Based on current inventory of undesirable factors used to select one or more of the most significant events 
representing the entire group for which there are made possible scenarios and consequences. Estimating 
the impact is to determine the potential damage, as measured by the maximum cost of such risk factor. 
Estimation of probability allows to determine the frequency or likelihood of adverse effect. The next step is to 
develop risk management strategy. 

The bottom line is, however, ongoing monitoring and repeating the analysis, which will allow you to control 
risks and improve risk management approaches. You shall also take into account the differences in the 
analysis of risk in transport - house and external transport. As the most frequently cited disruption to the 
internal transport include: lack of systems for organizing the service in-house, long-term flow of materials, 
lack of sufficient number of appropriate means of transport, downtime due to waiting for means of transport. 

From this point of logistics view, areas and functions performed in the company, sources of danger to be 
expected in relation to the following matters, as the following: relations with partners, variation regulations, 
failure to observe the technical standards, timeliness of delivery, underestimation of the expected costs, 
incorrect information on the state of transportation, qualification of personnel, changes made to the supply, 
failures in transport, shortage of capital, restrictions to transport in transition. 
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Develop a risk management strategy in the transport process 

Monitoring, control, improvement 
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Management of personal transport involves many different decision problems, such as: the choice of rolling 
stock, forms of financing, finding, hiring and training drivers, planning, execution and control of the 
maintenance of the rolling stock, the management of a fleet, planning transport routes and capacity 
utilization of rolling stock. Note, however, that each of these issues to maintain your own transport is 
exposed to a number of risks, which in turn can lead to improper transport process in the supply chain. The 
implementation of risk management, not only in the transport process, is to pull the costs of alternatives. Or 
pay for a specialist strategy, any programs which support this sphere, or bear the costs of removing the 
effects of risk factors. Taking the right decision on this issue is related to the possession of information about 
the real cost of the risk factors in the transport process. 

4.  ASSESSING THE COSTS OF RISK IN THE TRANSPORT PROCESS IN THE ENTERPRISE 
SERVICE  

The analyzed company OPOLAND II operates in the region of Opole, Poland. It was established as a result 
of growing demand, mainly of the construction market in the rental, sales and service of aerial work platforms 
and scissor lifts and elevators. Currently provides services for rental of construction equipment, rental 
equipment, aerial work platforms, scissor lifts, scissor platforms, working platforms, work platforms, 
excavators, forklifts, forklifts, transport specialist to 6.5 t, construction services and any work at height. 

The model selected seven risk factors, the most repeated during subsequent analysis of the orders executed 
by the Company. On this basis, establish the propositional function: 

ZPx(P1, P2,…,P53) = X4 X5 X6 V X5 X6  V X3 X5 X6 V X2 X3 V X1 X2 V X1 X4                                      (1) 

Each of the analyzed risk factors for the furniture company X1 X2 X3 X4 X5 X6 contains the information on the 
frequency (probability) of the risk factors and the potential effect (as measured by the maximum cost of 
removing the effects of risk factors). Taking into account the company, these values were as follows - 
Table 1. 

Table 1 Summary of the likelihood and effect of risk factors as a function of ZPX (Source: own study) 

 
AREA 
OCCURRENCE 
RISK FACTORS 

VA
R

IA
B

LE
 2013 

QUANTITY 
 * 
 COST QUANTITY MAX 

COST 

TRANSPORT IN  
SUPPLY 

X4 3 2100 6300 

X5 20 500 10000 

X6 5 1800 9000 

TRANSPORT IN  
DISTRIBUTION 

X3  14 700 9800 

X5 20 500 10000 

X6 5 1800 9000 

MACHINERY 
X2  8 1400 11200 

X3 14 700 9800 

TRANSPORT IN 
 STORAGE 

X1  12 900 10800 

X2 8 1400 11200 

TRANSPORTATION 
MANAGEMENT 

X1  12 900 10800 

X4 3 2100 6300 

∑ 114200 

Data refer to services provided from January to September 2013. 
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For an analysis of the function described in accordance with the rules of the Gorbatov’s principle of 
characterization [6,12,13,15]. After analyzing the functional model, established figures prohibited semantic 
analysis of the array obtained model structure. 
To obtain information on the actual costs they cause risk factors in materials needed by the enterprise is the 
interpretation of the model structure. On this basis, we know that the replica variables obtained in the form 
of: x'2, X'3. 

Table 2 Cost analysis of the effects of removal of specific risk factors for selected variables sentence - 
                - a model of ψ'a function ZPX' 

AREA 
OCCURRENCE 
RISK FACTORS 

VA
R

IA
B

LE
 

2013 
QUANTITY 

* 
COST QUANTITY MAX 

COST 

TRANSPORT IN  
SUPPLY 

X4 3 2100 6300 
X5 20 500 10000 
X6 5 1800 9000 

TRANSPORT IN  
DISTRIBUTION 
 

X3  14 700 9800 
X’3  14 700 9800 
X5 20 500 10000 
X6 5 1800 9000 

MACHINERY 

X2  8 1400 11200 
X’2  8 1400 11200 
X3 14 700 9800 
X’3 14 700 9800 

TRANSPORT IN 
STORAGE 
 

X1  12 900 10800 
X2 8 1400 11200 
X’2 8 1400 11200 

TRANSPORTATION 
MANAGEMENT 

X1  12 900 10800 
X4 3 2100 6300 

∑ 156200 
Source: own study. 

When comparing the total and the actual costs of the risk factors, you can see the importance of having the 
correct calculation. After examining a small number of risk factors, the difference amounted to PLN 42 000 - 
Table 3. 

Table 3 Comparison of the total costs and actual costs aiming at removing the effects of risk factors 
BALANCE SHEET 

TOTAL COSTS ACTUAL COSTS 
114200 156200 

42 000 

Source: own study. 

Demonstrated on the basis of the characterization made the cost difference shows how many risk factors 
associated with transport processes are acting in one company’s area affecting the other spheres causing 
so-called avalanche effects. This is the reason for increasing the cost of the process. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

49 

After this analysis, using a model based on the principle of characterization shows that the actual cost of risk, 
meaning those which include not only the removal of an event occurring at the site of occurrence, but also 
the negative effects that have spread to other areas of the process, are significantly higher than those which 
are able to analyze taking into account only the amount and cost. 
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Abstract 

Questions of formation of the effective transport and logistics schemes at development of Arctic hydrocarbon 
resources are considered in the article. The analysis of transport and logistics possibilities of Murmansk 
which is considered as perspective from the point of view of location of transport and logistics enterprises, 
procurement and supplying of drilling operations, fields operation, transportation of hydrocarbons with usage 
of existing capacities and manpower is provided. The perspectives for the use of the Northern Sea Route, as 
well as economic instruments aimed at improving the efficiency of project implementation in the Arctic, 
received considerable attention.  

Keywords: Logistics, Northern Sea Route, shelf, hydrocarbon resources, free economic zones  

1. OIL AND GAS POTENTIAL OF THE ARCTIC SHELF AND FUTURE PROJECTS FOR THE 
DEVELOPMENT OF OFFSHORE HYDROCARBON  

The continental shelf of the North-Western Europe, including the North Sea, Norwegian Sea, Irish Sea and 
the North-East Atlantic is the region with more than thirty-year history of oil extraction. The shelf of the North 
Sea, within which the United Kingdom, Norway, Denmark, the Netherlands and Germany extract oil in 
accordance with national sectors, the most developed. In the process of shelf development at each stage 
were solved technological and legal challenges in a variety of oil and gas fields in the complex environment 
of the work. Features of development of individual oil and gas projects and their integration with the 
formation of sustainable transport systems delivery of raw materials to the coastal processing infrastructure 
or for the further transport, the development of boundary deposits in areas, where the line of delimitation of 
national sectors, and many other aspects stimulated the development of efficient and effective schemes of 
technological and legal solutions, provided much of the energy security of Western Europe. Analysis of 
experience in the development of oil extraction in the region is useful for decision-making at the present 
stage of development of oil extraction in the Russian Federation, where the deployment of shelf work is 
becoming more actual. 

The discovery of oil deposits in the North Sea began with the discovery of the Norwegian deposit «Balder» in 
1967, but deposits «Ekofisk» in the south of the Norwegian sector and «Forties» (UK) opened accordingly in 
1969 and 1970, were important for industrial development. It associated with these deposits start of oil 
extraction in a politically stable region, provide much of a 30-year energy security as geographically close 
countries of Western Europe and the United States. Besides the UK and Norway - the major countries-
suppliers of oil from the region, Denmark, the Netherlands and Germany, which in 1987 began developing a 
single field «Mittelplate», are also oil extraction. 

Replenishment of the hydrocarbon resource base is the main and most urgent problem of the Russian oil 
and gas industry, because in the past 20 years it has developed mainly on account of stocks explored in 
1960-1970. The solution of the problem is possible by carrying out exploration activities for oil and gas in 
new areas and assessment of the prospects of deep horizons of the sedimentary cover. Great potential for 
that matter have the waters of the continental shelf, the largest of which is connected with the Arctic seas. 
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Today, the Arctic shelf of Russia is seen as a major region, the industrial development of which will 
compensate the falling of oil and gas extraction in old oil and gas centers of the country. It has the great 
hydrocarbon potential to provide a significant part of the energy needs of the country and bring great 
economic benefits [1, 2]. However, realization of this potential requires the solution of some economic, legal, 
technical, technological and environmental problems. 

Area of oil extraction is located far beyond the Arctic Circle, in the severe climatic conditions. Arctic climate 
and difficult storm conditions constrict the weather window for work on the deposit development. In the area 
of development has repeatedly fixed the appearance of multi-year ice and icebergs. Substantial removal of 
extraction area from the shoreline determines the complexity of the procedure for the supply and service of 
equipment and infrastructure of the projects. 

The Murmansk region is the region directly bordering the Arctic shelf, the development here of seaports and 
their infrastructure is an important condition for the development of the Arctic shelf and the development of 
commercial navigation on the Northern Sea Route (NSR). In addition, for the foreign-trade economic activity 
Russia necessary a deep-water ice-free port, and the only one in the European part of Russia satisfying to 
all conditions - is the Murmansk seaport. The marine transport complex of the Russian Arctic zone plays an 
important economic role in ensuring of the population vital activity and functioning of the economic systems 
in the Arctic coastal areas. The marine fleet today is practically the only mode of transport that can carry out 
the mass transportation of goods between the continents, and the income from shipping play a significant 
role in the currency balances of many countries. 

A very perspective direction related to the optimization of logistics operations in the exploitation of natural 
resources is the use of the NSR. Since Soviet times, the development of the Russian Arctic has been 
inextricably linked with the development of its mineral resources - ores of Norilsk, gold of Kolyma, Siberian 
forests, oil and gas, etc. NSR provided as the delivery of necessary staff, food, equipment and materials and 
export of finished products. 

NSRA service, created at a time possible to coordinate the actions of various agencies involved in the 
development of the region, to create a sustainable transport artery that provides continuous access to 
remote ports, to ensure its meteorological and ice-breaking service. From the start of the NSRA in its 
structure was established Geological Survey, later (in 1948) separated in the special Institute of Arctic 
Geology (now VNIIOkeangeologia). 

In the post-reform period, the structure of NSR for political reasons and their economic consequences began 
to fall into decay, there has been close a number of factories, there was a mass outflow of population from 
distant towns and villages. For a number of Russian regions marine transport of SMP is the only one besides 
a very expensive air transport. In fact, until recently, the main goods turnover on the NSR provided Norilsk 
MMC. 

The impulse for the recovery of the NSR was given perspectives of Arctic hydrocarbon deposits extraction on 
the Pechora Sea coast, in Western and Eastern Siberia. The development of the NSR and growth of oil and 
gas extraction are interdependent processes - the development of new territories is impossible without 
logistical support. The NSR provides not only the development of oil production in the Arctic region, but 
implements a dynamic project to create a new export route for crude oil and petroleum products from the 
inner regions of Russia through the ports of the White and Barents Seas with the supply by rail. 

The development of new transport schemes is not as many in the lack of sufficient export capacity of the 
system of main pipelines, as in the oil company’s aim to increase the profitability of projects on account of 
100 % export of extracted oil. (Exports by main oil pipelines is quoted, the company cannot export more than 
30 % of produced oil and must realize 70 % on the domestic market at lower prices [1]) 

The planned development of gas deposits - the Shtokman, in which is concentrated 85 % of proven natural 
gas reserves of the Barents Sea shelf and the deposits of the Yamal Peninsula, connected with NSR. The 
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export of condensate can be carried out by traditional tanker method, but the export of gas through the NSR 
will require the creation of capacities for production of LNG and the construction (lease) of gas carriers [3]. 

The implementation of the hydrocarbon resources development projects of the Arctic seas requires a 
significant coordination of actions, not only within the individual projects to shelf deposits development, but 
complexly - as the development of a unified territorial complex FEC on the shelf and the coast of the Barents 
and Pechora seas connected with common infrastructure and life support system, the primary role in which 
plays the NSR. 

An important advantage is the fact that almost all of the major port stations of the north-western Arctic open 
for unlimited arriving ships under a foreign flag. 

It is necessary to create a favorable investment environment, not only for development, but also for the shelf 
deposits search to provide a resource base of oil and gas extraction (including the planning of expedient 
licensing policy), the development of providing transport infrastructure of the NSR, including construction of 
tankers, icebreakers and providing ships, the development of port facilities etc. Experience has shown when 
managing of spatial development areas has not been able to achieve concerted action of all stakeholders - 
the structures of the Natural Resources and Environment Ministry, Ministry of Energy, Ministry of Transport, 
investors, administration of the Federal subjects [3]. 

The oil and gas development of the northern regions, using the NSR, provides a solution to a number of 
important tasks for Russia: 
• economic security by increasing revenues from oil and gas export; 
• provision of transport independence through the direct products supply to the foreign market (there are 

significant limitations on the pipeline system and port terminals capacities, on the tanker displacement 
in straits, etc. in the traditional export routes);  

• diversification of export directions (west and east); 
• energy security of the remote northern regions through the construction of the local refineries and gas 

supply. 

The NSR provides not only the development of oil production in the Arctic region, but implements a dynamic 
project to create a new export route for crude oil and petroleum products from the inner regions of the 
Russian Federation through the ports of the White and Barents Seas with the supply by rail. 

Strategic factors related to the geopolitical and transnational significance of the marine navigation and 
marine communications, play a particularly important role in the Arctic area. First of all, it is the control over 
marine areas potentially rich in natural resources, the transport importance as a route between the north-
western and Far East regions of Russia, as well as the European and Asian ports. North of the country 
became practically the only permanently open outlet to the western part of the World Ocean through the 
Murmansk, Arkhangelsk and Kandalaksha ports that can accept large-tonnage (more than 100 tons 
displacement) sea craft. The main condition for the effective exploitation of the natural resources of the Arctic 
shelf, as well as improve the competitiveness of the Russian Federation in the global market of transport 
services, in particular when using the NSR, is the presence of large sea ports located in the North basin. 

2. THE POTENTIAL OF THE MURMANSK REGION TO CREATE AN EFFECTIVE TRANSPORT 
AND LOGISTICS INFRASTRUCTURE 

The region potential in the field of implementation of the oil and gas projects in the Arctic shelf is difficult to 
overestimate. The region feature is in the geographical proximity to the proven deposits of hydrocarbons, 
here are the largest industrial and ship repair companies, research and educational institutions. All of this 
complemented by obvious competitive advantages of the Murmansk Transport Node (MTN), which make the 
region is not only a perspective base of Arctic shelf development, but also the most important transportation 
node of the Russian Federation [4]. Kola Bay and adjacent bays are a basing place of trading, fishing, ice-
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breaking and naval fleets. Murmansk - the starting point of the NSR and the base of the Russian nuclear 
icebreaker fleet (Fig. 1). 

Start development of the Arctic shelf and increasing volumes of oil transportation will inevitably lead to the 
fact that the Murmansk will be industrial base of future projects for the extraction of oil and gas resources of 
the region; it will give impulse to the development of the North West industrial enterprises. With great 
certainty it can be argued that the Murmansk today has the same strategic importance for the Russian 
economy in matters of development of the Arctic shelf resources as the Norwegian port of Stavanger and 
Scottish port of Aberdeen at the beginning of oil extraction on the North Sea shelf over 30 years ago. 

Currently, Murmansk region acquire the status of the capital of the new oil and gas province and is one of 
the most industrialized and attractive to investors regions. 

The main region port is the Murmansk Sea Trade Port (MSTP) as a kind of "Russian Arctic Gate", which 
specializes in the transshipment of ore and chemical products. A great advantage of the port can be 
considered that it is conveniently located for the main countries importing. Recently, its main task is to 
increase the throughput, which is caused by the growth of turnover and, in particular, the growth of 
hydrocarbons export. 

 

Fig. 1 Murmansk port as a transport node for the delivery of hydrocarbons to the sales markets 

Major activities to enhance the efficiency and competitiveness of the MTN have been carried out in 2001-
2005. Reconstruction of MSTP and the dredging operations in the Kola Bay allowed taking vessels with 
water displacement of over 350,000 tons. It is important to note that these capabilities does not have no 
other port in the European part of Russia. The new transshipping complexes and oil terminals are put into 
operation, it will greatly increased the volume of cargo turnover in the region ports, the volume of 
transshipment and sending oil for export.  

The carrying out reconstruction of port terminals and construction of raid oil transshipment complex create 
good preconditions for the development of MTN not only in the traditional direction, but also for the gradual 
transformation of it into a large port of Russia and northern Europe for oil transportation, including oil 
extracted on the Arctic shelf deposits. 
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Currently, Murmansk region has a significant number of production facilities under the jurisdiction of the 
military-industrial complex (MIC). For objective reasons, established during the period of reforms, many 
defense enterprises are on the verge of bankruptcy, or an unprofitable state. Thus, during the Soviet period 
were set up businesses to repair and modernize warships and submarines of the Northern Fleet, with their 
unique fixed assets and standing idle today without government orders. Part of the production capacity of 
these organizations can be re-oriented to production of equipment for the oil and gas complex. The 
involvement of military enterprises is especially important in terms of quality of the welding operations, metal 
constructions processing, and also of experience and knowledge of the staff. 

The presence of institutions of basic and applied science in the region creates the preconditions for 
accelerated economic growth in the real sector of the economy and the transition to the technological 
development, production of innovative products. 

The favorable geographical position and well-developed infrastructure make the Kola Peninsula attractive for 
the logistics of drilling, deposits exploitation, oil, gas and condensate transportation, installation and repair of 
platforms and equipment, fleet maintenance and social security with using of existing production capacity 
and labor resources. 

In the Murmansk Region Consortium "Murmanshelf Logistics" was created in 2009. Consortium enterprises 
are ready to participate in matters of preparation, organization and implementation of transport, customs 
clearance and storage of equipment and supplies for the construction of coastal and marine infrastructure of 
the oil and gas projects. The start of deposits development in the Barents Sea and the construction of a 
pipeline to the coast of Murmansk region will also contribute to a significant socio-economic development of 
the neighboring regions, particularly in the Arkhangelsk region, which is one of shipbuilding centers of the 
Russian Federation. Despite the diversification of production occurred at the Arkhangelsk region largest 
enterprises and their reorientation on civilian targets, the organization maintained high professional 
engineering and technical personnel and the ability to work with high technology. As the largest shipbuilding 
center of Russia, Arkhangelsk region transport companies will be able to supply goods to the Murmansk 
region, which will be needed for oil and gas projects. 

In addition to the Kola Bay the region area has a large number of ice-free, deep-water areas that already 
have traffic approaches, which can be used for processing of various cargoes. To create a new port in the 
region was considered a few districts - Pechenga, Vidjaevo and Teriberka, the main their advantages are 
ice-free water area, deep water, and territories loose from building. 

The analysis leads to the conclusion that the MTN has reasonable development prospects related to its 
competitive advantages [4]. At the same time it should be noted the constraints and risks affecting the 
development of the transport node: 
• The lack of a state-level of clear and reasonable priorities for the development of oil and gas provinces 

(Arctic, West Siberian, Far East, etc.), as well as for the transportation of hydrocarbons to the world's 
major markets. 

• Insufficient consistency and coordination of ports development in the Barents Sea and Baltic Sea, 
leading to the unwanted and unwarranted competition with the corresponding economic losses. 

• limited opportunities and changing situation on the Trans-Siberian Railway in connection with the 
intended additional transportation of 1 million containers a year from the Asia-Pacific region to the EU 
already in the 2010, creating difficulties for increasing and even maintaining of the existing level of 
coal export from the Kuzbass. 

• The complex political relationships with the United States that impose limits on the dynamics of 
hydrocarbon export to the North American market. 

• Insufficient opportunities of icebreaker and special gas transportation fleet, which creates risks when 
developing shelf deposits and transportation of raw materials to the major terminals and further to the 
markets of Europe and North America. 
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3. TOOLS OF INCREASE EFFICIENCY OF LOGISTICS OPERATIONS DURING THE SHELF 
DEPOSITS DEVELOPMENT 

The development of hydrocarbon deposits on the Arctic shelf of Russia hampered by severe weather 
conditions. A large area of the Murmansk region is located above the Arctic Circle. The high level of 
production costs connected with the peculiarities of the pricing for the Far North, leads to a decrease in the 
profitability of production, inhibition of port economy development and hinders the economic development of 
the region. 

One of the options the partial compensation of the increased level of production costs, is the organization of 
a Special Economic Zone of the Port Type (SEZPT) [2] in the Murmansk region [5], supported by the 
Resolution of the Government of the Russian Federation. Creating a SEZPT will significantly increase the 
effectiveness of supporting of the exploration and production platforms, as will eliminate the need of 
declaring foreign high-tech equipment and components. Reducing costs will be achieved as by eliminating 
customs duties and saving of time on the relevant procedures [6]. This may be a decisive factor under 
conditions of high-risk and low profitability. Creating a SEZPT will contribute in perspective to the creation of 
the transport and logistics, fuel and energy and also fish clusters. 

Port zones - an important tool for the world economy, an integral part of modern international economic 
relations. The establishment and operation of zones contribute to the general economic growth at the 
national and regional levels. The rapid spread of SEZPT confirms their positive role as an important 
institution of the world economy, contributing to the acceleration of economic development, improving its 
stability, attracting of internal and external resources for ensuring of economic growth [7]. 

The development of MTN is one of development trends of the region, the implementation of which will allow 
revitalizing NSR, and creating the conditions to accelerate oil and gas development on the coast and shelf of 
the Pechora and Barents Seas by the development of port, rail and road infrastructure. Investment in the 
development of MTN is about 300 billion rubles, which planned to be spent up to 2025. Of these public 
investments should be 40 %, the rest - the share of private capital investment and regional. The mechanism 
for the implementation of the economic component of the project is chosen path of public-private 
partnerships. Russia to maintain its position in the global energy market requires the active exploration of 
new deposits on the shelf of the Arctic seas, the diversification of sales markets. MTN has a number of 
advantages over other ports in the European part of Russia, due to which his status as a base port of NSR 
can grow to the largest Russian strategic port, such as the ports of St. Petersburg and Novorossiysk. In 
contrast of these ports Murmansk has a huge free undeveloped areas located on the western shore of the 
Kola Bay, where we can place a modern terminals for processing of all types of goods, including hazardous 
and dusty. It is assumed the new oil complex on the western shore of the Kola Bay, and in the longer term 
the construction of complex for processing of LNG, the creation of infrastructure for receiving, stockpiling and 
primary processing of hydrocarbons, and also the specialized fleet, which will allow cost-effectively to deliver 
oil and gas in any prospective region of the world. 

In recent years, the regional and all-Russian significance of Murmansk port increases, more and more, as a 
transport access to the Atlantic shipping lanes and the NSR. This is due in recent years, with the steady 
growth of the Russian economy and foreign trade turnover, 60 % of which is secured by a maritime 
transport. 
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Abstract 

First work with standardization for European containers begun before established of 'Bureau International 
des Containers et du Transport Intermodal' (B.I.C.) in 1933. First point of view for use containers in 
European transport was under International Road Congress in Roma in 1928. Italian senator Silvio Crespi 
suggest to use containers as possibility of co-operation for rail and road transport, no as a competition. In 
1931 in Venice was first competition for the best construction of European container. Article describe steps 
of standardization of European containers before ISO standard since 1931 to 1965. 

Keywords: Container, Europe, standard, history 

1. INTRODUCTION 

First information about container transport came to Europe from USA in 1917. In this year in Cincinnati 
begun use a demountable bodies to serve a freight station systems [15].  Next information from USA is from 
1921. In this year New York Central railroad begun regular container transport for mail from New York to 
Chicago. Very shortly container system was extended from Chicago to Cleveland, Ohio [2]. A summary of 
prime advantages of the container car system is as follows [21]:  
a) It will furnish a means of expediting deliver)' of less- than-carload lots of commodities by eliminating 

the time and expense of rehandling, checking and trucking.  
b) It will eliminate costly crating and packing.  
c) The immediate unloading and loading of containers at terminal points eliminates the item of 

demurrage, at the same time promptly releasing rolling stock, clearing the yards of cars and reducing 
congestion.  

d) It will eliminate the piecemeal loading of cars at railway sidings in exposure to all kinds of weather.  
e) It will tend to keep the car moving at all times, making possible double the mileage as made now by an 

ordinary piece of rolling stock.  
f) Containers are fire- and weather-proof, and also burglar-proof in that they cannot be opened while on 

the car or while being transferred by handling device to and from the car.  

The increased service capacity of each unit by the development of the container-car system is thought to 
hold farreaching economic possibilities in railroad operations of the future, as well as in the co-ordinated use 
of the motor truck and the electric railway [21]. Next step was in 1922. In this year Erie Railroad start use 
containers to serve freight delivery. The way of container begun in Jersey City. Then fully containers were 
lifted on rail cars. Theses rail cars were moved onto car float. Car float was towed to centrally located pier on 
the Manhattan side, also equipped with cranes, which will remove the containers and load them up on motor 
trucks [8]. 

2. DEVELOPING EUROPEAN CONTAINER SYSTEM  

Next big step was in 1926 in Europe. In this year begun regular connection of luxury passenger train 
London-Paris, Golden Arrow/Fleche d'Or. For conveyance baggage of passengers was use four containers. 
These containers was loaded in London or Paris and carried to ports, Dover or Calais, on flat cars in UK and 
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“CIWL Pullman Golden Arrow Fourgon of CIWL” in France [4]. In begging of 30’s years railway had feel more 
and more competition from road transport.  First speaking about use of containers was on First World Motor 
Transport Congress in London November 14th-17th, 1927. [28] Next motor transport congress was decisive 
for development of European container system.  This Congress was in Roma September 25 th -29 th, 1928.  

Under this congress very important speaking has of Italian senator Silvio Crespi.  Senator Silvio Crespi in 
speech which attracted considerable attention, dwelt at length on the importance of co-operation and on the 
necessity for translating theory into reality. “the question” he said, “that has interested members of Congress 
both in London and in Rome is that of the collaboration between railway and automobile. Rightly has the 
British delegate affirmed in this morning’s speech that to-day it is no longer possible to conceive modern 
economic lift without the realization of more intense form of collaboration between all means of transtation”. 
He went on the enlarge on the advantages of container and railroad systems and advocate the creation of 
powerful international organ on the lines of Sleeping Car Company. To get something done, he proposed 
that the Congress should entrust the study and the eventual operation of such a project of Conference 
composed of the President of the Commission on Communication and Transport of the League of Nations, of 
the International Union of Railways, of the International chamber of commerce and the International touring 
Association. The following resolution was then presented: the Congress is of opinion that collaboration 
between motor transport and railway transport, whose utility for both means of transport as well as for the 
public has already been recognized in the previous Congress held in London, may be effectively and 
completely attained, apart from special arrangements varying as between one region and another, only be 
respecting the principle of the maximum efficiency of the lines, in the other word that the steam service (or 
railway electric service) should deal with  heavy and long-distance traffic, while motor transport should deal 
with tributary and branch traffic, the tow systems collaboration in the most broad and equitable spirit of 
collaboration [33].    

Next big speaking was under International Railway Congress in Lugano, December 1st-5th, 1929. The main 
subject of discussion was competition between motor transport and railway transport, exactly, buses vis 
passenger trains in short distances. Second subject of discussion was exploitation of containers for freight 
transport. There decided to promote this system for protection economy of railway companies [36].   

Under the auspices of the International Chamber of Commerce on February 22nd, 1933, in Paris, France, has 
been taken resolution by the Committee recommending the creation of an International Container Bureau, 
and was the inaugural meeting of the International Container Bureau (BIC). In addition to the German, 
French, British, Italian, and Belgian railways, who have already agreed in principle to affiliate, many of the 
railway administrations belonging to the International Union of Railways, as well as the automobile 
organizations, shipping companies, associations of forwarding agents, etc, of a number of countries were 
represented at this meeting. The object of the International Container Bureau is to organize International 
collaboration on a permanent basis for the best possible exploitation of containers in international traffic [12]. 

The work of the International Bureau for Containers based on cooperation of active and corresponding 
members. The first one involves private or public transport and railway lines in each countries and Enquirers 
group, formed on the basis of an agreement between the transport and railway lines and companies, 
exploiting containers. The countries co-operating on these principles include England, Belgium, China, 
France, Spain, Italy, the Netherlands, Germany, Marocco, Saarland. The corresponding group members may 
belong all the institutions and persons producing, exploiting, or. interested in the technical progress of 
containers. Represented here are the following countries: England, Belgium, Czechoslovakia, Denmark, 
France, Spain, Italy, Germany, Poland and the United States. The third group of members of the office 
represent founding members, ie all these associations, committees, unions and etc., which are organized in 
the 1930-1931 contest in Venice for most practical container. The work and the experience of the 
International Office are available only to members and made in the form of messages, publications or 
memoranda [14]. In June 1933 'Bureau International des Containers et du Transport Intermodal' (B.I.C.) 
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decided about obligatory parameters for containers uses in international traffic. Containers handled by 
means of lifting gear, such as cranes, overhead conveyors, etc. for traveling elevators (group I containers), 
constructed after July 1st, 1933 [27]. 

From January 1st, 1935 in Europe was UIC Convention on the mutual use of the container [34. This 
agreement had three parts with 19 paragraphs. First part was INTRODUCTION, where define word 
container, small from 1 to 3m3, and big over 3m3. Second part has about containers owned by railway 
companies. There paragraphs obtained: inscriptions [i], consignment note, conditions that should have 
containers for handling between railways, and others. Third part has about containers owned by private 
companies. Poland signed this Agreement in January 1938 [35].  

In April 11st-19th, 1935, in Milano was Second Meeting of B.I.C. There were was presentation and tests of 
containers [19]. In June 16th-19th, 1937 was in Paris The Second International Week of Containers. Under 
this meeting was spoken about developing of container transport in Europe ad was a presentation types of 
containers [5].   

September 1st, 1939 Nazi Germany and Slovakia invade Poland, beginning the European phase of World 
War II. After end World War II countries in Europe  begun resurrection after war damage.  

March 5th, 1946 in Fulton, in Missouri state of USA, English politic Winston Churchill said: From Stettin in the 
Baltic to Trieste in the Adriatic an iron curtain has descended across the Continent. Behind that line lie all the 
capitals of the ancient states of Central and Eastern Europe. Warsaw, Berlin, Prague, Vienna, Budapest, 
Belgrade, Bucharest and Sofia; all these famous cities and the populations around them lie in what I must 
call the Soviet sphere, and all are subject, in one form or another, not only to Soviet influence but to a very 
high and in some cases increasing measure of control from Moscow [20]. 

First step in West side of Europe was formed in 1948 as The Organization for European Economic Co-
operation (OEEC) to administer American and Canadian aid in the framework of the Marshall Plan for the 
reconstruction of Europe after World War II It started its operations on April 16th, 1948. Since 1949, it was 
headquartered in the Chateau de la Muette in Paris, France. After the Marshall Plan ended, the OEEC 
focused on economic issues. It was founded by the 16 participating countries - Austria, Belgium, Denmark, 
France, Greece, Netherlands, Ireland, Iceland, Luxembourg, Norway, Portugal, Switzerland, Sweden, 
Turkey, United Kingdom and Italy [31]. 

In 1946 in London was established the ISO organization. ISO was born from the union of two organizations. 
One was the ISA (International Federation of the National Standardizing Associations), established in New 
York in 1926, and administered from Switzerland. The other was the UNSCC (United Nations Standards 
Coordinating Committee), established only in 1944, and administered in London. The conference of the 
national standards bodies at which it was decided to establish ISO took place at the Institute of Civil 
Engineers in London from October 14th -26th, 1946. There 25 countries were represented by 65 delegates 
[9]. 

After Second World War first initiative of standardization for container was  in summer of 1949, when 
Switzerland’s railway and Netherlands begun cooperation with use small swap body designed in Netherland 
in 1938, They were called “laadkisten”.  Shortly to cooperation joint railways from Belgium, France and 
Germany. Next step was international exhibition of Club „Museum of Transport Switzerland" (org. 
Verkehrshaus der Schweiz) on behalf of "Bureau International des Containers "and under the patronage of 
City Council of Zurich of April 14th-23rd, 1951 in Zurich- Tiefenbrunnen conducted. There were 
representatives  of the Switzerland, Belgium, Germany, France, Great Britain, Italy, the Netherlands, Sweden 
and the United States charged. On this conference first time was published wood pallet development by 
Swedish company BT Industries. Later this pallet was called as “EUR pallet” [17]. After this meeting in many 
countries of West Europe was use the first standards of containers called “Pa-Behälter”. This system was 
used in Netherland, West Germany, Belgium, Luxemburg, Swiss, Sweden and Denmark [32].  
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This initiative is parallel to a very important event for the unity of Europe. On April 18th, 1951, in Paris, the 
Foreign Ministers of Belgium, the Federal Republic of Germany (FRG), France, Italy, Luxembourg and the 
Netherlands sign the Treaty establishing the European Coal and Steel Community (ECSC), which 
subsequently became part of the European Union [29]. 

The European Union (U.I.C.). The U.I.C. has adopted standard sizes for containers to be used in maritime 
traffic. These are contained in Chapter IV of its Leaflet No. 590 approved in 1957. Types 1 and 3 are 
adaptable to PA equipment (Porteur Amenage) [24]. Second regulation for international container transport 
in Europe was done in 1958 [24]. Later norms for west European containers was at the end of 60 years, UIC 
590 late 1960 years [21]. 

Table 1 Obligatory norms for West side European containers since 1957 [24] 
Type Volume [m3] Length [m] Width [m] Height [m] 

1 10 2.921 2.1352 2.0515 
2 8 2.403 1.8446 2.0986 
3 5 2.2987 1.32334 1.85105 
4 3.99 2.403 1.0477 1.85105 

Table 2 Obligatory norms for West side European containers since 1958 [24]  

Type Category 
Dimension 
Parellel to 
the Track 

Dimension 
Perpendicular 
to the Track 

Maximum 
Height 

Curved Top 

Maximum 
Height 

Flat Top 
Closed 102 5.0271 2.2964 2.5515 2.1999 
 72 3.4971 it n n 
 52 2.5015 ii ii ii 
 32 1.507 n ii n 
 22 0.9956 n ii ii 

Table 3 Norms for West side European containers was at the end of 60 years, UIC 590 late 1960 years [21]  
Construction Type Lenght [mm] Width [mm] High [mm] 

Close  102 5000 2300 2550 
 72 3500 2300 2550 
 52 2500 2300 2550 
 32 1500 2300 2550 
 22 1000 2300 2550 
Open 101 5000 2300 2000 
 71 3500 2300 2000 
 51 2500 2300 2000 
 31 1500 2300 2000 

In East side of Europa was Comecon. The Council for Mutual Economic Assistance, Comecon, was 
launched by Stalin during the Moscow Conference (January 5th-8th, 1949). Formally, an organization founded 
in Moscow on January 25th, 1949. The group included: People's Republic of Bulgaria, Czechoslovak, Polish 
People's Republic, Romanian People's Republic, the Hungarian People's Republic and the Union of Soviet 
Socialist Republics, February 21st, 1949 joined the Albanian Republic of China, and September 29th, 1950 
the German Democratic Republic. At the origin of the CMEA is called. Molotov Plan 1947 - Soviet counter-
proposal to the Marshall Plan. Comecon was supposed to be Eastern European response to the Marshall 
Plan and the creation of the Organisation for European Economic Cooperation [1]. 

In East side of Europa first step for container transport was established November 1st 1951. This day was 
signed by Albania, Bulgaria, Hungary, Vietnam, East Germany, China, North Korea, Mongolia, Poland, 
Romania, the USSR, and Czechoslovakia, an International Agreement on Direct International Goods 
Transport by Rail and Procedure Instruction (SMGS). In this document was use term small and big 
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containers. As small containers means container with volume from 1 to 3 cubic meters and total mass to 2.5 
tons. As big containers means container with volume more than 3 cubic meters and total mass 2.5-5 tons. In 
East side of Europe was designed railways station for operation small and big containers [23]. Later was 
established in Sofia, Bulgaria on June 28th, 1956 The Organization for Cooperation of Railways (OSJD or 
OSShD) (Russian: Организация Сотрудничества Железных Дорог or ОСЖД), as the equivalent of the 
International Union of Railways (UIC) to create and improve the coordination of international rail transport.  
To this organization joined countries of Eastern bloc:  Albania, Bulgaria, Hungary, Vietnam, East Germany, 
China, North Korea, Mongolia, Poland, Romania, the USSR, and Czechoslovakia. The governmental 
ministers managing railway transport decided to establish a special inter-governmental organization, the 
executive body of which started operations in Warsaw, Poland on September 1st, 1957. Parameters for 
containers were directly take from norm of Soviet Union ГОСТ 9106-59 Контейнеры универсальные. 
Основные параметры [10], [22] Comecon suggest other parameters for containers [22]. 

Table 4 Parameters for East side Europe, Osshd containers, 1956 [22] 
Type Length [mm] Width [mm] High [mm] Load Total 

mass 
Tara 
mass 

 External Internal External Internal External Internal tons tons tons 
UM-1.25 1300 1230 1050 1000 1800 1525 1,0 1.25 0.25 

UM-2.5 2100 1980 1300 1150 2250 or 
2500 

1900 or 
2200 2,0 2.5 0.50 

UM-5 2600 2450 2100 1940 2250 or 
2500 

1900 or 
2200 4,2 5.0 0.8 

Table 5 Parameters for East side Europe containers suggest by Comecon [22] 
Type Length [mm] Width [mm] High [mm] Total mass [ton] 

UK-2.5 2100 1325 2400 2.5 
UK-5 2650 2100 2400 5 

3. STANDARDIZATION WITH ISO NORM 

By 1962, much of Europe was allowing larger sizes of containers than was America, so the new American 
standard sizes, 8 feet high, 8 feet wide, and 10, 20, 30, or 40 feet long faced no technical obstacles. Many 
continental European railroads owned fleets of much smaller containers, made for 8 or 10 cubic meters of 
freight rather than the 72.5 cubic meter volume of a 40-foot container. The Europeans wanted their 
containers recognized as standard. The British, Japanese, and North American delegations were all 
opposed, because the European containers were slightly wider than 8 feet. “The metric countries” wanted to 
confirm the container sizes that had been in use in the UIC (Union Internationale des Chemins de fer).  A 
compromise was struck in April 1963. Smaller containers, including the European railroad sizes and 
American 5-foot and 6 2/3-foot boxes would be recognized as "Series 2" containers. In 1964, these smaller 
sizes, along with 10-, 20-, 30-, and 40-foot containers, were formally adopted as ISO standards [7]. Then the 
Russians wanted their Eastern European sizes put in, so was called them Series 3. The first standards that 
came out in ISO Standard 668 included all three series. But when it came to the market place, no-one 
bought Series 2 or Series 3 for this new service called “intermodal containers”. Everyone went to Series 1, 
and several plenary meetings later, it was agreed to drop the Series 2 and 3. American negotiators says in 
memories that it was a big success for them [9].  

We should agree with this opinion, all sea ships have use ISO standards, inch parameters, for carrying 
containers.   

In 1968, the Technical Committee 104 of the International Organization for Standardization (International 
Standardization Organization - ISO), based on the Customs Convention from June 18, 1956, included in the 
Geneva, defined container. It is a transport device: 
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• a permanent and adequate strength, which provides the re-use; 
• designed to facilitate the carriage of goods, by one or more modes of transport without having to 

reload; 
• equipment to its manipulation, particularly when being transferred from one mode of transport to 

another; 
• allowing it to be easily filled and emptied;  
• with a capacity of 1 m³.  

The last valid (international) standard for containers UIC code 590, was cancelled January 1st, 2004 [30]. 

On the conference of ISO in Moscow June 14th-28th, 1967, are certain standards essential to describe a 
freight container, ISO container [13]. After conference for standardization of pallets in Paris 1956, fixed in 
West and East Europe standards for pallets. In former Soviet Union were dimension for pallets: 800*1200 
mm, 1000*1200 mm and 800*1000 mm [23]. In 1960 established EUROPEAN CONVENTION ON 
CUSTOMS TREATMENT OF PALLETS USED IN INTERNATIONAL TRANSPORT [6]. This begun to gain 
popularity of pallet and work with containers designed for euro pallets, 1200*800*144 mm. In Germany 
deigned special truck body “Wuppertal” and “Ulm”. Moreover designed a special low floor rail wagon to 
carrying truck with trailer, or trailer alone, called “Aachen”. System “Wuppertal” had truck and trailer with 6 
meter long demountable body with total mass 10 tons. System “Ulm” had one trailer body length since 10.7 
to 12 meters, with total mas to 20 tons. System “Aachen” had low floor rail wagon with high above a rails 380 
mm [3]. In France designed system called “Kangorou” and “Semi-remorque” [32].   

4. CONCLUSION 

When ISO system was develop his range in the world, in Europe was concentrated on technical solutions for 
carrying euro pallet, which is now a basic load unit in European trade. Experience with special truck bodies 
for euro pallets was use to prepare norms of swap bodies. First as German norm DIN 70013-1:1982-05: 
Wechselbehälter für Lastkraftwagen und Anhänger; Anschlußmaße und Zentriereinrichtungen (Swap bodies 
for lorries and trailers; Connecting dimensions and centring device), leter as European norm  DIN EN 
284:1992-04: Wechselbehälter; Wechselbehälter der Klasse C; Maße und allgemeine Anforderungen; 
Deutsche Fassung EN 284:1992 and DIN EN 284:2007-01: Wechselbehälter - Nicht stapelbare 
Wechselbehälter der Klasse C - Maße und allgemeine Anforderungen; Deutsche Fassung EN 284:2006, 
Swap bodies - Non-stackable swap bodies of class C - Dimensions and general requirements; European 
version EN 284:2006. Experience with special rail wagon system “Aachen” now is use as a Rollende 
Landstraße (RoLa). Experience with special wagon Kangourou gets parameter for flat wagon type Sdg. So 
as we see, in Europe we had very long and very interesting way for present shape of load units.  If we know 
that: Roma wasn’t built in one day, with containers is the same. We can say: who don’t read history, can 
believed in each kids story. 
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Abstract 

Inventory management of operational material issues play an increasingly important role in road passenger 
transportation companies’ processes performance. However, the application of classic methods of inventory 
management in this case is not always possible. The variety of buses used by carriers makes spare parts 
management a major challenge even for experienced logisticians. Therefore, in the presented paper authors 
focus on the problem of inventory management of operational materials used in road passenger transport 
companies. There is presented a literature review of the study area. Then, there are presented the basic 
problems of operational materials inventory management process performed by the carrier operating in 
Lower Silesia region, Poland.  

Keywords: Transportation system, inventory management, maintenance 

1. INTRODUCTION 

Passenger transport companies which began with the former group of PKS (coach travel company) have a 
very diverse bus transport base used for their service performance. This diversity applies to both the age of 
the means of transport, as well as brands and models of buses in use. This is primarily due to remnants of 
previous organizational form and the current financial situation, which is typical for most of these companies. 
Research conducted in 2011 among Lower Silesian carriers belonging to the former group of coach travel 
company revealed that means of transport in use were aged from 5 to 30 years, with the majority of the 
buses having served even over 15 years (Statutory Research carried out by the International University of 
Logistics and Transport in Wroclaw in 2011-2012). The current investment purchases which are connected 
with the bus fleet replacement are limited by accessible funds. Therefore, these companies repurchase used 
vehicles from other domestic and foreign carriers taking into account the attractive price and essential 
technical requirements which should be fulfilled.  

Such a state of the owned bus fleet makes operational inventory management a real challenge for managers 
responsible for inventory control systems performance. On the one hand, the performed transport activity 
requires the high level of buses maintainability and supportability necessary to be fulfilled by the carrier. This 
is connected with the necessity to keep the selected items of material in stock in such a quantity that 
provides immediately performance of the basic maintenance operations. On the other hand, a large variety 
of buses and connected with it a wide range of required spare parts make the number of spare parts kept in 
stock for each type of the bus very high. It also makes difficult to determine the optimal level of inventories. 
Therefore, the aim of this article is to investigate the main problems which occur in the area of operational 
materials inventory management performed by road passenger transport companies.  

2. INVENTORY MANAGEMENT OF OPERATIONAL MATERIALS - LITERATURE REVIEW 

Sufficient inventory level of spare parts has to be maintained to keep the complex technical system (e.g. 
transportation system) in operating condition. When the spare elements are under stocked, it may lead to 
extended system downtime and, as a consequence, have a negative impact on the system availability level. 
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On the other hand, maintenance of excessive spares can lead to large inventory holding costs. Moreover, 
the requirements for planning the logistics of spare elements being necessary in maintenance actions of 
operational systems differ from those of other materials in several ways: the service requirements are higher, 
the effects of stock-outs may be financially remarkable, the demand for parts may be sporadic and difficult to 
forecast, and the prices of individual parts may be very high. 

Consequently, one of the most important decisions faced by maintenance managers is the determination of 
optimal stocking levels which involves finding the answer to the following questions, such that the total 
expected inventory costs are minimized: 
• When to (re)order? 
• How many items to (re)order? 

The problem of providing an adequate and efficient supply of spare parts to support of operational systems 
maintenance has been researched for many decades. There are a lot of models in the literature on reliability 
theory regarding to the spares supply process optimization. A significant portion of them base on a classic 
inventory theory, where the procurement process parameters are usually optimized taking into account the 
cost constraints (see e.g. [1]), and with repairable parts. Many inventory papers which treat stock 
replenishment problems for stochastically failing equipment/systems are surveyed in [2] and updated by [3].  

A survey of inventory system models, made in 1991 by Cho & Parlar [3], divides the existing models into 
three topical categories: 
• irreparable-item inventory models, 
• repairable-item inventory models: single-echelon case, 
• repairable-item inventory models: multi-echelon case. 

A comprehensive reviews of multi-echelon inventory models for repairable items are given e.g. in [4, 5].  

Irreparable-item inventory modelling has been narrowed down mostly to the cases of Markov processes 
implementation (see e.g. [6, 7]). Early studies in the area of repairable-item inventory modelling had primarily 
been focused on the military problems [8]. More recently, other applications have appeared.  

Recent overview of models integrating spare part management and repair capacity is made by Guide Jr & 
Srivastava [9], which examines the various models and classifies them according to their solution 
methodology, single versus multi-echelon, and exact versus approximate solutions. Worth taking a note is 
also a survey done by Kennedy et al. [10] in which literature is reviewed according to management issues, 
multi-echelon problems, problems involving obsolescence, or repairable spare parts. The particular interest 
should be given also to the work [11], which provides an overview of the available literature in the field of 
spare parts modelling issues for technical systems performance and presents the basic models of optimal 
reliability system reliability structure. More recently, an overview of some recent developments in the area of 
inventory planning and maintenance scheduling issues is given in [12]. The emphasis is put on spare part 
inventory models, which the authors divided into four main groups of models: models of optimal spare part 
inventory policy for system under PM, number of spare parts optimization models, storage reliability models, 
and multi-echelon systems models. Later, authors in [13] investigate the literature relevant to decision 
making process in the area of planning and control of the spare parts supply chain in organizations. More 
recently, in 2011 authors in their work [14] present a literature review on single location spare parts inventory 
control, embracing both demand forecasting techniques and inventory control decisions on the different life 
cycle stages. Moreover, authors identify the following research opportunities on inventory management 
connected with: criteria to decide whether to stock an item or not, how much to order in the first and the last 
batch, demand forecasting and inventory control models integration, and case studies on real applications. 
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Consequently, the main problems being solved in the area of inventory planning and maintenance 
scheduling issues are [15]: 
• supply process parameters optimization taking into account the chosen maintenance policy constraints 

(see e.g. [16, 17]), 
• multi-echelon problems (see e.g. [18, 19]), 
• service level optimization in order to minimize the inventory costs (see e.g. [20]), 
• storage reliability (see e.g. [21, 22]). 

The main criteria for optimization of inventory control parameters include: maximizing the system operational 
availability ratio (e.g. [23]), minimizing the function of the expected operating costs and inventories (e.g. 
[24]), or to minimize the risk function of spare parts unavailability (e.g. [25]). 

3. CASE STUDY 

The analysed company is located in Lower Silesia and began with the old bus station group PKS (coach 
travel company). The company provides passenger transport services performed in the forms of scheduled 
services (suburban, regional, national transportation) and irregular services (rent, interim orders). Today, the 
company is forced to strongly compete at the passenger transport market, in both performed forms of 
services - regular and irregular one. This makes necessary the implementation of a number of organizational 
changes aimed at improving service quality and customer service quality. Moreover, this indicates on the 
infrastructure investment requirement. One of the performance areas with the highest priority for 
reorganization/investment is outdated transport fleet replacement problem.  

The current transport base contains of 121 vehicles of different size, capacity and standards. A large part of 
the owned bus fleet base has been purchased before 2000, when the company has been a part of a group of 
coach travel company. Today, the company uses the vehicles of the eight brands producers (Table 1). 

Table 1 Carrier’s bus fleet base  

No. Bus brand Number of buses for 
defined brand 

1 Autosan 64 

2 Jelcz 6 

3 Man 2 

4 Mercedes 26 

5 Neoplan 1 

6 Renault 3 

7 Setra 12 

8 Solaris 7 

The bus of any brand requires supplying with different spare parts and different operational materials. This 
results in the necessity to maintain a large number of inventories being kept in stock, which are dedicated to 
the relevant brand. At the same time, there are different types of used buses under the defined brands, what 
results in an increase of product items required to be maintained in a store. 

As it can be seen in the Table 1, the carrier has the largest number of buses produced by the Autosan 
company. This is mainly connected with the remnants of previous organizational form of the company, when 
it purchased all the buses mainly from this selected supplier. However, the fact that so many buses came 
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from a single source does not result in the standardization of necessary supply materials. The products of 
Autosan brand cover a great diversity of different types of buses. Following this, the 64 Autosan buses used 
by the carrier can be divided into seven types of buses: H-7, H-10, H-9-21, A-09-09, H-10-10, A-10-12 turis, 
A-10-12 city bus. Each Autosan bus model requires the use of specific supply materials and spare parts. The 
used bus models analysis of elements standardization possibilities proves that the only element common for 
selected types of buses may be the headlights. 

The other used brand buses are not so very different internally, but also in their case it is difficult to define 
the high level of used elements standardization. This is mainly due to the fact, that the carrier is currently 
renewing its bus fleet by repurchasing process done by buying used vehicles from other, mainly foreign 
carriers. Many transport companies in Western Europe apply the one-brand buses purchasing principle. 
However, the purchased buses are often manufactured on the special order of the carrier and contain parts 
different from the ones used in standard models. Thus, for example, typical version 315 of Setra buses (both, 
the UL and H extensions) is in 90% made from the same components. However, the carrier has bought also 
the Setra buses of S215 and S250 UL versions which had been made on request of the previous owner. As 
a result, these models contain differentiated operational parts. The problem of diversity of elements and 
components also appears when the buses of the same brand are purchased from carriers who perform in 
different countries. The analysis of buses purchased from German and French carriers (the two main 
shopping areas of the investigated carrier) showed, that the buses are different from each other with respect 
to the selected items. 

The used buses maintenance policy performed by the carrier assumes that the spare materials which should 
be available on hand in the repair facilities include: 
• engine oil, fuel and air filters,  
• VI-belts, 
• brake pads, 
• engine oil, 
• transmission oil, 
• coolant. 

It would seem that these supply materials are universal and there should not be a problem with the 
standardization of their use in different types of buses. Unfortunately, it turns out that even within the same 
brand these elements can be significantly different. Taking into account only the engine oil - a material that 
would seem to be universal for all types of buses - it should be noted, that in the newer cars there is used 
synthetic oil, while for the older buses there is dedicated mineral oil. Very interesting here are Autosan buses 
with engine Cumis, which uses special dedicated engine oils. Another example of vide range of required 
spare parts maintenance is a Mercedes 401 UL version with air conditioning. This model requires the use of 
11 different VI-belts and all of them must be kept as a spare in stock. The other types of spare materials 
have also specific differentiating factors that make difficult inventory management tasks performance. 

The defined bus fleet strongly influence the inventory control process and makes attempt to optimize 
inventory levels a real challenge for managers. The current carrier’s situation in this field, on the one hand 
results from the solutions used in the previous organizational form, on the other, it is a result of the current 
company’s purchasing policy. The present direction of performed changes adopted by the Management 
Board of the company is the most appropriate. The restoration process of used bus fleet, through the sale of 
old buses and purchasing new ones, is the most desirable and indeed required by the competitive market. 
This action will allow for getting rid of the old buses which are characterized by the highest operational 
service costs resulting from the high frequency of maintenance actions performance and spare parts 
diversity. However, there should be changed the purchasing rules of newly acquired buses. Now, the carrier 
makes its purchasing decision solely on the basis of the bus price offered by the supplier. This causes the 
situation, that there are purchased single buses of a given brand (e.g. Neoplan, Man, Renault),  
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and as a result, there is a necessity to maintain special spare parts for their operation. For example, the 
Renault buses have very high costs of spare parts, which must be kept in the form of stocks, while each of 
the three buses purchased by the carrier has a different electrical system. Following this there is 
recommended that the carrier’s decision-making process should include LCC (Life Cycle Costs) analysis. 
This analysis can take even the most simplified form which takes into account the minimum number of 
important factors, but allows making real the actual cost of purchase and operation of purchased buses. 

4. SUMMARY AND CONCLUSIONS 

Analysis of the presented case study shows that a large variety of used bus fleet base generates increased 
costs associated with inventory control of operational materials. Following this, the supply systems of Polish 
passenger transportation companies are becoming increasingly complex and require a more sophisticated 
analysis in decision-making process performance. As a result, there is a necessity for further investigations 
of this research area taking into account both, technical elements and the economic impact on the transport 
fleet maintenance processes performance. 

The article is the starting point of consideration about the relations between operational materials inventory 
management issues, requirements and restrictions arising from transport base in use, Life Cycle Costs 
analysis implementation, and optimal maintenance policy definition.  
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Abstract 

The main aim of this paper is to present energy supply chain within underground coal gasification. Poland is 
the largest hard coal producer in the European Union. 90% of electricity generated comes from hard coal 
and lignite, it follows that for Poland is important development of the new clean technologies which allow to 
use energy from coal. Clean Coal Technologies (CCT) allow to energy efficient and environmentally friendly 
use of coal. These technologies include inter alias advanced power generation technologies, energy 
production from underground coal gasification and carbon capture and storage (CCS). CCT can be used to 
obtain eco-efficient energy. The main goals of eco-efficiency is reducing of resources use, minimizing fossil 
fuel use and reducing environmental impacts. Determinants of eco-efficiency analysis for the supply chain of 
chosen clean coal technologies are presented. Key indicators for eco-efficiency improvement in energy 
supply chain within coal are also presented. 

Keywords: Energy supply chain, Clean Coal Technologies, underground coal gasification, carbon capture 
and storage 

1. INTRODUCTION 
Energy resources are vital to power industrial processes and household, while their use is also a major 
contributor to carbon emissions [21]. The integrative nature of supply chain management provides conditions 
for improvement in use and accessibility of energy and can facilitate the transition in which fossil fuels are 
replaced with a system of supply and conversion of renewable energy or new technologies for fossil fuels are 
invented and use. Such technology is underground coal gasification. In Poland coal dominates energy 
supply, covering around two-thirds of the country’s primary energy demand and producing most of its 
electricity. Despite predicted decreases in future production and consumption within the country, and 
competition from other fuels, there seems that coal will remain crucial to the Polish economy for many years 
[12]. That’s why it is important to built such strategies for energy supply chain which allows to estimate how 
the chosen energy mix and technologies influence use and efficiency of energy in both internally and 
externally supply chain. Research and development of new methods of use coal is very important for Polish 
economy. Therefore in Poland clean coal technologies are developed and Clean Coal Technologies Centre 
(CCTW) was established. CCTW is a joint investment project of Główny Instytut Górnictwa and Instytut 
Chemicznej Przeróbki Węgla (Poland). Understanding the relationship between energy supply chain, clean 
coal technologies and eco-efficiency will help managers to address environmental sustainability and will give 
the opportunity for future economic development. 

2. THE STRUCTURE OF ENERGY SUPPLY CHAIN 

The structure of energy supply chain in Poland is strictly associated with the applicable legal requirements, 
technical solutions and policy decisions. On Fig. 1 was shown conceptual, basic model of supply chain 
structure, which takes in account source of energy fuel and technological manufacturing process of those 
sources into energy, distribution network and costumers.  
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Fig. 1 Conceptual structure of energy supply chain 

Source: own study based on [3, 14, 23] 

Coal mines (hard coal) are the dominant source of fossil fuels in Poland. According to estimates, this source 
is and will be the primary element of the Polish energy mix in the future. (Table 1, Fig 2).  

Table 1 Actual and future energy demand for Poland 

Economy sector 
Electricity demand [TWh] 

2008 2010 2015 2020 2025 2030 

Industry 44.3 43.9 44.7 46.8 51.0 53.8 

Transport 3.6 3.6 4.4 4.7 5.0 5.2 

Agriculture 1.6 1.7 1.9 2.1 2.1 2.2 

Service 41.1 6 42.4 47.5 52.2 57.3 65.6 

Household 27.1 27.8 30.9 33.6 36.5 40.7 

Source: based on [18, 19] 
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Fig. 2 Prospective energy mix for Poland in 2030 

Source: based on [18, 19] 

Other types of fuels are: gas and renewable sources (solar, wind and water energy, biomass, etc.) [14]. 
Apart from suppliers of fuels, also suppliers of technological know-how should be indicated [3]. Depending 
on the size of a particular entity, they supply equipment and tools to produce energy. Subsequent links of the 
energy supply chain are as follows: 

• Producers (suppliers) of electricity - those are entities which introduce electricity into the national 
energy grid system, i.e. producers and importers. Electricity is produced in Poland by dedicated power 
plants, as well as heat and power plants which are based on hard coal and lignite (which totals to 
approx. 90% of energy production). Other producers of electricity are industrial heat and power plants 
and more, independent power plants and other scattered sources. 

• The Energy Grid Operator is the most important link in the structure of competitive electricity market 
as this entity is responsible for the quality and reliability of energy supplies, independently from the 
assumed commercial solutions and their efficiency. 

• The energy distribution system in Poland includes both wholesale and retail enterprises which sell 
energy to customers. The links of the supply chain in the energy distribution subsystem are as follows: 
a. Commercial and technical operators, including the energy market, assume some of the tasks 

attributed to producers and recipients and the system operator. The task of this chain link is to 
assess preliminary feasibility of proposed contracts and to establish the working schedule, which is 
then communicated among other links of this chain, particularly the energy grid operator. The 
primary task of that group of operators is to establish a forecast of energy demand and then adjust 
it and balance according to current needs. The goal of commercial entities which buy and sell 
electricity is to achieve profits through maximization of the volume turnover and differences 
between the purchase and sale prices of the energy. Those enterprises offer purchase and sale of 
electricity and assume the risk of price fluctuation. They act in order to minimize those fluctuations 
and, therefore, have a stabilizing effect on the market. 

b. Distribution companies buy energy for their customers, including tariff recipients, however their 
technical limitations are significant. The main problem in that group of entities consists in difficulties 
in precise forecasting the exact amount of energy their end users need. 

c. Recipients of electricity (networked recipients, such as distribution entities and end users, that is 
authorized users and those attached to the power grid), who may be put in two main categories: 
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non-tariff and tariff recipients. The first group has a right to chose the energy supplier and uses 
tariff purchases. The second group buys energy from the local distribution companies and pays 
according to tariffs approved by the President of the Energy Regulatory Office. 

While describing the energy supply chain, it should be noted that in many cases it is an outcome of 
conscious political and technological choices. By its very nature, it is also limited as a product and a service, 
as well as geographically. Those limitations are a result of necessity to separate electricity, which is a 
product, from its supply, which is a service. Electricity as a product is irreplaceable and cannot be stored, 
flexibility of its demand is very limited and has non-homogeneous features, such as a function of time and 
location, etc., which results in a lack of flexibility of the supply chain. In practice, the energy supply chain is a 
permanent communication and exchange network between entities in the energy industry and their 
customers. 

3. SIGNIFICANCE OF COAL IN ELECTRICITY GENERATION  

Coal is the world’s abundant fossil fuel, because can be secure, competitively priced and eco-efficient. Coal 
accounts for 41 % of the world's electricity generation [17]. In the EU, 27 % of electricity comes from coal: 
(coal and lignite), plus imported coal from many countries. Coal mining in the EU provides 220 000 jobs and 
generates wealth by supplying fuel worth € 27 billion - annually [8] Coal is one of the major sources of 
primary energy. Poland possesses the largest coal reserves in Europe [12]. Poland produces 90 % of 
electricity from coal and lignite. Hard coal sales were lower than last years, due to lower coal prices [9]. Coal 
power plants remains the largest source of world power generation through 2040 (Fig. 3) [24].  

 

 

 

 

 

Fossil fuels continue to supply most of the world’s energy. In 2040, coal, liquid fuels and natural gas still 
supply more than three-fourths of total world energy consumption. Coal provides the largest share of world 
electricity generation, although its share declines from 40 % of total generation in 2010 to 36 %t in 2040. 
World coal consumption rises at an average rate of 1.3 percent per year, from 147 quadrillion Btu in 2010 to 
180 quadrillion Btu in 2020 and 220 quadrillion Btu in 2040 (Fig. 4) [24]. 

 

Fig. 3 World net electricity generation by energy 
sources, 2010-2040 (trillion kilowatthours) 

Source: [24] 

Fig. 4 World coal consumption by region, 1980-
2040 (quadrillion Btu) 

Source: [24] 
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4. ECO-EFFICIENCY IMPREVEMENT IN ENERGY SUPPLY CHAIN  

According to EN ISO 14045:2012 [7] eco-efficiency is aspect of sustainability relating the environmental 
assessment of a product system to its product system value. Environmental  indicator should be relating with 
the life cycle assessment results. The product system value to the consumer may be different from the 
product system value to the producer, and in turn different from the product system value to the investor. The 
product system value assessment and environmental evaluation should consider the full life cycle of the 
product system. Eco-efficiency is a relative concept. A product system is more  or less eco-efficient in 
relation to other product system. The main goals of eco-efficiency is reducing of resources use, decreasing 
fossil fuel consumption and reducing environmental impacts. More details about eco-efficiency and eco-
effectivnes concepts in the supply chain management were presented in [6]. The key indicators for eco-
efficiency improvement in energy supply chain within coal are presented at Fig. 5. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5 Key indicators for eco-efficiency improvement in energy supply chain 
Source: own study 

In this paper was proposed the way for eco-efficient usage of coal for Polish economy:  

• usage of clean coal technology for energy production, 

• usage of underground coal gasification (UCG) which significantly reduces cost of installation and 
reduces emissions of pollutants, 

• increasing the efficiency of energy production from UCG,  

• CO2 capture and storage (CCS) deployment, 

• prospective analysis of CO2 capture and utilization (CCU) in the future. 
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5. ECO-EFFICIENT ENERGY SUPPLY CHAIN WITHIN UNDERGROUND COAL GASIFICATION 

Underground Coal Gasification (UCG) can be eco-efficient process to provide environmental friendly and 
economic power generation from coal. UCG is developed as the forward-looking and competitive technology 
for energy production taking into account the Polish conditions. Power generation from UCG can be an 
alternative for energy production from conventional coal power plant which causes high CO2 emissions. The 
National Center for Research and Development under the Strategic Programme for Research and 
Development titled: “Advanced energy generation technologies”, covers eco-efficiency analysis of energy 
production from UCG with Carbon Capture and Storage (CCS) is carried out. Power generation system 
based on coal gasification, may produce a variety of energy products in an eco-efficient way, for example 
clean synthesis gas and electricity, chemicals and fuels for vehicles.  

Chosen determinants of the eco-efficiency of energy production from UCG was presented in paper [5]. The 
determinants of the eco-efficiency of UCG were defined on the basis of the results of the environmental 
assessment of gasification technology and also the results of the costing assessment of gasification 
technology. In case of UCG the main factors determining the costing indicator are the costs of drilling and 
the investments and replacement investments for ground installations connected with UCG process. The 
eco-efficiency of energy production with the application of UCG technology is mainly influenced by 
environmental impact and the costs of drilling at the stage of preparation and use of UCG installation. This 
influence depends on the gasification factor. In the case of oxygen the influence is significantly smaller 
because of a smaller number of boreholes required to coal gasification. The eco-efficiency of energy 
production from UCG analyses require further analyses of the impact of the particular parameters of the 
UCG process on the eco-efficiency result. Environmental and economic benefits of UCG technology was 
presented in Table 2. The economics and environmental aspects of UCG largely depends on the type of 
coal, thickness and depth of coal seams, number and diameter of wells, well completions type and extent, 
type and amount of oxidant used, gas pressure, quality, heating value, leakage, subsidence, water influx 
rate, type and size of compressors used, gas clean up requirements, type and number of instruments and 
conversion and recovery efficiency [16]. Power generation from UCG causes less emission of greenhouse 
gas emission than IGCC and conventional energy production. The steps of eco-efficiency assessment and 
development of energy supply chain scenarios within coal was proposed at Fig. 6. 

 

 

 

 

 

 

 

 
 
 

Fig. 6 Eco-efficiency assessment and development of energy supply chain scenarios 
Source: own study 
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Table 2 Advantages of UCG for eco-efficient energy supply chain 
Environmental advantages of UCG Economic advantages of UCG 

• No pollution connected with coal mining 
• Lower consumption of water 
• Lower dust, noise and environmental impacts 

on the surface 
• Lower surface water pollution risk 
• No coal washing and disposal at mine sites 
• No coal transport and stocking  
• Reduced methane emission 
• Lower surface footprint 
• Heavy metals, ash and wastes remain 

underground 
• UCG by synergy with CCS can reduce carbon 

footprint - the optimal variant is to capture CO2 
from the product gas at the source and 
sequester it near the project site to avoid 
transportation cost. 

• Lack of solid waste and lower emission of 
exhaust gases to the air  

• UCG has the potential of exploiting coal 
resources, which are uneconomic for 
underground coal mining or are too deep to 
mine due to technical and safety restrictions - 
usage of UCG allows to recover coal reserves 
which can’t be use through conventional mining 

• Reduced capital and operating cost of coal 
mining 

• Reduced capital and operating cost of 
transportation and storage of coal 

• The syngas may be used directly as raw 
material for electricity production after cleaning. 

• It is no required waste management facilities 
• Applicability of UCG to all kind of coals from 

lignite to anthracite 
• There are develop new methods of drilling 

Source: based on [4, 10, 11, 15, 16, 22] 

6. CONCLUSION 

Coal dominates energy supply and generates most of electricity in Poland. Poland has the largest coal 
resources in Europe. It is the world’s ninth-largest coal producer and OECD Europe’s leading hard coal 
producer, accounting for more than half of the region’s hard coal production [13]. In Poland coal is current 
the predominant fuel for electricity generation. The energy supply chain with dominate coal participation is for 
Poland actual and future solution for energy mix. However the technological changes in energy production 
have different environmental, social and economical influence. That’s why every structure of energy supply 
chain with new technology need to be verify. The key tool for this verification is conception of eco-efficiency 
that gives clearly quantitative information about influences of the supply chain at sustainable development.  

Clean coal technologies are the main elements in the energy systems development in  
Poland. Underground coal gasification (UCG) is now attractive technology which provide an eco-efficient fuel 
from coal. The main benefits of UCG is recovering coal reserves which couldn’t be use through conventional 
mining and reduction of greenhouse gas emissions. UCG is an advanced eco-efficient technology which 
means an economic and environmentally friendly alternative for exploitation of coal deposits. UCG has the 
potential to high decrease greenhouse gas emissions especially with the use of CCS/CCU, which 
consequently affects the growth of eco-efficient energy supply chain. 
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Abstract 

For effective application of eco-logistics are necessary in the current context two main application areas of 
logistics, namely green logistics and reverse logistics. These application areas are successful "tool" for 
managing of logistics activities in respect of protection and formation of environment. The basic thematic 
content of the article discusses about the theoretical basis, tools and processes of green and reverse 
logistics. 

Keywords: Logistics, green logistics, reverse logistics 

1. INTRODUCTION 

For the purposes of the article solution it is necessary important to make a mention of logistics and its 
application area - eco-logistics. Logistics is determining factor and its growth is in various application areas. 
With the gradual logistics boom it has been transformed its definition and general concept. For example, 
according to the "Council of Logistics Management" (1964) the logistics is the process of planning, 
realization, management of material flow and storage of goods, services and information, from the point of 
creation to the point of consumption, and the priority is customer satisfaction. By Traumann (1976) logistics 
is a system of resolutions and decisions in planning, supply, control of material and information flows from 
the production, so the direction product - retail unit, respecting minimal costs. Lück (1984) characterized 
logistics as a sectional function of planning, supply, control, which is realized in the systems and processes 
of material and information flow. Bewersox (1987) defined logistics as the process of strategic management 
on the base of planning, allocation, material flow control from production to the consumption, with respecting 
of requirements of „optimal“ cost. According to Malindžák (1996) logistics is a philosophy of flows selection, 
by application of system approach, planning, coordination, algorithmic thinking with regard to global 
optimization. Institute of Logistics (1999) published a definition of logistics in terms of sources allocation in 
time and determined logistics as a strategic management of complex supply chain (Malindžák et al., 2007). 
At the same time it is important to emphasize that the philosophy of logistics put the accent on the 
differentiated pages, but based on the study of various literary sources with the theme of logistics, it is 
possible to state, that logistics is based on the management, application of the systems theory, system 
approach, the principle of organization, coordination, algorithmic thinking, and the primary goal is to minimize 
costs and maximize profits in logistics processes in various fields. 

2. GREEN LOGISTICS 

Application area of logistics which is oriented to the impacts of enterprise activities on the environment and 
its parts in the context of environment pollution reduction by reduction of material demandingness of logistics 
activities or for example energy intensity of processes related to the production etc. is called green  
logistics = ecological logistics = environmental logistics.  

For detailed analysis of the term green logistics it is important to note the definitions of two basic initial  
terms - environmental science and ecology. Environmental science is focused on the design and realization 
of measures to eliminate the consequences of interventions (inappropriate, damaging interventions) into the 
environment. Generally it can be said that the aim of the environmental science is to keep the environment 
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for development and life. The environmental science creates a philosophical base, finds way for 
harmonization of human activities with the nature, generates knowledge, formulates principles, methods, 
processes which lead to the sustainable development and biodiversity (Badida et al., 2010). Environmental 
science presents cross-disciplinary discipline about the environment and it is protection and formation of 
environment or care for the environment (Bakalár - Szabová, 2010). In terms of the law about environment, it 
is possible to define the terms protection and creation of the environment for more thoroughly explanation of 
this term. Protection of environment is defined as an activity for prevention of pollution and degradation of 
environment or elimination, reduction of damage (according to the Act. 17/1992 (§ 9) of SR). Creation of 
environment presents systematic transformation of environment according to the needs of man, but on the 
basis of acceptance of full regards of environmental protection (Bakalár - Szabová, 2010).  

According to these definitions it is possible to state that the care of environment is a connection of two 
relatively independent types of activities, namely protection and creation of environment (Bakalár - Szabová, 
2010). Ecology is the branche of science which searches corelations of living organisms and environment. It 
solves the main relations, for example energy flow in ecosystems and other phenomena which relate and 
affect the environment (Badida et al., 2010). But if we search the synonyms of this application area of 
logistics and we compare with this definition of ecology and environmental science, it is possible to state that 
the term ecological logistics is not right and the clear translation, or explanation of the term green logistics is 
in the term environmental science, and therefore the correct term of this application area green logistics is 
environmental logistics. Based on the these arguments green logistics should be present in an enterprise 
field an effort to harmonization, coordination, optimization of material, information flows with the aim to cover 
a claim and requirement of a customer by keeping of adequate = the lowest costs and very important 
condition - minimal negative impact of enterprise activities on the environment (Butorová, 2004). Basic tools 
of this application area of eco-logistics are:  
• environmental politics 
• environmental politics and organization 
• environmental audit 
• environmental management 
• environmental report 
• life cycle analysis 
• eco-balance 
• environmental index  

3. REVERSE LOGISTICS  

The concept of reverse logistics has not been precisely defined. Based on a literature review and various 
studies dealing with the issue of reverse logistics, it is possible can be concluded that there has been no 
generally accepted consensus on the definition of reverse logistics in practice (Fernández, 2004). For the 
first author, who dealt with reverse logistics, can be considered Murphy (1986), he used the basic concept of 
reverse logistics. In its deliberations used the term "reverse distribution" as an equivalent term for a currently 
used term - reverse logistics. Murphy defined reverse distribution as a movement of goods from customers to 
producers in the distribution process and its canals. In 1992 Pohlen and Farris pointed out to the fact, that 
recyclable material is not indispensably returned through the distribution channel.  

Giuntini and Andel (1995) defined reverse logistics as organizational management of material sources 
received from customers. In the same year Thierry, Salomon, Nunnen and Wassenhove created the term 
"Recovery Management Products” which described the activities, which included the management of all 
used and discarded products, components, materials that are parts of the production enterprise. According 
to these authors products and materials can be send back to the original producers or to other companies, of 
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which part or object of activity is management of rejected products, components. The authors recognize 
three categories of activities - services, renovation and activities of waste management.  

Kroon and Vrijens (1995) define reverse logistics as a logistics management of experiences and activities 
involved in reducing, managing and disposal of hazardous or „ordinary“ wastes from the point of packing and 
production. This process is a backward flow of goods and information compared with traditional logistics 
activities.  

According to Stock (1998) the term reverse logistics is used in conjunction with the role of logistics for 
products redelivery, reduction of sources, recycling, materials substitution, material re-use, waste 
management, renovation, repair (Fernández, 2004).  

Reverse logistics is a process that the company applied for effective environmental behavior, for example by 
the use of recycling, re-use, reducing the amount of used materials - definition of reverse logistics by Carter 
& Ellram (1998). Krikke, Harten and Schuur (1999), according to the requirements of the association 
"European Original Equipment Manufacturers” tried to determine the system of reverse logistics for rejected 
products which according to these authors included the determination of the optimal level of removal and 
assignment of the optimal level of return acquisition of value (Fernández, 2004).  

Rogers a Tibben-Lembke (1998) define the reverse logistics as a process of planning, implementation and 
control of raw materials, supplies, final products and related information flow to the point of creation in order 
to re-obtain the value or other utilization. (Fernández, 2004).  

Dowlatshahi (2000) expresses the reverse logistics as a process in which producers systematically accept 
preferably supplied products or parts of products from the point of consumption for possible recycling or 
reprocessing. According to Fleischmann et al. (2000)) the reverse logistics is a processes in which are 
connected into the relation logistics activities of all way, it means from used products from consumers to 
products re-usable in a store. (Fernández, 2004).  

According to the research report of Kivine from 2002 it is possible to bring other perspectives for reverse 
logistics and its content understanding. This author considers the fact that different service providers must 
have different types of reverse logistics concepts. For example, some companies may think about goods 
recycling which can currently include sophisticated properties of reverse logistics. Advice of Kivine for 
companies is that individual, in reverse logistics interested parties, understand the basis and tasks of reverse 
logistics in their relations, and on this basis to develop a unified view of reverse logistics (Fernández, 2004).  
Finally, it is suitable to present the definition of reverse logistics according to the Executive Council, which 
says that reverse logistics is the process of goods moving from their typical final point to another point, for 
the purpose of unusable value obtaining or for the next suitable product processing. Based on this review of 
reverse logistics elements it is possible to state that the definition of Rogers and Tibben-Lembke (1998) 
represents the most comprehensive view to this term and it includes major, essential inputs, activities and 
outputs of the reverse logistics.  It is possible to transform the previous definition of aforesaid authors to the 
following form: The main content of reverse logistics is collection, sortation, removal and processing of used 
products, components, secondary products, excess supplies and packaging material and the main aim is to 
ensure their new use or material reappraisement by the way which is environmentally friendly and 
economically attractive (Škapa, 2002). The reverse logistics is a part of logistics which deals with 
management, realization and control of backward flows of raw material, materials in the collection and 
seductive networks from customers to the point of processing (Husáková, 2008). By Drahotský and Řezníček 
and their concept of logistics processes projection it is possible to transform this theoretical base to the 
reverse logistics and its basic processes and to create the model of reverse logistics implementation to the 
enterprise processes. This model presents principles of the waste management which is the most frequent 
and most extensive problem of the enterprise, especially regarding to the legislative requirements and right 
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waste processing. The model of reverse logistics implementation is classified into 11 basic phases which 
create the base for the next development of activities by the concrete requirements of enterprises:  
1. determination and analysis of changes 
2. sources for reverse logistics implementation and application  
3. competemce of enterprise on the part of processes 
4. letting of conception 
5. formulation of the project 
6. factors of the project successful 
7. process map 
8. aplication of the principles 
9. pre-projection of the processes 
10. plan of implementation 
11. permanent improving 

4. CONCLUSION 
Logistics operations have extensive effects on the environment and its parts. Consequently, it is very 
important the continual development of logistics, also in the form of eco-logistics. Eco-logistics can be 
interpreted in the context of green and reverse logistics. Green logistics is an instrument for the complex 
protection of the environment, elimination of the effects of logistics activities on the environment through 
various tools and reverse logistics heads to reduce of created waste. These application areas are important 
components of current logistics that requires continuous improvement in accordance with legislative 
requirements, business activities, opportunities and environment. 
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Abstract 

Urban Freight Transport (UFT) generates a vast number of important problems that impact on city 
inhabitants' life quality level. These problems include, among other things, freight traffic, lack of parking 
spaces, environmental impact (noise, pollution), considerable energy consumption as well as a lower safety 
and security level. Local authorities have a number of relevant responsibilities in the area of transport, like 
parking policy, public transport planning and management (by controlled public transport companies), traffic 
management, mobility management, land use and urban design. However, they usually fulfil their role only 
with regard to the organization and development of passenger transport. Nevertheless, local authorities can 
also impact on goods transport flows, especially urban distribution and delivering. This paper is focused on 
the new kind of function in the city municipality organizational structure - the City Logistics Manager. The 
main tasks of this function include: rationalizing and optimizing goods distribution and collection in the urban 
area, which is to help reduce traffic congestion, environmental impact of the UFT as well as increase 
efficiency of the freight flows in the city centre. The overarching idea is to reach the balance between the 
environmental (especially energy consumption and pollution), social and economic advantages. The 
assumptions for establishing the function of the City Logistics Manager, which are presented in this paper, 
are the results of the experiments implemented in Szczecin under the international project named C-LIEGE.  

Keywords: City logistics, City Logistics Manager, urban freight transport management, stakeholders needs, 
sustainable transport 

1. INTRODUCTION 

Urban areas are centres of business and innovation. Freight transport is indispensable for the proper 
functioning of any modern urban society. No urban area can function without an appropriate freight transport 
system, due to the need to replenish stocks of food and other goods in retail shops, to deliver documents, 
parcels and other things, such as supplies necessary for everyday work in offices.  

Purchasing and distribution of goods in a city is hindered by many difficulties resulting from the overloaded 
infrastructure, external costs, and conflicting goals of the stakeholders. Urban distribution of goods is 
organised by private entities (manufacturers, freight carriers, retailers, and end-consumers), operating or 
living within the urban area administered by public authorities. The public sector plays an important role in 
the infrastructure planning, initiating implementation of new solutions, taking measures that make it possible 
to obtain knowledge of the existing and potential problems of freight transport within the city, while taking 
care to balance the needs of various stakeholders. Coordination of different stakeholders' interests and 
taking up actions necessary for proper functioning of UFT should be the task of a specially appointed person 
- the City Logistics Manager functioning within the city administration structures. 

2. IDENTIFICATION OF ENTITIES INTERESTED IN STREAMLINING URBAN FREIGHT 
DISTRIBUTION 

UFT involves many different entities, both those that are not directly interested in moving goods (e.g. local 
authorities, inhabitants, visitors) and those who are direct participants of the supply chain (e.g. suppliers of 
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components, manufacturers, freight carriers, retailers). Achieving sustainable distribution is a difficult task 
due to the complexity of interactions between different stakeholders. Logistic decisions are made mainly on 
the basis of commercial, marketing and operating factors, and profit-oriented decision-makers do not take 
into account sustainability issues, therefore it is necessary that the city authorities intervene on behalf of the 
inhabitants, tourists or visitors. 

In the specialist literature, four major groups of UFT stakeholders are distinguished. Each of them represents 
different areas of interest regarding freight transport and deliveries in urban areas. 

The first group includes the city administration (regional authorities, municipalities, municipal managers of 
city distribution centres, the planners and infrastructure administrators as well as the supporting institutions, 
like e.g. chambers of commerce, city associations etc.) [1, 6]. This group is focused primarily on the city 
development and increasing employment opportunities. Moreover, interests of stakeholders in this group 
include [2]: 

• safety of the city inhabitants and visitors; 

• securing the inhabitants and the city property etc.; 

• maintaining appropriate road traffic capacity, which will help increase mobility of people; through 
reducing road traffic delays and congestion; 

• introducing road traffic regulations, such as prohibitory and mandatory traffic signs regarding e.g. 
parking or using reserved traffic lanes;  

• defining and implementing policies regarding access of cars into the city; 

• improving the city's attractiveness through limiting the negative impacts on its everyday functioning 
resulting from the need to deliver goods. 

The freight carriers are the next group of UFT stakeholders. This group includes, inter alia, professional third 
party transport operators, logistic services providers, courier companies, private suppliers and dispatchers [1, 
6]. They show interest mainly in [3]: 

• using less noisy and ecologically cleaner vehicles, but with sufficient transport capacities (with regard 
to volume and weight) and maximum flexibility (different temperature zones within one vehicle, 
flexibility that enables shipment of goods of all types and dimensions, the container modularity, etc.); 

• reducing delivery times, especially with regard to loading and unloading operations;  

• more comprehensible restriction policies imposed by local authorities, implemented upon prior 
discussions with carriers, and also parking restrictions imposed by public authorities on drivers, aimed 
at facilitating delivery making; 

• easier access to relevant and current information on the policies, temporary restrictions and real time 
traffic data (it includes e.g. information for truck drivers regarding roads widths, traffic conditions, road 
repairs underway, and also on unloading bays and access to car parks; the information should be 
presented in a safe manner, without distracting the drivers behind the wheel, in response to the 
drivers' needs). 

Next UFT stakeholders group includes the shippers. The shippers means in this context the both senders 
and recipients of goods. Usually this group includes the retailers (small shops independent of large retail 
chains), wholesalers and manufacturers [1, 6]. The stakeholders of this group are interested in [2]:  

• developing supply chains that are more customer-oriented; 

• combining deliveries of goods and making one delivery instead of multiple deliveries made during a 
day (from the customers' perspective); 

• cheap warehouse space (e.g. in consolidation centres); 

• reduction of pollutants and noise emissions resulting from delivery vehicles; 
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• punctuality of deliveries, taking into account the restrictions, e.g. banned access to some parts of 
cities; 

• accessibility of parking spaces or loading/unloading facilities (voiced by the recipients). 

Residents and other city users are the last important group of UFT stakeholders. Apart from city dwellers this 
group includes other city users, like e.g. commuters or visitors, who actually do not live in the city, people 
coming to cities to do shopping, as well as any other urban traffic participants such as shop owners, 
developers, associations and organizations of citizens and consumers. This group has very specific needs 
regarding the quality of life. It influence on their expectations regarding the urban freight transport 
functioning, especially the delivering of goods [9]. Due to the negative effects of freight delivery functioning in 
cities (congestion, noise, air pollution) this group shows a reluctant attitude to delivery vehicles entering the 
areas where they live. In that respect, the following scope of interests may be distinguished for this group [2]: 
• availability of specially designated areas for loading and unloading delivery vehicles in non-colliding 

places, 
• making deliveries of goods in urban areas by means of vehicles producing less noise and pollutants 

(e.g. electric vehicles), 
• regulations that restrict access of heavy vehicles to city centres, 
• deliveries made on time (delivery punctuality) 
• improving the infrastructure availability, i.e. car parks. 

The CityLog project distinguishes one more group - truck & vehicle manufacturers [4]. This group mainly 
includes the businesses that provide the transport system with elements necessary for its functioning: 
delivery vehicles (hardware), and also software. The group is interested in the following issues: 
• reducing vehicles operation costs (fuel consumption, maintenance costs, etc.); 
• increasing vehicles safety and security;  
• focusing on freight carriers' needs, who expect more useful solutions, automated loading/ unloading 

systems, designing vehicles fuelled with alternative sources of energy, development of vehicle service 
and repair systems; 

• increased accessibility of financial incentives (subsidies) addressed to freight operators, encouraging 
them to use more efficient vehicles and systems. 

Various needs and interests of the above mentioned groups result mainly from discrepancies between their 
goals which are the main determinants of their functioning. Table 1 shows determinants conditioning the 
various needs of the main groups of UFT stakeholders. 

Table 1 Determinants conditioning the behaviour of major groups of UFT stakeholders 
 Freight carriers Shippers Residents City administrators 

Goal 
(determinant) Profit increase Profit increase 

Safety and 
easy moving 

about the 
city 

Increasing the cities’ 
economic effectiveness; 
decreasing the negative 
environmental impacts 

Conditions 
for reaching 

the goal 

Transport 
costs 

decrease 

Sales 
increase 

Transport costs 
decrease 

Sales 
increase 

Improving 
the life 

quality in the 
city 

Raising 
environmental 

protection 
standards 

Effective use 
of municipal 

roads 
systems 

Criteria 

Minimising 
the 

transport 
costs 

Maximising 
the sales 
volume 

Minimising the 
transport costs 
Minimising the 
logistic costs 
Punctuality of 

deliveries 
Waiting time of the 

consumers 

Maximising 
the sales 
volume 

Limiting the 
negative 

impacts of 
congestion 

Environmental 
pollution due 
to transport 

Complaints 
filed by 

residents 

Source: own work based on [8]  
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Discrepancies of the stakeholders' needs and expectations lead to numerous conflicts. The most 
complicated and hard in the compromise achievement is the conflict between public authorities, which wish 
to reduce the negative impact of transport in order to make the city more attractive for residents and tourists 
(mainly the ecological and social factors, such as reducing traffic congestion, pollution, accident rate, etc.) 
and private entities, which wish to make deliveries of goods at the lowest possible costs, high quality, short 
delivery times, so as to optimally meet the expectations of end-consumers [7]. 

3. THE ROLE OF THE CITY LOGISTICS MANAGER  

Achieving optimal balance between the diverse interests is the key success factor for the implemented 
solutions aimed at reducing the negative impact of UFT. Municipalities face a particularly hard task to 
achieve a consensus between diverse needs voiced by UFT stakeholders. A way to solve the problem is 
establishing the function of a City Logistics Manager (CLM). 

City Logistics Manager is a new figure addressed to plan and manage urban freight transport demand. The 
assumptions for establishing the function of the CLM are the results of C-LIEGE project, which was realized 
in seven pilot cities in Europe. The major difference between the role of Mobility Manager (well-known figure 
implemented in many cities) and CLM is that the first one handles the movement of the people, while the City 
Logistics Manager takes care of the movement of goods. According to that CLM should be responsible for 
the planning, managing and coordinating of the traffic of goods in the city area with the aim of improving the 
efficiency in a perspective of sustainable urban freight transport development. The good idea is to involve 
CLM into the structure of Freight Quality Partnership (FQP), which involves a large representative group of 
the participants and users, and sets common, reached by consensus objectives, and takes the responsibility 
for their implementation. Due to that FQP is focused on the ensuring of the sustainable development of 
urban freight transport, while maintaining the expectations of the various stakeholders and reconciling them 
with the overall strategic objectives of the city or region, it’s the natural environment for the CLM activities. 
These activities are focused on the management of the freight transport demand in urban area through [5]: 
• classification and analysis of the situation charactering urban context; 
• discussion and sharing with key local actors (e.g. trade associations, transport operators, traders, 

retailers, etc.) and institutions (e.g., Province, Region, etc.); 
• definition of shared intervention strategies to apply to the surveyed urban context; 
• preliminary, definitive and executive planning of the city logistics model; 
• monitoring the impacts of the designed model. 
Fig. 1 shows the workflow related to the functions of the City Logistics Manager. 

 

Fig. 1 Workflow related to the functions of the City Logistics Manager. Source: [5] 
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4. TASKS OF THE CITY LOGISTICS MANAGER BASED ON SZCZECIN EXAMPLE 

During the experiments implemented in Szczecin under the C-LIEGE the assumptions for the CLM for 
Szczecin was established. Nowadays under the new project named GRASS the Freight Quality Partnership 
as well as the City Logistics Manager will be implemented in Szczecin. In the initial phase of functioning, the 
CLM in Szczecin will be responsible for: 

• satisfying the needs of freight transport in the city, with a goal to reduce the environmental, social and 
economic costs connected with freight transport functioning (e.g. reduction of air pollution and noise 
level, decreasing the city congestion, increasing energy savings, etc.); 

• raising efficiency of the goods distribution system as a whole (e.g. shortening the travel time, 
increasing efficient use of cargo space, route optimisation); 

• improving the availability of goods in the city, with particular regard to ecological and sustainable ways 
of transport; 

• supporting the promotion of key local entities engaged in urban logistics and distribution processes 
(e.g. transport companies, commercial enterprises, etc.) in order to satisfy their mobility needs, taking 
into account the sustainable goods distribution system; 

• supervising arrangements and actions regarding the consensus building through engaging the key 
local entities in order to specify common actions; 

• ensuring coordination of activities connected with re-organisation of goods distribution and collection 
in the city, and activities connected with mobility management regarding passenger transport; 

• initiating research projects aimed at recognising the needs in the area of cargo distribution, which will 
be the basis for preparing a set of freight transport needs in the city, as a result of cooperation with the 
freight transport quality partnership, which will at the same time comply with the goal to reduce the 
environmental, social and economic costs connected with UFT;  

• diagnosing the current situation of freight transport in Szczecin; 

• presenting implementable good practices with regard to freight transport; 

• preparing forecasts regarding improvement of goods availability in the city as a result of implementing 
the selected good practices; 

• supervising implementation of the solutions chosen by the stakeholders; 

• monitoring the implementation of the adopted plans to streamline UFT. 

5. CONCLUSION 

The City Logistics Manager is an new and important element of a city's transport system management. 
Establishing this function within the municipality structure will help reduce the negative effects generated by 
UFT, such as environmental pollution, high noise levels, congestion, and decreased road traffic safety. Thus, 
it will contribute to improving the life quality of city residents, which is municipalities' major goal. Under the 
GRASS project currently being implemented in Szczecin, this sort of function will be experimentally 
established. It will be set up within the framework of the Freight Quality Partnership being established in the 
city, and organisationally the City Logistics Manager will report to the Department of Municipal Services and 
Environment Protection. The experiment will make it possible to verify the assumptions for this entity 
functioning and develop recommendations for implementing the CLM function in the organisational and legal 
contexts found in Poland.  
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Abstract 

The aim of this study is to explore the level of information support of reverse logistics among Czech 
companies, to compare the findings of this study with studies from other countries, and to identify possible 
barriers which prohibit the information support of reverse logistics. 

In recent years, the area of reverse logistics has been continuously attracting a larger scientific and 
managerial audience. However, some aspects of reverse logistics management have failed to receive proper 
attention so far. Although some efforts towards studying the impact of information support on organizational 
performance and categorizing types of information technology used for information support have been made, 
the situation regarding the intensity of research in the field of reverse logistics is concentrated only in few 
particular fields (retail, waste, automotive) and countries (mainly US). In order to overcome this limited 
knowledge, 131 Czech companies from various fields were surveyed. 

The results of data analysis show that only one third of surveyed companies utilize reverse flows information 
support. Simultaneously, the bigger the company is, the more likely they implemented information support for 
reverse logistics. The most commonly used type of information support is Enterprise Resource Planning 
system and this fact confirms the findings of other studies. 

Keywords: Reverse logistics, information support, quantitative study, descriptive analysis, Czech Republic 

1. INTRODUCTION 

Internationalization and globalization of markets drive companies into closer relations accentuating Supply 
Chain Management (SCM). The area of SCM has received proper attention from academia and business. 
Nevertheless, the only exception is the sub-area of SCM reverse logistics, which is an inseparable part of 
SCM. Reverse logistics (RL) is defined as: The process of planning, implementing, and controlling the 
efficient, cost effective flow of raw materials, in-process inventory, finished goods and related information 
from the point of consumption to the point of origin for the purpose of recapturing value or proper  
disposal [1].  

Closer relations between companies usually involve using the information systems and information and 
communication technology (IS/ICT). Therefore, the need of ensuring an effective and efficient utilization of 
IS/ICT (not only in the area of SCM or RL) should have high priority. Although general topics regarding RL 
(for example, decision-making, outsourcing or business field specific issues) have been studied to a limited 
extent since 1992, it seems that the area of information support has not yet received proper attention [2] [3]. 
Only few studies among the whole RL research focus on RL support by IS/ICT [3]. 

Most of these studies (such as: [4], [5], [6], [7]) cover only one specific area of business and thus have a 
narrow scope. Therefore, the purpose of this study is to explore and describe the level of information support 
of RL in Czech companies with the focus on used types of IS/ICT, barriers that discourage companies from 
implementing information support, and the subjective impact of information support on company’s 
performance. This study is exploratory-descriptive and is based on cross-sectional data. The article should 
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bring to both academicians and professionals the knowledge about IS/ICT support of RL and its barriers in 
Czech Republic. 

The rest of the article is organized as follows: in the second section, previous studies focused on information 
support of RL are reviewed and their implications are discussed. The third part describes methods used for 
gathering and analysing data. In the fourth section, results of the study are presented, in the fifth section, 
implications of results are discussed, and finally sixth section presents conclusions and recommendation for 
future research. 

2. LITERATURE REVIEW 

The number of articles which are focused on IS/ICT aspects of RL does not correspond with the importance 
of RL on company performance [4] [5] and with overall publishing activity (hundreds of articles on RL vs. 
ones focused on IS/ICT aspects) in RL. Recently, Klapalová et al. [3] offered literature review of nine studies 
(including two literature reviews [8] [9]), which were focused on topics associated with use of IS/ICT in the 
RL. These studies examined mainly the impact of IS/ICT support on RL performance, the design of usable 
IS/ICT support of RL, the possibility and the benefits of outsourcing the IS/ICT support [3]. 

Despite the proclamations of importance of finding the high impact IT tool for reverse logistics [8], no 
significant efforts to this goal have been made. Olorunniwo and Li [10] disapprove the need for high impact 
IT tool and argue that adoption and use of any particular IT type has no differential impact on RL 
performance. Other studies were dedicated to creating specific designs [7] [11] or conceptual design [12] of 
information systems for particular organizations. 

According to Kokkinaki et al. [9], IS/ICT supporting RL recruits from these types of IS/ICT: product data 
management systems, electronic data log systems, warehouse management systems, web services, 
electronic marketplaces, environmental tools, ERP systems, and web portals. Olorunniwo and Li [10] list 
following IS/ICT: Internet, ERP, bar codes, legacy systems, EDI, warehouse management systems, 
customized solution integrated with ERP, RFID, transport management systems, and satellite. 

RL is under-budgeted [5], because finance and human resources allocated to implementing reverse logistics 
are often very limited [13]. The impacts of this fact on IS/ICT support were not studied. Another potential 
barrier, which could prevent companies from adopting information support of RL, is lack of information. 
Processes of RL tend to have a stochastic nature [1] [7] and the information is therefore crucial for managing 
reverse flows [4]. Bei and Linyan [13] claim that the support from RL networks and information systems is 
scarce and can be thus viewed as another barrier. 

3. METHODS 

The nature of this study is exploratory-descriptive and cross-sectional. The reason for this design comes 
from the fact that no previous studies on information support of RL  were conducted in Czech Republic and 
all previous studies that were reviewed by this article and by Klapalová et al. [3] were focused only on one 
particular sector at one time (mainly electronic and automotive industry). Therefore, the basic understanding 
of situation among Czech companies is needed, including the information in what extent certain types of 
Czech companies use information support of RL. For the purpose of analysis, 131 companies from 39 areas 
of business (according to CZ NACE) were surveyed.  Data for this study were obtained from a questionnaire 
that was part of a larger research that was focused on RL. Five questions were aimed at information support 
of RL. Their formulation was derived from reviewed literature.  

The first and the second question investigated whether the surveyed company supports RL by any type of 
IS/ICT and what type of IS/ICT it is. Their main purpose was to gather the information in order to compare 
the situation in Czech Republic with studies made by Kokkinaki et al. [9] and Olorunniwo and Li [10]. The 
third question inquired about the impact of information support of RL on its performance. This was studied by 
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Daugherty et al. [4] [5] and this research tries to compare their findings with the situation in Czech 
companies. The fourth and the fifth question asked on existence and type of barriers of implementing 
information support of RL. No previous studies on barriers of information support of RL were found, but some 
previous studies [1] [4] [5] [7] [13] suggest their existence. The types of barriers and its relevancy could 
explain the (likely low) level of information support of RL in Czech companies. 

For the purpose of analysis of answers on first and third question, the companies were divided into sub-
groups, according to criteria such as: size (small, medium and large), sector (services and rest), and 
particular types of companies according to CZ NACE. For each group, the percentage of information support 
and the percentage of its impact on performance were calculated. In order to analyse answers on second, 
fourth and fifth question, the companies were divided into two groups according to existence of information 
support.  

4. RESULTS 
Although the survey is cross-sectional, some areas of business were more frequent than others: 
manufacturing of metal construction and products except machinery and equipment (11 companies), 
wholesale except cars (15 companies), and food and hotel industry (33 companies). Companies from the 
service sector compose 60 % of all surveyed companies. Small size companies (fewer than 50 employees) 
compose 65 % of all surveyed companies, medium size companies (under 250 employees) compose 23 % 
of all companies, and large size companies compose 12 % of all companies. 
The initial descriptive analysis revealed that in various sub-groups of the sample, the information support of 
RL is about or slightly below one third, with exception of large companies (see Table 1). When the 
companies use any kind of information support, most of them (more than 74% up to 100 %) experience 
positive impact on RL performance. 

Table 1 The level of information support and its impact on RL performance 

Group of companies Number of 
companies 

Information 
support 

Positive 
impact on 

performance 

Support & 
not positive 

impact 

All companies 131 42 (32.1%) 36 (27.5%) 6 (14.3%) 

Service companies 79 25 (31.6%) 23 (29.1%) 2 (8.0%) 

No-service companies 52 17 (32.7%) 13 (25.0%) 4 (23.5%) 

Small companies (<50) 85 19 (22.4%) 18 (21.2%) 1 (5.3%) 

Medium companies (< 250) 30 10 (33.3%) 8 (26.7%) 2 (20.0%) 

Large companies (>249) 16 13 (81.3%) 10 (62.5%) 3 (23.1%) 

Food and hotel industry 33 9 (27.3%) 8 (24.2%) 1 (11.1%) 

Wholesale 15 5 (33.3%) 4 (26.7%) 1 (20.0%) 

Manufacturing of metal products 11 3 (27.3%) 3 (27.3%) 0 (0.0%) 

 
The further analysis of results is divided into two parts with a focus on barriers of developing information 
support of RL and impact of information support on RL performance. The first sub-group consists of 42 
companies (32 %) that support RL with IS/ICT. The second sub-group consists of 89 companies (68 %) that 
do not support RL with IS/ICT.  
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4.1  Companies using information support 
Six respondents from all companies which use information support of RL did not answer the question 
regarding the type of IS/ICT they are using. The most frequent type of IS/ICT was ERP system, namely SAP, 
Navision, Arisoft, K2, and QI. Databases are either some form of internal database that stands alone (no 
ERP or other solution) or external database (e.g. database of the Ministry of the Environment of the Czech 
Republic). Internet means either an unspecific web application or web forms that are used by customers, 
customized software means information system tailored according the specific needs of an organization, and 
other means various types of cashier systems, bar codes, and office software. The frequencies of the before 
mentioned types of IS/ICT can be found in Table 2 (more answers i.e. types of IS/ICT from one respondent 
were allowed).  

Table 2 Types of IS/ICT used for information support of RL 

Type of 
IS/ICT 

ERP Internet Database Cashier 
system 

Groupware Customized 
SW 

Bar 
codes 

Office 
SW 

Frequencies 17 7 5 2 2 2 1 1 

The impact of the information support on RL performance was viewed positively by 36 companies (more 
details in Table 1), whereas 4 companies do not have any view on the impact of information support and  
2 companies did not answer this question. Barriers of information support development occurred in  
6 companies (see third column in Table 3). 

4.2  Companies not using information support 
Three respondents from companies that did not use information support of RL did not answer the question 
regarding the existence of barriers of information support development. Respondents from one third of 
companies do not experience any barriers preventing the development of information support of RL. The 
type of barriers experienced by companies can be seen in Table 3 and their implications are discussed in 
next section. 

Table 3 Barriers of developing information support of RL 

Type of barrier Frequencies 

(no support) 

Frequencies 

(support) 

Lack of needed information 25 (44.5 %) 1 (2.4 %) 

Lack of financial resources 33 (58.9 %) 3 (7.1 %) 

Lack of top management support  22 (39.3 %) 2 (4.8 %) 

No suitable solution 7 (12.5 %) 1 (2.4 %) 

No financial gain 35 (62.5 %) 1 (2.4 %) 

5. DISCUSSION 

The results of this study show that the penetration of information support of RL is not very deep. Only one 
third or less of surveyed companies use any kind of IS/ICT to support RL. This is in contrast with current 
penetration of IS/ICT in day-to-day business and can be inflicted by various barriers that prevent the 
developing of information support of RL. The only exception among studied groups of companies, in which 
the penetration of information support was high, was large companies. This fact indirectly underwrites the 
existence of the three most occurring barriers (see Table 3). 
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Compared with large companies, medium and small companies have usually more restraint IS/ICT budget 
and this lack of financial resources could affect the opportunity to develop the information support of RL. 
Moreover, lower development of the information support of RL in medium and small companies can cause 
problems with profitability of the information support of RL, because the effect of economies of scale is more 
difficult to occur. However, the more than 75% of companies that developed information support of RL 
experience positive impact of information support on RL performance. This contrast can indicate that 
companies do not have enough knowledge about the benefits and gains of information support of RL, and 
thus do not invest money in information support. Future research regarding this contrast should be 
conducted. 

The lower level of IS/ICT infrastructure can have also the impact on the lack of information needed for proper 
functioning of IS/ICT supporting the RL. As these three barriers seem to be connected, the analysis of 
correlations and further research in this topic should reveal more detailed information. Lack of top 
management support can be viewed as a typical barrier or critical failure factor which relates with all kinds of 
IS/ICT development. An interesting fact can be identified from the least frequent barrier. Bei and Linyan [13] 
suggest that lack of suitable information systems could be a problem, when trying to develop information 
support. But this study shows that only 12.5 % of companies without any kind of information support of RL 
cannot find suitable solution.  

The most used types of IS/ICT in the studied sample correspond with the list provided by Olorunniwo and Li 
[10], however, their frequency differs. When compared with list published by Kokkinaki et al. [9], differences 
can be found. The reason is likely the development on IS/ICT market because the study from Kokkinaki et al. 
was published in 2004. Since then, many IS/ICT have developed and changed their names. 

Olorunniwo and Li [10] criticize the prevalent exploratory or descriptive nature of current RL research. As this 
can be generally the case of the RL research, the situation of IS/ICT issues in RL seems to be different. The 
reason of this fact comes from underdeveloped research pointed by Klapalová et al. [3], and thus the 
exploratory or descriptive research is justifiable. However, the next step in research of the topic introduced in 
this article should comply with Olorunniwo and Li criticism and should be explanatory.  

6. CONCLUSION 

This study is first attempt of mapping the level of information support of RL in Czech companies. It should 
help managers with deciding about the types of IS/ICT they want to implement and identify possible barriers 
that prevent the development of IS/ICT that was proven as a contributor on RL performance. This article 
should also provide other supply chain management researches the starting point for further research in 
mentioned topics. 

The importance of this study lies mainly in its cross-sectional design. Although the findings cannot be 
generalized on all Czech companies, they provide few starting points for further research that should use 
case studies, or thorough and large quantitative survey. Both the case studies and quantitative survey 
should be focused on more than one particular field, because previous studies were not able to bring any 
comparison. They provided only in depth analysis of a particular field, and thus not discussing common 
characteristics of information support of RL in general. 

Future research should be also focused on the contrast between experienced positive impact of information 
support of RL on its performance and the fact that companies without information support do not regard 
information support as profitable. Two possible topics for future research regarding this contrast are possible. 
First, the methods of assessing the benefits of IS/ICT supporting RL should be studied and used in order to 
gain more in depth knowledge on positive impact on RL performance. Second, the company knowledge 
about reverse logistics should be studied, because companies can have lack of knowledge about possible 
gains of information support. 
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Abstract 

The article deals with the sustainable logistics as a part of value chain in the industrial enterprise and 
strategy of the sustainable logistics, which should in addition to optimizing the logistics processes, from the 
economic point of view, also eliminate the impact on the environment and human beings and create shared 
value. It is necessary to formulate proposal for the integration of sustainable logistics as a part of the value 
chain within the sustainable development strategy of industrial enterprises. Past view on logistics system the 
enterprise as only a single realization of material and information flow from inputs, in production and into 
outputs for customers is no longer enough promising and perspective. The paper considers a model of 
sustainable logistics and its interaction with intern and external business environment should be an important 
part of sustainable development strategy in order to become an effective tool in the competition.  

Keywords: Sustainable logistics, value chain, sustainable development, strategy, sustainable profit 

1. INTRODUCTION 

Main objective of sustainable logistics in industrial enterprise is a support of customer service in effective and 
economical way, considering also social and environmental impacts and this should be followed also by 
strategy of logistics in industrial enterprises. Main contribution of the paper is to characterize importance and 
advantages of dealing with sustainable logistics, its orientation on customers and integration of sustainable 
logistics system and its place in modified value added chain within sustainable development strategy in 
industrial enterprises as unique alternative in actual economic, social and ecological situation [1,7] 

2. CUSTOMER`S ORIENTED MARKETING AND LOGISTICS   
Nowadays customers decide about existence and nonexistence of their suppliers on the domestic and 
foreign market. There is currently, a huge amount of companies in competition.  
A classic marketing method of management based on the "4 P" (product, price, promotion, place) is no 
longer for businesses as effective as before. The concept of the 4 P is guided by the desire to show potential 
and actual customers, which benefits they can get and to improve communication with them. As alternative 
for the concept of the 4P is the concept of the 4C (addressing to customers, cost, convenience, 
communication). It is guided by the effort to provide for a specific group of customers solutions to meet their 
needs and so ensure satisfaction and long-term cooperation with them. For a long term relationship should 
be paid attention not only to the whole market, but choose the specific segment of customers, that allows 
more to adapt their requirements. The advantage of a long-term relationship is greater customer loyalty, 
better communication, which helps to meet real needs of customers and to create shared value. The concept 
of the 4 C should respect the of sustainable development principles. It is recommended therefore, to base on 
the 4 Cs first and then build the concept of 4 P. In the context of sustainable development principles is 
the starting point for the determination of the strategy of marketing and logistics the sustainable product. 
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That means to consider economic, environmental and social impacts of products and services from 
purchased materials, production, distribution, the consumption and liquidation - the entire value chain.  

3. INTEGRATION OF SUSTAINABLE LOGISTICS SYSTEM 

Look at the company's logistics system as realization of material flows and related information flows from the 
inputs into production, in production and into outputs for customers is no longer promising and perspective. 
In order to become logistics an effective tool in a competition on market, must be linked together with the 
strategy of the company. Objective of external logistics system is to satisfy the customer by means of 
products and services. The goal is quantified, expressed in a percentage, and criteria for its assessment are 
on the side of the customer and not on the side of the enterprise. It is related from the objectives of the 
enterprise, which are formulated in the areas of income, the amount of sales, production volume, market 
share, etc. From the external logistics objectives depends the choice of a custom strategy for sustainable 
logistics system. This strategy will ensure the performance of the logistics system, the speed of the material 
and information flow, availability and adequacy of supply, cost. These are the internal objectives of 
sustainable logistics system. Monitoring and evaluation of deviations is the issue of the logistics controlling, 
and its set of indicators. In the context of the sustainable development principles should managers correctly 
analyze the environment, plan within its limits. Basic logistical questions can be classified into the following 
five categories: analysis of the environment, planning, structure, implementation of the plan, the logistics 
management of the program 
Analysis of the environment involves questions: 

• What are the specific characteristics of the national market? That the characteristics of the individual 
markets have in common with the other markets? 

• The firm should join some national markets from the perspective of logistics operations, and for 
planning purposes? 

Planning involves questions: 

• Who should carry out the logistical decisions? 

• What are our main assumptions about target markets and needs f the customer service on them? 

• What are the characteristics of logistics systems, which we have on the individual logistics markets 
available? 

• What are our strengths and weaknesses in relation to existing and potential competition on the 
individual target markets? 

• What are our objectives in relation to logistics alternatives that are open on a given market and due to 
our assessment of the market opportunities, risks, and our capabilities? 

• What is the balance of payments and monetary situation in target markets? What will be their effect on 
the physical distribution system of our company? 

In the context of the principles of sustainable development, it should be observed the best use of 
material, human and financial resources. Planning of logistics cost in enterprises should be carried out as 
a cyclical process, analyses the strengths and weaknesses of the organization, opportunities, and threats 
due to the outer area and exactly what, where and when it will be implemented. 

How we structure our logistics, due to the capabilities and resources to achieve our objectives in an optimal 
manner? How to design an effective operational logistics plan by our given objectives, the proposed 
structure and due to our assessment of the market environment? What we transport strategy, strategy, 
inventory, packing, warehousing and customer service on each target markets? 
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Logistics management plan according to [4]: How do we measure and monitor actual performance of the 
system due to the plan? What steps should be performed in order to be able to work together to compare 
actual and desired results? 

When the enterprise is involved in foreign operations, usually extends the scope of the responsibilities of 
sustainable logistics management and ensuring sustainable international distribution activities. Although 
Executive sustainable logistics will bear the main responsibility for foreign operations, the other members of 
the organization will also be involved in the process. Management of the company, which is involved in 
sustainable international distribution, should focus on minimizing costs and at the same time ensuring an 
acceptable level of customer service. Classical concept of the marketing was in the first series focused on 
the customer and on its requirements and, therefore, from this orientation arose, as well as the role of 
marketing in the business. Change in the understanding and the search for new theoretical approaches 
to the management of companies is starting to appear in the 21st century. According to [6] the 
implementation in the new context of environmental, economic and social area is being searched. To 
the entire management system of the company should be implemented the concept of sustainable 
development.  The sustainable logistics and marketing is that, what creates environmental and social 
value at the same time it creates added value for the customer.  

In the context of the sustainable development principles should management of companies include the 
planning, organization, management and control of the company with the aim of fulfilling its mission, vision, 
strategy and goals in accordance with accepted values, including sustainable development and social 
responsibility. Principles of sustainable development should be in responsible planning, organizing, 
leadership and management, which would be reviewed to support venture for directing business to the path 
of sustainable development. Sustainability requires financial responsibility, human sustainability work 
responsibility, social responsibility, sustainability of the community and the environmental 
sustainability of moral responsibility. The company Henkel, based in Düsseldorf, Germany, has a 
worldwide staff of approximately 47 000 and is among the companies with the strongest international 
influence in Germany. The strategy of sustainability according to [3] covers all stages of the value chain. 

4. SUSTAINABLE LOGISTICS AND STRATEGY OF ENTERPRISE  

Logistics is not only a simple summary of the activities e.g "inventory + packaging + storage + 
shipping + information support as in past. The distribution logistics, production logistics or supply 
logistics is not the right path to success, because limited concepts have just the limited effects.  

In the context of the sustainable development principles is the goal of the logistics chain in the industrial 
enterprise to provide the ultimate consumer the desired combination of outputs-service (the dimensions of 
the packaging, delivery etc.) at a minimum cost. A competitive advantage can be gained with integrated 
logistics systems. 

The basic structure of the chain created by the consumers themselves requires only a certain combination of 
the offered service. The optimal structure of the chain occurs when other businesses do not produce a larger 
volume of profit or higher customer satisfaction in the cash equivalent of the unit cost to production of the 
product. The right coordination of all parts of chain ensures that at all stages of sustainable 
purchasing and sustainable distribution logistics were objects (raw materials, semi-finished 
products, packaging, pallets, containers, handling and transport means), produced and prepared in 
the required range in the desired shape, at a certain place at a certain time, in a defined quality, 
optimal total cost incurred in the production and distribution chain with a strong light on ecological 
aspects.  

The main objective of sustainable logistics concepts in industrial enterprise is therefore to the needs of the 
customer through the process chain. This main goal, achieved through fulfillment of the objectives in the 
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area of procurement, product development, production and distribution. In order to fulfill this objective it is 
necessary to ensure the fulfillment of the mentioned logistical rules, i.e. to deliver to the right place, at the 
right time, the right goods in the right amount and the right quality at the right price and the right cost. In the 
context of the principles of sustainable development must be within the inspection services the addition of 
checking the goods, means of transport and handling equipment.  

Sustainable logistics strategy in the 21st century should be a part of a global strategy, because sustainable 
logistics services will be one of the key tools to achieve increased competitiveness of the company. 
Sustainable logistics will be routed to forecasting, strategic management, project management, process 
management, information technology, customer service, distribution, inventory, purchase, export and import, 
planning and the operational management of the production, including the fixing of the assortment, the 
quality of logistics processes, packaging, transport, storage, handling, green and reverse logistics.  

5. MONITORING FINANCIAL RELATIONS - CREATE A SUSTAINABLE PROFIT  

Monitoring of the financial and information flows can be basically double-circuit. On the one hand it is 
recommended according to, to monitor the progress of the appreciation of the process in the logistics chain 
article by article (see Fig. 1). And in the session logistics costs and added value, including valuation of risks 
associated with market execution, which articles they take. Furthermore, including the expression of 
appreciation towards putting the articles closer to customers, this is related to structural changes undertaken 
in the logistics chain. Within the undertaking may be carried up to the whole thing into the form of a fictitious 
sales and purchase of the logistic chain between the performances. The second circuit covers the 
intercompany relationships: how to speed the material flows from our company as the supplier to its 
customers. We must strive to accelerate customers ' payments for the supply of goods and services. 
Logistics management must control aspect of the intrepid the company's liquidity. A threat could occur as a 
result of the adoption of unilateral logistics solutions. In an ideal case, may be able to synchronize the 
physical and cash flows so that the enterprise is able to function without bank loans in financing the 
operation of logistics chains. 

 
Fig. 1 Model of sustainable logistics and its interaction with intern a external business environment 

Source: drawn by authors 
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In the context of sustainable development should be evaluated a transformation process of global demands 
on local measures and the related correction of business activities according modification of Porter value 
chain, resulting in a value for which the customer is willing to pay [12]. Porter value chain modification 
enables to achieve sustainable creation of added values fro enterprise and its stakeholders, Fig. 2. 

 
Fig. 2 Modified Porter value chain [processed by 9] 

Sustainable logistics should therefore cooperate with individual departments in business during planning and 
then implementing, monitoring and improving business activities towards sustainable production, support 
sustainable consumption and sustainable marketing. 

 

 
Fig. 3 Evaluation of the transformation process in terms of sustainability [12] 

In the framework of sustainable logistics and whole transformation process should enterprise accomplish the 
following tasks [12].: 
• evaluation of the transformation process from the perspective of sustainability, as shown on Fig. 3: 

• cooperation during projection of  production process  from the inputs - the use of renewable materials , 
energy and raw materials , technologies and transportation negatively not operating on humans and 
the environment , with emphasis on storage not to decreased quality, 

• cooperation during projection of the transformation process - assessment of the impact of the working 
environment on workers and the negative impact on environment, efforts to achieve zero waste,  

• cooperation during projection of production process ending outputs - environmental packaging 
products, storage, distribution and avoiding pressure on customers in order to sell the largest quantity 
of products, the definition of environmentally-friendly disposal of obsolete or worn-out products, the 
sharing out the liquidation. 

CONCLUSION 

In the context of the principles of sustainable in the industrial enterprises, the continuous improvement of 
production technologies and the reduction of resource consumption, reduction of environmental are burden. 
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Realize the savings in energy consumption and related carbon dioxide emissions-contribute to climate 
protection, the exchange of knowledge and new technology among industrial enterprises, thereby allowing 
the distribution of safe and resource-saving products. Contribute to the fulfillment of the objectives in the 
area of occupational health and environmental protection. Perform ergonomic analysis of the working 
conditions and the assessment of the risks and subsequent implementation of the proposed preventive 
measures into practice in the relevant operations of the undertaking.  
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Abstract 

The paper deals with a specific part of companies activities labelled as reverse logistics (RL). The aim of RL 
is to retrieve value from reverse flows, such as products scraps, production waste, packaging, returned 
products, etc. It is generally accepted that RL is an important cost element for part of companies or even for 
particular industrial sectors. 

Hundreds of papers were published on RL, but just tiny quantity of them focused on service industry. Despite 
the major role of services in developed economies, this specific industry remains "under-researched" in 
context of RL. Thus, the ambition of the paper is to shed light on RL in service companies. The immaterial 
character of products (or at least a part of product) as well as other typical features of services (like 
inseparability, variability, perishability, etc.) call for modification of the generally accepted constructs used in 
RL. Therefore, the papers’ aim is to analyze/modify one basic construct: reverse flows. So, the nature of 
reverse flows in services is analyzed and in the next step taxonomy of reverse flows in services is 
suggested. For this purpose we reprocessed the primary data collected through interviews with 
representatives of 169 service companies operating on Czech market. 

Keywords: Reverse flows, reverse logistics, services, empirical research 

1. INTRODUCTION 

Compared to manufacturing companies, the attention of management theoreticians to services was 
substantially lower in the past [1], in spite of dominant share of service sector on GDP in many countries. 
One area, which needs more exploration, is the logistics and supply chain management. The basic question 
is, whether the logistical concepts and solutions that are successfully applied in manufacturers (and which 
increase companies’ competitive advantage in the end) are appropriate in services and how much those 
concepts and solutions need to be accommodated to the specifics of services. The article elaborates on a 
more specific issue; its research aim is to identify the categories of so-called reverse flows in services: it is 
the flow that is able to generate additional value for companies, if it is managed properly. 

The text is structured as follows: in the beginning, brief literature review of existing knowledge on service 
specifics and implications for logistics are presented. The second part describes selected results of an 
empirical research that focuses on reverse logistics in Czech companies - it provides an overview of different 
reverse flows identified in services companies. 

2. SERVICES AND DEFINITION PROBLEM 

Services are often defined in negative way as everything that doesn’t belong to the goods [2], because the 
distinction between goods and services is unclear in many cases. In addition, the tangible products are 
supplemented by services (e.g. after-sale services, renting, etc.) and vice versa (see Figure 1 for three types 
of products: product oriented, use oriented, and result oriented). The integration of goods with services is not 
new, however nowadays this is a popular strategy that should attract new customers and improve the 
corporate’s competitiveness. In the literature the integration is labelled by more terms like servitization, 
service-dominant logic or product service system [3]. The extension of service-based product was enabled 
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by more factors of which the development of information and communication technology is one example [4]. 
The shift towards services requires modification of business models [4] that would put more stress on - 
something that [5] calls - a service logic; in other words, fundamentally different approach to customers’ 
needs and requirements. Products are a kind of platform for service supply ([6] cited in [3]). 

 
Fig. 1 Classification of PSS proposed by [7], cited by [3] 

3. LOGISTICS AND SUPPLY CHAIN MANAGEMENT IN SERVICE ENVIRONMENT 

First, it is necessary to distinguish between logistics of tangible goods delivered to a customer as a part of 
provided service - in this case the logistical tasks and operations conform to “classical” logistics in 
manufacturing settings (e.g. spare-parts logistics in auto repair service). The following text focuses more on 
logistics related to intangible part of provided service. As the term logistics connotes activities related to 
material flow, it is probably better to elaborate the services in broader context of supply chain management, 
which inherently focuses on information and financial flows too. Besides that, suppliers relations and their 
coordination within supply chain (the core of SCM) is as much important in services as in manufacturers. 

In the literature, there are already some definitions of this domain - called as Service supply chain: “The 
service supply chain is the network of suppliers, service providers, consumers and other supporting units 
that performs the functions of transaction of resources required to produce services; transformation of these 
resources into supporting and core services; and the delivery of these services to customers [8]. 

One of the primary differences of services relates to the role of customer: Whereas in manufacturing 
environment it is a subject for whom the value is created and to whom it is delivered, in services the 
customer becomes a co-producer, at least in part of the value generation process [4] - some authors use the 
term of customer duality for this issue [9]. This fact makes several concepts/construct, which are successfully 
used in manufacturing environment, problematic. On top of that, it is necessary to count with the fact that in 
terms of structure the supply chains are not linear dyadic chains, but much more the complex networks [2] 
and the knowledge about governance of networks in service-based systems is rather limited [2].  

In most operations management textbooks the above fact is labelled as inseparability, which is one of the 
four general characteristics of services, besides intangibility, heterogeneity and perishability - altogether 
referred as to four-letter acronym of IHIP. The existence of IHIP-specifics in services makes some concepts, 
constructs as well as activities of logistics and supply chain management inappropriate in service 
environment: 
• Intangibility - The absence of goods makes transportation and warehousing irrelevant. 
• Heterogeneity - the difficulty in standardization of services (each customer is unique, more or less) 

raises complexity of planning, managing, and performance measuring. 
• Inseparability - service delivery and its consumption meet and the customer becomes value co-

creator. 
• Perishability - as there is no chance to store the services, the unused capacity is lost [8].  
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Special attention in this discussion of academics is devoted to a service-counterpart of the inventory concept 
- to the question: What plays the role of inventory in services? At least two interpretations can be found in the 
literature:  
• Inventory as a backorders  
• Inventory as a ready-made capacity to serve the customers (see [10] for further discussion) 

4. REVERSE LOGISTICS IN SERVICE SUPPLY CHAINS 

To the author’s best knowledge, there is no conceptual paper dealing with reverse logistics in service 
environment. Thus, it is necessary to collect appropriate concepts from reverse logistics and service supply 
chain literature first. The fundamental question relates to the content of reverse flows: What does the reverse 
flow in services consists of? 
There are three kinds of inputs in service supply chains [1]: 
• Customer self-input (body and mind, e.g. hair and cognitive activity), 
• tangible belongings (e.g. a car to be repaired), 
• customer-provided information. 

The above mentioned information provided by a customer is a different kind of information that for example a 
manufacturer collects in marketing research (and utilizes for product improvement) - in service encounter the 
information is treated as individual and is mainly used for service delivery for a particular customer, whereas 
- in the marketing research example - the data are aggregated and utilized for modification of product that is 
later on offered to some customer segment [1].  

According to reverse logistics models [11], reverse flow can emerge in one of the three general subjects 
participating in business transaction, as implicated by the names of flows: customer manufacturing returns, 
distribution returns (in case there is an intermediary in the business relation), and customer returns. The 
inseparability of services means there is no place for a distributor, as customer and producer are in direct 
contact. However, it is evident that the three inputs of service supply chain (named above) relate to customer 
only. Thus, we can expect to find some examples of manufacturers return flows (better to say examples of 
service provider returns).  

5. RESEARCH DESIGN AND RESEARCH SAMPLE 

The empirical part of the paper utilizes data that were collected for the purpose of a research project that 
analyze the processes of value creation in reverse flows. The data, which are reprocessed in further text, 
were collected through structured interviews with representatives of 169 service companies operating on 
Czech market. In terms of industry affiliation the tourism (hotels, travel agencies and restaurants) is the most 
dominant sector that accounts for 53 % of cases. The remaining respondents represented retail, and 
different kinds of professional services. The detailed view on sample structure (see Table 1) reveals that the 
majority of companies consist of small enterprises, which is in service sector natural. 

Two questions are analyzed here to identify the content of reverse flows on services; both of them were 
formulated as open-ended: 
1. Please tell us what the tangible reverse flows in your company consist of; name as much examples as 

possible. 
2. Please tell us what the intangible reverse flows in your company consist of; name as much examples 

as possible. 
The questions were reprocessed by means of the content analysis (and frequency count). The answers to 
both questions were very heterogeneous in terms of their length, attention to details, and even to relevance.  
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Table 1 Structure of companies covered in the sample 
 Small Medium-sized Large N 

Services 80 % 12 % 8 169 

6. RESULTS 
In the first step, respondents’ statements were coded into 27 categories, which were grouped together into 
seven broader categories (see Table 2 - numbers in brackets specify the frequency of respondents 
mentioning the particular item). 
The most answers related to tangible parts of reverse flows (i.e. tangible belongings as classified by [1], 
which is exactly that what the question asked about. However little ambiguity in some answers is evident: 
The respondents see complaints (Accommodation complaints) and documents as tangible. In case of 
documents it is probably because of the medium (paper) that carries the information. The financial flow is a 
similar case - it can be perceived as tangible, if it is represented by cash that the service has to deal with. 
Especially in financial institutions, logistics of cash is in non-trivial logistic task. 

Table 2 Tangible reverse flows of service providers 
Broader category Items 

Product return 

Return of meals and drinks (23 times) 
Return of semi-finished products/ingredients (3) 
Product return (including warranty) 37 
Buyback (1) 
Product return for remanufacturing (1) 
End-of-use product (1) 
Product damaged during shipment (3) 
Accommodation complaint (6) 

Waste 

Food and drinks remains (15) 
Packaging (13) 
Water and sewage (4) 
Equipment destroyed by customers (3) 
Hazardous waste (5) 
Waste (unspecified) (21) 

Re-usable service components Bedclothes, tablecloths to launder (2) 

Returnable packaging 
Returnable bottles (7) 
Pallets (5) 
Returnable packaging - unspecified (4) 

Financial flow Revenue/profit (19) 
Deposit for ordered goods/services 

Customer “return” Loyal customers (8) 

Documents 

Customers’ questionnaire (4) 
Customers’ orders (3) 
Proof of payment (2) 
Customers’ business cards (1) 
Document of product/service receipt (7) 

No tangible return flows No tangible return flows (10) 
 

The answers relating the intangible reverse flows were categorized into five broader groups (see Table 3). 
Not all the items are actually related to reverse flows: It is apparent that many respondents confused or 
interchanged the term of reverse flows for feedback.  
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Table 3 Intangible reverse flows of service providers 
Broader category Items 

Information about own 
performance 

Feedback about customer’s satisfaction (38 times) 
Feedback about service quality (12) 

Expressed customer’s dissatisfaction - voice (11) 
Complaints about meals (reclamation) (2) 

Complaints about services (reclamation) (7) 
Customer’s reaction on staff’s behavior (3) 

Complaints (15) 
Surveys (4) 

Customers compliments (9) 
Interviews with customers (2) 

Customer Satisfaction Survey (1) 
Benchmarking (1) 

Customers reviews (7) 

Service design 
Customers suggestions and recommendations (6) 

Suggestion for product/service design (12) 
Suggestions and Complaints Book (2) 

Customers’ relations 

New customers gained due to other customer’s recommendation (2) 
Loyal customers (16) 

Customer’s satisfaction (25) 
New orders from current customers (4) 

Customers’ relations (1) 
Customers’ requirements and needs (2) 

Customers’ questions (5) 
Customers’ orders (2) 
Customer return (5) 

Marketing promotion 

Word of mouth (12) 
Reputation perceived by customers (2) 

Goodwill (2) 
References (11) 

Customer’s recommendation to other customers (positive WOM) (4) 
Marketing activities (1) 

Other 
Energy (1) 
Money (1) 

Information (business-related, accounting) (5) 
No return flows No intangible return flows (1) 

7. CONCLUSION 
Both lists (in Table 2 and Table 3) show broad variety of items that the respondents classified as tangible or 
intangible reverse flows. Of course, not all items were relevant and therefore some rearrangements are 
necessary. If we lean to the three kinds of inputs in service supply chain (see section 4), the following can be 
summarized: 
1) Customer self-input: The “Customer return“ is the only relevant item of this category that was 

gathered. Because of inseparability principle in service providing, it makes sense to perceive the 
complaining customer as a tangible element of reverse flows in services. This is a substantial 
difference of services compared to manufacturing environment. 
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2) Tangible belongings: The respondents named lots of different examples - most of items that belongs 
to group of Product return, Waste, Re-usable service components and Returnable packaging.  

3) Customer-provided information: In the field of reverse logistics, this category covers information flow 
that relates to product returns, better to say to customer’s complaints in the service sector. Not all 
pieces of information a company gains from customer can be classified as intangible reverse flow. 
Thus, out of the presented items only the following one is relevant: complaints. 

The applied three-input typology doesn’t take financial and energetic flow into account - the flows that the 
respondents identified as intangible reverse flows. However, the inclusion of the financial one into reverse 
flows is rational, as financial aspect is important part of business models for service recovery.  
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Abstract 

Today’s some of the biggest problems are such as environmental pollution, upsurge in population, poverty, 
famine, drought, decline in fresh water sources, greenhouse effect and emmissions and energy problems. 
However, the rampancy of environmental problems affect not only a country or a region, but also whole 
world so the global character of environmental problems seem to be the most serious threat for the 
humankind. Eco-logistics will be able to solve these problems exactly. In this study we will focus on the 
social, economic and enviromental conditions of Eco-logistics processes in health enterprises. We 
investigate how various ecological modernisation works in terms of environmental regulations, customer 
pressure and economic pressure are in association with the implementation of Eco- logistics management. 
Based on this survey, we find that customer pressure is a significant factor affecting the their eco-logistics 
implementation, which in turn is positively associated with their environmental, social and economic 
operational performance. We confirm that green logistics practices and reverse logistics collaboration which 
have positive impact on Eco-logistcs performance enhance competitiveness in health enterprises. Survey 
consists of thirty questions and evoluated by Lickert’s method. The results show that the performance of 
health enterprises and eco-logistics were found to be positively related to reverse logistics activities. 

Keywords: Eco-logistics, Reverse Logistics, Green Logistics, Performance ,Health  

1. INTRODUCTION 

The influence of globalization increasingly competitive environment, health enterprises used several 
management systems. The basis of these systems are increasing quality and the variety of product, 
maximizing profitability, minimizing cost, growing their market share. Increasing competition in the globalizing 
world, increasing expectations of the consumers and the decreasing lifetime of the products puts the 
producers in a difficult position. Today, the consumers become more conscious regarding environmental 
issues day by day and heading for less environmentally damaging products and health enterprises. 
However, the rampancy of environmental problems effect not only a country or a region, but also all over the 
world. So, the global character of environmental problems seem to be the most serious threat for the 
humankind. The main environmental problems can be classified as; environmental pollution, upsurge in 
population, poverty, famine, decline in fresh water sources, greenhouse effect and thinning Ozone layer, 
nuclear accidents and emmissions and energy problems. The seriousness of the problem has made the 
humankind to take the responsibility. The notion of sustainability that balances the economy, society and 
environment, provides a guiding conceptual framework for the practices on the global, national, regional and 
organizational level. The sustainability practices in the supply chain management are among the most 
important dimensions of corporate sustainability that generate competitive superiority. Environmental issues 
have been hotly debated among the government, researchers, businesses, and society in general. [22], [15], 
suggest that the relationship between society and the environment has evolved from an exploratory view of 
natural resources to a new concept, in which environmental sustainability should prevail. A proper way to 
achieve this is through the environmental improvement of products and processes in which ecologistics has 
received increasing attention due to economic reasons, competitiveness, marketing, and environmental 
requirements [45]. Organizations seek to implement green supply chain management in response to 
consumer, regulatory and governmental pressures and to improve their environmental image and 
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performance. A critical aspect of greening the supply chain is ‘closing-the loop [63]. This study investigates 
the effects of three institutional pressures on top managers’ posture towards Eco-logistics implementation: 
Environmental regulations pressures, customer pressures and economic pressures. Eco-logistics will be able 
to solve these problems exactly. In this study we will focus on the social, economic and enviromental 
conditions of Eco-logistics processes in health enterprises. We investigate how various ecological 
modernisation works in terms of environmental regulations, customer pressure and economic pressure are in 
association with the implementation of Eco- logistics management. 

2. LITERATURE REWİEW 

2.1  Forward and Reverse Logistics  

Reverse logistics are responsible for the flow of items such as products, components, and materials from 
their place of consumption to their place of origin, in order to recover some of their initial value or to find the 
most appropriate use for these materials [31]. They are used especially in the case of dangerous products, 
pollutants, and high-value products or products that experience a high number of returns [54], [47], [13], [34], 
[55]. Reverse logistics constitute a complex process, more expensive than and different from distribution of a 
new product [21], [27]. The wide variety of products to be returned from defective products to leftovers and 
seasonal, recyclable, obsolete or dangerous products means that the value and fate of the products varies 
greatly, ranging from repair and component reuse to storage, recycling, disposal, and treatment. 
Organizations must thus address not only the business costs associated with manufacture and distribution of 
products on the consumer market, but also the control costs related to the proper management of waste 
generated by each product on consumption. These costs can change during the process of return of the 
products, since return may require activities that are not necessary when the product is new. Therefore, the 
costs of reverse logistics are of great importance for any organization [48]. Although reverse logistics usually 
has these challenges, they can be overcome and turned into competitive advantage when the reverse 
logistic system is efficient [45], [4]. According to [42] for instance, indicated briefly significant contributions of 
reverse logistics to health sectors in which economic and environmental benefits were observed and they 
verified the development of reverse logistics on a global scale indicating that it shows a clear tendency to 
increase visibility and gain support among its potential users. Forward and reverse logistics processes 
source: adapted from [47]. Compared to forward logistics, reverse logistics concept is a relatively new 
research topic that has become increasingly discussed due to competitiveness in the global economy. The 
most serious problem faced by health enterprises in reverse logistics applications is lack of proper 
information systems. Perfect information and technology assures the design of the product suitable to 
environment, recycle, reuse, etc… Therefore pricing in reverse logistics is more difficult than forward 
logistics.  

2.2  Definition and Advantages of Reverse Logistics 

[9], introduced new approaches defining it as the study of return of materials focusing not only on technical 
and economic benefits, but also on environmental efficiency enabling the reduction of resource consumption 
by reusing and recycling industrial goods (products and packaging)  
Later, [52] reported that reverse logistics is the field of business logistics that aims to add economic and 
environmental values to end-of-life industrial goods enabling their reintegration into products’ life cycle as 
secondary materials. 

States that many benefits can be obtained from an effective reverse logistics program such as [38]: 
• Customer retention/satisfaction; 
• Reuse of packaging; 
• Recycling programs for end-of-life products; 
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• Asset recovery/restock; 
• Reduction of excess inventory of raw materials; 
• Obsolete equipment disposition; 
• Recalls. 

They have benefits which are environmental impact reduction, by reusing and recycling returned goods, and 
the reduction in inventory of raw materials. Moreover, the savings achieved through recycling/reuse of 
returned goods can outweigh the costs necessary to maintain the reverse logistic system implemented, 
which is a great advantage since cost is one of the major barriers to adoption of reverse logistics. 

We should take inyto account the role of knowledge creation and reverse logistics as tools that motivate, 
guide and improve individual decision making, affecting the performance of the organization. 

In this sense it will be essential for the organization to have the ability to generate new knowledge in order to 
reduce the high uncertainty of reverse logistics activities [23]. 

2.3  Typical Activities of Reverse Logistics 

Reverse logistics activities are becoming significant to the companies due to the increasing product retums 
because of the new customer policies, new and higher environmental laws, and because recovering of 
discarded materials supposes a new low cost source of raw material [48]. 

According to [35],  studies on reverse logistics consider post-sale and post-consumption flow of goods. Post-
sale goods are those with little or no use that return to the supply chain for various reasons including quality 
and warranty issues, delays in receiving among others. 

[15], when dealing with reverse logistics companies have to consider some typical activities such as to 
collect, inspect, select, classify, and define strategies for the recovery of industrial goods. Collection refers to 
bringing the goods from the customer to a point of recovery, where the goods are inspected and selected 
and their quality is evaluated to define the type of recovery to be used. 

Reverse logistics consists of all activities such as management, process, reduction and disposal of 
hazardous and non-hazardous wastes, packaging and product usage [16], The importance and effect of 
reverse logistics vary from sector to sector and the place of the company in the distribution channel. The 
reverse logistics activity importance is high in sectors where product value, variety and recycling is high. 

The success of companies in reverse logistics depends on their conformation with environmental laws, 
development of customer relations, efforts for increasing profitability, developing policies including cost, 
decreasing inventory investments and application of a successful efficiency program [12]. 

The reasons persuading the companies for recycling may be economic factors, legal obligations, 
environmental anxieties and social responsibility [7]. 

Reverse logistics may be expressed with the below steps [30]. 

Acceptance: Taking of the product to be recycled from internal or external customer. The order entry or 
accounting systems of the company is used at this stage   

Reuptake: It can be defined as collecting and taking back the product from customers. There are many 
different types which are:  
• Reuptake of stock level returns: Returns from a store or warehouse.  
• Reuptake of customer returns: These returns include product recalling, warranty returns and harmed 

products.  
• Return back from collection center: These include product call back, warranty return, inventory return, 

real return, unused container return, harmed products, seasonal products and hazardous products. 
[32]. 
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Inspection: Company decides what to do with the returned product. Physical inspection is made and own 
reproduced product stock is checked too.  

Renew: Returned product is fixed / processed. The company may choose to reproduce the product, fix it or 
reuse it.  

Transfer: Product is transferred through the supply chain of the organization.  

Re-engineering: Management controls the supply chain for the return process to be better  

The channels for returned product are selling in outlet, selling in secondary market, donation to 
organizations, selling by auction on the internet, etc… [46]. 

Reverse logistics activities can include refurbishment and re-packaging, which may also change the price, 
quality, and value of the items returned to compete on the market with new products [28]. 

Continuous changes in modes of competition and technology require the company to focus on factors that 
provide value. These factors include reverse logistics [53], [56] and knowledge management [25], which 
involves knowledge creation with its four stages: socialization, externalization, combination and 
internalization [40], [41], [60]. Because reverse logistics activities are quite complex and highly uncertain [59], 
[26], the firm must be able to generate new knowledge to reduce uncertainty and improve responsiveness to 
continuing changes in reverse logistics systems [23]. 

2.4 Green Logistics  

Green logistics can be defined as all attempts to minimize an ecological impact of logistics activities. The 
analysis of many scientific sources of foreign scientists. İt proves that the concept of green logistics has 
gained more and more attention during recent years. 

Green logistics is a form of logistics which expected to be not only environmentaly but often socially friendly 
and economically functional .The implementation of green logistics is treated as an ability ofthe enterprise to 
run its activity according to economic, social and environmental factors [3]. 

Green logistics is concerned with producing and distributing goods in a sustainable way, taking account of 
environmental and social factors. Thus the objectives are not only concerned with the economic impact of 
logistics policies on the organization carrying them out, but also with the wider effects on society, such as the 
effects of pollution on the environment. 

Green logistics activities include measuring the environmental impact of different distribution strategies, 
reducing the energy usage in logistics activities, reducing waste and managing its treatment. In recent years 
there has been increasing concern about the environmental effects on the planet of human activity and 
current logistic practices may not be sustainable in the long term. Many organizations and businesses are 
starting to measure their carbon footprints so that the environmental impact of their activities can be 
monitored.  

İt proves that the concept of green logistics is related to the definition of sustainable development. 

Scientists state that green logistics is ; 
1. A common logistics system based on efficient energy consumption and less environment harming  
2. increasing labour efficiency and competitiveness. 
3. A logistics system created in accordance to human needs and interests and showing trends towards 

the strategy for implementing sustainable development. 
4. An input based on organizing actions focused on creating efficient energy consuming and a less 

environment polluting system of logistics [51]. 
5. An environmentally friendly and efficient distribution system. 
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Green logistics encompasses 4 implementation fields: distribution, energy consumption, manufacturing 
(production) and raw material mining. 

Taking into account that the concept of green logistics is related to sustainable development, it can be stated 
that the concept is also based on three equivalent levels: economic, ecological and social. 

Present particular actions to be taken on the enterprise level to implement the concept of green logistics: 
• Reengineering the components of logistics systems in accordance with the environment and social 

factors; 
• The rejection of services provided by suppliers taking no care about environmental problems; 
• Training the staff; 
• Collaboration with governmental institutions; 
• Public reports about the initiative and success of the company in the field of environment protection; 
• The audit of environment control; 
• Collaboration with foreign countries in the field of environment protection; 
• Promoting social responsibility among the employers of the enterprise 

 
Fig 1 Key goals for implementing the concept of green logistics 

Green supply chain is one of the most important examples of this situation. The green applications in supply 
chain increase the job satisfaction and life quality of the community and create a value to the company.  

Green supply chain management can be defined as a whole of green purchasing, green production / 
material management, green distribution / marketing and reverse logistics [8]. The green companies 
generally have 3 purposes. These are; decreasing of consumption, reusing, recycling [19]. 

This research constitutes the first joint analysis of the relationship between increasing important areas of the 
organization: ecologistics, reverse logistics green logistics and their effects on key requirements for the 
existence of the firm: flexibility and performance. 

Green supply chain is one of the most important examples of this situation. The green applications in supply 
chain increase the job satisfaction and life quality of the community and create a value to the company.  
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Green supply chain management is thus defined as the totality of green purchasing, green manufacturing 
and material management, green distribution and marketing, and finally reverse logistics [63] . Suppliers, 
manufacturers and customers should work together towards the reduction of environmental impact from 
production processes and products. 

2.5  Information System and Techology 

This research constitutes the first joint analysis of the relationship between increasing important areas of the 
organization: ecologistics, reverse logistics, green logistics and their effects on key requirements for the 
existence of the firm: flexibility and performance. 

Given the importance of the creation of logistics knowledge in decision-making for reverse logistics activities, 
it is essential to select performance measures that provide relevant information at the right time [13]. 
Creation of logistics knowledge is a major resource for success and influences performance directly. 

According to [10], knowledge creation has become an important area of research in management studies, 
determining action and performance. ‘‘Moreover, it is generally assumed that the attainment of higher levels 
of knowledge is what will inevitably lead to higher levels of performance’’[10]. 

The creation of logistics knowledge is generative ‘‘in a way that will be of maximum benefit to the enterprise’’. 
According to [61], organizations that can create knowledge effectively often exhibit superior performance 
measurable by both financial and non-financial performance. 

Managing logistics information enhances the efficiency of the firm’s logistics operations. New knowledge 
generated about customers and competitors is critical to obtaining high levels of customer satisfaction and 
superior performance throughout the supply chain. 

3. PERFORMANCE ATTRIBUTES  

Performance attributes are also considered that from the logistics point of view every business competes on 
the basis of financial performance, productivity performance, quality performance and cycle time 
performance. 

[24], adapted these categories for defining the following 4 performance attributes related to logistics 
processes in the WSC which we adopt in this work: Quality, Timeliness, Logistics Cost, Productivity and 
Capacity. 

Reverse logistics activities are extremely important in increasing organizational performance [20] and firms 
must ‘‘measure their logistics performance to improve their revenue growth, reduce their operating cost, and 
increase their shareholder value [57]. 

[29], demonstrate that companies that have begun to take reverse logistics intoaccount have obtained 
benefits that could support competitive advantage for superior performance. Reverse logistics enable the 
firm to increase the value of its products and services, establishing much more meaningful interaction with 
customers and developing new skills in workers to recover the economic value of product life. All of these 
results are reflected in performance. 

We defined the following 6 logistics processes: Supply, Production and Bottling, Inventory Management, 
Warehousing, Transportation and Distribution and Customer Response. 

Reverse Logistics has been viewed as an effective way to improvere source productivity,reduce the negative 
impact to environment, and improve both businessperformance and environmental performance enabling 
firms to achieve competitive advantage [36], [38], [18]. 

Although many studies have implied that reverse logistics implementation affects both economic and 
environmental performance [49], large-scalere search that has examined the impact of revers logistic 
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implementation on firm performance has found mixed results [12], [43], [5]. Thus, the second objective of this 
study is to explore the effect of reverse logistics implementation on firm performance both economic and 
environmental. [6], stated that performance measurement will indicate whether a company should continue 
with its current strategy or make adjustments.  

Many health enterprises organizations have failed in supply chain management due to their inability to 
develop the performance measures and metrics required for complete supply chain integration and 
performance measurement. Thus, there is a need to establish suitable measures for effective green supply 
chain performance measurement in the health enterprises. 

4. ECO-LOGISTICS  

We have to change the request for unlimited nature of production, the recycling of natural resources and 
renewable resources, the direction of change, to restore the natural ecology and protection of natural 
environment changes, in order to achieve this fundamental change must be given priority development of 
circular economy. 

Retrospective ecological history of the development of logistics, we will find to induce the birth of eco-
logistics and development, mainly in the following two aspects of motivation: First, the traditional logistics 
negative impact on the ecological environment. Traditional logistics negative impact on the ecological 
environment mainly in the following areas: (1) the impact of transport on the environment.  First, contains a 
lot of car exhaust emissions of harmful gases, is a major source of urban air pollution, followed by, 
transportation (trains, cars, aircraft and ships, etc.) produce large amounts of noise, traffic accidents (train 
derailment, collision, oil tanker ran aground, etc.) and so the occurrence of the ecological environment has 
produced a serious negative impact. (2) keeping the environmental impact of storage. If chemicals or 
improper storage of dangerous goods, or storage conditions are not standard, it is likely to leak or explosion, 
serious accident. 

Therefore, the birth of eco-logistics, not only in human needs, but also to create "Heaven, Earth and Man, 
harmonious ecosystems." Inevitable choice. 

We should clearly recognize that ecological and social sustainable development, logistics is an important 
part of it with clean production and the intensification of resource management to protect the ecological 
environment together constitute a system of circular economy. "Clean production - ecological Logistics - 
intensive resource management" to achieve sustainable social development has become a basic model. 

5. METHODOLOGY AND FINDING OF THE RESEARCH. 

5.1 Purpose and Method of The Research 

In this research, the eco-logistics application situations and reasons for health enterprises in İstanbul was 
examined.İstanbul is one of Turkey’s most developed and important regions.Survey was used for collecting 
data for the research. 250 employees in health enterprises were reached by one to one interviews. 

5.2 Analysis of Eco-logistics Performance 

According to the answers given by the 250 employees in health enterprises that are subject to the research 
100 % of the companies are in health sector.  

 

 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

115 

Table 1 Reasons for Implementation of Eco-Logistics Activities in Health Enterprises  

 Strongly 
Agree 

% 

Agree 
% 

Neutral 
% 

Disagree 
% 

Strongly 
Disagree 

% 
Social pressures in Health Enterprises 24.06 36.84 27.82 7.52 3.76 

Economic pressures in Health Enterprises 9.77 33.83 29.32 17.29 9.77 

Environmental regulations pressures in 
Health Enterprises 

21.05 39.10 24.81 9.77 5.26 

Affects the diversity of services in Health 
Enterprises 

21.80 37.59 31.58 6.02 3.01 

Adding value to the service in Health 
Enterprises 

22.56 31.58 29.32 10.53 6.02 

İncrease the reliability  30.83 27.07 28.57 9.02 4.51 

Provides the use of resources effectively 
and efficiently  

29.32 36.09 20.30 10.53 3.76 

Improve customer satisfaction  30.08 27.07 28.57 11.28 3.01 

İncreasing profit  25.56 33.08 24.06 10.53 6.77 

Contributes to the reduction of operational 
costs 

24.81 32.33 29.32 3.01 10.53 

Extends the life of medical equipment 29.32 31.58 24.06 12.78 2.26 

Play an important role in determining the 
cost of the service  

21.80 27.07 31.58 16.54 3.01 

Provides a competitive advantage 41.35 26.32 18.05 9.77 4.51 

Source: Author’s own work  

In Table 1, Eco-Logistics activities were  implemented for affecting the diversity of services, adding value to 
the service, increasing the reliability, providing  the use of resources effectively and efficiently, improving 
customer satisfaction, increasing profit, contributing to the reduction of operational costs, extending the life of 
medical equipment, playing an important role in determining the cost of the service, providing a competitive 
advantage in health enterprises. 

27,82%

37,59%

22,56%

9,02% 3,01%

Eco-Logistics

Strongly agree

Agree

Neutral

Disagree

Strongly disagree

 
Source: Author’s own work 

Fig. 2 Eco-Logistics activities increased operating performance in health enterprises Which medical 
materials recycling, re-use, repair and reproduction, processing of waste disposal and burning 
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 Source: Author’s own work 

Fig. 3 Eco-Logistics activities in health enterprises are used extensively 
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 Source: Author’s own work 

Fig. 4 Reverse logistics is a positive relationship with the green logistics in health enterprises 
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 Source: Author’s own work 
Fig. 5 Eco-Logistics increase the performance of health enterprises which using of information and 

technological system effectively and efficiently 
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 Source: Author’s own work 
Fig 6 İnformative public spots about recycling Which is increasing the performance in health enterprises 

6. DISCUSSION AND CONCLUSION 

In today ‘s highly competitive enviroment, Eco-Logistics issues are gaining interest. To achieve 
environmental and sustainable development for health enterprises will have to focus on Eco- Logistics 
practices. Eco-Logistics can reduce the degradation of environment due to improper utilisation of resources 
and manufacturing processes. 

Proper integration of facilities and resources, Health enterprises can reduce general waste and minimizing 
hazardous and toxic wastes, reducing waste and pollution, reducing the environmental impact of the 
production phase. 

Eco-Logistics has an effective way to improve resource productivity, reduce the negative impact to 
environment, and improve both business performance and environmental performance enabling health 
enterprises to achieve competitive advantage. 

The subject of research, “Eco- logistics in health enterprises” concept is an issue of increasing importance 
with each passing day. As Eco-logistics is a new research field in Turkey, there isn’t much research on this 
issue. This research is recommended to be implemented on the companies either in different regions or 
throughout the country. This research is considered to be a useful resource for those who want to research 
about eco-logistics and at the same time for correcting the deficiencies in health sector. 

Based on this survey, we find that customer pressure is a significant factor affecting the their eco-logistics 
implementation, which in turn is positively associated with their environmental, social and economic 
operational performance. We confirm that green logistics practices and reverse logistics collaboration which 
have positive impact on Eco-logistcs performance enhance competitiveness in health enterprises. 
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Abstract   

Modern management of company is understood more as business management, where the possibility of 
beneficial allocation of resources is constantly sought, rather than the management of the company in its 
more traditional meaning. Business management concentrates on the relations of a company with its 
environment and requires e.g. strategic planning, marketing and projects management skills, as well as 
creativity in solving problems, negotiating with partners and representing their own organization. The aim of 
the paper is to present a choice possibilities for logistics companies. Literature review, research analysis and 
subjective conclusions are presented. 

Keywords: Business Model, Model Choice, Management, Logistics Company 

1. INTRODUCTION 

A company is perceived as one of organizations that are the most likely to get adept themselves to the new 
global world. In 21st century, it is taken for granted that the logistic company and its dynamics can be, in 
principle, characterized by the technologies it possesses and this behavior results first of all from the strategy 
and organization, and is based on the engagement and the role of the regional economy. The paper 
presents the theoretical financial aspects of the business model choice. This means that the realization of 
the basic financial aim, which is maximizing value for shareholders, is taken into consideration. Furthermore, 
the need of cooperation between the strategic management and the corporate finances is also taken into 
account; it this way the information and knowledge can effectively serve to accomplish the practice. Note that 
the choice of a given model depends on the specificity of the economy and many other factors. These 
include, among others, elements of the environment and internal conditions. 

The modern management of the logistic company is understood more as business management, where the 
possibility of beneficial allocation of resources is constantly sought, rather than the management of a 
company in the traditional sense of this notion. Business management concentrates on the relations of a 
company with its environment and requires strategic planning, marketing and projects management skills, as 
well as creativity in solving problems, negotiating with partners and representing their own organization.  

The use of knowledge and information are the bases of the application of this new paradigm. A company 
strengthens its relations with clients, monitors competitors and uses the system of data analysis, which 
generates information on the market and competitors, useful in business management.  

The global economy is facing an unparalleled crisis that claims victims of all the branches, no matter what 
size, profitability and results they have had. The spectacular bankruptcies, e.g. Lehman Brothers or the State 
of Iceland or Greece, focused their attention on the real and measurable meaning of the word “risk”. In a 
difficult and uncertain financial environment that we are facing nowadays, where the dominating value is lack 
of trust, and protection of your own business only, there is a lot of room for financial derivatives playing a 
significant role of tools in a non-risk financial management approach. In the paper the following are 
presented: a general definition of understanding companies’ financial management, a company as a 
financial- economic system, aims, risk, non-risk financial management, and the foreign currency market in 
Poland. 

The company is perceived as one of the organizations that are the most likely to get adjusted to the new 
global world. In this century, it is taken for granted that the company and its dynamics can be, in principle, 
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characterized by the technologies it possesses and this behavior results first of all from the strategy and 
organization, and is based on the engagement and the role of the regional economy [1]. This means that the 
business environment is an important success factor for many companies. The analysis of the business 
environment allows one to explain the factors, support the companies in the process of investment, the 
definition of the dynamics of growth and the anticipated profitability. The business models can be 
constructed on this basis. The paper presents the financial aspects of the business model choice. This 
means that it attempts to define the criteria for decision-making, which should be based on the 
understanding of the essence of the business model. 

2. THE ESSENCE OF THE STRATEGIC MANAGEMENT 

The strategic management means many things but, first of all, it defines the way of acting, which is typical for 
people and organizations that think strategically. Gierszewska and Romanowska [2] reported how important 
it is to combine strategic imagination with activities. The strategic management means such placement of a 
company in the environment so that it can realize the long-term goals. Since both the environment and a 
company are influenced by constant changes, the strategic management of the company is a dynamic 
process whose pace is defined by its strategy.  

A logistic company must aim at the explanation of the lack of uncertainty by means of strategic decisions. 
The manager, while taking the decisions, aims at the “definition of the strategies of activities in the situations, 
in which in the process of the decision taking that have a choice of a few options and is not sure about the 
potential risk connected with these options” [3].  

All the decisions should be taken with a concrete way of deliberation, which is determined by a given 
business model (activity) [4]. The models are simplifications and they reflect the reality. They reflect the 
systems and the problems with different levels of complexity of divagations. The different models are 
differentiated. The model shows the features of the unit examined.  

The model, in the majority of cases, allows for the compression of time (the balance for a given date), and 
the manipulation of this model is easier than the manipulation of the real systems. What is more, the testing 
of the model allows one to avoid the redundant costs of the real solutions that have failed. In practice, 
models with a high level of abstraction are used, starting from simple descriptive models or models in the 
form of diagrams to more complex ones such as the models of the reason-result type to the mathematical 
versions - simulation models [5].  

The CAPM model (capital asset pricing model) plays a vital role in the theory output. In practice it happens 
very often that the organizational unit is created in order to realize the specific, precisely defined aims (e.g. 
franchising, outsourcing, leasing or the secularization of the financial assets, the scientific and development 
research). It can be stated that an example will allow us to concentrate on the essence of a business model 
that is successfully used in practice. Sometimes, in order to minimize the risk, we choose a proper model to 
run an economic activity, in which the tested patterns of the decision-making are used.  

Franchising, which is a system of the sales of goods and services based on the close cooperation between 
legally and financially different companies, can be an example of the models used. The franchiser offers the 
franchise holder its brand, trademark or another differentiating sign and its way of running the company that 
has been successfully tried earlier for some time. 

The new unit created by the franchiser is independent within one network, but must stick to the norms 
defined by the creator of the system in the franchising contract. In this system the franchiser is protected by 
the financial and technological support of the network, knowledge and development of which are guaranteed 
by the procedures, so decisions are taken in the conditions of risks, which can be estimated with a certain 
probability. The franchiser of the license can be sure that the franchise holder will provide them with the 
professional care, training, consulting, promotion and know-how. The franchiser pays a fee for the license 
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and during the whole realization of the contract the daily fees are also paid. These resources are used in the 
net for the basic R&D work, the preparation of new products, marketing research and promotional activities. 
This is, without any doubt, a way to run the company, especially for people who are not experienced in 
business, because it allows them to decrease the level of operational and financial risks.  

The models of business are constructed in order to foresee the shape and the content of the future 
conditions for the operation of companies. It can be stated that this should be a model of invisible 
domination. In the conditions of the global and European market the modern companies, which are oriented 
to the problem solutions rather than the product itself, are created. The solution of the problem is the 
classical orientation aimed at the creation of the product itself. In the contemporary approach it expresses 
the maximization of the value for the shareholders or the ordinary value of the shares. In this approach one 
takes for granted that the maximization of the value for the shareholders is the basic financial aim, which 
constitutes the financial aim of the company and determines the divagations of the models. 

3. BUSINESS MODEL FINANCIAL ASPECTS 

The creation of the value for the shareholders (owners) is the basic financial aim of the company, including 
logistic organizations. It means that the decisions that are taken should be evaluated from this point of view. 
In the process of the creation of the values three decision processes are separated, which are common for 
all companies, namely [6]: The realization of a profitable operational activity, which determines the effective 
use of the resources and determines the financial situation of the company.  

The management of the investment process, including the choice, realization and the supervision of the 
projects and new activities, which means the realization of the strategy of the company and defines its future. 
Taking decisions are on the way of financing so the divagations of external and internal sources to obtain the 
capital and its cost. Some companies concentrate only on the first field and forget about the development 
opportunities and spend little time on the issues connected with the ways of financing. The degree of the 
realization of the aim is determined by the business model (activity), which is designed by the company in 
order to realize the aims in a more effective way.  

The strategic aims can be connected with the profile of activities that embrace the products, services, 
segments of branches and the geographical markets, which the company should identify in the context of the 
environment. In the evaluation of the model one can use the generating of the positive cash flows and the 
expected return rate. The results of the decisions taken are visible in the financial assessment of the 
company’s situation and determine, first of all, the ability to create the values of the company. The 
management is supposed to increase the values for the shareholders. The management should improve 
their abilities to create the values.  

The managers must be able to assess and shape the values of their companies. That is why knowledge has, 
for some time, had a dominant position in the divagations of the sources of the competitive gain. This 
conviction is also underlined in the statement that the use of knowledge assures the success of the 
company. The management of knowledge is quite a new branch but it develops in a dynamic way. One can 
notice that the knowledge is nothing new for the science. However “the knowledge which is not used in 
practice is useless” [7].  

The business model allows one to create and use the material and immaterial intellectual capital, innovation, 
information, data and the abilities that result from gathering, processing and sending it. The new networks of 
connections, which are created, integrate the companies, higher education institutions, research institutes, 
consulting companies and other organizations, which deal with the creation, education and the use of 
knowledge, and proves that the demand for these kinds of solutions increases. Knowledge is not the only 
important factor of the development and growth which constitutes the basis of cooperation integrating 
different centres of creation and utilization of knowledge in the regional and the global economy. [8] 
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A company that uses knowledge in the business model must define: to what extent it should be its basic 
knowledge about the company, its model of business (activity), its resources, production, distribution, clients, 
cooperating firms, suppliers and competitors, to what extent the knowledge must be obtained from the 
outside of the organization, which is important in the cognition and the assessment of the company’s position 
in the environment: on the one hand, the information from the capital market is used, which assesses the 
value of the future of the company and determines the value for the shareholders, on the other hand, the 
global market causes the situation in which the company can obtain a given profitability from the capital 
engaged, so the matter of creation of the value for the customer becomes substantially important. This 
means that knowledge can be treated as a leading factor of the development and the growth of the 
company, which constitutes the basis for the preparation of the model of business, and which is the driving 
force of the success of the company. [9, 10] 

The strategic management and the financial management provide different schemes and models. In the 
strategic planning different models are recommended such as: the Ansoff’s model of product-market or 
McKinsey method based on: the attraction of the industry of the current competition positions. In the current 
recommendations the achievement of success is connected with the efficiency of activities and is a condition 
of rationality in the decisions taken in the new conditions of the global markets. In the conditions of the 
globalization of the market only those companies can count on the inflow of capital that offers a higher rate of 
return from the capital invested. Similar requirements are formulated by the capital market, which awards the 
high rates of return by “the bonus of the risk”. The real competitive gain of the company means the creation 
of the value of the company and the added value for the client and different stakeholders. Nowadays, the 
globalization of the markets has significantly complicated this process. The increasing mobility of the capital 
is an important circumstance, because it implies that the system eliminates the weak. The company that 
functions in the conditions of the global market must build its competitive advantage in a skilful way, as the 
basis for the success and the creation of the values.  

The market economy, whose essence is the maximization of the values for the shareholders and the 
satisfaction of the clients, constitutes the basis of the business management. Clients are happy if the product 
fulfils or exceeds their expectations because its price is not higher than the value of the product and 
services. Clients’ aspiration for the value takes place in parallel with different processes which serve to 
reduce the costs and to improve the quality (ISO quality certificates) and the achievements in the 
improvements of the processes of processing and the systems that are used for that and the changes of the 
relations with the clients.  

The clients’ contentment has its final value only when its effects are the economic advantages obtained by a 
company, so that the return of investment into projects, obtained in the form of financial flows the return 
which exceed the average weighted capital of the company, is realized. That is why the strategic dealing with 
the client must be in line with the financial approach to the value for the shareholder.  

Focusing on the dialogue between the company and the client prejudges the market orientation that causes 
the goods offered to be quickly adjusted to the changing needs of clients. The sharing of the added value 
created in the company strengthens these relations. The company, which creates its added value by the use 
of the competitive gain, should be able to keep part of it for itself as the profit to be allocated to its 
development and growth. By transferring the part of the added value in the relations with contractors, 
marketing tries to induce the suppliers and consumers to cooperate and the clients, first of all, to remain 
loyal. [11] 

The condition that enables the company to effectively manage the relations with the customers is getting to 
know their dynamic nature. There is a need to examine these relations, it is important to get to know the 
factors, which influence their strength and the way of shaping them. The company that is not threatened by 
new potential competitors and by the substitutes of products, and which has a big binding force in relations 
with the customers should have the biggest competitive gain. Although the management considers the 
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moving of the companies on the world markets, mainly from the perspective of the reduction of costs, the 
research of Booz Allen stated that the important factor in the change of allocation was the need to obtain the 
information about clients. The managers surveyed/interviewed stated that “obtaining the knowledge about 
the client on the new market” is much more important that the elements of the cost advantage. 

3.  CONCLUSIONS 

In management it is necessary to use the knowledge and experience of the organization which is placed on 
a target market and, first of all, the orientation on the creation of values for the shareholders. It means the 
creation of the competitive advantage based on innovations and the effective operation on the global market. 
Such companies as Microsoft or Intel are the exemplification of this approach to competitors.  

A similar approach to the creation of competitive advantage is visible also in different branches, for example, 
in biotechnology and in the pharmaceutical branch. It should be noted that these branches become the 
stimulators of economic growth involving different industries into cooperation as well. The efficiency of 
marketing management depends on the quickness and adequacy of reactions, responses and the activities 
of a logistic company.  

A logistics company that is based on knowledge and innovations reacts to the future expectations of the 
clients and units in order to define the desirable strategic competences and their critical levels. The company 
simultaneously analyses the gaps (strategic, planning, operational), to define the sources of competences 
and to divide the answers. On the other hand, the analysis of the current situation and the monitoring of the 
environment help to define the current competence and bring to a standstill the system of acquiring 
knowledge, including the staff trainings courses. This branch is characterized not only by the innovations but 
also by high profitability and the turnovers on a global scale. The economy of scale creates the possibilities 
of the realization of R&D, often in their own laboratories, but also in cooperation with different companies, 
which means that these companies use the possibility to share the high risk that accompanies the expected 
high return rate of the capital engaged.  
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Abstract 

The paper deals with problem of logistics costs which can account for such a large proportion of total costs in 
the business and it is critical that they be carefully managed. On the other side, it is not always the case that 
the true costs of logistics are fully understood. Traditional approaches to accounting based upon full-cost 
allocation can be misleading and dangerous. Activity-based costing methods provide some significant 
advantages in identifying the real costs of serving different types of customers or different channels of 
distribution. Logistics management impacts not only upon the profit and loss account of the business, but 
also upon the balance sheet. Logistics is also increasingly being recognized as having a significant impact 
upon economic value added and hence shareholder value. It is critical that decisions on logistics strategies 
made based upon a thorough understanding of the impact they will have on the financial performance of the 
business. 

Keywords: Activity based costing, logistics costs, logistics management, business economy 

1. INTRODUCTION  

The aim of the article is to focus attention on one of the modern method - Activity Based Costing and present 
it as a management technique for costing in business logistics, which has significance impact on logistics 
management and business economy. In this regard, it is very important to understand significance and 
management of logistics costs in the enterprise in according with new pressures, approaches and 
enterprises for the 21st century. Through basic model of cost allocation scheme using ABC method is 
highlighted the use of intermediary activity for the concept of Activity Based Management. This concept is a 
mean for better decision making in logistics management. However, logistics activity does not just generate 
cost, it also generates revenue through the provision of availability - thus it is important to understand the 
profit impact of logistics and supply chain decisions. Today’s turbulent business environment has produced 
an ever greater awareness amongst managers of the financial dimension of decision making. 

2. SIGNIFICANCE AND MANAGEMENT OF LOGISTICS COSTS IN THE ENTERPRISE 

In the 21st century, firms need not just operate in different countries; they must develop global strategies to 
coordinate their operations at all phases of the value-adding chain. Coordination of the supply chain has 
become strategically important as new forms of organization, such as virtual enterprises, global 
manufacturing and logistics networks, and other company-to-company alliances, evolve. [1] 

2.1 The concept of logistics performances and costs 

Logistics consists of activities that facilitate the movement of goods from supply to demand. Performance 
indicators of logistics activities measure the performance of a logistics system and evaluate its efficiency 
level. As such, performance indicators can be used in improving logistics systems within a particular firm or  
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throughout national economy. The major reason for measuring logistics performance is to reduce the 
operating costs. Measuring of the operating costs helps to identify the necessity to make operational 
changes to control expenses and identify areas for improved assets. 

Although logistics performance indicators can be evaluated in various ways, depending on the purpose, in 
general they fall into one of two categories: (1) costs indicators, which indicate costs consumed in carrying 
out logistics activities, and (2) service indicators, which indicate the results of logistics activities. 

Since business competitiveness can be enhanced through cost reductions and service improvements in 
logistics activities, it is important that companies and governments be competent in measuring logistics 
related performance. Cost indicators are popular performance indicators, though the measurement 
methodology has not been standardized. Moreover, there is no guideline regarding which indicator to use 
when measuring the efficiency or productivity of individual logistics activities. [2] 

Logistics costs include the following: 
• cost of transport activities, for each mode; 
• cost of storage or warehousing activities; 
• cost of time value or investment in goods in a logistics system, including the added value of      
transportation; 
• cost of physical form changes required for effective and/or safe transport, storage and handling; 
• cost of marking, identifying, recording, analysis, as well as data transfer and handling; 
• cost of stacking activities; 
• cost of added packaging required; 
• cost of material transfer activities; 
• cost of consolidation/deconsolidation activities; 
• cost of information and telecommunications integration; 
• cost of logistics system management; 
• cost of unavailability of goods (when required). 

In general, the costs of transport activities and non-physical handling activities, such as an inventory and 
related time cost, constitute the majority of logistics costs. [1] 

2.2 Enterprise Logistics Cost Management 
Logistics cost management is the core of logistics management, for enterprises to enhance the efficiency of 
logistics management to determine the level of logistics services play a vital role. Thus, control of logistics 
cost has become a modern enterprise management in the process of one of the main tasks. Logistics cost 
management of development and economic development is closely related to the development of logistics 
depends on the socio-economic level of development and productivity, but also on the scientific the level of 
technological development. In the initial stage of economic development, business thinking is centered on 
manufacturing and basically too busy to take into account the circulation issues in the field of logistics. When 
rapid economic growth, increased competition, companies began to reduce production costs in areas other 
than the search for a way out, are beginning to realize the logistics of the role of enterprises to reduce costs, 
the total cost of the logistics concept has been introduced.  
As the economy continues to develop, the changes in the external environment on the one hand, to bring 
their own driving force to improve the logistics system, but also prompted the Government to amend the 
hotbed of high-cost logistics management policy, logistics cost management has been a gradual 
development of a logistics management sector, making the beginning of the logistics cost management 
organization, as well as the emergence of new outsourcing system management to reduce the form of 
logistics costs and improve competitiveness. [3] 
With electronic information, scientific and technological progress, logistics cost has become a national core 
competitiveness of the national economy an important manifestation. More and more enterprises recognize 
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that the modern logistics industry to be successful, the use of modern logistics in the means of cost control, 
cost-effective logistics down. But reality, the vast majority of enterprises in our country the concept of 
logistics cost management is still relatively weak understanding of the logistics enterprises are mostly limited 
to transportation, storage and other low-value-added services, and the logistics system design, 
rationalization of logistics, such as the development of information systems lack of value-added services to 
understand. Did not establish a sense of modern logistics, not fully aware of modern logistics management is 
to reduce the total cost of production, improve the competitiveness of enterprises an important means. 

3. ABC CONCEPT - NEW INSIGHT IN TO THE LOGISTICS COSTS 

ABC method can be considered as one of the most modern methods of costing. It is the result of research 
that was carried out America's top economists in the 80s of the last century. Later, this method implements 
the world's most successful companies as well as smaller dynamically developing companies. 

3.1 Causes of the development of new methods of cost management 
Major impetus to the creation and development methods are significant changes taking place in business 
processes not only in manufacturing but also in service sectors, transport, banking and other business.  

Among the major causes of the development of new methods of cost control include: 
• Interested customers and business partners focused on buying or handling requirements "under one roof" 
generally lead to a significant increase in performance made structures, often inversely proportional to the 
amount of performance.  
• Efforts to minimize customer average rate of production inventory is reflected in shorter intervals of supply. 
This has the effect of reducing the volume of homogeneous performances conducted in a single dose or a 
series. 
• Significantly changing the method of implementation performance in the manufacturing and non-productive 
sphere. In virtually all areas of decreased proportion of "unit" of human labour, and vice versa, the share of 
automated processes taking place, money involved which is strongly influenced by the company the ability to 
rationally coordinate these processes. [4] 

The essential differences compared to other methods of bringing the activities in which the development of 
cost-producing activities, in an indirect relation to the volume of final realized performance. Typically, the 
relationship between costs, activity and volume of the final performances especially in these types of 
activities: 
• providing logistical operations mainly supply and selling reproductions of the lever (material orders, the 
implementation of access control, shifts in manufacturing, national enterprise transport, packing, shipping, 
customer service - including information support these activities, 
• operations to ensure a balance between resources and their use (operational planning and dispatching 
control of supply, production and marketing) 
• operations capable of making changes (setting up machinery, construction and technology training) 
• ensuring quality control operations carried out by the performance (quality control, handling of complaints at 
the entrance and exit, reject repair expenses). [5] 

Systematic monitoring cost performance of individual activities and synthesis activities and in particular in 
case when it is possible to separate the costs affected by quantity and costs not affected by quantity. It can 
also be used in the analysis - Value creation (Value Chain Analysis, Value Based Management). 

3.2 New insight in to the logistics costs  

Logistics activities are oriented to create value for consumers, suppliers and other companies involved in the 
physical management of goods. The capacity of these companies to produce and deliver value depends on 
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their ability to supply the consumers with the products and services at the lowest total cost. While accurately 
identifying logistics costs may sound like a simple task, doing so by incorporating all business costs impacted 
by logistics functions, taking into account all support costs and transfer credits can often be a more difficult 
task than any imagine before when they undertake such a forensic calculation.  

In the logistics process, different kinds of resources are consumed according to the logistics activities 
presents in the company and the way in which they are used. Activity-based costing (ABC) assist logistics 
managers by revealing the links between performing particular activities and the demands those activities 
make on an organization's resources. Activity-based costing is an especially useful tool for Logistics 
practitioners to get the attention of senior management, defining and highlighting logistics costs and their 
direct impact on the bottom line. These resources and activity-based costing definitions will help to get 
started with activity-based costing. 

The message ABC method is the fact that for the reasons of cost as the activity and not individual 
procedures. Addressing the ABC costing method therefore requires knowledge and information on the 
substance during specific activities, procedures and processes within the company. Concise characterization 
method expressed ABC Fig. 1 shows the building blocks that ABC method, a combination of terms of cost 
allocation and process perspective. [6] 

View of assigment the costs (ABC) 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Basic element of 
ABC method, 
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4. ABC METHOD - IMPACT ON LOGISTICS MANAGEMENT AND BUSINESS ECONOMY  

Logistics and the balance sheet 

As well as its impact on operating income (revenue less costs) logistics can affect the balance sheet of the 
business in a number of ways. In today’s financially-oriented business environment improving the shape of 
the balance sheet through better use of resources has become a priority. By examining each element of the 
balance sheet in turn it will be seen how logistics variables can influence its final shape. 

4.1  Assets 

Cash and receivables 
This component of current assets is crucial to the liquidity of the business. In recent years its importance has 
been recognized as more companies become squeezed for cash. It is not always recognized however that 
logistics variables have a direct impact on this part of the balance sheet. For example, the shorter the order 
cycle time, from when the customer places the order to when the goods are delivered, the sooner the invoice 
can be issued. Likewise the order completion rate can affect the cash flow if the invoice is not issued until 
after the goods are despatched. One of the less obvious logistics variables affecting cash and receivables is 
invoice accuracy. If the customer finds that his invoice is inaccurate he is unlikely to pay and the payment 
lead time will be extended until the problem is rectified. 

Inventories 
Fifty per cent or more of a company’s current assets will often be tied up in inventory. Logistics is concerned 
with all inventories within the business from raw materials, subassembly or bought-in components, through 
work-in-progress to finished goods. The company’s policies on inventory levels and stock locations will 
clearly influence the size of total inventory. Also influential will be the extent to which inventory levels are 
monitored and managed, and beyond that the extent to which strategies are in operation that minimize the 
need for inventory. 

Property, plant and equipment 
The logistics system of any business will usually be a heavy user of fixed assets. The plant, depots and 
warehouses that form the logistics network, if valued realistically on a replacement basis, will represent a 
substantial part of total capacity employed (assuming that they are owned rather than rented or leased). 
Materials handling equipment, vehicles and other equipment involved in storage and transport can also add 
considerably to the total sum of fixed assets. Many companies have outsourced the physical distribution of 
their products partly to move assets off their balance sheet. Warehouses, for example, with their associated 
storage and handling equipment represent a sizeable investment and the question should be asked: ‘Is this 
the most effective way to deploy our assets?’ [8] 

4.2 Liabilities 
 
Current liabilities 
The current liabilities of the business are debts that must be paid in cash within a specified period of time. 
From the logistics point of view the key elements are accounts payable for bought-in materials, components, 
etc. This is an area where a greater integration of purchasing with operations management can yield 
dividends. The traditional concepts of economic order quantities can often lead to excessive levels of raw 
materials inventory as those quantities may not reflect actual manufacturing or distribution requirements. The 
phasing of supplies to match the total logistics requirements of the system can be achieved through the twin 
techniques of materials requirement planning (MRP) and distribution requirements planning (DRP). If 
premature commitment of materials can be minimized this should lead to an improved position on current 
liabilities. 
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Debt/equity 
Whilst the balance between debt and equity has many ramifications for the financial management of the total 
business it is worth reflecting on the impact of alternative logistics strategies. More companies are leasing 
plant facilities and equipment and thus converting a fixed asset into a continuing expense. The growing use 
of ‘third-party’ suppliers for warehousing and transport instead of owning and managing these facilities in-
house is a parallel development. These changes obviously affect the funding requirements of the business. 
They may also affect the means whereby that funding is achieved, i.e. through debt rather than equity. The 
ratio of debt to equity, usually referred to as ‘gearing’ or ‘leverage’, will influence the return on equity and will 
also have implications for cash flow in terms of interest payments and debt repayment. 

CONCLUSION 

Because logistics costs can account for such a large proportion of total costs in the business it is critical that 
they be carefully managed. However, it is not always the case that the true costs of logistics are fully 
understood. Traditional approaches to accounting based upon full-cost allocation can be misleading and 
dangerous. Activity-based costing methods provide some significant advantages in identifying the real costs 
of serving different types of customers or different channels of distribution. 
Logistics management impacts not only upon the profit and loss account of the business, but also upon the 
balance sheet. Logistics is also increasingly being recognized as having a significant impact upon economic 
value added and hence shareholder value. It is critical that decisions on logistics strategies made based 
upon a thorough understanding of the impact they will have on the financial performance of the business. 
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Abstract 

The paper is focused on some food products consumption history and consumption prediction. Generally, it 
is known that the forecasting of some food items is simple because of their almost constant consumption, 
even in the time of economic crisis, trade volatility. It was proved, that this affirmation is not true and also the 
forecast of food products does not guarantee the valid results. There were chosen three very basic and 
commonly used items from food products (bread, mineral water and beer) to illustrate the situation of these 
products consumption at retail. The paper also shows the differences between a group of products 
forecasting and particular items forecasting. 

Keywords: Forecast method, food industry, group products, error forecast indicator 

1. INTRODUCTION 

The aim of this article is to prove the claim that forecasting of product group is more accurate than 
forecasting of individual items [2]. It enables easier to create forecasts in terms of sudden market changes or 
volatility. During the time of economic crisis, there were many turbulent changes in various market sectors 
mainly in machinery engineering, building industry etc., and in all other downstream industries. [6] In addition 
to this basic objective of the paper, the author tried to point out the consumption behaviour of some selected 
food items. There is very good inclusion of items into commodity groups in the food industry and it is 
generally said that making forecast for food items is simply because it is not influenced by the economic 
crisis. Here are all mentioned aspects, what author tries to solve in this paper. 

It is generally expected relatively aligned consumption of basic food products even in times of economic 
crisis, which in many cases, has forced consumers to save. As it was demonstrated by the following 
analysis, it is not so clear.  

Here are chosen the basic food groups and their products as individual food items shown in the Table 1. 

Table 1Chosen food groups and their items, which was the forecast created for [1] 

Bakery products: 
  
• White bread (cob-loaf ) 1 kg  
• White bread, sliced 0.450 kg  
• Dark bread, sliced 0.900 kg  
• Tuscan bread 0.700 kg 

Beer:  
 
• Gemer 10°, 0.5 l  
• Kelt 10°, 0.5 l  
• Zlatý Bažant, non-alcoholic 0.5 

l  
• Zlatý Bažant 10° 0.5 l  
• Zlatý Bažant 12° 0.5 l  

Mineral water 
(bottled):  

• Baldovská 2 l  
• Budiš 2 l  
• Fatra 1,5 l  
• Magnesia 1,5 l  
• Mattoni 1.5 l  
• Sulinka 1.5 l  
• Korytnica 1.5 l  
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The consumption survey was conducted in a relatively small market segment in a retail environment, in a 
village near Kosice. It explain relatively limited assortment of offered products. Consumers are therefore 
represented by a relatively small number of customers, but on the other hand, they are rich in diversity (age, 
social status, etc.). But it can be concluded that this relatively small sample of consumers reflects consumer 
behaviour in wider society at a given time and in the surrounding area of Košice. 

2. PRODUCT ANALYSIS 

Total consumption of particular items was studied during two years 2011 and 2012. It was calculated total 
consumption on the basis of the consumption of particular items, so the total consumption of product group 
is listed in Table 2. The graphical overview characteristics are in Fig. 1. 

Table 2 The overview of chosen food products groups consumption during years 2011 - 2012 [1]: 
Month and Year Bakery products (kg) Beer (l) Mineral water (l) 

January 2011 127.05 168 273 
February 2011 335.3 168 273 

March 2011 372.6 168 285 
April 2011 386.45 612 300 
May 2011 442.45 699 255 
June 2011 422.1 792 282 
July 2011 523.65 1026 291 

August 2011 414.3 462 291 
September 2011 400.64 696 291 

October 2011 461.65 747 291 
November 2011 405.4 512 300 
December 2011 379.05 668 282 
January 2012 293.7 312 255 
February 2012 300.75 516 300 

March 2012 349.55 636 291 
April 2012 310.35 696 309 
May 2012 420.4 804 279 
June 2012 430.35 1116 309 
July 2012 451.35 1068 291 

August 2012 428.4 864 300 
September 2012 389.15 744 282 

October 2012 420.4 744 309 
November 2012 387.3 396 282 
December 2012 424 528 273 
January 2013 369 264 162 
February 2013 317.15 396 132 

March 2013 408 552 201 

The last three lines in 2013 are also real values, but for this period there was calculated the forecast, which 
will be the subject of further comparison - the calculation of forecasting error type of MAPE indicator. [7] 

  

Fig. 1 Graphical characteristics of the chosen food products groups consumption 
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The first of food products group is mineral water. As it is shown in the graph, the trend is decreasing. It can 
be explained by decreasing interest of buying bottled mineral water in shops, because prises of food 
products were visibly increased and customers want to save some money. They decided to reduce buying of 
these bottled water and prefer using water from water supplies, which quality is still high in Slovakia. The 
consumption of beer is totally seasonal - it increases with increasing of temperatures outside. The 
consumption of bakery products is relatively stable, this forecast was the most accurate. 

3. FORECAST OF THE PRODUCT GROUPS 

The forecasts are calculated by using three methods and one methodology: The harmonic weights (HW) - 
method suitable for dynamic, relatively unstable product characteristics; the regression analysis (RA) - the 
method suitable to detect trends and the seasonal index method (SI) - method takes into account 
seasonality, which is common in food products. Forecasting results are shown in Table 4. [4], [5] 

As the fourth forecast result was calculated as combined forecast [3], which is prepared by a simple 
weighted average by using the weights listed in the Table 3. [1] Here are the calculated forecasts for the first 
three months (January - March) of the year 2013 in the following, using the mentioned the three methods 
and combined forecast in the Table 4. 

Table 3 The list of weights used in the combined forecast [1] 

The forecast method weight 
The harmonic weights  (HW) 0.25 
The regression analysis  (RA) 0.25 
The seasonal index         (SI) 0.50 

Table 4 The forecast of food products groups consumption 

Forecast for 
Beer (l) Bakery products (kg) 

Real s. HW RA SI KP Real s. HW RA SI KP 
January 2013 264 517.7 822.3 131.1 400.6 369.0 428.2 422.4 299.5 362.4 
February 2013 396 232.5 747.7 104.3 297.2 317.2 363.5 415.8 329.7 360.0 

March 2013 552 383.8 703.0 126.5 335.0 408.0 306.8 402.1 309.7 332.0 

Forecast for 
Mineral water (l) 

Real s. HW RA SI KP 
January 2013 162 170.5 196.6 235.8 179.5 
February 2013 132 155.2 187.0 218.8 167.0 

March 2013 202 123.6 174.2 223.9 153.1 

After the forecast calculation the procedure was followed by the calculation of forecast errors for these food 
products groups. The forecast error MAPE indicators are in Tables 5 a, b and c. 
 
Table 5a MAPE error indicators of beer group 

MAPE HW MAPE RA MAPE SI MAPE KP 
33,57% 65,53% 40,22% 23,20% 

 

Table 5b MAPE error indicators of bakery 
products group 

MAPE HW MAPE RA MAPE SI MAPE KP 
11,09% 9,41% 9,38% 6,76% 

 

 
Table 5c MAPE error indicator of mineral water 

group 
MAPE HW MAPE RA MAPE SI MAPE KP 

20,43% 25,47% 40,89% 20,39% 
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4. FORECAST OF PARTICULAR ITEMS 

The next forecast is for each particular item of selected food groups. Because this forecast contains a large 
number of input and also output data (tables) this chapter brings only the results for items of bakery products 
and other items are displayed only through MAPE error indicators. 

The group items of bakery products 

Overall MAPE is 6.75 % what is, in terms of selling bakery products, a satisfactory result. Best of all four 
methods have been proved the combine forecast. And thus MAPE for each item was calculated from the 
combined forecasts. Here are the following data of items of bakery products Table 6 - 9. 

Table 6 The comparison of forecasts and the actual value of the white bread 1000 g 
White bread (cob-loaf ) 1000 g 
Forecasted period  HV RA SI KP Real sale MAPE (%)  
January 2013 49 29 52 46 50 

11.33 February 2013 48 24 93 64 52 
March 2013 46 20 105 69 51 

In the case of this 1000 gram white bread, MAPE is 11.33 %. At this type of the product, the method of 
harmonic balance showed the closest forecast to the real sales. 

Table 7 The comparison of forecasts and the actual value of the white bread, sliced 450 g 
White bread, sliced 450 g  
Forecasted period  HV RA SI KP Real 

sale 
MAPE (%)  

January 2013 28.97 23.79 16.80 21.59 25.20 
5.16 February 2013 37.29 23.72 26.43 28.47 23.85 

March 2013 48.02 23.65 30.88 33.35 26.10 

1. The forecast of sales of the white bread, sliced 0,450 kg the method of regression analysis was the 
closest to the real sales. 

Table 8 The comparison of forecasts and the actual value of the dark bread, sliced 900 g 
Dark bread, sliced 900 g 
Forecasted period HV LR SI KP Real 

sale 
MAPE (%)  

January 2013 316.26  314.33  115.75  215.52  244.8 
35.40 February 2013 326.87 321.67 160.27 242.27 200.7 

March 2013 337.84 321.01 173.63 253.53 288.9 

Even there is the worse result, the combined forecast showed the closest forecast to the real sales. 

Table 9 The comparison of forecasts and the actual value of the Tuscan bread ,700 g 
Tuscan bread, 700g  
Forecasted 
period 

HV LR SI KP Real 
sale 

MAPE v %  

January 2013 45.13  54.32  26.18  37,95  49 
7,55 February 2013 44.77 54.71 39.02 44,38 40,6 

March 2013 44.41 55.10 49.88 49,82 42 

And once more, at this type of the product - Tuscan bread, the method of harmonic balance showed the 
closest forecast to the real sales. 

Only dark bread has the largest volatility at its consumption and that is why it influenced the overall MAPE in 
a great deal. The overview of bakery products items MAPE indicators are shown in the following Table 10. 
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Table 10 The overview of MAPE of bakery products items 
Overall MAPE 
(%)  

MAPE of white 
bread 1kg 

MAPE of white 
bread, sliced 450g 

MAPE of dark 
bread, sliced 900g 

MAPE Tuscan 
bread, 700g 

6.67  11.33  5.16  35.40  7.55  

The group items of beer 
The following is a short overview of particular MAPE indicators of beer products items in the Table 11: 

Table 11 The overview of MAPE of beer products items 
Overall MAPE 
(%)  

MAPE of 
Gemer 0,5l  

MAPE of Kelt 
0,5l  

MAPE of ZB 
non-
alcohol.0,5l 

MAPE of ZB 
10° 0,5l  

MAPE of ZB 
12° 0,5l 

23.20  18.33 65.33 16.33 17.66 29.00 

The group items of mineral waters 
And the last food product group is presented also in a short overview of particular MAPE indicators of 
mineral water products items in the Table 12: 

Table 12 The overview of MAPE of mineral waters products items 
Overall MAPE 
(%)  

MAPE of 
Baldov- 
ská 2l 

MAPE of 
Budiš 2l 

MAPE of 
Fatra 1,5l 

MAPE of 
Magnesia 
1,5l 

MAPE of 
Mattoni 
1,5l 

MAPE of 
Sulinka 
1,5l 

MAPE of 
Korytni-
ca 1,5l 

20,39 44 26,67 21,33 10 9,00 25,67 10,33 

5. CONCLUSION 

In conclusion, I will try to sum up the consumption (sales) of individual product groups in a small shop with a 
variety of goods. Even in case of food products the situation is not so clear as it was expected at first sight. 
People, in order to save money, avoid of buying of items they consider as unnecessary. The proof of that is 
mineral water. Maybe in the future should be good to focus on the analysis of products such as sweets, 
chocolates or other “luxury” goods and to find out what overall trend is there. In other cases, the overall trend 
was very mild upward, which means that these groups are relatively strong food groups in terms of 
consumption. 

As regards to the comparison of forecasts of product groups and their items it can be said that it confirmed 
the above statement. It is proved by MAPE error indicators, the results of which can be summarized as 
follows: 
• In the case of bakery products, however one item was smaller MAPE as the overall in the group, it is 

possible to evaluate the forecast for the group as more accurate. 
• In the case of beer, one item represented great dynamics in consumption (sale) and thus it negatively 

affects the overall MAPE. In this case it is not clearly shown any advantage of forecasting of the whole 
group.  

• In the case of mineral waters there were 3 items of 7, which showed a more accurate forecast of 
particular items but in overall view, it is possible to evaluate the forecast for the group as more 
accurate. 

In the future it might be interesting to do a similar survey at a large chain store and compare the results with 
a small shop. 
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Abstract 

The paper presents current barriers and opportunities for foreign direct investments in Belarus focusing on 
the field of business logistics. It shortly describes actual economics situation in Belarus and its development 
since 1991, highlighting current state market socialism doctrine and political situation in relation to FDI. The 
aim of the paper is to describe current situation regarding Belarusian market entry conditions for foreign 
investors, and identify barriers for foreign direct investments in Belarus. Special attention is devoted to 
entrepreneurial opportunity identification for foreign direct investments in the field of business logistics in 
Belarus and Belarusian industrial market overview. 

Keywords: Foreign direct investments, Belarus, barriers for FDI, business logistics 

1. INTRODUCTION 

Analysis of historical development and current state of the Belarusian economy shows that the country has 
vast untapped potential for attracting of foreign direct investment due to the good geographical location, high 
level of infrastructure development and adequate human capital [1]. Since 2007, Belarusian government 
attempts to reform the legislation relating to business activities. First of all the government aimed the 
reduction of administrative requirements for registration of legal entities, simplifying the conditions for 
obtaining business licenses, reducing number of taxes and reducing overall administrative costs of doing 
business. A number of regulatory reforms realized in 2008 simplified doing business in Belarus [2]. Business 
climate is improving and many foreign investors begin to turn their eyes on the Belarusian market.   

Despite attempts of the Belarusian government to improve business climate barriers for foreign investors 
remain to be significant. The investment climate still suffers from several problems regarding the legal 
system, tax regime, price controls and lack of independent judiciary [2].The objective of this paper is to 
describe actual economics situation in Belarus and its development since 1991, highlighting current political 
situation, describe Belarusian market entry conditions for foreign investors, and identify barriers for FDI’s in 
Belarus. Special attention is devoted to entrepreneurial opportunity identification for FDI’s in the field of 
business logistics in Belarus and Belarusian industrial market overview. 

2. THE REVIEW OF THE ECONOMIC SITUATION IN BELARUS 

At the time when Belarus was a part of the Soviet Union, level of economics development, including industry 
and science, was comparable with Eastern European countries or countries in the so-called socialist camp 
[1]. As a Soviet republic Belarus had a well-developed and relatively diversified industrial base, producing 
products with the high value added, like electronics, trucks, tractors, and had a GPD per capita value way 
above the most former Soviet republics [3]. Belarusian economy experiences a sharp decline in economic 
activities and gross domestic product in total immediately following the collapse of the Soviet Union. In the 
period of 1990 to 1995 the decline in production reached in an overall 40 percent [3]. Relatively strong 
industrial base and continued strong relations with Russian Federation allowed Belarus to overcome initial 
economic decline after the fall of the Soviet Union, and starting 1995 GDP began to grow, reaching an 
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average of 6.5 GDP growth rate since 1996 to 1999 [4]. Economic growth in the period of 2001-2008 had 
been impressive, reaching an average annual GDP growth rate of over 8 % [2]. Table 1 shows basic 
economic statistics for Belarus since 1993 till 2013.  

Table 1 Economic statistics for Belarus (1993-2013 est.) 

Note: Data was obtained from Economy Watch database. 

The reasons for such an impressive growth are hidden in close economic relationships with Russia. For a 
long time one of the main sources of income for Belarus were payment for the transit of gas and oil, and 
incomes from oil refining industry. Since 1991 Belarus was buying crude oil and gas from Russia with the 
deep discount, while the prices were for a long time reaching the level of crude oil price level in Russia itself, 
and exported oil-based at market prices to the West. The situation has changed in 2006 when Russia raised 
the oil and natural gas prices for Belarus, where the price level became closer to the European price level. 
After series of negotiations Russian state owned gas company Gazprom became an owner of 100 % of 
Beltransgaz company, which operated the pipeline in Belarus in exchange for lower natural gas prices [5]. 

Current Belarusian economic doctrine is often called a type of market socialism, the strategy that brought 
stability, but kept desirable foreign capital outside the country [2]. The Ministry for Foreign Affairs of the 
Republic of Belarus describes the Belarusian model of socio-economic development as “evolutionary, based 
on active government involvement in overseeing market relations” [2]. Social policy and state control over 
the main industrial plants are the most important basements for the stability of Lukashenko regime. 
Government vastly supports costs of citizens housing and communal services social programs, finances 
medicine and education development, and subsidizes agriculture. This socially based market economy was 
mostly finances by the income from the oil refinery industry, assuming the influence of the rapid growth of the 
oil prices in this period, which Belarus clearly used to finance the social standard maintenance. Decrease of 
the Russian support forces government to lower the costs of the social policy.  

State ownership of industrial enterprises allows the government to regulate the level of unemployment, which 
remained extremely low even during the crisis of 1999 or 2009. The fact that 1197 state owned produced 
67.1% of all industrial production in Belarus in 2011 perfectly describes the level of state intervention in 

Value/Year 1993 1994 1995 1996 1997 1998 1999 
GDP (Bill. US$) 3.662 4.854 3.384 14.5 14.098 15.222 12.138 
GDP Per Capita (US$)  357.589 474.532 332.486 1,429.74 1,396.78 1,515.40 1,211.52 

Investment (% of GDP) 72.408 53.462 35.959 21.039 25.134 25.935 26.328 

Inflation Rate (%) 1,190.32 2,220.90 709.297 52.688 63.82 73.018 293.733 
Unemployment Rate 1.4 % 2.1 % 2.896 % 4.022 % 2.787 % 2.339 % 2.1 % 

Value/Year 2000 2001 2002 2003 2004 2005 2006 
GDP (Bill. US$) 10.418 12.355 14.595 17.825 22.716 30.21 36.962 

GDP Per Capita (US$)  1,042.82 1,241.57 1,474.38 1,809.87 2,317.95 3,098.15 3,805.01 

Investment (% of GDP) 26.798 24.373 23.227 25.253 29.525 26.516 33.49 
Inflation Rate (%) 168.601 61.133 34.792 28.398 18.094 10.336 6.992 

Unemployment Rate 2.112 % 2.277 % 2.9 %. 3.1 % 1.9 % 1.5 % 1.2 % 

Value/Year 2007 2008 2009 2010 2011 2012 2013 (est.) 
GDP (Bill. US$) 45.276 60.752 49.209 55.221 59.735 63.259 72.912 

GDP Per Capita (US$)  4,672.42 6,385.56 5,179.86 5,834.38 6,332.11 6,739.43 7,806.86 
Investment (% of GDP) 35.934  39.242 38.969 39.484 39.484 38.927 44.944 

Inflation Rate (%) 8.429 14.828 12.95 7.743 53.228 59.218 20.5 
Unemployment Rate 1 % 0.8 % 0.9 % 0.7 % 0.6 % 0.6 % 0.6 % 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

141 

Belarusian economy [1]. Investors should keep in mind that state currently controls most of the Belarusian 
industry, including automobiles, tractors, machinery, energy and food processing [5]. State ownership 
dominates in production, power, transport, extracting, construction, agricultural and bank sectors [1]. Private 
business in Belarus prevails in retail and wholesale trade and services. Belarusian industrial base in the 
present time is quite outdated, energy inefficient, and dependent on subsidized Russian energy and 
preferential access to Russian markets [8]. According to the declared state strategy foreign investors are 
welcome to modernize industrial sector and bring modern technologies and know-how to the country.  

Banking system and financial sector of Belarusian economy remains small and inefficient, and possibly 
requires stronger governance and new private banks to enter the market [7]. Some foreign financial groups 
like Raiffeisen International Beteiligungs AG or Vienna Insurance Group are operating in the country. 23 out 
of 27 banks operating in Belarus have private owners [1]. 

Current economic situation will probably force Belarus to start privatization process. First steps have already 
been made. During the period from 2008 till 2012 government announced a plan to privatize 899 state 
owned enterprises. Unfortunately the selection offered for privatization process was not attractive enough, 
and did not attract much attention from the foreign investors. Only 48 enterprises were privatized in 2008 and 
2011 [6]. This privatization attempt was unsuccessful also because of the strict conditions for investors, 
requiring keeping full staff of employees. We can expect the offers to be better prepared in the future.  

3.  BELARUSIAN INDUSTRIAL MARKET OVERVIEW 

The development of logistics infrastructure belongs to the fields intensively supported by Belarusian 
government, which realizes that the country will not be able to compete on logistics market by just using its 
main benefits, including the location between the EU and Russia, Customs Union with Russia and 
Kazakhstan and the transition of trans-European corridors through the territory of the country. Government 
support is the reason why the construction of 23 large warehouse real estate objects was undertaken in 
2012. A total of 48 new or existing objects that are undergoing modernization and development of 
warehousing infrastructure are being developed in the country [9].  

Belarusian authorities are seeking possibilities to improve country’s position in all international business 
ratings, important for FDI’s attraction, including the World Bank's Logistics Performance Index (LPI), where 
Belarus ranked 91th in 2012 [10]. The improvement of the country’s position in LPI can attract new foreign 
investments and force investors to allocate logistics centers involved in global goods movement system in 
Belarus. As an example of changes the simplification of the documentation procedures and easier 
requirements for wholesale and warehousing of alcoholic beverages, alcohol-containing products and 
tobacco products, which eased the doing business for logistics operators, and was realized by the presidents 
decree in 2012, can be mentioned [11]. Minsk and Belarus have all chances to become potential centers of 
distribution in Europe, potentially being incorporated into the global regional logistics system by 2020 [12]. 
Boom in logistics development in Belarus leads to significant improvement in estimated transportation and 
logistics centers projects payback period, which is decreasing from average 8 to 5 years due to the quick 
increase of the workload [9]. 

Talking about the supply of warehouse space we should state that Minsk and Minsk region attract the 
biggest part of the new warehousing complexes projects. 13 new complexes with a total area of around 140 
thousand sqm were launched in the specified the territory in 2012, and more than 240 thousand sqm of new 
warehousing spaces may be launched in 2013 [9]. Fig. 1 shows dynamics of the launching of modern 
warehousing facilities in Minsk and Minsk region.  

The focus of the investors is changing from building smaller projects to serve existing demand for the 
warehouse space to modern and technologically well-equipped warehouses projects with large areas. Most 
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of the projects are realized by Belarusian companies. Foreign business logistics projects realized in Belarus 
mostly origin in CIS countries, with investors 
more confident in hostile conditions of transiting 
economies. 

After the Belarusian financial crisis in 2011, the 
demand for warehouses normalized in 2012. 
Professional distributors and logistics 
companies (frequently affiliated with investors) 
were the main tenants for new warehouses, 
making demand for larger spaces relatively high 
[9]. While in previous years food products 
distributors were the main consumers of 
warehouse space, in 2012 professional logistics 
companies became dominant on this market. 

Rental rates for the space in logistics centers 
depending on the quality of the logistics center 
vary from 5 to 12 EUR per square meter. 
During the crisis rates for class B warehouses 
slightly decreased, while class A warehouses 
rates remained stable. Forecasts state that 
there are no obvious preconditions for a drop in 
rental rates in 2013, as some objects expected 
to be launched this year are built-to-suit objects, 
and others are being built through shared-

equity construction projects, which reduces the total volume of rental spaces [9]. 

The level of vacancy of warehouses remains on the level of 6 %. The demand for larger spaces is not quite 
satisfied, although smaller spaces are available on the market. In the following years the moderate growth of 
supply due to the launch of the new projects can be expected. Macroeconomic situation in the period of 2012 
and 2013 remains stable, so the rental rates will possibly stay on the current level, assuming that the 
growing supply will be able to satisfy the demand, which is expected to grow due to Belarusian membership 
in the Customs Union with Russia and Kazakhstan. 

4.  BARRIERS FOR FOREIGN DIRECT INVESTMENTS IN BELARUS 
As we stated in previous chapters investment climate in Belarus is rapidly improving. In a relatively short 
period of time Belarus has made tremendous progress in the simplification of doing business. According to 
the latest data of the Doing Business 2013 report in just five years Belarus improved its rating in ease of 
doing business by 52 positions since 2008 being ranked as 58th country in rating. For comparison, Czech 
Republic is 65th, Slovak Republic is 46th, and Poland is 55th [13]. Belarus has the 9th easiest business starting 
process, 3rd easiest property registration with just 0.03 % cost of property value [13].  
Tremendous progress has been made in the simplification of tax legislation. Belarus abolished several taxes, 
reduced tax rates, broadened the tax base, simplified filing forms and the tax law and invested in electronic 
systems that make it easier to file and pay taxes (Fig. 2). These changes reduced the number of annual 
payments from 125 to 10, the time from 987 hours a year to 338 and the total tax rate from 137.5 % of profit 
to 60.7 % [3]. Reforms were impressive, but the problems prevail in tax field, export and import operations, 
access to bank credits and infrastructure networks, political situation and investment protection. FDI’s are a 
subject of a long term planning, what makes the economics and political stability to play dominating role in 

Fig. 1 Dynamics of the launching of modern warehousing 
facilities in Minsk and Minsk region 

Note: Data was obtained from Colliers International 
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FDI’s allocation decision making. The state influence is the biggest barrier for foreign direct investment in 
Belarus, which is confirmed by 154th position in Index of Economic Freedom [14].  
Describing political situation in Belarus we should explain how massive influence the current Belarusian 
president has on all levels of state authorities. Referring to other authors we can state that Lukashenko 
retains tight control over regional governments, military forces, justice, police forces, and actively uses his 
power to prevent any opposition leaders to dislodge him from presidents position [2]. Even central bank is 
fully controlled by the president since he has the power to appoint and remove its chairman and members of 
the board [16]. 

Assuming that the state interference is 
a central issue, we can specify 
several problematic fields, including 
direct market interventions, like price-
control measures or state 
interventions in banking sphere [15], 
control on export and import 
operations. Poor protection of 
property rights, high level of corruption 
and ineffective judiciary are causing 
problems in investment protection. 
Political risks for long term 
investments in Belarus remain 
extremely high, and this may be the 
main reason for the actual level of 
foreign direct investments to be 

rapidly below its potential [2]. Unpredictable state interventions in private company’s management do 
happen in Belarus quite often. The newest examples include the problem of forcing the main stockholder of 
Belaruskali, one of the world’s largest, second in the CIS potash fertilizer producer, to sell his share by 
putting CEO of the company in jail with the fictitious charges, and the preparation of the limitations of the 
interest rates on loans by direct government decision. The risk of political instability in Belarus in quite low, 
but the risk of change of doing business rules is remaining extremely high. We assume that in a long term 
period only political change in Belarus can improve the stability in state interference in business. In case that 
investor will take these risks into consideration, the investment in Belarus can be profitable. 

5.  OPPORTUNITIES FOR FDI’S IN BUSINESS LOGISTICS 

Since Belarus claims to attract FDI’s, it is probable that government will try to make changes heading to 
stabilizing business and economic environment to make it more attractive. Belarusian economy can benefit 
also from changing its financially repressive policies [4]. Excluding the political risks Belarus has some 
advantages that can make foreign investors to choose Belarus as their target market. Researches [6] usually 
mention such advantages of Belarus as geographical position, customs union with Russia and Kazakhstan, 
stable political environment, state declared support of foreign direct investments accompanied by export 
oriented economy where export makes up to 60 % [17], and well qualified and relatively cheap workforce. 
Customs union opens Russian and Kazakh markets for the goods produced situated in Belarus. Small 
concerns can be caused by Russian WTO joining. Due to the authoritative mode of government the political 
situation is stable for more than 19 years, and with the maximum likelihood the situation will not change in 
the nearest future. Existence of 6 Free economic zones (FEZ) with the different types of supported activities 
located in all mail regions of Belarus is an obvious advantage, while FEZ provide exclusive conditions for the 
foreign investments in the supported fields, including tax and customs exemptions. 

 
Fig. 2 Tax reforms in Belarus [13] 
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Investors, operation in field of logistics may be interested in conclusion of the investment agreement with 
Belarus, which can provide some security guarantees to their investment. Investment agreements can be 
used for the investments, which belong to the supported fields, and logistics is one of the priority targets of 
the Belarusian government. Most of the logistic and warehouses projects realized by foreign investors 
operate with investment agreements. Investors should take into consideration, that even if they have a 
positive relation to risk, it doesn’t mean that they will be able to achieve higher values of profit by investing in 
unstable Belarusian economy. Risk maximization is not always synonymous with profit maximization [2]. 

5.  CONCLUSION 

The objective of this paper was to present current barriers and opportunities for foreign direct investments in 
Belarus focusing on the field of business logistics. Based on the analysis of current business environment we 
can state that Belarus carries out steps to facilitate the entry of foreign investors to its market. However, 
access to the Belarusian market today is still very challenging. Foreign direct investments in the field of 
logistics are supported by Belarusian government, which resulted in the growth of the number of modern 
logistics and warehouses projects being currently built in Belarus. The demand for warehouses space is 
expected to grow due to Belarusian membership in the Customs Union with Russia and Kazakhstan. 
Investors are advised to undersign the investment agreement with Belarusian state before entering the 
market to guarantee the long time stability of the project and profit repatriation. Investors should take into 
consideration higher costs of administrative activities, and be aware of possibility state interventions. On the 
other hand, the market potential due to the low level of development of Belarusian economy can be huge 
and potentially very profitable. Belarusian State expressed desire to improve conditions for business, and we 
can expect further significant improvements in the nearest future. Investors should carefully monitor 
developments in order to maximize the potential offered by the Belarusian market. 
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Abstract 

The article deals with cost allocation in the systems within normal and current cost accounting. The 
procedure of bringing normal costs to current costs using data flows was presented. The article gives an 
example of application of the procedure illustrating links between the GL and cost accounting, including cost 
centre accounting, cost object accounting and income object accounting. 

Keywords: Finance and controlling reconciliation, normal and actual cost 

1. INTRODUCTION 

In economic practice, various cost accounting systems are applied, which differ by time horizon and 
accounting scope. Because of the different information needs of various groups of stakeholders (e.g. 
directors, owners, subsidiaries), there are often several systems in place. This may lead to divergence in 
results. This does not only concern situations where there is one system in financial accounting (e.g. actual 
cost accounting) and other systems in the managerial accounting (e.g. normal and planned cost accounting). 
The divergence caused by the simultaneous application of different cost accounting systems may lead to 
misinterpretations and incorrect business decisions being made [2]. This raises the need to reduce data from 
various systems to the lowest ‘common denominator’, i.e. their recalculation to results determined in the 
base system. 

The purpose of the article is to present connections between cost accounting characteristic for managerial 
accounting and financial accounting within the normal and actual cost accounting systems. The research 
problem is to find the answer to the question: is there a procedure for reconciling result data specified in the 
systems involved?. 

2. COST ACCOUNTING SYSTEMS 

The literature on the subject covers various cost accounting systems. In respect of time horizon, there is 
actual cost accounting, normal cost accounting and planned cost accounting. Actual cost accounting records 
and accounts for - ex post - the effectively incurred costs. Normal cost accounting is based e.g. on average 
actual values from past periods, and planned cost accounting on normative or postulated values relating to 
the future [7]. 

Actual cost accounting is a traditional cost accounting method that is limited to business activity with 
respect to the consumption of production factors and origination of products or services (results). The 
effectively incurred costs are valued based on actually incurred (actual) prices. This information is used to 
determine the actual profit/loss in the profit and loss account and determine cost per cost-object as part of 
the final calculation. This does not, however, provide for effective cost control, since it does not include the 
reference values as a basis of all comparisons. This means that the application of actual cost accounting 
only partially helps in making business decisions determining future costs and results (products, services). 

In economic practice, there is no such thing as “pure” actual cost accounting, since a portion of types of cost 
is embedded in planned values. For instance, write-downs on machinery are made according to pre-defined 
useful life, since the actual period is set only after disposal (sale or write-off) of a given asset. Moreover, 
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some one-off or non-cyclical expenses such as insurance premiums, holiday pay or taxes on vehicles are 
accrued using mean values. Allocating such expenses to the period in which they originate would lead to 
unreasonable cost fluctuations in an enterprise. “Pure” actual cost accounting would call for repeated 
determination of calculation rates and cost object calculation at the end of each reporting period ([7]; [3]). 

To simplify actual cost accounting and perform initial calculations, fictitious costs and results (products, 
services) values are set. They are based on average values of costs from previous periods, which are 
adjusted to the present or expected changes in future prices and quantities, and are determined in normal 
cost accounting. This approach eliminates the impact of periodical fluctuations and accidental changes in 
consumption quantities or prices. For instance, additional costs, originating as an effect of a seasonal low or 
introduction of new product series, cannot be allocated only to units manufactured over a given period, but 
should be divided into the anticipated annual quantity or over the entire product life cycle. Such an approach 
causes a steady development of cost calculation rates and calculation rates, which guarantees calculation 
continuity [2]. 

Calculation rates are used to determine labour cost costs and machine hours [4]. Calculation rates called 
surcharge rates are used to determine the overhead cost surcharges in prime cost calculation of calculation 
objects. Rates determined in normal cost accounting, being normal rates, are also applied in allocations and 
calculations in actual cost accounting. This applies in particular to the initial actual calculation, where at the 
time of delivery - e.g. at the beginning of the reporting period - only normal rates can be applied. Actual rates 
will be known only at the end of the period. Calling the system the “actual cost accounting” appears to be 
justified as long as the quantities of consumption are based mostly on actual values [7]. 

3. RECORD AND COST ALLOCATION 

3.1 Stages of cost accounting 
Cost accounting as an information processing system includes a series of ordered and logically connected 
activities. The key purpose of these activities consists in translating data on the use of resources involved in 
the company’s operations into information which reflects the costs of specified reference objects [6]. The 
reference objects include cost types, centres and drivers. The record and cost allocation covers the cost by-
type accounting and cost centre and object accounting [1]. 
Object accounting is divided into cost object accounting related to unit calculation objects and income object 
accounting, related to time. Cost accounting and allocation takes place in financial and managerial 
accounting, however primary costs (consumption or external resources) are accounted for simultaneously in 
financial and managerial accounting, whereas secondary costs are accounted for only in managerial 
accounting. Direct costs are accounted for directly to cost accounting objects, and overhead (indirect) costs  
- sequentially, i.e. first in cost types and cost centres and then in cost object and/or income object 
accounting. Fig. 1 illustrates the stages of cost accounting. 
By nature, direct costs may be directly “transferred” to the cost object accounting. Sometimes, they are 
allocated to cost centres in a purely informative manner or as a basis for overhead costs accounting. 
Overhead costs are always allocated in relation to cost centres. This is where they are accounted for and 
allocated as part of intercompany exchange of performance. Then, with reference to each cost centre, the 
cost rates are determined (i.e. allocation rates and surcharge rates). The rates are used to allocate overhead 
costs to one unit of a given cost object, for example product or order (calculation). Besides that, overall 
overhead costs of the period are recognized in the income objects and compared with the products/services 
of this period. If, in a given period, too many or too few overhead costs were allocated, the resultant cost 
surplus or deficit is recognized in income object accounting. Income object accounting, besides the result 
achieved in a given reporting period, also gives information about its sources, provided that a proper division 
into objects was made (cf. [7]). Income objects may be, for example, groups of articles, clients, regions, etc. 
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Fig. 1 Stages of cost accounting 
Source: (cf. [3], [7])  

3.2 Finance and controlling reconciliation 
Data in the general ledger (GL) and cost accounting objects is reconciled in finance (FI) and controlling (CO) 
reconciliation sheet. It presents cost categories and results in lines, and GL, cost centres and cost drivers 
and income drivers in columns. 

Table 1 FI - CO Reconciliation sheet 

  General 
ledger  Cost 

centres  Cost 
objects  Income 

objects 
         
Sales revenue         
Other revenue         
         
Direct costs         
Overheats costs (primary)         
Result 1         
         
Manufacturing costs (secondary)         
Costs allocation (CC->CO->IO)         
Result 2         
         
Costs allocation (CO->IO)         
Result 3         

Source: own study 
Table 1 presents a GL - cost objects reconciliation sheet. It is composed of three parts corresponding to the 
cumulative determination of results 1, 2 and 3. Result 1 comprises current revenue and costs. Result 2 

Cost by type accounting 

Direct costs Overhead costs 

Cost centre accounting 

Cost rates Surplus / Deficit 

Allocation of internal activity 

Income object accounting 

Product groups Clients Regions 

Cost object accounting 
(Calculation) 

Product Order 
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additionally includes secondary manufacturing cost accounting and surplus/deficit of general costs. Result 3 
also includes cost object accounting within data flows (cf. [5],[8])). 
Cost accounting is then a coherent system even if each element is incompatible time-wise [2]. In practice, 
this coherence is ensured by ERP (Enterprise Resource Planning) systems, within the so called data flow 
functionality [5]. The example of the application of the considered concept with special emphasis on relations 
between individual areas of financial and managerial accounting is discussed later in the article. 

4. ILLUSTRATIVE EXAMPLES 

The example illustrates cost accounting in current and normal cost accounting including: cost types, cost 
centres and cost drivers and income drivers. Within cost centre accounting, two auxiliary cost centres were 
recognized: Traffic maintenance and Quality assurance and four main centres: Purchasing, Processing, 
Assembly and Sales corresponding to typical functional areas of an enterprise. Cost drivers are products P1 
and P2 representing various assortment groups, and income drivers - sales regions R1, R2 and R3 

4.1 Cost centre accounting 
Table 2 illustrates the cost centre analysis sheet containing overhead costs, surcharge rates, normal costs 
allocation (to cost objects) and surplus and deficit by cost centre. Overhead costs have been divided into 
primary and secondary. Cost allocation means: primary cost allocation (in auxiliary and main cost centres); 
secondary cost allocation (ultimately only in main cost centres); allocation of normal costs to objects and 
determination of surplus or deficit for individual cost centres. 

Table 2 Cost centre analysis sheet 

(in k €) Mainte-
nance 

QM Purcha-
sing 

Proce-
ssing 

Assem-
bly 

Sales Total 

Total primary costs 
(actual) 

90.0 50.0 95.0 225.0 250.0 290.0 1,000.0 

Secondary costs              
Maintenance cost 
division   

-53.6 9.6 6.0 20.0 8.0 10.0 - 

QM cost division    -49.6 0.0 17.6 32.0 0.0 - 
Costs after division 
(actual) 

36.4 10.0 101.0 262.6 290.0 300.0 1,000.0 

        
Surcharge rates 
(normal) 

  11% 120% 300% 12%  

        
Cost allocation to 
objects (normal) 

  -123.6 -151.1 -128.6 -176.5 -579.8 
 

Cost Surplus/Deficit 36.4 10.0 -22.6 111.5 161.4 123.5 420.2 
 

Source: own study 

Overhead costs totalling € 1,000.0k after secondary cost allocation, are divided into cost centres in the 
following amounts: € 36.4k; 10.0k; 101.0k; 262.6k; 290.0k and 300.0k. The costs of the main cost centres 
were allocated to cost objects based on normal surcharge rates for cost centres in the following amounts, 
respectively: €  123.6k;  151.1k;  128.6k and  176.5k, which caused a deficit for cost centres in the following 
amounts, respectively: € 36.4k; 10.0k; 22.6k; 111.5k; 161.4k i -123.5k. This shows deficit in Purchasing cost 
centres and surplus in other cost centres. Total deficit is € -51.2k and is to bring normal values of profit/loss 
on sales determined based on normal costs to the actual values. 
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4.2 Cost object accounting 
Cost object accounting being the calculation of prime costs is illustrated by table 3. The table shows cost 
item analysis as a breakdown of costs that make up prime cost of calculation objects. Direct costs are made 
up of raw materials, labour cost costs. Overhead costs are allocated through surcharge rates. As reference 
values determining overhead cost surcharges, the following were assumed for cost centres: raw materials, 
labour cost and cost of products sold. For example, general costs surcharge for P1 is € 82.3 (= 11% x 
748.0)k, and for P2 it is € 41.4 (= 11% x 376.0)k, which makes up the total surcharge for purchasing cost of € 
123.6k. 

Table 3 Cost object analysis sheet 
 (in k €) Sur-

charge 
Product 

P1 
Product 

P2 
Total 

 Raw materials   748.0  376.0  1,124.0  
+ Overhead costs of Purchasing  11% 82.3  41.4  123.6  
+ Labour cost of Processing   91.8  34.1  125.9  
+ Overhead costs of Processing 120% 110.1  41.0  151.1  
+ Labour cost of Assembly   25.7  17.2  42.9  
+ Overhead costs of Assembly 300% 77.1  51.5  128.6  
= Costs of goods 

 
  1,134.9  561.2  1,696.1  

+ Product stock decrease      
- Product stock increase   150.0  0.0  150.0  
- Activated internal activities   0.0  75.0  75.0  
= Cost of products sold 

 
  984.9  486.2  1,471.1  

+ Overhead selling costs 12% 118.2  58.3  176.5  
= Prime costs (normal) 

 
  1,103.1  544.5  1,647.6  

Source: own study 

Cost item analysis in addition illustrates changes in value of product stock and activated own work; it was 
assumed that the value of stock of product P1 increased by € 150.0k (for make-to-stock, MTS), and of 
product P2 by € 75.0k (for own work capitalized). The inclusion of movements in stock enabled to separate 
the cost of products and cost of products sold. The latter is a base for determining the surcharge of overhead 
selling cost, which for product P1 is € 118.2k (= 12% x 984.9)k. Direct costs are valued at current values and 
general costs - at normal values (as a product of normal surcharge rates and reference values). Taking 
normal values for general cost accounting means determination of prime costs based on normal costs. 
General costs surcharges of main cost centres of € 123.6k; 151.1k; 128.6k; 176.5k, respectively, ‘debit’ cost 
drivers (cf. Table 3) and also - in the same amounts ‘credit’ cost centres (cf. Table 2), which is reflected in 
the cost centre analysis sheet - item ‘Cost allocation to objects (normal.)’. The credits and debits form value 
flows between the cost centre and cost object accounting. Successive flows take place in cost object 
accounting. 

4.3 Income object accounting 
Unlike cost object accounting, where cost allocation is reflected by manufacturing value flows, income object 
accounting includes sales revenue and costs. Result data is presented in the so-called income object 
analysis (IOA) sheets being a sales revenue and costs account within income objects. Table 4 demonstrates 
IOA for income objects - sales regions R1, R2 and R3 - patterned after a profit and loss account in the multi-
step format in a simplified version. Sales revenue and cost account helps calculate profit on sales by normal 
value totaling € 597.4k. The amount is divided into regions: € 409.5k; € 145.1k; € 42.8k. 
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Table 4 Income object analysis sheet 
 (in k €) Region 

R1 
Region 

R2 
Region 

R3 
Total 

 Sales revenue 1,292.0  638.0  315.0  2,245.0  
- Prime costs (normal) 882.5  492.9  272.2  1,647.6  
= Profit/loss on sales (normal) 

 
409.5  145.1  42.8  597.4  

 
+ Surplus of overhead costs     
- Deficit of overhead costs    420.2 
= Profit/loss on sales (actual) 

 
   177.2 

Source: own study 

Bringing sales results to the current (actual) values requires recognition of surplus and deficit of general 
costs determined in cost centre accounting in the amount of € 420.2k. In the contemplated example, this 
caused a decrease in profit on sales from € 597.4k to € 177.2k. 

Table 5 Example of FI - CO Reconciliation sheet 

(in k €)  General 
ledger  Cost 

centres  Cost 
objects  Income 

objects 
         
Sales revenue  -2,245.0      -2,245.0 
Product stock in-/decrease  -150.0    -150.0   
Activated internal activities  -75.0    -75.0   
Sales and equivalent  -2,470.0  0.0  -225.0  -2,245.0 
         
Raw materials  1,124.0    1,124.0   
Labour cost  168.8  168.8     
Overhead costs (primary)  1,000.0  1,000.0     
Overhead costs total  2,292.8  1,168.8  1,124.0  0.0 
Result 1  177.2      -2,245.0 
         
Manufacturing costs (secondary)    -168.8  168.8   
Costs allocation (CC->CO->IO)    -1,000.0  579.8  420.2 
Result 2  -177.2  0.0  1,647.6  -1,824.8 
         
Costs allocation (CO->IO)  0.0  0.0  -1,647.6  1,647.6 
Result 3  -177.2  0.0  0.0  -177.2 

Source: own study 

The results were verified in the reconciliation sheet in the general ledger (GL) and cost objects (cf. Table 5). 
The verification is positive; bringing normal values to the current ones enables to reconcile data in financial 
and management accounting. Profit and loss accounts in GL (single-step format) and income object 
accounting (multiple-step format) are identical. The bringing of normal results, relying on prime cost valuation 
in normal cost accounting to current values took place through cost centre accounting and cost object 
accounting. 

Multiple-step format cost accounting assumes calculation and means no necessity to show movements in 
stock of finished products and work in progress, and activated internal activities. 

CONCLUSION 

The article discusses the application of different cost accounting systems in an enterprise. Special attention 
has been paid to the connection between financial and managerial accounting. An example illustrating the 
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implementation of normal and actual cost accounting systems in a manufacturing enterprise was given. It 
was demonstrated that despite applying normal cost rates for calculation, the correction of cost accounting 
using cost centre surplus/deficit always guarantees complete integration between the cost centre accounting 
and cost object accounting and income object accounting, and thereby determination of the actual result. 
The analysis has shown the usefulness of the approach in the context of reconciliation of results in financial 
accounting and cost accounting. 
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Abstract 

This paper focuses on the role of venture capital in financing of innovative companies in Poland, Czech 
Republic and Hungary. Historically venture capital funds were established to foster the creation and growth 
of new ventures. Success stories of Intel, Apple, Google or Facebook, related to disrupting innovations, 
provided spectacular financial returns. Value maximization paradigm has altered the orientation of venture 
capital funds and some facts changed into myths. The article provides for a review of recent changes in 
venture capital investments. 

Keywords: Venture capital, innovation, Poland, Czech Republic, Hungary 

1. INTRODUCTION 

Private equity is growing in emerging markets. Its share in global fundraising is increasing [1] as managers 
and entrepreneurs accumulate knowledge and experience. The private equity industry in Central and 
Eastern Europe was started more than 20 years ago and is managed by experienced fund managers. The 
research by Weclawski [2], Klonowski [1,3] and Karsai [4] has made an important contribution to the 
development of knowledge of the private equity industry growth in Central and Eastern Europe (CEE). Even 
though the number of academic studies pertaining to private equity activity in the CEE region has been 
increasing in recent years, coverage of this topic is still relatively weak and the industry’s developmental 
processes in these markets are not well understood. The problem is of vital importance for new ventures in 
logistics, services and other sectors [5]. This article focuses on recent changes in venture capital 
investments in Poland, Czech Republic and Hungary. 

2. VENTURE CAPITAL AND PRIVATE EQUITY 

The European Venture Capital Association (EVCA) defined venture capital as “professional equity co-
invested with the entrepreneur to fund an early-stage (seed and start-up) or expansion venture. Investors 
expect higher than average return on the investment offsetting the high risk. Venture capital is a subset of 
private equity”. Private equity was defined as “providing equity capital to enterprises not quoted on a stock 
market”. In the United States (National Venture Capital Association, NVCA) venture capital is currently also 
regarded as a subset of private equity asset class (statistics however are prepared for each class 
independently). 
Venture capital refers to early stage and expansion financing. EVCA defines these stages in the following 
way: 

• Seed - financing provided to research, assess and develop an initial concept before a business has 
reached the start-up phase. 

• Start-up - financing provided to a company for product development and initial marketing. The 
company may be in the process of being set up or may have been in business for a short time, but has 
not sold its product commercially. 
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• Later- stage (Expansion) - financing provided for the expansion of an operating company, which may 
or may not be breaking even or trading profitably. Later-stage venture tends to finance companies 
already backed by VCs, and therefore involves third or fourth (or subsequent) rounds of financing. 

• Bridge financing - Financing made available to a company for the period of transition between being 
privately owned and publicly quoted. 

Private equity refers to growth financing, rescue financing, replacement capital and buy-outs. 

Newly established companies can generate losses in first months (or even years of operation). Many 
companies do not generate sufficient profits to finance their growth. Venture capital funds provide for 
financing in the early stages of companies’ growth (Fig. 1). Very early stages of growth (seed) are usually 
financed by entrepreneurs their families, friends and by angel investors (wealthy private individuals). 

Seed 

Revenues

Profits

Insufficient0financial
result

Time

Currency

Start-up Expansion Growth 

Angel investors 

Venture capital funds 

Family and friends 

Private equity funds 

Stock exchange 

Debt financing 

Stage 

Source 
of  
financing 

Revenues and 
profitability 

 

Fig. 1 Revenues, profitability, stages of growth and sources of financing of young growing ventures 
Source: own 

 
In CEE venture capital funds seldom finance companies in seed stage (Fig. 2). This stage has to be 
financed by entrepreneurs, their families and friends or business angels.  

3. VENTURE CAPITAL AND INNOVATION 

Venture capital’s impact on financing of innovation seems obvious taking into consideration the success 
stories of companies such as Intel, Apple, Microsoft, Google or more recently Facebook. More recent studies 
however question that impact referring to bigger samples of investment data. Caselli, Gatti and Perrini 
indicate [6]: “innovation is an important factor during the selection phase but once the investment is made, 
the company does not promote continued innovation and concentrates all efforts to improve other economic 
and managerial aspects”. Mulcahy goes even further suggesting that traditional venture capital funds have 
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lost their role in funding young, innovative companies [7] and that the industry is undergoing bigger changes 
leading to the creation of “VC 2.0” firms [8, 9].  

4. DATA SAMPLE 

Results presented in this article are based on EVCA data from the period 2007-2012. This includes 261 
investments made by venture capital funds in Poland, Czech Republic and Hungary of the total 538 private 
equity investments made in this period. Taking into consideration the amount invested most of the funds are 
invested in private equity funds with venture capital accounting for less than 7 % of total invested amount 
during the period (Fig. 2). 

 

Fig. 2 Share in total number of venture capital investments in Poland, Czech Republic and Hungary 2007-
2012 by stage 

Source: own, based on EVCA data 

The share of buyouts in total invested amount results from high value of individual deals in that stage. Taking 
into consideration only the number of deals venture capital accounts for 49 % of the total. 

This is one of characteristics specific for the region. Compared to European total the share of venture capital 
deals is smaller (43 % compared to 63 %). Larger share of buyout and growth funds results from privatization 
of state owned companies in 1990s. Supply of deals attracted private equity funds while venture capital 
funds were limited by country risk, high interest rates and underdeveloped capital markets. 

5. VENTURE CAPITAL INVESTMENTS 
Venture capital investments in Poland Czech Republic and Hungary stalled in 2009 following the outbreak of 
the financial crisis (Fig. 3). The recovery was almost as impressive as the drop in 2009. This becomes even 
more evident if number of companies financed is analyzed (Fig. 4) instead of total amount invested. 

 
Fig. 3 Venture capital investments in Poland, Czech Republic and Hungary 2007-2012 (in thousands of 

Euros) 
Source: own, based on EVCA data 
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Following the current crisis the number of investment deals decreased in 2009 and 2010 but the trend from 
2008 continues in 2011 and 2012. Most of this growth can be attributed to large number investments in 
Hungary where venture capital is fueled by EU funding. 

 

Fig. 4 Venture capital investments in Poland, Czech Republic and Hungary 2007-2012 (number of deals) 
Source: own, based on EVCA data 

6. VENTURE CAPITAL VALUATIONS 2007-2012 

The private equity industry in Central and Eastern Europe was started more than 20 years ago and is 
managed by experienced fund managers. Valuation statistics (Fig. 5) reflect growth in business value in time 
(with time companies should increase their value). Average invested amount in a start-up is lower then in a 
later stage or buyouts. 

 

Fig. 5 Average invested amount. Venture capital investments in Poland, Czech Republic and Hungary  
2007-2012 by stage (in thousands of Euros) 

Source: own, based on EVCA data 

Individual differences between deals result from differences in profitability [10] and business potential but 
when statistics include a bigger number of investment deals over extended period of time differences 
indicate changes in valuation assumptions typical for financial analysis [11]. 
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Fig. 6 Average invested amount. Venture capital investments in Poland, Czech Republic and Hungary  
2007-2012 by stage and year (in thousands of Euros) 

Source: own, based on EVCA data 

A decrease in average value of an investment can be assumed during crisis, followed by a recovery (similar 
to stock market valuations). It is difficult to identify any such patterns in Fig 7. This is caused by previously 
mentioned involvement of EU funds in Hungary. A quick comparison of average start up investment in 
Poland and Hungary provides for immediate conclusions. 

 
Fig. 7 Average invested amount. Venture capital investments in Poland, Czech Republic and Hungary 2007-

2012 by stage and year (in thousands of Euros) 
Source: own, based on EVCA data 

Involvement of public funding was coupled by growing average invested amounts. The effects of public 
funding in venture capital were always controversial - Small Business Investment Companies (SBICs) funded 
by Small Business Administration in the United States were both prized (during periods of growth) and 
criticized (during economic slowdowns). Both proponents and critics acknowledged their role in educating 
future venture capital managers. EU funding of venture capital funds is likely to increase in the future in 
Czech Republic and Poland creating effects similar to those observed in Hungary. This will alter venture 
capital markets and innovation financing on these markets. 
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7. CONCLUSIONS 
Despite the importance of venture capital and its ability to sustain the development of both individual firms 
and the whole economy, connections between this financial instrument and innovative behavior of 
entrepreneurs have only been studied for a short time. Private equity markets in Poland, Czech Republic and 
Hungary (as a region) indicate smaller share of venture capital investments (in total investments), higher 
volatility of the market (measured by the decrease in investments following the financial crisis in 2008 
followed by rapid recovery) and valuations. Recent involvement of EU funding in venture capital funds 
operating in Hungary (coupled by significant increase in average invested amount) indicates the possibility of 
major changes on this market in Poland, Czech Republic and Hungary. 
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Abstract 

The article deals with a matter of principle logistics as a scientific discipline, its location in scientific area and 
its relation to other fields of science. Defines logistics as part of cybernetics and characterizes the basic 
criteria for the existence of disciplines and they are: feed forward system; system approach; principles and 
tools of logistic; objects of logistics - flows and chains; control variables and optimization criteria. 

Keywords: Cybernetics, logistics, feed forward system, multicriterial optimization, multicriterion, time-space 
management 

1. INTRODUCTION 

The logistic is relatively new brand- field in cybernetics. Each new science branch has to go through phases 
of the birth, development and stabilisation. Logistic is in the phase of development and is needed  
to answer on the many basic questions: 
- is it at all science- science discipline, it is not only a fashion enthusiasm, which will finish very soon? 
- Where does it belong, on the which field- brand of science? 
- which are its principles, methods, tools? 
- which are its application fields and what will bring for economy and people? 

It seems that logistic is developed from application to theory, i.e. that many people are working in the area of 
application, preparing logistic projects, but only few people deal with logistic theory (maybe only with the 
definition of logistic and SMC). Theory of logistics is behind the practise. 

In recent years, I have tried to answer on the questions, due to my connection to my position as a garant of 
PhD, habilitation and inauguration rights in our Logistic Institute of Industry and Transport. 

I try to systemise the knowledge and principles to the complex theory, which was published with specialists 
from European countries in some monographs and presses. [1], [2], [3], [4]. 

This paper is the contribution, which try to answer on these questions. Generally, these are my experience 
and knowledge from the hundreds real projects, which I have solved and realized in companies in Slovakia. 

In 1991 Council of logistics management (CLM), as a topic professional organization, defined the logistic as 
a process of planning, implementation and management of effective flows, goods storing, services and 
information from the place of origin to the place of consumption with the target to satisfy customer 
requirements. [2] 

From this definition comes also the monography of Johnson J.C., Wood D.F.: Contemporary logistics (the 
sixth edition, 1996). In the same year I published my monography: Production logistic (1996) [3], where I 
from my knowledge and experience defined logistic: “The logistic is branch of science about management, 
ensuring and realisation of the flows in chains and nets with global optimization target.” [3] 

In [1] and [5] was systemized twenty most cited definitions of logistic. From these definitions it is clearly that 
the logistics is understood as branch of cybernetics and management. Objects of management are dynamic 
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objects, flows in chains and nets. The cybernetic is origin understood as an automatic process control, i.e. 
mechanical, chemical, technical, etc. variables. 

As in many science disciplines, its development leads to differentiation, that way in 20th century was 
developed the theory of management, e.i. management of economical processes. Today nobody doubt that 
management has its rules, principles, methods, strategies and is important part of cybernetics and is 
dominant part of economy and other spheres of life. 

Similar way in last 40th- 50th years, the logistics started to branch from the cybernetic, as time- space 
management of objects, which are defined as flows in chain and nets of machine, workplace, company, etc. 
The development of logistics was asked by economy, when the possibilities of the increasing 
competitiveness of the company through mechanisation, automatisation and informatisation of purchasing 
processes and services, where exhausted. 

As J. C. Johnson and D. F. Wood (1996) witty wrote: “It is becoming very difficult to generate significant 
additional cost saving because the “fat” had been taken out of production. Physical distribution and logistics, 
however, were relatively untouched.” 

Logistic development as branch of economy and science in last 20th years was supported mainly  
by [2], [3], [4]: 

- political and economical globalization of the world, establishing multinational enterprises and chains; 
- row material resources, manufacturing of the product and consumption of the goods are allocated  

in the same places, what is the reason for global, indifferent material flows, 
- the possibilities of automatisation and informatisation were exhausted [4], which supported 

development of logistic; 
- new mathematical and cybernetic methods, methods of facilities, transport tools, methods  

for the management of hierarchical system optimalization; 
- new logistic strategy and methods as JIT, JIS, SCM, DCM, DBC, Kazein, Kanban, Heuristic 

methodology, neuron nets etc. [2], [3]; 
- connection logistic with marketing (Stock- keeping unit- SKU) [2]; 
- new computer and information technology, which enable the application of the big databases  

about goods, customers, manufacturing processes and costs; price increasing of the transport 
services; 

- the push on reverse flows of package material and recycling. 

From these activities, resp. on logistic phases is bounded, by the type of products or services, from 40 % to 
60 % of cost in price of goods. This is the reason for entrepreneurial subjects to deal with (inbound, 
outbound) micrologistic or macrologistic processes to save the competitiveness of the company. 

2. PRINCIPLES, METHODS, TOOLS AND OBJECTS 

Logistic as a field of cybernetic science is characterized as: 
1. The logistic as an integral scientific discipline understands object of management, flow in chain  

and net, as the system. The basic method is system approval. 
2. Object of management are flows in chains and nets. 
3. Managed variables are time and space, therefore we can simply define logistic as time- space 

management of the flows. 
4. The basic principle of management is coordination of the processes in the chain. 
5. The basic principle of management of the chain is feed forward principle using planning  

and scheduling method. 
6. The main target in logistic system is overall optimalization of the chains and nets, which very often 

lead to multicriterial optimalization. 
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Fig. 1 Basic principles of the logistic theory 

From these mentioned principles in flow the basic methods and tools are: 
- modelling and simulation 
- management of the hierarchic systems 
- planning (forecasting) and scheduling method 
- heuristic method for model defining 
- multicriterial optimalization 
- statistic and operation research method. 

2.1. System approach in logistic 
System approach in logistic- expresses fundamentals of logistic and its integral character.  
The individual element- activity of the chain leads to be understood as the element of the system. Individual 
activity is connected to the previous elements and next elements too. 

 

Fig. 2 System approach in logistic chain 

Without respecting this we lose the system approach. To apply, the system approach means to create the 
chain at least from three elements- triad (Fig.2): input element (activity), dominated- managed activity and 
output activity. 

2.2. Object of logistics, flows, chains and nets 

By the flow we understand dynamic moving substance (materials, products, goods, information, money, 
people, etc.) changing its parameters in time and space. 

It is e.g. electric flow between plus and minus poles, water flow among points from a higher to lower position, 
flow of goods among buyers and sellers, among machines in manufacturing, etc. The flow generally gets 
system in balance. 
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Fig. 3 Logistic flows on the base of different potencial 

As logistic flows are understood as the controlled movement of substance among cooperated elements 
(machine, activities, people, work places, etc.) connected chains or nets, e.i. supply - storing - manufacturing 
- sale - distribution, etc. 
The flow in general is realised between points with different potential. The movement of logistic flow 
elements is the result of the logistic systems. Active elements are the elements which generate  
the movement (machine, transporter, cars, people, activities, etc.) and passive elements are the elements 
which are moved (raw materials, products, goods, money, information, etc.). 
By the integration of the elementary movement by individual active elements logistic flow is created. 

2.2.1. The transformation flow principle 

In the logistic flow can be changed the substance of the flows e.g. material flow can be changed  
to information flow (the order from customer is transformed to product form producer) and information flows 
can be changed to finance flow (the invoice from producer is transformed to payment by customer). 

 

 

 
 

Fig. 4 Payment of invoices by customer 

 

 

 

 

 

 

 

 
 

Fig. 5 Transformation flow in logistic chains 
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2.2.2. Cascade principle 

System approach is one of the basic principles in logistics. Logistic chain has to be created from minimum 
than three elements. Generally, logistic chains are created from more than three elements.  
Great number of element got the bigger chance to find better optimum and affect from overall optimalisation 
is higher. 

From the division of work in chain, on design, realisation and management of the flows in chain,  
we can decompose the chain to logistic triads, relatively individual researching. 

Logistic chain is created from the triad on the cascade principle i.e., that output activity (element)  
from triad N-1 is input element in triad N, and output element from triad N is input element in triad N+1. 

 

Fig. 6 Cascade principle for design of logistic chain 

2.3. Basic principles of management in logistic 

Objects of management in logistic are flows (material, information, finance) in logistic chains and nets. From 
point of cybernetic, these objects are object with big inertia, and these objects are dynamic objects (changing 
its state in time and space). For this type of subject is applied the feed forward principle, which is based on 
plans and programs for manufacturing, distribution, supplying, maintenance, etc., i.e. “program 
management” with correction by operative management on feed back principle. 

 
 

Fig. 7 Feed forward principle for flow (chain) management 
 

Plan on the 
period N 

Planning LS MPD 

Planning model for MPD 

Operational evidence 

Monitoring 

Dispatching control in period N COM 

Logistic flow, Managed object 

Logistic system 
model LSM 

YES 

NO 
AW Y

 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

165 

Where:  

AW  - targets, define by plans 
Ne - deviation from targets in period N 
N
Ke - critical deviation in period N 

X - vector of input parameter of the LS 
Y -vector of output parameter of the LS 

*Y - vector of LS from simulation model 
LSM- logistic system model 
MPD- models from plan design 
COM- coordination and optimalization model 
F - feed back 

YWYWe AA
N −∪−≡ *   (1) 

For the micrologistic processes, i.e. the regular repeated processes in supply, manufacturing, distribution, 
etc. are applied feed forward principles, using models of logistic systems.  

For the logistic activities, irregular repeated e.g. design of LS, change of structure the LS, design  
of structure distribution systems, selection of the suppliers, allocation of the company, distribution centre, 
store, layout of machine, stores and material flows in manufacturing company, etc. These logistic activities 
are logistic activities with strategic means and belong to macrologistic processes, creating the frame  
for micrologistic processes. For these processes are applied the principle of project management. 

Micrologistic processes belong to operative management, macrologistic processes are in strategic field of 
enterprise management. 

2.4. The hierarchic management system- principles of coordination 

 
Fig. 8 Principle of coordination of logistic chain 

Principle of hierarchic management of logistic chain: 
a) In realization flow through individual element is created the chain. This coordination has some 

criterion: 
- minimum realization time, 
- minimum cost, 
- minimum storing products, goods, information, finance, etc, it is performed as a plan  

(production,  maintenance, transport, etc.) 

On the level of chain (chain of company, chain of distribution company, chain of activities, chain of operation) 
is prepared executive capacity plan. On the local element is prepared operative plan and schedule and to 
fulfil the plans of the coordination level. 

b)  Scheme principle is that local optimality criteria of processes NOCL  have to respect (support)  

the overall- criteria of optimalityOC . 

Coordination 

OC 
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2.5. Managed variables in logistics 

The logistic is defined as a time- space management. The logistic variables are e.g. production time, starting 
time of production process due date, machine, due date, capacity utilization, optimal product sequence, 
optimal production batch, minimal cost of production, optimal assessment, product - machine - which can be 
as a optimalization criterion too.  

The difference with process control is in process control, controlled variables or in the physical, chemical, 
mechanical variables as temperature, press, speed, height, levels. In management are dominant economy 
variables, e.g. cost, profit, yields, productivity, effectiveness, cash-flow, etc. 

 
 

Fig. 9 Objects, variables, connection to the type of management 

2.6. The overall optimalization 

The overall optimalization of chain is the main sense, targets of logistic and results from its substance. The 
overall optimalization is based on idea, that local optimalization of elements- activities are chains which have 
to be subordinated to the main overall criterion of the chains. From this point the system of overall 
optimalization is hierarchic optimalization task. Overall criterion is i.e. minimal of the cost, profit 
maximalization and subordinated criterion is e.g. maximum utilization of machine capacity, optimal product 
sequence, minimal production time, etc. Very often overall optimalization task are solved by multicriterial 
optimalization- calculation, theory of utopic- point or heuristic approach. 

3. CONCLUSION 

The logistic became in last 30th years one of the dominant factor of the world economy  
and competitions of companies. The development of its theory supported the applications of the practise. 
This paper is small contribution for logistic theory. 
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Abstract 

Production is concerned with short throughput times and high schedule reliability in order to on the one hand, 
fulfill customer demands and on the other hand, increase planning reliability. Furthermore, with shorter 
throughput times the risk of changes being made to orders in progress decreases. However, from the 
business perspective, it is preferred that the available production equipment is highly utilized and that there 
is the lowest possible WIP (Work in Process level). The TPM method most commonly employs three 
indicators: MTTR, MTBF and most typically - OEE. The first two are associated exclusively with technical 
issues of the examined production line. However, as the basic TPM implementation performance indicator 
stands OEE (Overall Equipment Effectiveness), which is a global efficiency rate. This indicator represents 
the percentage of theoretically available effectiveness possessed by a device or production line. The paper 
discusses some examination results for two subsystems of Cold Rolling Mill. These subsystems are:  
the CPL - Continuous Pickling Line Subsystem and the FHM- Four High Mill Subsystem. 

Keywords: Lean production, cold mill, TPM method 

1. INTRODUCTION 
The task of logistics in a plant is a purposeful shaping, planning and controlling of the flow of materials which 
come into a plant, produced and distributed by it as well as the information connected with the flow. The task 
of logistics is to ensure a buyer to obtain the proper quality and quantity of a product in due time and place 
on the minimal cost of delivery [2], [9]. Currently, there are numerous methods and tools to improve the 
efficiency of business [5]. It should be noted, however, that the commonly proposed lean toolboxes [1] tend 
to have specific applications (e.g. SMED should be deployed in the case of multi-product manufacturing, and 
the retooling of machines or production lines is as often as several times per shift). The variety of 
manufacturing systems means that each efficiency improvement system requires serious analysis. One of 
the major tasks of these systems is to ensure the continuity of the flow of materials in manufacturing 
processes [7], [8]. One of the methods that can be used in this regard is Total Productive Maintenance 
(TPM), which can also serve as a basis for other analyses, such as using a capacitive element in the 
material flow system. As we know [8], the main goal of TPM is the strive to ensure continuous operation of 
the equipment and machines performing specific tasks, which also means improving their operational 
efficiency. The method is based on the use of human resources to analyse the causes of wastage and 
losses (muda) arising in the process and requires a systemic solution to the problems that cause downtime 
of machinery and equipment [3]. The main objectives for the implementation of the TPM method are: 
- reducing the number of equipment failures, 
- accelerating repair times (restoring efficiency) of a unit or line, 
- elimination of micro-stoppages, 
- reduction of losses. 

2. THE ANALYSIS OF SYSTEM OPERATION 

Described rolling mill system is composed of many subsystems [6], [7]: 
S CRM =  <S1, S 2 … S n  > ,   where n means most often 8 - 10 subsystems.                                   
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There were separated n = 9 subsystems in the examined system: 
S 1  - the CPL continuous pickling line subsystem,  
S 2  - the FHM four - high rolling mill subsystem, 
S 3 - the SAL annealing line subsystem, 
S 4 - the SPL planishing line subsystem, 
S 5 - the SCC cross cutting subsystem, 
S 6 - the SSC slitting subsystem, 
S 6 - the SRL cross cutting subsystem, 
S 7 - the SCC recoiling line subsystem, 
S 8 - the SGL galvanizing line subsystem, 
S 9 - the SSS subsystem of storing and shipping final products. 

The coils of hot - rolled sheets CS are the charge material: 
CS  = { csi ; i = 1...M},                                                                                                                                       
where: cs i = (gi, si, mi, ti, zi); M = 23 assortments of charge coils of thickness gi, width si, mass mi, pickling 
time ti, and demand zi were investigated. Out of these M = 23 charge assortments w = 83 assortments of 
finished products are made. 

Example: 
characteristics of charge material: tickness from 1.4 to 6.0 mm, width from 700 to 1565 mm, mass of coils 
from 8 to 30 Mg, 
characteristics of finished products: tickness from 0.4 to 2.5 mm, width from 700 to 1565 mm, mass of coils 
from 5 to 30Mg, 

Table 1 Performance data pickling and rolling mill (average long) 

No Time Unit Pickling  
line 

Four-high 
rolling mill 

1 Calendar time  tK hours 8760 8760 
2 Elapsed time line  tP  hours 6126 5534 
3 Planned shutdowns and repair  tPP hours 700 1560 
4 Break and damage tPA hours 1000 1300 

As a result of changes in global markets, has changed the structure of production. In Fig. 1 and Fig. 2 show 
the cold rolling mill structure before the change and after the changes. 

Hot mill Pickling 
line 

Cold rolling Annealing Planishing 

Cutting 

Galvanizing 11 % out 89 % 

 

Fig. 1 Cold sheet mill before changes 

Was a decrease in the size of the total production. This results in a reduction in the use of machinery and 
equipment. To determine the quality of these changes to the TPM method was used. Investigated two major 
subsystems: pickling line and cold rolling. 
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Hot mill Pickling 
line 

Cold  
rolling 

Annealing Planishing 

Galvanizing 

55 % out 

14 % out 

30 % 

15% 

 
Fig. 2 Cold sheet mill after changes 

To examine the operation of CPL continuous pickling line subsystem (S1) and the FHM four - high rolling mill 
subsystem (S2) a model of coils was developed from the storage yard before pickling line to the feeder after 
the rolling mill. 

3. THE TPM METHOD IN COLD ROLLING MILL 

Currently, in the rolling mill changed the flow of information related to the implementation of sheet 
production. The study examined the impact of changes in structure (Fig. 2) on the performance indicators. 
Fig. 3 shows a schematic material and information flows on the performance order. 

 

 
 

 
 

 

 
 

 
 
 

      material flow (coils) 
      information flow  

Orders Group 
management 

Procurement department 
of flat products 

Hot rolling mill 

STEEL PLANT 

Supply from outside 

COLD ROLLING MILL 

 
Fig. 3 Material and information flow  

Selected results of implementation of the TPM in Cold Rolling Mill is shown in the Table 2 and Fig. 4. This 
study period was six months. 
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Table 2 Operation times for the sample coils  

Process Operation Time 
h:min:sec 

Score time                        
h:min:sec 

Pi
ck

lin
g 

of
 c

oi
l 

1.Transport by crane No 4 00:01:47 

01:39:52 

03:35:43 

2.Buffer before unrolling 00:56:40 
3.Preparation of metal band 00:01:14 
4.Waiting for the pickling 00:06:06 
5.Welding metal bands 00:01:16 
6.The continuous pickling 00:12:13 
7.Cut - of band 00:01:14 
8.Transfer of coils to storage 00:03:35 
9.Buffer before rolling - transporter 00:15:47 

R
ol

lin
g 

of
 c

oi
l 

10.Transport by crane No 9 00:01:06 

01:55:51 

11.Transporter before the mill - waiting 00:55:55 
12. Preparation of metal band 00:02:29 
13.Waiting for the rolling 00:06:17 
14.Cold rolling 00:09:03 
15.Removing the metal bands 00:00:37 
16.Transport outside the mill 00:39:23 
17.Transport by crane No 13 to storage  00:01:01 

 

 
Fig. 4 The time diagram of the operation (from 1 to 17) 

Results for CPL CONTINUOUS PICKLING LINE (data for six month): 

A availability:    81.0
h 3679
h 2980

1
2

===
A
AA                                                                         
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P - performance:   90.0
Mg 000 425
Mg 616 383

1
2

===
P
PP                                                                                     

Q - quality:    99.0
Mg 616 383
Mg 779 379

1
2

===
Q
QQ          

Overall Equipment Effectiveness:   
OEECPA = A x P x Q = 72.2 % (world class - good) 

 
Results for FHM FOUR - HIGH ROLLING MILL (data for six month): 

A- availability:    66.0
h 3438
h 2279

1
2

===
A
AA                                                                         

 
P - performance:   81.0

Mg 000 410
Mg 394 332

1
2

===
P
PP                                                                                     

Q - quality:    99.0
Mg 394 332
Mg 010 332

1
2

===
Q
QQ                                           

Overall Equipment Effectiveness:   
OEEFHM = A x P x Q = 52.9 % (world class - low) 

 
Obtained in mill OEE indicators are relatively low. World Class, the OEE above 85 %. To improve OEE 
(except for higher production) can help better information system. Fig. 5 shows the system with the use of 
computer systems: PTS and LEVEL (ABB company). 

 

 
  
 

  

 

 
 
 
 
 
 
            computer system PTS (old) 
            computer system LEVEL (new) 

Pickling 

Rolling 

Continuous pickling aggregat  

COLD ROLLING MILL 
Planning for production 

Annealing 

Planishing 

Finishing 

Four – high rolling mill 

Planishing mill 

 

Fig. 5 Information flow in PTS and LEVEL systems 
The system LEVEL consists of two levels: 
LEVEL 1 - device management, 
LEVEL 2 - managing product. 
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CONCLUSION 

The OEE coefficient is strongly dependent on the operation of the production line, but its value depends on 
the method of calculation methods and data collection. Therefore, OEE should be treated as an internal 
indicator that allows to estimate the improvement or deterioration compared to the situation from a different 
time period on the same production line. In the case of the pickling process and to improve the rolling 
coefficient OEE would first seek to improve the availability of the index as it has a small value. Improving the 
value of this ratio can be achieved not by eliminating unplanned downtime, but the analysis of the causes of 
their occurrence and to find the reasons that cause it stops. The main reasons for the occurrence of 
unplanned downtime in addition to the rolling process are difficult to predict failure is inadequate planning 
and production of the pickling process improvement to be found here, because the two processes are closely 
linked. 
Global research indicates that the average OEE rate in manufacturing plants is approximately 60%. The 
results on the global level is 85% or more. In this case, the result of 72,2 % and 52,9 %, thus improving the 
possibility is very high. 
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Abstract 
Assembly line balancing problem focuses on assigning tasks to workstations. To estimate the final results 
quality smoothness index, line efficiency or line time are calculated and compared. Unfortunately even 
optimal solutions include idle times. Lean manufacturing is a philosophy which tries to minimize waste in 
production systems. Author of this paper shows differences in traditional assembly approach and lean 
thinking. A numerical example is considered and final solutions are discussed.  

Keywords: Assembly line balancing problem, lean manufacturing, heuristics, estimation of final results, idle 
        time 

1. ASSEMBLY LINE BALANCING PROBLEM 

The manufacturing assembly line was first introduced by Henry Ford in the early 1900’s. It was designed to 
be an efficient, highly productive way of manufacturing a particular product. The basic assembly line consists 
of a set of workstations arranged in a linear fashion, with each station connected by a material handling 
device. The basic movement of material through an assembly line begins with a part being fed into the first 
station at a predetermined feed rate. A station is considered any point on the assembly line in which a task is 
performed on the part. These tasks can be performed by machinery, robots, and/or human operators. Once 
the part enters a station, a task is then performed on the part, and the part is fed to the next operation. The 
time it takes to complete a task at each operation is known as the process time [1]. The cycle time of an 
assembly line is predetermined by a desired production rate. This production rate is set so that the desired 
amount of end product is produced within a certain time period [2]. In order for the assembly line to maintain 
a certain production rate, the sum of the processing times at each station must not exceed the stations’ cycle 
time [3]. If the sum of the processing times within a station is less than the cycle time, idle time is said to be 
present at that station [4]. One of the main issues concerning the development of an assembly line is how to 
arrange the tasks to be performed. This arrangement may be somewhat subjective, but has to be dictated by 
implied rules set forth by the production sequence [5]. For the manufacturing of any item, there are some 
sequences of tasks that must be followed. The assembly line balancing problem (ALBP) originated with the 
invention of the assembly line. Helgeson and Birnie [6] were the first to propose the ALBP, and Salveson [7] 
was the first to publish the problem in its mathematical form. An ALBP generally consists of finding a feasible 
line balance, i.e., an assignment of each task to a station such that the cycle time constraints, the 
precedence constraints and possible further restrictions are fulfilled. The most popular ALBP is called Simple 
Assembly Line Balancing Problem (SALBP). It simplifies the more general ALBP by introducing the following 
assumptions [2], [8-9]: 

− mass-production of one homogeneous product, 

− all tasks are processed in a predetermined mode (no processing alternatives exist), 

− paced line with a fixed common cycle time according to a desired output quantity, 

− the line is considered to be serial with no feeder lines or parallel elements, 

− the processing sequence of tasks is subject to precedence restrictions, 

− deterministic task times, 

− no assignment restrictions of tasks besides precedence constraints, 
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− a task cannot be split among two or more stations, 

− all stations are equally equipped with respect to machines and workers.  

Two goals can be considered in addition to the precedence relations between the tasks: the minimization of 
the number of workstations for a given cycle time (SALBP-I) and the minimization of the cycle time for a 
given number of workstations (SALBP-II). However, during the first forty years of the assembly line’s 
existence, only trial-and-error methods were used to balance the lines [4]. Since then, there have been 
numerous methods developed to solve the different forms of the ALBP. Salveson [7] provided the first 
mathematical attempt by solving the problem as a linear program. Gutjahr and Nemhauser [10] have shown 
that the ALBP problem falls into the class of NP-hard combinatorial optimization problems. This means that 
an optimal solution is not guaranteed for problems of significant size. Therefore, heuristic methods have 
become the most popular techniques for solving the problem. 

2. HEURISTICS METHODS IN ASSEMBLY LINE BALANCING PROBLEM 

The heuristic approach bases on logic and common sense rather than on mathematical proof. Heuristics do 
not guarantee an optimal solution, but results in good feasible solutions which approach the true optimum. 
Most of the described heuristic solutions in literature are the ones designed for solving Single Assembly Line 
Balancing Problem (type I or II). Moreover, most of them are based on simple priority rules (constructive 
methods) and generate one or a few feasible solutions. Task-oriented procedures choose the highest priority 
task from the list of available tasks and assign it to the earliest station which is assignable. Among task-
oriented procedures we can distinguish immediate-update-first-fit (IUFF) and general-first-fit methods 
depending on whether the set of available tasks is updated immediately after assigning a task or after the 
assigning of all currently available tasks. Due to its greater flexibility immediate-update-first-fit method is 
used more frequently. The main idea behind this heuristic is assigning tasks to stations basing on the 
numerical score. There are several ways to determine (calculate) the score for each tasks. One could easily 
create his own way of determining the score, but it is not obvious if it yields good result. In the following 
section five different methods found in the literature are presented along with the solution they give for our 
simple example. The methods are implemented in the Line Balancing program as well.  From the moment 
the appropriate score for each task is determined there is no difference in execution of methods and the 
required steps to obtain the solution are as follows: 

STEP 1. Assign a numerical score n(x) to each task x. 
STEP 2. Update the set of available tasks (those whose immediate predecessors have been already 
assigned). 
STEP 3. Among the available tasks, assign the task with the highest numerical score to the first station in 
which the capacity and precedence constraints will not be violated. Go to STEP 2. 
The most popular heuristics which belongs to IUFF group are: 
IUFF-RPW Immediate Update First Fit - Ranked Positional Weight, 
IUFF-NOF Immediate Update First Fit - Number of Followers, 
IUFF-NOIF Immediate Update First Fit - Number of Immediate Followers, 
IUFF-NOP Immediate Update First Fit - Number of Predecessors, 
IUFF-WET Immediate Update First Fit - Work Element Time. 

In the literature we can often find the implementation of Kilbridge & Wester [11] or Moodie & Young methods, 
too. Both of them base on precedence graph or precedence matrix of produced items.  
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3.  ESTIMATION OF FINAL RESULTS OF ASSEMBLY LINE BALANCING PROBLEM  

Some measures of solution quality have appeared in line balancing problem. Below are presented three of 
them [7], [12]. 

Line efficiency (LE) shows the percentage utilization of the line. It is expressed as ratio of total station time to 
the cycle time multiplied by the number of workstations: 
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where: 
K - total number of workstations, c - cycle time, STi - load time of station i. 
Smoothness index (SI) describes relative smoothness for a given assembly line balance. Perfect balance is 
indicated by smoothness index 0. This index is calculated in the following manner: 
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where: 
STmax - maximum station time (in most cases cycle time), STi - load time of station i. 
Time of the line (LT) describes the period of time which is need for the product to be completed on an 
assembly line: 

( ) KT1KcLT +−⋅=  (3) 

where: 
c - cycle time, K -total number of workstations, TK - load time of last station K 

4.  LEAN MANUFACTURING THINKING PHILOSOPHY  

Lean manufacturing is a philosophy for structuring, operating controlling managing and continuously 
improving industrial production systems [13]. It is based on Toyota Production System (TSP) which is the 
well-established philosophy in manufacturing world that really endeavors for integrating and shortening the 
time between the supplier and the customer by eliminating hidden waste. Some of the standard tools, like 
production smoothing, continuous improvement, 5S, total quality management and just in time have been 
conceived by TPS [14]. The goal of lean manufacturing is to minimize waste in terms of non-value-added 
activities, such as waiting time, process description, solving methods, movements in production system, 
product defects, overproduction and WIP inventory [15]. To improvement lean principles in any organization, 
the first step is to identify all activities. Numerous literatures have extensively documented the 
implementation of lean manufacturing into various manufacturing systems, but very few have addressed the 
assembly environment. Soderquist and Motwani [16] successfully mapped the quality management concept 
of lean production in French automotive parts supplier company. Similarly, in [17] an implementation of lean 
in Spanish automotive industry is discussed. Bamber and Dale [18] explained the application of lean to a 
traditional aerospace manufacturing industry. Pavnaskary et al. [19] have proposed a classification scheme 
to serve as a link between manufacturing waste and lean manufacturing tools. Most Small Medium 
Enterprises are improving their competitiveness in the global market through having better cost, delivery and 
quality of produced goods. This would mean that the companies have to improve their overall productivity 
and quality. Most of the improvements are made without following an appropriate methodology in carrying 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

176 

out improvement processes. Typically improvement decisions are made without having the basis or thought 
of what would be the problems and where it initiated from. Nee et al. [20] described a methodology of 
improvement project that is carried out in a company that supplies electronic communication plastic parts. 
The process of improvement was divided in several phases, from defining the goal until the test run of the 
solution with different lean concept being used at different phases. In assembly line balancing problem waste 
is added if the methods of performing tasks by operators cause wasted movement or idle times. Assembly 
line balancing problem type 1 characterizes constant value of cycle time which is calculated from market 
demands and resource availability. Cycle time is very often adjusted to flow production and to eliminate long 
idle times on workstations. It leads sometimes to overproduction and additional inventory. These solutions 
are not accepted in lean manufacturing philosophy.   

5.  NUMERICAL EXAMPLE  
In this section a numerical example from Fig. 1. with 23 tasks and appropriate processing times t1=7, t2=5, 
t3=2, t4=9, t5=6, t6=11, t7=4, t8=4, t9=17, t10=3, t11=11, t12=10, t13=7, t14=4, t15=15, t16=5, t17=8, t18=4, t19=6, 
t20=11, t21=7, t22=2 and t23=1 will be discussed. 

1 141210

8

9

5

4

6

3

2 181615

17

21

13

117

19

20

22

23

 Fig. 1 Precedence graph of numerical example 

All results presented below are calculated using Ranked Positional Weight heuristic (SALBP-I). In 50’s an 
optimal solution following the idea of assembly line balancing included workstations with 100 % efficiency 
and zero idle times. Fig. 2a shows an optimal solution for cycle time c=26. We can observe that all 
workstations (without the last) are utilized in 100 %. The last station problem was presented in [21]. We 
obtain the finished item immediately after assembling and the idle time of this workstation can serve for other 
activities. But in real companies such result is very often rejected and other solutions with smaller 
smoothness index are investigated. In 70’ the term of assembly line balancing problem was connected with 
equalizing. It results with final solutions which included much smaller idle times. In next step a given value of 
cycle time changed from 26 to 25. It causes changes in production quantity and can demand more 
inventories but the flow production rapidly becomes much better (Fig. 2b). The calculated value of SI for 
c=25 is 7.75 instead of 23 for c=26 and c=27. Also LE became better: 90.86 % for c=25 instead of 87.36 % 
for c=26 and 84.13 % for c=27. The LT changed from 159 for c=26 to 171 for c=5.  
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Fig. 2 Final result of assembly line balancing problem - c=26 and c=25 

 
In presented example we can also change cycle time value from c =26 to c =27. The assembly line balance 
is presented in Fig. 3. As we can see in point of view of assembly line balancing theory it is a very 
acceptable solution. We obtain our first finished product after 165 units of time but idle times on each 
workstation allow to avoid line stops in case of short lasting problems during assembling tasks. The 
assigning of tasks to the workstations is the same as in case when c =26 but any problem during assembling 
process causes line stop and additional idle times on whole line which can last much longer than idle times 
shown in Fig. 3. If we consider our situation taking into account lean manufacturing principles, probably this 
solution would be rejected because of non-added value of waste which appear from waiting times. 

 

 

 

 

 

 

 

Fig. 3 Final result of assembly line balancing problem - c=27 

6.  CONCLUSIONS  

In the paper a similarity and differences between assembly line balancing theory and lean manufacturing 
thinking in manufacturing system were discussed. The balancing problem still is very important in production 
planning and in utilization of machines and workers. But the estimation of final solutions changed. At the 
beginning only efficiency was considered but later smoothness index was introduced and solutions with 
shorter idle times are now preferable in industry. Lean production philosophy strongly bans any type of waste 
and therefore it can cause misunderstandings in application of balancing principles in real assembly lines. In 
practice some predicted idle times avoid from line stops, on other hand if our process runs correctly, idles 

a) b) 
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times become a waste and are not accepted by lean strategy. A continuous improvement is strongly 
welcome in manufacturing systems but it needs compromises and understanding in all groups of engineers 
and managers. The identification of priority (deadline for first product, products quantity, flow of production, 
smoothness of production, efficiency of workstations and whole line) can help in appropriate decisions.  
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Abstract 

The paper deals with very up-to-date topic, how and in which sequence to create layout drawing 
documentation of company’s spaces. The documentation should be created in given order and in 
appropriate detail level. For this purpose has been developed methodology which has been applied in an 
industrial sphere. According to the created methodology, the documentation should be included the layout 
drawings of industrial zone, production halls, production lines, production workshops, production cells and 
production workplaces, etc. As soon as the documentation is created in a company, the integrated logistics 
management system can start to be built and then all material processes can be effectively realized or 
optimized. The development of new methodologies is crucial for innovations today. 

Keywords: Layout, Drawing, Logistics, Logistics Management, Methodology 

1. INTRODUCTION 

According to the statistics data of Eurostat, the economy of European Union is slowly recovering from year 
lasting recession. The gross domestic product volume raised in 2nd quarter of the year 2013 by 0.3%. The 
industrial companies in EU are nevertheless facing still increasing competitiveness as the European and 
global markets are developing under current business conditions. The supply chains of particular industries 
and their stages are having volatile character as a result mainly of demand pattern. To be successful within 
the frame of current supply chains the companies must have well-developed logistics management systems 
to effectively treat with flows streaming in their inner or outer supply chains. The essential logistics 
management system of an industrial company should be consisted of management sub-systems created in 
particular functional company’s parts such as: purchasing, production, packaging, identification, 
warehousing, distribution and reverse material flow management. The foundation of logistics management of 
any industrial company should be drawing documentation of single manufacturing, warehousing and 
distribution layouts. The visualization of particular working areas and running flows are the basic principle of 
systematic approach to manage all related inner and outer material flows of a company. Thus in compliance 
with process and integrate management principles the layout drawing documentation is the ground to design 
effective logistics management systems of the industrial companies. 

A layout drawing of production halls, warehouses or distribution centers must be in context with requirements 
which are demanded to meet by companies in contemporary supply chains. The requirements it’s possible to 
summarize into 6 following points: 
• labor productivity maximization at particular functional levels of a company (e.g. purchasing, 

manufacturing, stock holding, distribution, human resources management, R&D, marketing, finance, 
etc.), 

• management integration, a development of process management system across single functional 
company levels, an implementation of continuous improvement processes, 
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• a connection of company functional parts with neighboring and cooperative supply chain links through 
IS/IT, a visualization of cooperative supply chain links, 

• companies collaboration across given supply chains, 
• an active share of the companies in the synthesis of supply chains which results in an increase of 

ROA index, customer service level, customer satisfaction, cost reduction and a building of integrated 
supply chains, 

• a flexibility in relation to current market and variable demand. [1] 

The management of inner or outer material flows of a company should be based on actual layout 
documentation. Together with layout documentation to manage material flows in an effective way, it should 
be used exact methods such as Sankey diagram, relationship diagram, table matrix, process analysis 
methods, SLP method (System Layout Planning) and other. 

2. LAYOUT THEORY 

The layout is graphical interpretation (drawing) of given area. For example, production hall layout, see Fig. 1, 
is drawing which graphically illustrates a location of single production areas, workshops or warehouses and it 
also graphically illustrates a character and intensity of material flows in a production hall. The layouts are 
often accompanied by quite a number of tables and diagrams to quantify mutual relations of workplaces, 
warehouses and occurring processes.  

 

Fig. 1 Illustration of production hall layout [3] 

In a company it’s often a need to create layouts in different detail levels. From the point of layout detail view, 
it can be recognized 4 types of layout, as follows: 
• layout of company production area, 
• layout of production hall, 
• layout of workshop or manufacturing cell, 
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• layout of single workplace. 

The layouts can be further classified by numerous criteria. The important point of view to classify layouts is 
character of material flows and production processes. According to this, it can be defined layouts, such as: 
• layout of continuous production, 
• layout of assembly shop of given final product, 
• layout of workplaces group classified according to product group, 
• layout of workplaces group classified according to production technology. [1] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Methodology to Create Layout Documentation of an Industrial Company [1 - modified, 2, 3, 4] 
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3. METHODOLOGY OF LAYOUT CREATION 

The layout creation process, should be realized by systematic approach based above all on data collection 
and data analysis which are on a purpose and a relation of the production, 
warehousing or manipulation processes. It should be run on from industrial zone 
detail as far as to single production workplace detail to complete whole enterprise 
layout documentation. The layout creation process should be mainly based on 
material flow analysis and its visualization. In the next steps of the layout creation 
process, there are made and analyzed the relationship diagrams, which are 
focused on a description and an analysis of single processes and working spaces. 
Consequently is determined the necessary space for each of planned production 
and manipulation processes. There are figured out the spaces of planned 
workshops, manufacturing cells, etc. and there are made Sankey diagram. Once 
it’s defined the necessary space for planned production and handling processes, 
that there are projected the layout variants in required detail. Finally the created 
layouts must be regularly updated due to changing demands on production, 
warehousing or distribution processes. The entire methodology is depictured on 
the Fig. 2 and it’s consisted of 10 essential steps which must be done for each 
layout in given functional part and detail resolution. 

4. CASE STUDY 

A company of aircraft industry plans to launch new type plane production in its 
production lines. As a result there are done the time-schedules including 
fundamental investments and activities to reach trouble free production startup of 
new type plane. Within the frame of these plans it’s also included an up-dating or a 
creation of new project - drawing documentation of production hall layouts. It is 
designed a systematic approach, see Fig. 3, to update project documentation of 
production hall and workplace layouts of the company with the usage of above 
mentioned created methodology. 
In context with created methodology and designed systematic approach, there are creating new layouts of 
production halls and workplaces in 2D CAD system DraftSight. All drawings are in standard format DWG, 
which is consequently communicable and printable among single computers of the company. The illustrative 
picture of the DraftSight interface and production hall drawing of the aircraft industrial company is stated in 
the Fig. 4. 

Fig. 3 Illustration 
of systematic 
approach to 
update the 

drawing 
documentation of 

the industrial 
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Fig. 4 Illustration of DraftSight interface and production workshop layout [3] 

5. CONCLUSION 

The management of industrial companies under current global business circumstances is getting more and 
more complex and it requires new approaches, methodologies to plan, to manage and to control bulky 
material flows in factories or supply chains. The design of logistics management systems, whether we are 
talking about purchasing, manufacturing, packaging, identification, distribution or reverse material flow 
management, should be based on systematic approach and process management. To manage all enterprise 
processes effectively the companies should keep at their disposal layout drawing documentation. The 
drawing documentation of production, warehousing or distribution layouts should be the drawings set in 
desired resolution, e.g. the production spaces should be classified in the following sequence - industrial 
zone, production hall, production line, production workshop, production cell, production workplace. The 
production halls or the distribution centers should meet in contemporary strongly globalized market 
environment the following competitiveness characteristics: 
• flexibility, 
• modularity, 
• modernization capacity, 
• adaptability, 
• energy efficiency and eco-friendliness. 

The design of such production or distribution spaces, which would be featured by mentioned characteristics 
of competitiveness, calls for entirely complex approach applying exact methods to develop integrated 
management systems according to long-time sustainable growth conception. For standardization of drawing 
documentation creation there are presently used CAD software applications to design drawings in DWG 
format. One of them is 2D CAD program DraftSight which is free software application. At the Logistics 
Department of FLCM TBU in Zlin have been recently successfully realized 2 projects of applied research 
focused on production layout documentation creation to improve enterprise logistics management systems. 
Both mentioned projects have been for manufacturing companies from aircraft and chemical industry in the 
Czech Republic. [1, 4] 
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Abstract 

Strategic development of a large company in the mineral complex should be based on the formation and 
implementation of sustainable competitive advantages in the conditions of the external and internal 
environment transformation. In the article a model of assessment of the mining company competitiveness, 
providing the competitive advantages management in the value of assets, resource efficiency and 
competitive behavior is offered. The specific factors of competitiveness for the resource and commodity 
markets are identified. Analysis of global fertilizer market and companies of the mineral and chemical sector 
in Russia is made. The main problems of the state of Russian port infrastructure, the opportunities and 
perspectives for the construction of new port facilities, taking into account the state regulation are analyzed. 
The directions of development of mineral and chemical companies in the formation of logistics assets and 
strategic competitive advantages are formulated. 

Keywords: Competition, logistic assets, mineral and chemical company, ports, commodity markets 

1. INTRODUCTION 
Strategic development and effective management of a company are based on finding, implementing and 
forming of the competitive advantages under conditions of the external and internal environment 
transformation. Assessment of available resources and opportunities should be done and how to achieve the 
goals defined for setting and implementing strategic objectives. At the strategic assessment of the 
competitiveness of a company should be taken into account all kinds of the existing and planned to use in 
the future resources which will provide the growth performance, as well as the possible forming of 
competitive advantages on account of implementation of the management decisions. Important aspect of this 
problem is to determine the period during which the company has a sustainable competitive advantages that 
distinguish it from the other companies and provide incomes which exceed average in the industry. 

Competitive strategic advantage can be formed both in production and in sale activity of the company. The 
main competitive advantages of the manufacturing sector may be related to the mineral resource base of the 
mining company, the using innovative and efficient technologies and low costs. In sphere of sales the 
competitive advantage determined by the quality of products, location of the company, access to the sales 
markets, the development of the sales network. 

With the globalization of markets and the significant volumes of sales of products of the mineral resources 
complex the efficient logistics becomes important, including warehouse logistics, transportation in the supply 
chains, marketing logistics. 

 

 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

186 

2. METHODOLOGICAL BASES AND RESEARCH RESULTS 

2.1 Methodological bases 

The theoretical basis of the study is the integrated application of competition theory, resource theory and 
institutional theory. Methods of research: logical, systems approach, methods of strategic, technical and 
economic, institutional analysis. 

Technique to study: 
1. A model of assessment of the mining company competitiveness is developed; 
2. The specific factors of competitiveness for the resource and commodity markets is identified; 
3. The product features of the mineral resources complex is analyzed; 
4. Strategic analysis of the global fertilizer market is made; 
5. The companies of the mineral and chemical sector of Russia is analyzed; 
6. The main problems of the port infrastructure condition of Russia is identified; 
7. The directions of development of mineral and chemical companies in the formation of logistics assets 

and strategic competitive advantages are formulated. 

The constructed model of strategic assessment of the mining company competitiveness [1] allows managing 
the three components (the value of assets, resource efficiency and competitive behavior). The resource 
value (RV) represents the value of the accumulated assets, taking into account optional characteristics. 
Dynamic competitiveness (DC) reflects the effectiveness of the external dynamic environment. Competitive 
status (CS) is connected with the competitive behavior of company. The resource value depends on the 
amount and quality of available resources (a mineral-resources base, material, financial), of intellectual 
capital, innovation and investment resources, information, capital structure and other resource factors. The 
basis for determining the value is a methodology of the resource approach. The dynamic competitiveness is 
determined by the quality of management and depends both on the internal capabilities of the company to 
efficiently use the available resources as well as on the external conditions of influence and the reaction of 
management to them. The strategic competitive status of the company reflects its status in the competitive 
environment and competitive behavior. 

2.2 The specific factors of competitiveness for resource and commodity markets 

For companies operating in the raw oligopolistic markets it becomes important to select and substantiate the 
business model, focused on the formation of strategic competitive advantages. Specificity of activity of 
mining companies significantly affects competition in the resource markets and the assets formation, and 
also the competitive behavior of companies in the commodity markets, herewith the competitive advantages 
can be created in both markets. 

The following factors have an influence on competition of mining companies in the resource markets: 
-  High volatility of prices in the minerals raw markets and significant fluctuations in cash flows; 
-  The duration of the periods of working off of the large deposits and the technological processes 

specificity; 
-  High capital intensity, affecting the investment policy; 

-  Stable technological, cooperative and property connections in the companies and domestic resource 
markets in them; 

- Access to specific assets, such as the mineral resource and infrastructure, depending on the 
institutional regulation. 
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The specificity of commodity products, the market type, the character of competition, marketing capabilities 
of the company affect the competition of mining companies in the commodity markets. 

2.3 The product features of the mineral resources complex 

Production of mining companies has the following features: - used in large quantities for the production 
consumption and is involved in the production and technological process; - mostly direct contracts with the 
buyer on the basis of the agreed delivery; - raw commodities are usually controlled by groups of companies 
by 80 % and only sold in the free market by 20 %; - raw commodities are classified according to the 
accepted standards for the sale on the exchange; - demand is a derived (secondary) character. 

Characteristics of mineral resources as a commodity are due to [2] the following factors: 
1. Irregularity of the placement of mineral deposits. 
2. The quality of the extracted mineral depends on the primary natural properties that define the 

uniqueness and special product characteristics. 
3. Differences in the cost of extraction and processing of raw materials of different deposits are 

connected with the influence of factors of the fundamental and conjunctural character. 
4. Dependence of optimal volume of production not just on needs, but on the rational choice of 

technology of working. 
5. Favorable market conjuncture for the export operations. 
6. The different degree of geological knowledge and readiness of deposits to the exploitation. 
7. Environmental factors limiting the development of extracting and processing of raw materials. 
8. Specificity of use of certain types of minerals, particularly fertilizer, to solve the food and energy 

problems. 
9. Homogeneity and standardization of manufactured products. 
10. Limitation of methods of competition and marketing because the main products of mineral raw 

complex are referring to exchange or are realized under long-term contracts outside the organized 
market. 

2.4 Analysis of global fertilizer market and companies of the mineral and chemical sector in Russia 

The resource markets characterized by instability, seasonality, inelasticity of demand, a limited number of 
buyers and sellers; the ratio of spot and futures sales; individual determination of conditions for the particular 
transactions; the high degree of competition and risk. 

These features can be seen in the global fertilizer market. The following regularities identified there: the 
strategic nature of the market; the growth of population and incomes, increasing demands of agriculture in 
the intensification of production; increasing demand for fertilizers due to the appearance of new industries, 
such as bio-fuels; the almost complete disappearance of seasonality of demand in the context of 
globalization; the growth of the share of developing markets in the consumption of mineral fertilizers;  
division into three segments, and a small number of corporations operating simultaneously in all three 
segments of the market; export orientation of the industry in the most countries of the world including Russia; 
raising the level of concentration in the industry; the high barriers to entry into the market due to the high 
capital intensity of production; integration of production facilities with distribution and transport networks; the 
construction of a large number of new production facilities in regions with cheap raw materials base. 
In the global market the structure of phosphor and potash segments of the fertilizer industry is significantly 
differ. 

Phosphor segment is divided into three groups of companies: 
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1. Enterprises that have own source of raw materials for the phosphor fertilizers production, for example, 
"FosAgro" or "MCC"EuroChem". 

2. Enterprises that do not have access to raw materials and purchasing it for the production of phosphate 
and complex fertilizers, for example, «YARA», JSC «UralChem», ARVI NPK and others. 

3. Enterprises that do not have substantial capacity to produce fertilizer, but having the large reserves of 
raw materials, such as the company «OCP». 

Potash is one of the most consolidated commodity markets in the world, because the global market is an 
oligopoly of several manufacturers where the 7 companies control 83 % and 9 companies - 90 % of total 
world production of potash. The leading manufacturers use two business models. Manufacturers of 
Commonwealth of Independent States ("Belaruskali", "Uralkali"), and also the Jordanian «Arab Potash» are 
pure potash companies. The other large producers (Potash Corp, Mosaic, K + S, Israel Chemicals, Agrium) 
are the diversified holdings for the production of various types of fertilizers and other chemical products. 
The following table shows the largest companies of the mineral and chemical sector in Russia. 

Table 1 Comparison of companies of the mineral and chemical sector in Russia [3-5] on the distribution and 
transport infrastructure 

Signs JSC "Uralkali" JSC "EuroChem" JSC "FosAgro" 
1. Number of 
sectors 

Potassium Phosphorus, Nitrogen, 
Potassium (included in the 
industry) 

Phosphorus, Nitrogen 

2. Number of 
species of 
commodity 
products 

Potash fertilizers of 3 main 
species 

Complex fertilizers: more 
than 100 species 

Complex fertilizers of 21 
species 

3. The main 
markets and 
countries 

40 countries. The main 
sales markets - Brazil, 
China, India, South East 
Asia, USA and Europe. In 
Russia - direct deliveries 

90 countries. Asia - 23%, 
Latin America - 15%, 
Europe - 14%, CIS - 12%, 
North America - 8%, 
Russia - 24% 

60 countries. Diversification of 
sales markets of end products 
and a presence in countries of 
Asia (12%), North America 
and Latin America (28%), 
Europe (16%). 30% - in 
Russian 

4. Distribution 
network 

Belarusian Potash 
Company (BPC), Uralkali 
Trading  

Logistics companies and 
distribution network with 
infrastructure in Russia, 
Belgium, Lithuania, 
Estonia, Ukraine, United 
States and Brazil; 25 
distribution centers in 
Russia and Ukraine. 

Global traders, 7 regional 
distribution centers (delivery 
and additional services), 17 
warehouses. 

5. Terminals Baltic Bulker Terminal 
(BBT) capacity of 6.2 million 
tonnes 

Tuapse Bulker Terminal 
capacity of 2.3 million 
tons, the terminals in 
Murmansk and Sillamae 

No terminals, the proximity to 
the port of Murmansk and 
waterways 

6. Vehicles 
(carriages, 
vessels) 

8000 specialized carriages 
in ownership 

7000 specialized 
carriages, 45 locomotives, 
11 vessels, two Panamax 
class dry cargo ships in 
ownership 

6000 specialized carriages in 
rent  
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Factors of production for mining companies include: Mineral and intangible assets; human capital; logistics 
infrastructure facilities; financial, information resources. The resource concept [6] suggests that the strategy 
of the company at the same time contributes to the definition of the needs and the dynamic development of 
resources. 

2.5 The main problems of the state of port infrastructure in Russia 

The uneven of the deposits and consumers placement determines the need to transport large amounts of 
fertilizers and components for their production. Large-tonnage cargo move by sea and rail. The total volume 
of export shipments of Russian fertilizers in 2010 increased by 25 % and amounted to 27 million tons, 
wherein the ports were shipped to 22 million tons. In 2011 the fertilizers shipment abroad increased  
by 7.7 % - up to 29 million tons, including shipments in ports - 24 million tons. [7] 

The importance of timely, quality and efficient transportation, a significant transport component in the total 
cost of production and competition in the global market define a significant level of investment of the mineral 
and chemical companies in the logistics assets. The low level of ports development and port infrastructure in 
Russia forced the mineral and chemical companies since the early 1990s to the mid-2000s to transport 
through European ports, and then - on their own or on a parity basis with the state to build a specialized 
terminals in existing and new Russian ports. 

According to [7], in 2010 the increase in shipments through the ports of the Baltic States was 22 %, in 2011 - 
29 %. The volume of fertilizers transshipment from the Baltic States, Ukraine and Russia are the same, but 
more than half of them are shipped through the ports of the Baltic Basin. In 2011, the increase in shipments 
in the Russian ports reached 6.7 %, approaching the maximum possible marks for the current state of the 
infrastructure. Thus, at the port terminals accounted for 82 % of export shipments of Russian fertilizers. 30% 
of shipping abroad Russian fertilizer goes through the ports of the Baltic States, 15% - in Ukraine, about 55% 
- in the Russian Federation. 

2.6 Direction of the mineral and chemical companies development in the formation of logistics 
assets and strategic competitive advantages 

From the point of view of the complex logistics of fertilizers the domestic port for the Russian producer is 
more efficient than the Baltic or Ukrainian. Carriages with fertilizers are not idle at the border, the costs and 
the calculations - in rubles, the transshipment cost - lower. To this was added reduction in railway rates for 
transportation to the port. 

Large fertilizer producers already have substantial assets in the ports of the Baltic, Black and Azov seas, but 
they continue to consolidate them, open new terminals in Russia and abroad. 

At the end of 2010, the Group "Akron" completed the unification of port logistics assets into a united holding 
company LLC "Balttrans". Among the logistics assets of "Akron" included three transshipment terminals in 
the Baltic ports in Kaliningrad, Sillamae and Muuga (Estonia). In Sillamae the company owns the complex 
«Baltic Chemical Terminal» (AS BCT) for transshipment of ammonia and liquid fertilizers (1 million tons of 
ammonia per year). The annual capacity of terminal for the dry cargo transshipment at Muuga - AS «Dry 
Bulk Terminal» (AS DBT) - more than 2.5 million tons of products, and the terminal for the dry fertilizers 
transshipment "Andrex" - 500 thousand tons per year. 

"Uralkhim" and the company "Riga Commercial Port" are planning to put into operation the terminal for the 
granular fertilizers transshipment at the port in Riga. Completion date - III quarter of 2013, the design 
capacity of the first stage - about 2 million tons per year. 

The interest of fertilizer producers to the Russian ports has increased significantly. This corresponds to the 
state development strategies of the ports and port infrastructure, approved up to 2030. A development 
strategy of the seaports up to 2030 stipulates an increase in port capacity to 1.6 billion tons, full transfer of 
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Russian foreign trade goods from the ports bordering the Russian Federation states in domestic ports, 
activation of transit operations. The main Russian exporters of hydrocarbons and mineral fertilizers by 2030 
will be the ports of the North-West region of Russia. It is planned to reconstruct Vysotsk, railway access to it 
and to the port of Primorsk, construction of terminals for the further development of the port of Ust-Luga and 
the establishment of terminals for liquid bulk, dry and container cargoes in the Big Port of St. Petersburg and 
its avanports to implement the large-scale plans. This policy meets the interests of Russian fertilizer 
producers. 

The development strategy of marine port infrastructure of Russia up to 2030 [8] includes targets: increase of 
port capacities and ensuring the effective development of the port infrastructure; ensuring the safe operation 
of marine port infrastructure and marine transport; the creation of conditions that increase the 
competitiveness of domestic seaports; improvement of public administration in the marine port sector . 

A perspective direction of development of the fertilizers industry in Russia may be the construction of special 
facilities in ports for the production of complex fertilizers for export , and terminals for shipment of chemicals 
that will reduce transport costs and get a stable sales channel. Investment projects of the companies 
focused on the formation of strategic competitive advantages in view of the accepted Russian strategic 
programs for the period up to 2030. 

In 2010, "Eurohim", which owns the terminal in Sillamae, completed the construction of Tuapse Bulk 
Terminal (TBT) on the Black Sea with capacity to 3 million tons of fertilizers per year. It is a modern high 
technology complex capable of receiving from railroad and shipment to sea transport of bulk cargoes. The 
construction of a complex for transshipment of mineral fertilizers in the Ust-Luga port with capacity up to 7 
million tons started. The terminal will be the transshipment base for all kinds of mineral fertilizers. It can 
download the small ships that will transport the cargo not only on the Baltic Sea, but also on the large rivers 
of European countries (mainly those where agriculture developed) - the Danube and the Rhine. By 2017, 
"Eurohim" plans to double exports of fertilizers, increasing it to 10 million tons. Stevedoring Company "Port 
Vysotsky" plans to use the mineral fertilizers transshipment in the Baltic. A potential investor in the 
construction of the terminal may be the company "FosAgro", which does not have here its transshipment 
facilities. 

However, the construction of fertilizers terminals in the ports of Russian does not guarantee the further 
development of this direction. The main problem is in the development and upgrading of the Russian ports 
and railways infrastructure in general. Terminals for transshipment very poorly developed and warehouses in 
the ports are scarce. Rail infrastructure in the port stations overloaded. As a result, there are seasonal plugs. 
In addition, for the transport of fertilizers required a specialized rolling-stock.  

Administrative barriers prevent the construction and commissioning of new transshipment capacity. Further 
growth of fertilizers transshipment in the Russian ports will require a significant investment and large-scale 
efforts. Using the institutional environment can only be effective in active operations of the company. 

3. CONCLUSIONS 
1. A model of assessment of the mining company competitiveness, reflecting the state of the company 

resource base, resource efficiency and competitive behavior in the markets is offered. 
2. It was found that the strategic competitive advantages of the mining company may be formed on the 

commodity and resource markets. 
3. It was revealed that strategic competitive advantages can be generated when creating logistics assets 

primarily for port terminals taking into account the production features of the mineral raw materials 
complex and the current state of the global fertilizer market. 

4. The main problems of the state of Russian port infrastructure, the opportunities and perspectives for 
the construction of new port facilities, taking into account the state regulation are analyzed. 
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5. The directions of development of mineral and chemical companies in the formation of logistics assets 
and strategic competitive advantages are formulated. 
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Abstract 

The Bata company was become leader of the worldwide shoe market in the twenties and thirties (20th 
century). The management system included high-working logistic system which was over the course of years 
both improved and sophisticated. Generators of the logistic system have created a highly efficient setup 
which can offer a lot to generators of today. This paper analyses circumstances of origin and the efficiency 
and organization’s way of the logistic scheme because the most of technologies which were used both by 
the Bata Company within the logistic system and by others companies or factories. An unison and way of 
application at the Bata Company reached the higher efficiency and rationalisation. It’s a case of high-quality 
logistics management. 

Keywords: Logistics management, rationalization, logistics, Bata Shoe Company  

1. INTRODUCTION  

Bata organization is an indivisible whole, which evolved organically and intricately amount of quirky and 
original principles and knowledge. In this paper, however, you can only submit outs of the whole: 

Bata is planned at the end of this summary specialty - cooking, the core and the final purpose is and remains 
that production of shoes, the production program, however, was furnished so that it always remained so 
export it to ensure the purchase of the necessary raw materials overseas. Planting techniques and rational 
organization and the full capacity of the plant components such be achieved prices of shoes to match the 
greatest need of footwear and this need also the best choice and best prices consideration aroused. 

The importance of exports, Bata spread throughout the world, you - translucent best of it, it is necessary to 
export 50 to 60 pairs of shoes, the shoe - Ii the economy itself provide any import material, respectively. 
Devis on 100 pairs of shoes for home use. Bata procured a devise for all imported needs of their group from 
their own exports, at more than 100 %. 

The end is built into the vertical direction so that the most important excipients, intermediates and equipment 
for leather, footwear and rubber industry itself produce. So should stay as far as possible independent of 
price fluctuations and thus gain the ability to not only succeed in the cost of international price competition on 
the world market, but also produce a cheap popular shoes best quality. Each component of this vertical 
structure are fundamentally focused and specialised the special needs and challenges of the footwear sector 
and this special task are substantively and personally closely connected. This commitment to high 
performance is emphasized even more by building and supporting explicitly research institutes. 

Seemingly little related industries, such as shoes and tires are added either technically or economically, or is 
within the adjustment, respectively. addition to the economic optimum of the industry. This optimum can not 
be in a big group always planned so that each sector could specialize solely on expressed needs of the 
group. 
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2. THE GROUP STRUCTURE OF THE BATA COMPANY   

At the end of the horizontally wide enough, but no more than that could be united leadership in all sectors 
still overlooked. When the horizontal width remains important for maintaining healthy competition among the 
same race group. Performance can be that individual plants are working under the same or precisely defined 
conditions. The relationship between performance and selection has to be established on a broad economic 
base. Competition works by more fruitfully, the greater the number of components, which is a division of the 
whole, which is responsible. Horizontal width concern extends beyond the borders of Greater order to ensure 
export interests and maintain a relationship with the world economy. Wholesale and spatial considerations 
will in future build factories fully realized. 

Keeping plants depends in a systematic, planned management of the economy, which on the basis of 
comprehensive and continuous market research and service begins with the most accurate budget ha 
merchandise, and eventually the idea of this budget and its compliance focus for all production, working 
method, inventory management, purchasing and sale, as well as financing,  the whole organization. 

Bata factories work long been under detailed conditions for the production of semi- products and by general 
multi-annual plans to build plants. Planning also seems to exclude the role of speculative moments, and thus 
create a healthy stability. 

Half-year plan includes requirements for: 
• Sale 
• Production 
• Purchase 
• The financial budget 
• Investments 
• Wages and salaries of employees. 

The three-year plan is materially divided into the following groups: 
• Building production 
• Organization of procurement of raw materials 
• Supply the domestic market 
• Export policy 
• Training and experimentation 
• Social Policy 

The purpose of this planning does not lie in infinite expansion, but in achieving broadly rounded whole, to be 
technically, economically and socially most rational solution to manufacture shoes in bulk, which wants to 
avoid wasting capital and labor. 

3. ORGANISATION OF BATA COMPANY 

His congregation leaders show leadership races prerequisite for all workshops and all departments every six 
months a goal that you have to set out plants in its work on the basis of facts and market opportunities within 
the capacities for investigation techno-economic and social performance. The distribution of this assumption 
for each workshop and each department is divided into the target matching task and the executor of those 
tasks and, finally, in the shortest possible time slots. Weekly assumptions are compared with the expected 
performance achieved and, if necessary, immediately mobilization forces needed to achieve this goal. The 
assumption is therefore hidden drivers, trying to find and remove faults, errors and break operation. Constant 
comparison assumptions that capture a still control the smallest sub-areas of the workforce and 
management is effectively achieved by the fact it is one of the distinctive Bata device that winds like a red 
thread through the enterprise. 
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Technical rationalization in the factories could fully apply only when the rationalization of sales foundation 
stone was laid for ease of production planning. 

If the sales plan is set, it follows from the same reliable production plan, which then has to guarantee uniform 
and complete utilization of production facilities and capacity. Equally important is then planned substantiate 
the purchase and financing. 

In poorly calculated in scope and direction of production, in too large warehouse and ill-considered creating 
models that the main risk the footwear industry and trade detriment of the consumer. 

In shoe industry is because mass production is bound to a service organization that consciously and 
systematically examines and evaluates the assumptions, conditions and consequences of optimal 
restrictions in the forms and models, although less in some external detail  yet in a constructive framework. 

The bigger they are by the requirements that are placed on performance and cheap labor factories, and the 
greater the risk undertaken which is associated with the mass production of sensitive goods the more directly 
and responsibly must be met market requirements of production. 

In broad terms Bata factories are summarized in 5 main groups: 
• Purchasing Department 
• Manufacture of footwear 
• Auxiliary plants 
• Sales department 
• Personnel department 

The basic elements of the Bata organization are: 
• Racing planning in volume and in value 
• Work in government departments and workshops 
• Accounting with weekly reports and 
• A system of piecework wages 

For Bata a thorough and extensive time and labor studies to standardized production units, workshops that 
have over time, produce the amounts specified in the budget. Starting from the production unit and weekly 
production provided also comes Bata to objectively measured time standards for group chord wages. 

The methodical division of production time varies from Bafa Refa. What is the Refa called Reistzeit - 
preparatory period - is the Bati practical, planned to all the consequences of implementing job training. That 
does not worker standing on a treadmill or cutting table, but determining the handlers who prepared exactly 
according to plan material for the day and can be transported by the shortest route directly to a job. While at 
the same time indicate its level of material consumption and control it. 

The system treadmill, established in Bata, must assume a special adaptability process. The effect of 
treadmill training and rational working to reduce the Bata considerable loss of time by mechanical means. 

The organization is focused on the principle "from producer to consument". Work in factories is a continuous 
/ processing chain processes that are performed in hundreds of departments within the group. 

Treadmill has the advantage of forcing the solution of transport problems and delays and promote 
mechanization, standardization and normalization of far-reaching division of labor. 

Special issue races, however, lies in the ideological education of people working on the treadmill, the racing 
team, while the chorus leaders be separately zoomed social leadership. 

Operation of the belt has not sought the maximum, but the optimum utilization of the workforce. In Zlin, after 
finding the largest technical performance of each machine planted in the strip detects the free running 
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machine performance personal worker in the ring, to be the most versatile trained to have increased 
flexibility. 

Thus workers are distinguished and divide the internal performance of the group and ensured the selection 
of workers suited for work in the ring. 

Bata organization is undoubtedly totally distinctive and individual system, which depends particularly on the 
personality of leaders and the nature of the workers. Leadership skills and training are therefore leaders 
social problems on the deepening continually vigorously to work and works well as maintaining technical 
performance and training. We want to build factories operating rationalism milestones for immaterial claims 
staff to develop the technology to the service of man, especially when the technique to be developed to the 
highest degree of maturity. 

As the Group has the power to control markets, which manifests itself especially useful in a controlled war 
industry and large-capacity in the economy and wants to be in a great area and a holder will leader for how 
the improvement of technical and economic efficiency and social progress can be planned to develop. 

The organization is in fact a kind of mechanization. The living organism is born and grows only using its own 
innate laws. There is a total sum of its parts, but here greater than the sum. Only living cells build a living 
organism. 

Our efforts and research must be exercised not only the laws of techniques, but also an innate powers of the 
national existence and the national body, we have Ii get closer to solving social problems. 

4. CONCLUSION  

The concern of the Bat should be noted that an organic development of personally constructed and closed 
preserved family-owned enterprise, which is free from capitalist speculation and influences. At the end of the 
actual cheaper reached its vital production increases in performance. Should be stressed that the 
performance improvement was associated with cheapening and high quality. Bata moreover to face the 
depersonalization of economic life and keep business in their church leaders. Provided free start-up 
development opportunities. Rise of the group is linked to the cultivation of healthy competition as provided 
for unconditional rise of capable individuals. 
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Abstract 

Nowadays, all logistics firms aim to optimize their ability of innovation in order to survive in the competition. 
Innovations contribute to the development of logistics firms by higher profits achieved and new developed 
concepts.  Ultra-light overhead conveyor systems are roped based conveying systems with individually 
driven vehicles. The vehicles can move automatically on the rope as this system works on independently 
built in energy sources and signals. This paper represents two different conceptual vehicle models of ultra-
light overhead conveyor systems and explains their components. According to the explanation of the 
components, two different conceptual vehicle models are created by means of their technical characteristics. 
Through the CAD Software, vehicle models are visualized. Then some Finite Element Method Analyses are 
executed. These analyses help the calculation of critical stress and displacement limits of structures under 
force load. These conceptual models give a strong overview and a good understanding for real world 
applications. 

Keywords: Logistics, material flow, ultra-light overhead conveyor 

1. INTRODUCTION 

The manual overhead truck is the simplest and oldest conveyor technology. Vehicles run in a wood rail 
profile, which are manually displaceable and able to carry loads with different geometries and weights [1]. 
Main area of use is the flexible connections of individual processing areas, which are not chained 
automatically as a rule. The process happens manually. The transport way is usually horizontal, larger 
increases and slopes can only be managed by driven means. 

Overhead conveyor systems become particularly suitable as demands to the conveyor systems rise [2]. This 
way, speed, high availability, high loading capacities and high position accuracy can be achieved. Due to its 
built in control system, the system offers an optimal material flow and a highest degree of flexibility for a 
great variety of applications [3]. Each vehicle of overhead conveyor is equipped with a control system 
travelling along with it, which conveys in a suitable way with the central control system. The control 
commands are relocated and controlled on board in chassis functions, such as driving, stopping, speed 
regulation, lifting or commissioning and discharge of transport goods respectively. A permanent or variable 
coding of drives allows the alignment and administration of driving orders as well as carrying along of 
process data for the purpose of material flow control.  

Ultra-light overhead conveyor systems are much more flexible than ordinary monorail conveyors and can 
practically follow any path to adapt to any transport plan. Its bolt construction enables a lot of configuration 
possibilities [4].  

The following chapters describe two different system concepts; their construction, use and feasibility are 
systematically and methodically analyzed. A comparison of the one-rope and two-rope principles will be 
given as well as a discussion of their advantages and disadvantages. 
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2. THE FIRST VEHICLE CONCEPT 

This concept is based on the model of the so-called vehicle on a two-rope system, preferably utilizing 
polyester ropes to move around. The two mutually parallel polyester ropes act as a track system on which 
the vehicle is guided. The vehicle is an elevating unit, which is equipped with a stepper motor driven winch, 
which includes a gripper, and can move independently on specially designed wheels along the track system. 

The vehicle is powered by a specially developed electric motor and gear mechanism. The power is supplied 
by two lithium batteries to each component. The track system urgently requires to be mounted with enough 
space in mind, as there is not enough space for other tracks to be mounted beneath the system. The system 
allows track changes to be implemented through a network of several track ways. The problem that prevents 
a simple junction due to the downward hanging gripper is solved by the following sequence. Fig. 1 
represents components of the vehicle. 
 

 
Fig. 1 Components of the vehicle 

The following figure illustrates to what extent the structure must be implemented in order to be able to 
perform the lifting function. In addition, as illustrated; a designated track network must be constructed to the 
required specifications, so that the vehicle as well as its lifted package, can change track systems. The 
vehicle is moving to a track change point. 
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Fig. 2 The vehicle moves to the track change location 

The goal of the vehicle concept is to bring about a track network that allows the vehicle to act as an 
autonomous system and to perform a change of direction without external aid. It should perform this action at 
so called track change points. These two level points are designed to switch the vehicle from one ropeway to 
another. This is done by placing a level of tracks above the previous, thus the system is called the two layer 
principle. Thus the first ropeway remains uninterrupted. Fig. 3 represents second level ropeway, which forms 
a two level track changing point with bottom ropeway. 

 
Fig. 3 The second level ropeway  

Fig. 4 illustrates track change points. The track change points are reinforced for stability purposes at the 
respective positions with steel pipes. This facilitates changing tracks. 
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Fig. 4 Track change points 

The vehicles are provided with a sensor so that they are automatically placed in the correct position when 
changing tracks. An inductive proximity switch suits best as the switch can detect metal objects without 
coming into contact with them. Once the vehicle is detected and positioned, the lifting operation begins. The 
lifting operation may be compared to a hoist. The screw thread of the stepper motor is activated, the 
diagonal section bars are pushed together and thus transform the radial torque into a lifting force. 

 
Fig. 5 Stepper Motor and Screw thread 
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Fig. 5 represents stepper motor and screw thread. The stepper motor drives the screw thread and pushes 
the diagonal profile rods together. The stepper motor and screw thread stop when the final position is 
reached, as the upper part of the vehicle is at the level of the second level ropeway. The special thread 
design blocks the upper part of the vehicle in the final position and thus unwanted shutdowns can be ruled 
out. This positive effect makes additional brake elements unnecessary and cuts down on construction costs. 

 

Fig. 6 Side view of the vehicle 

Fig. 6 illustrates side view of the vehicle in the final position at the height of second level ropeway. The 
ascended vehicle is now in the final position and ready to perform the next step. The upper part of the 
vehicle is brought up to the track to exactly its length with some tolerance room. The required feed motion is 
powered by above mentioned electric motor and gearbox of the two front guide wheels of the lower part and 
a brushless electric motor and gearbox of the two front guide wheels of the upper part. The power is also 
supplied by a lithium battery. 

 
Fig. 7 Vehicle before the retracking process 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

202 

The retracking process of the vehicle has moved forward to a proper length (its own length) along the 
ropeway. This is the only time in which the vehicle is connected to both lanes at the same time. The change 
is made with the utmost precision. The next step of the retracking process begins when the track change has 
been completed successfully. 

Fig. 8 Four ball bearing wheels 

In Fig. 8, the next step is described. This is the release of the lower part, which up till now has been the 
entire carrying element of the vehicle. From now on the locomotion of the vehicle on the tracks will be done 
through the upper driving mechanism. As mentioned before; the lower part wheels on four friction bearing 
wheels on the two polyester ropes, two of which are driven by a stepper motor. Since the lower part is now to 
lose traction on the rope, the four ball bearing wheels that act as the security wheels for the vehicle are now 
released. When releasing, the clamped wheels are folded inward and the lower part of the vehicle is now 
accessible to the two polyester ropes. The next step, called the pulling process of the lower part, can begin. 

Fig. 9 illustrates the lower part of the vehicle. It hoists due to opposing effect of the stepper motor. 

In this step, the so-called pulling process is described. This occurrence is merely the opposite transaction of 
the lifting process. Here, the stepper motor operates in the opposite direction and rotates the screw thread 
so that the diagonal profile bars are pushed apart. The lower part of the vehicle hoists its payload, in the 
case of a package. The effect achieved is the opposite of the lifting process. The track-change process is 
almost finished. 

As soon as the lower part of the vehicle is fully retracted, the lane-changing process is defined as complete. 
The stepping motor will be stopped by the screw thread and the package will be secured in place. Brakes or 
other security measures are made redundant by the thread structure. 

For the upper part of the vehicle no extra counterweight wheels are essential for stability and security since 
this task is now taken over by the bottom guide wheels. 
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Fig. 9 The lower part of the vehicle 

Large differences in height can be easily overcome due to the two stepper motors driving four guide wheels 
which are clamped to the polyester rope. Thus, large and extensive networks of the rail systems are 
possible. 

 

Fig. 10 Completed lane change with package 
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Fig. 10 illustrates completed lane change with package.The lane change or change of direction was carried 
out and the vehicle can continue at the new level. The problem, which was due to the downward hanging 
hook preventing a simple junction, was successfully overcome. 

 
Fig. 11 Delivery to loading and unloading station 

Fig 11 represents the delivery to loading and unloading station. In this figure the vehicle is arriving at the 
unloading station. The gripper moves the package using its hoisting winch as the stepper motor glides down 
to the level where it can be taken by an employee. From there, further logistical measures can be carried 
out, such as loading the package. Furthermore, the gripper can pick up a new package. 

There are some advantages and disadvantages for this vehicle concept. 

The advantages of the this vehicle concept are:  

Programmed vehicle which is able to perform a lane change 
• No additional staff required 
• Due to level changes a dense rail network is possible 
• No complicated junctions 
• Stable and secure vehicle transport due to two polyester ropes 
• Vehicle is an independent system, so maintenance and repairs are possible without system failure 

On the other hand, there are disadvantages of the this vehicle concept. These are: 
• Relatively complicated vehicle structure 
• Cost expenditure for the vehicle 
• Higher system weight   
• Large number of necessary components  
• Complicated control system 
• Cost expenditures for the lane-change station 
• Relatively long process during lane changes (loss of time) 
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3. THE SECOND VEHICLE CONCEPT 

This vehicle concept is a much simpler system technology, as it implements centrifugal force in order to 
change to the desired direction. This concept is based on a similar vehicle however this time with a one-rope 
track system, consisting of a polyester rope. In this concept, no second levels are needed for the steering. In 
addition, no lane change is performed. The complete system is a closed ropeway network with a single level. 

The vehicle is a lifting unit equipped with electric motor complete with bevel gear and hooks similar to those, 
a crane mechanism has. A slide-mounted wheel and a counter wheel position the vehicle on the polyester 
rope. In this concept the power is once again supplied by a lithium battery. The vehicle is equipped with two 
actuators, which are laterally moved out in order to change direction. 
 

 
Fig. 12 Main components of the second vehicle concept 

Fig. 12 illustrates main components of the second vehicle concept. It also shows how a proposed ropeway 
network must be designed to move the vehicle, including a winch with a raised package, through a steering 
mechanism. Moreover, centrifugal force is used in the steering operation. 
 

 
Fig. 13 Steering Profiles 
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Fig. 13 illustrates steering profiles. The direction changing mechanism creates a junction, in the case three 
polyester ropes that meet each other through a H-profile which creates a focal point for the vehicle. The point 
of contact enables to divide the track in two directions. The vehicle can change direction through a linear 
actuator with T-tails that extends outward. Using this actuator, the vehicle can be moved linearly in the left 
and right direction. This movement on the x-axis is crucial for the steering. So in a sense the vehicle is fed 
into the proper direction using the asymmetric steering profile installed on both sides, which uses the T-tail of 
the actuators with the T-opening inwards. As the vehicle approaches the changing mechanism, the actuator 
extends either to the left or to the right according to the required direction and fits into the steering profile. 
This tangential clamping generates a centrifugal force and ultimately provides the force for the steering on an 
H-guide profile. 

Fig. 14 Components of the vehicle 

Fig. 14 illustrates the individual components of the vehicle. They are shown again in this figure. A specially 
designed slide-mounted wheel ensures that the vehicle can move independently along the track system. A 
spring-loaded pressure counter wheel ensures the necessary stability and positioning. The vehicle is 
independent of the utility grid and is driven by an electric motor with an angular gear and built in lithium 
battery. Battery reloading is only necessary at certain time intervals. The linear shaped actuator can be seen 
on the left illustration. It is used by the vehicle to change direction. 

In order to change direction, vehicle must receive the information to change course before it comes to the 
track changing position. This signal is required in order to control the linear actuators. If this structural 
condition receives its instructions, the linear actuator moves out to the left or right. The insertion can begin. 

Due to the one-rope construction, the vehicle can become unstable and start to swing, since this system is 
missing the stabilization effect of the basic concept. Consequently, a conical opening must be present to 
ensure safe insertion. This insures a secure insertion of the actuator into the T-opening of the steering 
section. 
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Fig. 15 Left actuator into the steering profile 

Fig. 15 illustrates left actuator into the steering profile. Once the left actuator securely fits into the steering 
profile while moving at full speed to the left, a tangential contact is created. This contact arises from the 
centrifugal force. In the next step, the wheel assembly is guided into the joint piece, which is composed of 
the H-profile, due to the resulting centrifugal force. 
 

 
Fig. 16 Top view of the junction 

Fig. 16 illustrates top view of the junction. In this top view of the joint, one can see the high precision 
accuracy that it takes for a smooth introduction of the wheel assembly into the H-guide profile.  

As already stated, the guide wheel lying on top of the polyester rope is secured with a slightly smaller 
counter wheel. This counter wheel acts as a suspension to be resistant to minor impacts and bumps. Thus 
the spring has a dampening effect during the direction change of the vehicle. Furthermore, in order to 
prevent shocks and bumps between wheel construction and H-guide profile, the corner edges of the profile 
are stretched outwards. 
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Fig. 17 Top view of the direction changing 

 

Fig. 17 illustrates top view of the direction changing. The steering is performed without stopping according to 
the following principle. First of all, a signal sent to the vehicle describing the direction of steering, which in 
this case is left. The linear actuator extending above the vehicle moves on the x-axis towards the left up to a 
certain position. The actuator is inserted into the T-opening which has a conical driving profile and generates 
a tangential stress at the inner side. Meanwhile, the vehicle moves on the H-guide profile. The tangential 
tension and the speed creates a centrifugal force which turns the entire vehicle to the left. This force pulls the 
vehicle onto the H-guide profile and thus connects with the track. The change of direction to the new track is 
implemented through the high precision accuracy of the vehicle. The vehicle leaves the direction changing 
station and continues along its new track. 

There are also some advantages and disadvantages for the second vehicle concept. 

The advantages of this vehicle concept are:  
• Programmed vehicle which is able to perform a lane change 
• Vehicle is an independent system, so maintenance and repairs are possible without system failure 
•  Low weight due to fewer components 
• Quick change of direction, congestion reduction 

On the other side, there are disadvantages of this vehicle concept. These are: 
• Complex control system of the vehicle 
• Costly system software 
• Error due to the high system speed 
• High maintenance costs due to high system accuracy 

In the next chapter some finite element method analyses will be executed and the result will be evaluated for 
the second vehicle concept. 
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4. STATIC ANALYSIS 

Static analysis presents the calculation of the enforced state of structures under the force action, which is 
constant in time. Today this is probably the most demanded task in design. With the module “Static 
Analysis”, the engineer can evaluate the acceptable tensions in the design, which is worked on, by 
determining the mistakes of the design and making the necessary changes for the product optimizations [5].  

The static analysis also allows: 
• Taking the geometric non-linearity into consideration 
• Determining the stress-strain state of the temperature effect 
• Leading calculations of the problems in connection with it 
• Power, pressure, rotation, acceleration, work strain, hydrostatic pressure, torque and temperature 

can be used as the external strains 

Fig. 18 Nose of the steering profile 

Fig. 18 shows a simulated applied force of 400 Newton on the nose of the steel steering profiles. (Where 1 
MPa is 1 N/mm2). As can be seen from the illustration, the component is able to withstand the weight of 40 
kg. 
 

 
Fig. 19 Nose of the steering profile 

Fig. 19 shows simulation the nose of the steering profile. In this simulation, a force of 800 Newton, 
equivalent to 80 kg, was applied to the component. This force corresponds to the weight of the vehicle. In 
this simulation, the component is bent 1 mm downwards. The result shows that the component can 
withstand the stress of 40 kg and retain its structural integrity. 
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Fig. 20 Nose of the tube profile 

 
Fig. 20 shows the simulation of the nose of the tube profile. In the following simulation, a force of 400 
Newton was applied to the nose of the tube profile. There is hardly any stress visible on the point of 
engagement, though there are higher stress levels visible on the support area than expected. In conclusion, 
this area will need to be improved. This is not a big problem however since the thickness or strength of the 
wall can be increased or additional supports can be added to relieve the stress from the area.  

5. CONCLUSION 

This paper aims to illustrate two different conceptual vehicle models of ultra-light overhead conveyor systems 
in the logistics applications. These models do not represent a final design operating in a real life scenario. 
Moreover, these models are designed in order to give an overview about this introduced new approach for 
the future research which helps companies achieve lower development costs as well as quicker market 
maturity. According to these conceptual models, necessary revisions will be done and the models will be 
applied in the real life case eventually.  

There a lot of applications of overhead conveyor systems in industry but these applications are eligible for 
heavier loads. In this case, the system was designed rather light loads. Moreover, using ropes instead of rail 
makes it possible to rearrange the complete configuration of the system easily, which would be impossible 
with rail based conveyor systems. Thus, these proposed conceptual models are fairly more flexible than 
overhead conveyor systems. These are the main unique features of the proposed models. 

The robust technology and the high degree of flexibility secure an optimal procedure and guarantee the 
article and target oriented material flow in any company. Ultra-light overhead conveyors can be adjusted to 
any individual need of carrier ability and conveyor speed and can be combined with other systems. This 
inexpensive alternative is used in facilities with low piece goods or with lighter loads. The conveyor 
technology considerably influences the effectiveness of the entire system. The majority of researches and 
applications deal with overhead conveyors as partial feed system for production systems, particularly for the 
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automotive industry. There is not only one crab on the ropes, but lots of vehicles along one or several given 
routes. Furthermore, their automation is possible in a simpler, more economical and more effective way.  
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Abstract 

Quality, quality management and total quality management (TQM) are important elements of development 
and effective management of a company, not only as seen in the traditional way but also as a network, 
globally and virtually. Strong dependency of the quality, costs and delivery time forced the necessity to 
search for new fields of process rationalization. As a result, companies are forced to include the factor of 
time as a key competence, understood as the quick reaction to the needs of the client. Undoubtedly, a 
deciding element is logistics, which ensures the utilization of time and space. This reality enforces on a 
modern company the use of Total Logistics Management - TLM - making logistics a deciding factor in 
competitiveness. It is worth mentioning that this new type of management is based, not only, on the 
traditional approach but also on functions made possible thanks to computer technologies. Conceptual 
approach to logistics and managing the chain of delivery should start at the very beginning - when the 
product is created, so that it would be logistically efficient. The process should be continued throughout the 
whole life of the product - including its withdrawal from the market with sustainable development (Eco 
logistics) in mind. The article presents a new concept of managing a company with logistics taking a primary 
role. In such kind of enterprise, most of the operational strategic actions concentrate on planning and 
betterment of efficient logistics. The article also presents the role of the product itself in the entire Total 
Logistics Management concept.  

Keywords: Total Logistics Management, Logistically Efficient Product 

1. INTRODUCTION 

Contemporary companies functioning on the international and global market face the necessity to 
successfully and effectively manage the flow of goods and information. It is so because the objective agent 
that verifies the companies on the market is the buyer-client; they, in turn, expect a product or service that 
meets the logistic rule of 7R (7R - right product, right quantity, right condition, right place, right time, right 
customer, right price). This situation forces the creation of supply chains often on the international scale, 
which depending on the degree of the development of logistic management in the cooperating companies, 
often takes the integrated form. One must bear in mind that the chain of actions taken to create or integrate 
the delivery chain most often takes the form of adaptive correction rather than conceptual creation. It leads 
the company to decrease the efficiency of actions that rationalize logistics because the barriers created as a 
result of adaptation actions are often impossible to overcome.  

In many cases businesses treat logistics as one of the important or even the crucial competence of the 
company. It exhausts the functional vision of logistics based on constant adaptive actions and in turn focuses 
on the creation of a logistical company concept consistent with integrated supply chains functioning. Building 
such a concept should be based on coherent rules and the company must subordinate most of its functional 
areas to logistic management. Looking into the past of management as a discipline, we find a similar 
concept. It was Deming, the global authority in the field of quality who created (in the 50’s of the 20th 
century) the foundations of company management, with quality as the determining factor of the process. The 
philosophy of TQM was the answer to the needs of the economy of the mid- 20th century in which the 
concept of the quality of the product and service was beginning to function for real. 
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It seems that the first decade of the 21st century imposes the need to search for rational and optimal 
solutions in the flow of products and information. It enforces the creation of a new concept based on logistics 
- Total Logistics Management. 

2. TOTAL QUALITY MANAGEMENT 

The concept of TQM is described in Poland as “managing through quality”, “managing total quality”, 
“common quality management in the company” surpassed far beyond the horizon of actions of quality 
management. “TQM is a philosophy of management that assumes full subordination to total quality, all the 
basic areas of organization functions to improve their effectiveness, flexibility and competitiveness [4].” It is 
the utilization of the quantitative method and human resources to manage and improve the products and 
services, processes that lead to creation of those products, concentration on meeting the needs of the 
customer. 

In literature, one can find different definitions of Total Quality Management. “TQM is the peak of the 
hierarchy of all definitions of quality: quality - is to constantly meet the customer expectations; total quality - 
the goal is to reach highest quality at the lowest cost; total quality management - the goal is to reach „highest 
quality with support from every employee of the company“ [3]. 

The most important rules of TQM include [9]: 
• client orientation (the necessity to identify and meet current and future client needs); 
• leadership (full commitment of the highest-level employees to enforce the pro-quality policy in the 

company); 
• employee commitment (the creation of organizational culture that encourages all of the employees to 

get involved in the broadly defined quality); 
• process approach (identifying key processes and its rationalization in order to maximize the added 

value); 
• system approach to managing (purposely planned and organized actions aiming for total quality); 
• constant improvement; 
• making decisions based on facts (decision making must be based on facts not on intuitive analysis); 
• mutually beneficial relations with suppliers to achieve synergy 

This very short characteristic of the TQM concept allows pointing to certain fields that can support logistics 
and logistics management. In the presented material it is clear that the TQM concept is inseparably 
connected with organizational culture and is also a result of the development of the concept of quality and its 
management throughout the years (starting with 100 % inspection, through acceptable levels of quality to the 
concept of TQM). For this reason, it would be useful to familiarize with the development of logistics 
management in order to specify the basic conditioning of the TLM functioning, based on this. 

3. THE PHASES OF LOGISTIC DEVELOPMENT AND THE DEGREE OF INTEGRATION OF THE 
SUPPLY CHAIN AS CRUCIAL ELEMENTS OF TOTAL LOGISTICS MANAGEMENT 

Wanting to define comprehensive company management through logistics it is worth noticing that at the 
foundations of the discussed concept there should be an overview of the literature published so far on the 
phases of logistic development and supply chain. 

The authors in the work “Logistics in the system of company management” conducted a quite interesting 
overview of the literature and on its basis they distinguished four basic phases of logistics development [2].  

The first concept and the first phase of the development is logistics as a specialized cross-sectional function 
in a company oriented to the goods transformation-related actions (the function of operational managing of 
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the logistic tasks and actions). The essence of logistic actions concentrated on supplying the materials and 
goods according to the expectations of the buyers. 

Phase two presents logistics as a function of coordination of all flow-oriented value-creating actions (the 
functions of strategic management of business processes and the logistic potential). Within the concept of 
logistics described this way, the main emphasis was put on coordination and integration of the function of the 
flow area, by optimization of the goods flow structure along the entire value -creating network. 

The third phase, and at the same time a concept, focuses on logistics as flow-oriented company 
management (integrated logistics management in the form which is correct from the perspective of the flow, 
development, shaping, and company control). An important element of the third phase is the management 
perspective containing the new quality, which is based on treating the value creation process in logistics 
terms, and composed into the company management system. 

The last stage of development, or logistic concept, is the flow-oriented management of the supply chain and 
the value-creation system (integrated logistics management on the market scale). It obviously refers to the 
concept of managing the supply chain and heads towards integrated flow along the chain of added value 
creation, oriented towards the needs of both internal and external customers.  

An extension to the presented phases of logistics is, surely, the concept of Supply Chain Management. It is a 
concept evolving on its own. Relying on Murphy and Wood, the most frequently used models of managing 
the supply chain are [6]: 
• SCOR (Supply Chain Operation Reference) - concentrating on the analysis of five key processes 

connected to managing the supply chain, planning, supply, production, distribution, and return 
handling, 

• GSCF (Global Supply Chain Forum) - it differentiates eight main processes of supply chain 
management, related to managing relations with clients, customer service, demand, order processing, 
flow in production, relations with suppliers, development of the product and its commercialization, 
return handling, 

• PCF (Process Classification framework) - of the APQC (American Productivity Quality Center) 
organization, it concentrates on 12 inter-operational processes related to: 
ü Establishing a vision of the action strategy, 
ü establishing and developing products and services, 
ü distribution of products and services, 
ü customer care management, 
ü development and management of human resources, 
ü managing environment protection & health and safety, 
ü managing relations with entities from beyond the supply chain, 
ü knowledge management, R&D organizational changes management; 

Apart from the presented models of supply chain management, there are also main factors that have impact 
on the efficiency of their implementation. They include [6]: 

• the strength of the customer, understood as a relevant factor determining the adaptation of the supply 
chains to the customer‘s approach towards the market, Agile Supply Chains - accounting for the 
changes in quantity and assortment as a reaction to the customer‘s needs, or the Lean Supply Chain - 
seeing the reduction of the waste as the key element of functioning; 

• long term orientation, interpreted as the company moving into long-run cooperation with most of the 
supply chain participants - changing the approach from transactional to relational, 

• the technological progress as the main force determining the development of supply chains, 

• efficiency of the communication between organizations, based mostly on the ERP computer 
technology systems and the standards set by the GS1 (GS1 - A global organization for standardization in 
the field of supply chain management and demand management. The entire standards developed by the 
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organization bears the common name of "The GS1 System." The system consists of several major projects: GS1 
barcodes - concerning issues relating to bar codes (automatic identification), GS1 eCom - related to issues 
concerning electronic data exchange, GS1 GDSN - related issues concerning data synchronization, GS1 
EPCglobal - related to RFID technology. The organization webpages report that the GS1 System is currently used 
by more than 900 000 users from 128 countries who carry out five billion transactions daily, 
http://www.gs1pl.org/gs1-polska/organizacja-gs1, 09/20/2013) 

• control of the stock, aiming towards stock reduction in the whole structure and continuity of the flow, 

• cooperation between organizations, the synergy effect in in the supply chain and defining the plain of 
cooperation in the supply chain (transactional, tactical, strategic), 

• supporting links in the supply chain understood as using the broadly defined outsourcing 

On the other hand Szymonik [7] deems that in the process of the supply chain integration the key role is 
played by three basic parameters: partnership, trust and information. 

The presented conditions have direct impact on the on the implementation of the supply chain and in many 
cases overlap the fundament of total quality management concept - cooperation between organizations 
(partnership, trust) and mutually beneficial relations with the suppliers, long term orientation and strength of 
the client. 

There are also obstacles that make the implementation of the supply chain management harder. Those 
include: legal and political barriers, lack of the involvement of the managing staff, reluctance to exchange 
and use crucial information, lack of compatible IT systems, differences (mismatches) of organizational 
cultures and globalization. The presented barriers seem to be somewhat similar to the barriers hindering the 
implementation of TQM presented by Deming - those include lack of perseverance in pursuing the objective, 
pressure for high profit in a short amount of time, efficiency evaluation, periodical evaluation of employees, 
mobility of the managing staff, managing the company based only on the explicitly visible and excessive 
legal expenses [5].  

The presented models and the factors stimulating and blocking the implementation of the supply chain are a 
significant basis for further considerations related to the Total Logistics Management concept. However, to 
get to that stage of the presentation, the logistic role of the product itself needs to be traced. 

4. THE ROLE OF THE PRODUCT IN SUPPLY CHAIN MANAGEMENT - A LOGISTICALLY 
EFFICIENT PRODUCT 

The concept of managing through quality focuses mostly on perfecting the processes. Nevertheless, an 
important element of the mentioned concept is also the product itself, which is often modified to meet the 
requirements of both external and internal clients. The concern for satisfaction of the external customer is 
obvious but the conceptual creation of the product, taking into account the needs of the processes, as well 
as the workers manufacturing the product is a sign of maturity and high organizational culture of the 
company. 
The situation is similar with the concept of logistics and integrated supply chain management. The product 
itself, in terms of its attributes and properties, has important implications for logistics. Depending on the 
possibility of the degree to which the design can be changed a strategy needs to be chosen. Bielecki [1] 
proposed two types of strategy: conceptual and adaptive, that are connected to the product itself. In the 
adaptive strategy, the possibility of making changes in the product itself is very limited, which in turn 
determines the necessity to adjust logistic management (successful and effective logistic management is 
limited to optimizing specific logistic actions). In the conceptual strategy oriented towards creating new 
product-process solutions in logistic context, the role of the product itself can be noticed in logistic 
management and that in turn is connected to the notion of a logistically efficient product. 
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A logistically efficient product will be defined as an empirical object in the market exchange that has the set 
of features and properties allowing successful and efficient internal translocation of the product itself along 
with information related to it through the spheres of supply, production, distribution, utilization and return. 
Externally, the mentioned features and properties allow logistic management to successfully and efficiently 
integrate the IT and information processes, transportation, storage, packing, managing the stock and service 
of the external party within the integrated supply chain concept. 
Therefore, the logistical efficiency of the product forces the enterprises to carry out a thorough analysis of 
their products, and within the confines of this process choose the right strategy of conceptual shaping of 
company logistics, or adjustment of their logistics to market conditions, with the use of particular methods, 
techniques and tools. 

5. TOTAL LOGISTICS MANAGEMENT 

Efficient management in the flow-oriented supply chain, as well as the system of value creation for the needs 
of particular internal or external clients, requires solving a series of problems related to: PLM - Product 
Lifecycle Management (the idea, the specification, technical requirements, the design concept, the initial 
design, design improvement, preparation of details, tests, simulations, analyses, designing tools needed to 
start production); TPP - Technical Production Preparation; Supply, distribution, warehouse management, 
transportation; cost reduction; forecasting demand; inventories reduction at the entire length and width of the 
supply chain; increasing the flexibility of logistics processes; competitiveness of the market; computerization 
of the logistic processes; flow of information and standardization of logistic actions. 

The presented field of tasks and logistic actions functions in a dynamically changing economic environment, 
both on the micro and macro scale - which is proven, among others, by the following: lack of stability due to 
crisis situations (financial, fuel, political), constant changes, seeing the partner in the “win-lose” category; 
conversion of traditional singular companies into franchises, virtual companies; multicultural, multinational 
participants of international supply chains; hampered and complicated optimization of actions by supply 
chains in the fields of managing relations with the client, customer service, execution of orders, production 
flow, relations with the suppliers, development and commercialization of products, returns [7]; constant 
search for new markets on a global scale extorts improvement of logistic processes in balanced logistic 
chains; appearance of new technologies (ex. e-business, flexible production systems, digital factories); 
adjusting to new laws and regulations concerning logistics. As an example may serve the document 
published on the 28th of March 2011 by the European Commission White Paper entitled Roadmap to a 
Single European Transport Area - Towards a competitive and resource-efficient transport system. 

As a result, managing a company in such difficult and changing conditions requires applying a complex 
approach to problems with the flow within the organization and thus implementing the TLM concept. 

In order to show basic fields where the TLM concept would be applied, one should first notice that its shape 
should be dependent on features and properties of the product. If the product has broad possibilities of 
changing the design, the possibilities of Total Logistics Management are unlimited. Conceptual approach to 
logistics allows to create logistically efficient products that can be a subject to constant improvement both in 
the field of the design of the product and as regards logistic processes that the product takes part in. If the 
product has narrow possibilities in the design changes, the concept of TLM is limited to adaptive company 
actions performed by using specific methods, techniques and tools of rationalization and optimization of 
logistics, when applies. 

Regardless of the features and properties of the product, the concept of TLM should be based on 
foundations connected with high level of company culture organization that includes: partnership, trust, and 
long-term perspective of cooperation between all organizations to be included in the supply chain, as well as 
constant improvement of the quality of the services provided. These hereby presented foundations are an 
important guarantee allowing to build a stable management system. 
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On the mentioned foundations one can build logistic transport processes, storage, packing, order handling 
and supplies that appear at every stage of the logistics (supply, production, distribution, return and disposal). 
Of course all of the mentioned processes within the idea of TLM should show maximum tendency towards 
the creation of new values and though that, the elimination of the waste and increase the productivity. They 
should also bear the features of process approach meaning mutual overlapping and complementation 
allowing to achieve synergy. 

A very important binary binder connecting the mentioned processes within the differentiated phases is the 
information and\or IT system and the usage of modern infrastructural solutions. The first of the mentioned 
elements allows free, successful and efficient transfer of data and information. The second assures the 
betterment of the productivity indicators of the main logistic processes.  

The walls created in those foundations should be covered with a roof of effective, successful and balanced 
flow in which all of the participants of the supply chain cooperate responsibly and with commitment for the 
good of constant improvement of the broadly defined process of flow of goods and information. 

6. CONCLUSION 

The presented assumptions of the Total Logistics Management concept require supplementation with a full 
spectrum of rules, methods, and logistic improvement techniques, both in the operational dimension - 
referring to specific logistic processes, and the strategic dimension - stressing the idea of balanced chain of 
supplies. Pointing to the right instruments in terms of company adaptation processes and building new 
concepts of integrated supply chains will be the next step in the study conducted of the authors. It will allow 
to separate specific actions that the companies can perform depending on the situation they are in. 

Of course, shaping the organizational culture of the supply chain is another separate issue that is already 
explored to some extent - for example, through experience connected with the implementation of the TQM 
philosophy that has much in common with the TLM concept. It seems that the proper functioning of the 
integrated supply chain, defined as a flow-oriented business operation, requires full involvement of all 
internal and external participants into the process of conceptual business management through the 
perspective of logistics. 
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Abstract 

In view of the fast growth of cities combined with the growing needs of city dwellers, the problem of efficient 
functioning of goods transport and distribution in urban areas is gaining more and more importance. This in 
turn leads to significant problems with transport coordination and achieving its highest possible efficiency 
(having taken into account efficient use of loading space, limiting the fleet operation costs, ensuring fast 
deliveries, etc.). The major effector of a successful implementation of good practices in the area of urban 
freight transport is involving the stakeholders in each and every stage of the process, searching for a 
compromise in view of diverse problems and needs voiced by them. Active policy making on the part of the 
city authorities with regard to goods transport in urban areas contributes to activating various stakeholders 
groups and enables dynamic cooperation towards a consensus. According to that, the consensus between 
the needs of various urban freight transport stakeholders is the basis of proper management of freight 
transport flows in urban areas. Reaching a high usability level of any adapted solutions is determined by 
complementary synergistic measures underlying the possibly full implementation of the resultant bundle of 
goals of the stakeholders. This paper is focused on the process of the stakeholders' consensus building. The 
author's tools are introduced here as the support in selection and engagement of stakeholders.  

Keywords: City logistics, urban freight transport management, stakeholders needs, sustainable transport, 
environmentally friendly transport 

1. INTRODUCTION 

Heterogeneity of urban freight transport manifests itself primarily in the diversity of stakeholders and their 
expectations. Various interest groups have different priorities and objectives, which translate into a different 
perception of the effectiveness of transportation and distribution of goods in urban areas. Expectations of 
providers (mostly traders) are primarily focused on minimizing costs, which in turn affects the search for 
measures to, on the one hand, reduce the time, and on the other to maximize the volume of the supply. For 
customers, time and volume of supplies also are important, but it is necessary to draw attention to the fact 
that they split into two main subgroups - businesses (mainly the retail and service outlets) and individual 
customers, who at the same time are usually residents of the city (that is, its direct users). Preferences of 
customers are often contrary to the interests of suppliers. In particular, this applies to residents who 
undoubtedly would like their order (e.g. placed in online stores) reach them as soon as possible, but on the 
other hand, they require the highest standards of quality of life in the city, expressed above all in the ability to 
quickly move on foot or by individual or collective public transport, while ensuring the reduction of pollution 
and noise within the urban structure. These expectations often stand in opposition to the business 
expectations that require fast supplies of goods. 

The different expectations of the stakeholders groups influence difficulties in the implementation and 
development of the solutions in the area of urban freight transport systems. Due to that it’s necessary to look 
for the consensus and to try establish the compromise objectives that respect as many stakeholders needs 
as possible. This is a very important challenge for the municipalities and urban transport managers, 
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especially if we take into account the expectations of the European Union regarding reduction of negative 
impact of transport in cities. 

2. UFT STAKEHOLDERS AND THEIR EXPECTATIONS 

When classifying UFT stakeholders, first and foremost it is necessary to identify entities, institutions and 
organisation representing the private sector (chambers of commerce, wholesalers, retailers, manufacturers, 
logistic services providers, and also city residents and users, shop owners, developers, etc.) and the 
institutions and organisations from the public sector (in particular the self-governing bodies - local, regional 
and national, road administrators, the police, etc.). Generally, it is possible to divide them into five major 
groups which determine the system’s functioning to different degrees and in different contexts [2, 4, 5]: 

• Shippers - this is a group that includes both senders and recipients of goods, usually retailers (small 
shops independent of large chains), wholesalers and manufacturers; these are customers who use the 
services of carriers, who send goods to other companies or private customers as well as receive 
goods from these entities and are interested in maximizing the level of services offered to them, 
including cost, time of loading and transportation, reliability of transportation, as well as receiving 
information; 

• Freight carriers - this group includes external professional transport operators, logistic services 
providers, courier services, private providers (e.g. retailers who independently organize deliveries to 
their stores using their own transport), urban managers of distribution centres and dispatchers; usually 
representatives of this group are interested in minimizing costs associated with collection and delivery 
of goods to customers, which allows them to maximize their profits; it is expected that their services 
will be of high quality and at a relatively low total cost, which is particularly important in cases where 
the expected delivery is dependent on the specific time windows; 

• Residents - this group should include both city residents as well as its other users (for example, 
commuters and visitors to the city, who do not live in it), people who come to the city to do shopping, 
and any other road traffic participants such as store owners, developers, associations and 
organizations of citizens and consumers; this group is not favourable to big commercial vehicles 
entering the city, even when these vehicles provide them with necessary products, due to the fact that 
it prefers the minimum level of congestion, low noise and pollution, and it expects the reduction in the 
number of accidents; 

• City administrators - this group can be divided into administrators of urban systems for goods 
distribution (regional authorities, municipalities), other administrators providing inputs to the system 
(planners, policy makers, infrastructure managers) and supporting institutions (such as chambers of 
commerce, associations of cities, etc.); this group of stakeholders is focused primarily on the 
development of the city and increasing employment opportunities, and is also interested in limiting 
congestion, the impact of transport on the environment and increasing road safety in the city; its 
members should be neutral and play a key role in resolving conflicts between other interest groups 
involved in delivery making in urban areas; 

• Truck & vehicle manufacturers - it is an important element, because it includes mainly companies 
that provide the transport system with components necessary for its operation: commercial vehicles 
(hardware) and software that supports or even determines their use. In the light of the emerging new 
concepts and technologies for distribution of goods in the cities (packstations, freight trams, and in the 
future underground freight transport, etc.) it is worth expanding this group to include manufacturers of 
non-conventional technologies. 
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They may play four basic roles in the urban freight transport system [2]: 

• want it - these are transport market players who want the system to constrain the problems connected 
with road traffic and its impact on the environment, who want it to provide information services on the 
trips and facilities for freight transport operators, and to improve the living conditions of the city 
residents and users; this group mainly includes local authorities, residents, organisations and 
associations representing the city's interests, but also retailers, shop owners and developers; 

• make it - these are mainly suppliers of hardware and software necessary for the system development, 
vehicle manufacturers, system integrators, providers of innovative loading/ unloading solutions or 
freight units, urban developers, etc.;  

• use it - this class of users includes two categories: primary and secondary; the primary users use the 
outcomes of the system operation, these are e.g. retailers, shippers, forwarders, drivers; the 
secondary users control the system and provide, among other things, the major part of the input data, 
these are e.g. traffic control operators, cargo dispatchers, distribution centres managers; 

• rule it - these are usually local authorities, responsible for issuing the regulations (e.g. with regard to 
designating environmental zones, traffic restrictions, time windows, using the dedicated traffic lanes, 
parking spaces or infrastructure).  

The factor that directly influences the heterogeneity of urban freight transport is the diversity of needs (goals) 
and expectations of stakeholders representing the above mentioned groups. In generalized terms, the goals 
focus mainly on increasing the profits made by freight carriers and their customers on the one hand, and on 
ensuring the well-being factors for city residents (safety, life quality, and possibility of easy moving around 
the city) on the other. From the perspective of the public administration, the issue of key importance is 
increasing the economic effectiveness of cities and decreasing the negative impact of transport on the city 
environment. 

3. THE PROPER IDENTIFICATION OF STAKEHOLDERS  

The process of implementing solutions in the area of urban freight transport (Table 1) requires well-thought 
and well-planned actions, due to the aforementioned heterogeneity of stakeholders. It requires taking into 
account the diversified expectations, at the same time ensuring the system effectiveness following the 
changes implementation (e.g. introducing traffic restrictions for delivery vehicles, implementing alternative 
methods of delivery making). The key to success is engaging the right stakeholders and involving them in 
continuous and active cooperation. It's one of the most important factors facilitating the development of 
urban freight transport. 

Table 1 Examples of the push, pull and push&pull measures 

Push measures Pull measures Push-and-Pull measures 

• Access restrictions 
• Low Emission/Environmental Zone 
• Promotion campaigns for sustainable 

freight traffic 
• Using time windows for deliveries 
• Access fee systems 
• Noise reduction systems  
• Special urban planning conditions 

• Telematics logistics tools  
• On-board computer systems in 

commercial vehicles 
• Intelligent Transport Systems 
• Incentive systems 
• Carpooling 
• Advance booking of (un)loading slots 
• Alternative delivery systems 
• Transport exchange systems 
• Freight Quality Partnership  
• Freight Operators Recognition Scheme 

(FORS) 
• Driver training for sustainable freight 

traffic (eco-driving) 

• Intelligent freight traffic routing 
(including navigation systems) 

• Using environmentally friendly vehicles 
• Urban hubs and Urban Consolidation 

Centres 
• Urban delivering micro-platform 
• Using rail transport (rail, metro, trams) 

and inland shipping water ways for 
performing deliveries 

• Distribution plan-schemes 
• Vehicle financing schemes 
• Mobility credits schemes/congestion 

charging 
• Local Freight Development Plans 

Source: own work. 
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In the context of the diversity among the groups it is important to ensure homogeneity within each of them, 
which will make it possible to unambiguously identify the expectations and interactions they may have. 
Stakeholders can exert a significant influence on the system, or their support may be limited, if not marginal. 
Additionally, it is necessary to decide which role any given stakeholder is to fulfil in the urban freight transport 
in the context of the solutions to be implemented: 

• informing - providing objective information, making it possible to understand problems, solutions, etc.; 

• consulting - providing consulting support for the project implementation; 

• cooperating - consisting in joint implementation of entrusted tasks; 

• controlling - focused on the current evaluation of the implementation process and also its subsequent 
ex post assessment, based on verification of the achieved outcomes. 

Table 2 shows a sample tool enabling systematization of the stakeholder data. 

Table 2 Compilation of data regarding individual stakeholders 

Code Name Description Group* Goals Support 
level** 

Major 
role*** Strengths Weaknesses Complies 

to 
Opposite 

to 
1 2 3 4 5 6 7 8 9 10 11 
           

* - Administration, Carrier, Resident, Shipper, Manufacturer 
** - Major, Minor, Marginal 
*** - Informing, Consulting, Cooperating, Controlling 

Source: own work 

An important issue is the interactions between the stakeholders. The impacts that the individual engaged 
parties may exert on each other may be decisive for the success or failure of the whole undertaking. It is 
therefore vital that the relations be analysed, and then impacts supportive to the project should be enhanced, 
while the potentially threatening ones should be weakened. To that end, Table 2 was extended to include 
„Complies to” and „Opposite to” columns which are provided to indicate the relations (by providing the codes 
of relevant stakeholders). 

4. DESIGNATING COMPROMISE GOALS AND SEARCHING FOR CONSENSUS 

Due to the specificity of urban freight transport, the goals set for the developed system must be balanced in 
a specific way. It must be emphasised that the goals mean different things to different stakeholders groups. It 
is also important that they have to account for expectations of key stakeholders, the public policy 
assumptions and the impacts on the overall community, including major users (e.g. delivery vehicles), minor 
users (e.g. passenger vehicles) as well as those who are not direct users of the system itself [6]. Interesting 
method of the stakeholders expectations analysis is introduced in [7]. 

Due to the complexity of the processes taking place within freight transport in cities and the diversified needs 
of its stakeholders, the goals cannot be analysed separately, but as the so-called bundles of goals. These 
take the form of an organised set of goals, which accounts for their interconnections, making it possible to 
indicate alternative, cumulative and independent goals [3]. Identification of the interconnections between the 
goals enables their hierarchization, both vertically (indicating the overarching goals and subordinate goals, 
thus creating a chain of goals) and horizontally (making it possible to capture their interactions and 
interrelations, and to identify those that are complementary, competitive or alternative to one another). 

The major stage of searching for a consensus and formulating a bundle of compromise goals is an in-depth 
analysis of the problems reported by stakeholders, taking into account aspects like: 

• specificity of the problems voiced by the individual groups of stakeholders, 

• cause-and-effect relationships between them, 
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• the way the individual stakeholders perceive the problems voiced by others, 

• sources of knowledge on the existing problems and their specificity,  

• the time period when the problem occurs, 

• reasons for failing to solve the problem earlier. 

A good method for their identification is a brain storm method, in the course of which each engaged party 
can express their opinions and voice their needs. Thus obtained knowledge must be systematized in a way 
that makes it possible to hierarchize the problems reported by the individual groups of stakeholders  
(Table 3).  

Table 3 The table for systematisation and hierarchization of problems voiced by stakeholders 

Code Problem Description Group 1 Group 
weight 1 … 

Group n Group 
weight n Importance Relations 

1 2 3 4 5 x-3 x-2 x-1 x 
         

Source: [1] 

Each subsequent demand/proposal is added along with a short description (columns 1, 2, 3). Then the 
stakeholders within the individual groups assess the importance of each formulated problem, and the 
corresponding importance indicator is entered in the next, every second column counting from column 4. A 
3-point scale is proposed to be applied (from 0 to 2), assuming that the stakeholder group which has 
reported the problem considers its importance to be 2, whereas the other groups perceive the issue in their 
own way. Every second column, counting from column 5, indicates the weight of a given stakeholder group, 
specifying its overall strength: 

 

where: 

 ln - number of stakeholders belonging to nth group, 

 N - number of stakeholder groups. 

Following the identification, assessment and discussion of all the problems, the weighted average of the 
grades given by the individual groups is recorded in the "Importance" column, which makes it possible to 
hierarchize the problems in accordance with their importance for the parties engaged. The "Relations" 
column is intended for relating given problems to the other ones found in the matrix, using the codes. 

Preparing the summary of the problems, their systematization, discussing and finally selecting the one which 
will be the main subject of further analysis, will be followed by the process of defining goals which should be 
formulated in accordance with the SMART principles, and then referred to the six major impact areas 
connected with sustainable freight transport functioning: 

• environmental impact (air pollution, noise level); 

• demand for energy (fuel consumption); 

• economic aspects (inter alia, logistic operations costs for manufacturers, wholesalers, retailers, 
customers): 

• safety and security; 

• transport efficiency (among other things, transport optimisation, improving the cost effectiveness); 

• land use and impact on the planning processes 
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5. FREIGHT QUALITY PARTNERSHIP AS THE PLATFORM OF THE CONSENSUS FINDING 

The way to reconcile diverse and often conflicting expectations of the stakeholders of urban freight transport 
and also an effective tool for their involvement in the development process can be Freight Quality 
Partnership (FQP). It’s a specific type of Public-Private Partnership, which involves a large representative 
group of the participants and users, and sets common, reached by consensus objectives, and takes the 
responsibility for their implementation. The main task of FQP is to ensure the sustainable development of 
urban freight transport, while maintaining the expectations of the various stakeholders and reconciling them 
with the overall strategic objectives of the city or region. This form of partnership usually involves local 
government, representatives of business, logistics operators, transport companies, organizations dealing 
with the environmental protection, local communities and other stakeholders involved directly or indirectly in 
the operation of freight transport in cities. The overall objective of the cooperation between the partners is to 
develop knowledge and understanding of the problems of this sector, the promotion of best practices and 
effective solutions that meet the needs of individual stakeholders in terms of the availability of goods and 
services and the environmental and social conditions, as well as initiating projects aimed at eliminating the 
difficulties and problems of transportation and improving the overall quality of the executed transport. 

6. CONCLUSION 

The approach and tools presented in this paper are the results of the implementation of the international 
project named C-LIEGE (www.cliege.eu). According to the experiences gained from the project 
implementation in Szczecin, the need for efficient tools in the stakeholders’ involvement and cooperation was 
emphasized. Due to the difficulties in establishing the proper objectives and based on the expectations of the 
round table meetings organized during the project period, the author prepared a set of tools, which will help 
in developing and implementing urban freight transport measures. The presented tools are part of that set. 
These tools will be used in the present project named GRASS (www.grassproject.eu), which is being 
implemented by the Maritime University of Szczecin in cooperation with the Institute of Transport Economics 
from Oslo.  
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Abstract 

The paper describes the algorithm solving the problem of allocation of tasks to resources in the transport 
company. The problem of allocation of tasks to resources is a complex decision problem. The correct 
functioning of the transport company depends on the proper allocation of tasks to resources ( e.g. drivers). 
The research problem applies to the transport company involved in the transport of goods. The transport 
task in such a company can be defined as an acquisition of a product from place of loading and its' 
transportation to the point of unloading. The limitations of the transport tasks are imposed in the form of a 
time window for the reception of a cargo while an exact quantity of transported goods is provided. The 
problem of allocation depends on limitations of working and driving time for drivers. In order to solve the 
problem of the allocation of tasks a genetic algorithm was constructed which determines the order of tasks 
implemented by the vehicles on the transport route. The presented algorithm is a hybrid of the two heuristic 
algorithms: ant algorithm and genetic algorithm. The main algorithm is the genetic algorithm that fully takes 
the initiative to find a solution of allocation. Construction of a chromosome in the problem of allocation of the 
transport company imposes other than random way of selecting the initial population for the use in the 
genetic algorithm. In order to determine the initial population of the genetic algorithm the modified ant 
algorithm was used. 

Keywords: assignment problem, genetic algorithm, optimization 

1. INTRODUCTION  

The problem of allocation of tasks to resources in the transport company is a complex decision problem. The 
correct and economic functioning of the transport company depends on the proper allocation of tasks to 
resources (e.g. drivers). In this paper the presented algorithm solving the allocation of tasks to resources 
refers to the problem of routing of vehicles which has been extensively shown in [4], [5]. The research 
problem applies to the transport company involved in the transport of goods. The transport task in such a 
company can be defined as an acquisition of a product from place of loading and its' transportation to the 
point of unloading. The limitations of the transport tasks are imposed in the form of a time window for the 
reception of a cargo while an exact quantity of transported goods is provided. The problem of allocation 
depends on limitations of working and driving time for drivers. During the implementation of the transport 
task, the moment of allocation occurs at the point where the vehicle at the end of the task is presented with 
two options: either to begin implementation of the next task or to return to base. The beginning of the next 
task depends on the limitations of drivers' working and driving time, vehicle capacity and time window of 
delivery and reception. The problem of allocation in the transport company refers to the routing of the vehicle 
at the end of the implementation of the current task to the next one in such a way that the whole generated 
route length is minimized. In order to solve the problem of the allocation of tasks in the transport company a 
genetic algorithm was constructed which determines the order of tasks implemented by the vehicles on the 
transport route. The presented algorithm is a hybrid of the two heuristic algorithms: ant algorithm and genetic 
algorithm. The main algorithm is the genetic algorithm that fully takes the initiative to find a solution of 
allocation. Construction of a chromosome in the problem of allocation of the transport company [5] imposes 
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other than random way of selecting the initial population for the use in the genetic algorithm. The random 
setting of bases and tasks in the chromosome can generate an unacceptable solution due to exceeding the 
time window for the reception of a cargo. In order to determine the initial population of the genetic algorithm 
the modified ant algorithm was used. Ant algorithms are algorithms whose principle of operation is based on 
the imitation of the operation and existence of ants in the wild. The main factor in choosing a route is a 
pheromone, a chemical secreted by the ants. Ants have a lot of routes to choose, they head for the route 
with the strongest concentration of the pheromone. A classic problem in which the operation of ants 
algorithms were tested is the problem of finding the shortest Hamiltonian cycle in a weighted graph with any 
number of nodes. With reference to the fact it is an attempt to solve the traveling salesman problem [1], [2].  
The effect of operation of the ant algorithm is the properly constructed chromosome containing a minimum 
transport routes where the limit of allocation to the following tasks in this chromosome is fulfilled. Heuristics 
algorithms give a near-optimum solution, can find the optimal solution, but often confine themselves to the 
optimal solution in the local area of search. Despite this inconvenience heuristics algorithms are successfully 
used in optimization problems. 

2. THE ANT ALGORITHM TO DETERMINE AN INITIAL POPULATION OF THE GENETIC 
ALGORITHM 

The basic unit of the ant algorithm is an artificial ant consisting of performed tasks Zd and b bases, where zd 
- a number of the performed task, za(mr) - the order of tasks implemented by the ant:  

>< + bzdzdbzdzdb mrzamrza ,...,,,...,,,, 1)(
*

)(21            (1) 

where: ZAMR ={1,…,za(mr),…,Zd} - the set of the sequence tasks performed by the ant equals to the number of 
tasks for implementation,ZD ={1,…,zd,zd*,…,Zd} - the set of the all tasks for implementation, zd,zd*- numbers 
of tasks, MR={1,…,mr,…,Mr} - the set of the all ants, mr - a number of the ant, WB={1,…,b,…,W}, b  - other 
element of the set of WB .  

The number of bases in the route of the ant is variable and depends on the limit of allocation to the following 
tasks which takes the form: 
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where:WZ={1,…,i,i*,…,WZ} - the set of points of loading, i,i* - other elements of the set of WZ, 
WW={1,…,j,j*,…,WW} - the set of points of unloading, j,j* - other elements of the set of WW , tw(jzdza(mr)) - an 
hour of departure mr - of this ant from j - this point of zd - this task realized in za - this sequence, 
x(jzdza(mr)izd*za(mr)+1) - a binary decision variable of allocation, t2(jzdza(mr)izd*za(mr)+1) -  expected travel time mr - 
of this ant between j - this point of zd  - this task realized in za -this sequence and i - this point of loading zd*- 
this task realized in za +1 - this sequence, Todp(mr) - statutory resting time mr - of this ant on the route,  
(aizd*za(mr)-c, bizd*za(mr) ) -  the window of time i  - of this point of loading mr - of this ant, c - waiting time on 
opening the point of loading.  

The ant starts and ends the transport route in base and on the way visits base only when the assignment to 
the next task is not possible. The starting point of each ant in each iteration is a randomly selected task 
selected from Zd  tasks. The stop condition in the algorithm is a predetermined number of iterations. The 
probability of selection of the route by the ant takes the form: 
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where: τ j zdza(mr)izd*za(mr)+1  - the intensity of pheromone trail on the section between j - this point of unloading 
zd - this task realized in za  - this sequence by mr - of this ant and  i - this point of loading zd* - this task 
realized in za +1 - this sequence by mr  - of this ant in t  iteration, η j zdza(mr)izd*za(mr)+1   - the heuristic 
information e.g. 

  
)j(

1
*

1)(za(mr)
*

1)(za(mr)zd zdj ++
=

mrzamrzazd zdi iw
η             (4) 

w(j zdza(mr)izd*za(mr)+1 )  - the distance between j - this point of unloading zd - this task realized in za  - this 
sequence by mr - of this ant and  i - this point of loading zd* - this task realized in za +1 - this sequence by 
mr  - of this ant, p(j zdza(mr)izd*za(mr)+1 )  - a binary variable determining a possibility of allocation to the next task, 
the determining of p(j zdza(mr)izd*za(mr)+1 )  is based on the limit of allocation to the following tasks (2), when       
p(j zdza(mr)izd*za(mr)+1 )=1   than  the limit of allocation to the following tasks is fulfilled, there is a route between j -  
this point unloading and i - this point of loading, otherwise p(j zdza(mr)izd*za(mr)+1 )=0, α,β - parameters 
determining the effect of pheromones and the heuristic information on the behavior of ants, Ωmr - the set of 
vertices which hasn’t been yet visited by mr - this ant.   

The ant algorithm which determines the order of tasks implemented by the vehicles on the transport route is 
started by determining the initial parameters of the ant’s nest: the determining the number of ants Mr 
involved in creating the minimum route, the determining the size of ants i.e. the number of tasks for 
implementation Zd, the determining the stop condition i.e. the number of iterations T and the setting of 
parameters α,β,τ0,ρ. The number of ants is chosen arbitrarily, may be taken as the number of tasks for 
implementation. The route of each ant starts from randomly choosing the first task for implementation. The 
ant goes to task from base which is the nearest of this task. Another task in the route is selected from the 
probability Pmr j zdza(mr)izd*za(mr)+1(t). When the probabilities of all routes from the point of unloading j  to the 
point of loading i another task are equal to zero the ant goes to base. The condition return to base can be 
written as: 

∑
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The probability zero on the relation (j,i) exists when the time window precludes the selection of other tasks. 
Next the ant goes from base to another randomly chosen task. Further tasks are selected from the 
probability Pmrj zdza(mr)izd*za(mr)+1(t). The process is repeated in order to complete all tasks. After implementation 
of all the tasks the route of the ant is assessed and then another ant starts the implementation of all tasks. 
The best value in a given iteration is compared with the values in the previous iterations and the best result 
is taken for further analysis. The value of the ant is determined by the function of criterion which is widely 
described in [5]. In the final step of the iteration the pheromone trail is updated. Three types of ant algorithms 
can be distinguished depending on different ways of updating pheromone: ant - density, ant - quantity, ant - 
cycle. In order to update the pheromone in the route the ant - cycle was used  as the most efficient version of 
the ant algorithms[3]. The pheromone trail is updated after the implementation of all tasks by ants. In the first 
iteration the pheromone trail is equally strong in all connections between tasks, equal to τ0.  In another 
iterations the pheromone trail we can calculate: 
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where: ρ - a factor pheromone ( 0 < ρ ≤ 1), ∆ τj zdza(mr)izd*za(mr)+1 mr(t) - the strengthening of the pheromone,                  
τ j zdza(mr)izd*za(mr)+1 (t) -  we assume τ0  for the first iteration on all connections. 
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where: Lmr(t) - the length of the route  in t  iteration realized by mr - this ant.  
The algorithm for determining the initial population of the genetic algorithm is presented in Fig.1. The route 
of the ant is put in the chromosome. If the size of the ant is smaller than the size of chromosome the free 
genes in the chromosome are filled randomly by bases which do not change the value of the function of 
adaptation. 

 

Fig. 1 The algorithm for determining the initial population of the genetic algorithm 

3.  THE ALGORITHM SOLVING THE PROBLEM OF ALLOCATION OF RESOURCES TO TASK IN 
THE TRANSPORT COMPANY  

The initial population which was generated by the ant algorithm underwent further operations. All the steps of 
genetic algorithm were presented in [5]. In the assignment problem the function of criterion minimizes the 
total cost of all tasks, taking into account the additional costs of drivers', payment and the costs of vehicles.  



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

228 

The algorithm solving the problem of allocation of tasks to resources in the transport company is presented 
in Fig. 2. 

 

Fig. 2 The algorithm solving the problem of allocation of tasks to resources in the transport company 

In the classical genetic algorithm we consider the maximization of the function of adaptation. In order to 
minimize the function of adaptation should be modified: 

),,(max XWBXBZXFCFl −=            (8) 

where: l - another chromosome, Cmax - the value much more than the value of  chromosomes, F(X,XBZ,XWB) 
- the objective function which is widely described in [5].  

Looking for the maximum value of the function of adaptation Fl  we find the minimum value of the objective 
function F(X,XBZ,XWB). In the time of working of the genetic algorithm the chromosomes undergo operations: 
the selection, the crossover, the mutation, the inversion. After undergoing these operations the chromosome 
can be incorrect, the limit of allocation to the following tasks is not fulfilled. In order to avoid these situations 
we define the function Kl(x,p) as a function which checks the limit of allocation to the following tasks: 

),(),(),( **

*

zdzdpzdzdxpxK
ZDzd ZDzd

l ∑ ∑
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⋅=                 

(9) 
where: x(zd,zd*) - a binary decision variable of allocation, p(zd,zd*) - a binary variable determining 
a possibility of allocation to the next task. 
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The limit of allocation to the following tasks which takes the form: 
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where: tw(zd) - an hour of departure from zd - this task, t2(zd,zd*) - expected travel time between zd - this 
task and zd* - this task, (azd*-c, bzd*) - the window of time zd* - this task, c - waiting time on opening the point of 
loading zd* - this task. 

In this case p(zd,zd*)=0 then the limit of allocation to the following tasks (10) is fulfilled, otherwise 
p(zd,zd*)=1. If for each chromosome l the value of the function Kl(x,p)=0 then this chromosome fulfills  the 
conditions of the acceptable and satisfactory solution and its function of adaptation takes the value Fl 

otherwise the chromosome is incorrect and its function of adaptation takes the value Fl=0. The genetic 
algorithm stops working then the amount of functions of adaptation the entire population equals  0. In such 
case the solution does not exist. The crossover, the mutation, and the inversion occurs with a certain 
probability which is determined in advance at the beginning of the algorithm. The algorithm solving the 
problem of allocation of tasks to resources in the transport company is presented in Fig.2. 

4.  CONCLUSION  

 The allocation algorithm determines the minimum value of the function of criterion, which in our case it is the 
minimum cost of all tasks. The limit of allocation to the following tasks is the necessary condition to fulfill.  
The limit of the working time of a driver and the limit of driving time of a driver determines whether one or two 
drivers must be assigned to the route. The limit of payload of the vehicle is solved in such a manner that if 
the payload of the vehicle is lower than the task then this task is divided on several parts which are realized 
by different vehicles. This limit is eliminated at the expense of increasing the number of tasks for 
implementation. 
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Abstract 

The optimal multi-location problem is one of the most important logistic problem. The optimal multi-location 
problem can been modeled by means of a bipartite graph with weights and for this problem an ant colony 
optimization algorithm (ACO) with a special heuristic was proposed and this heuristic formula was compared 
with another heuristic patterns. Results of these experiments were shown and discussed in this paper 

Keywords: Logistic management, facility multi-location problem, computer method 

1. INTRODUCTION 

Many practical optimization problems such as for example facility multi location problem, airline crew 
scheduling, nurse scheduling, vehicle routing and resource allocation problem can be presented as the Set 
Covering Problem (SCP) [1,2]. There are many kinds of computer algorithms that have been designed so far 
to solve SCP such as exact algorithms [8,9], heuristic algorithms [10,11,12,13], meta-heuristics algorithms 
[14,15,16], also algorithms, which are based on ant colony optimization strategy [3,5,17,18] and hybrid of Ant 
Colony Optimization Algorithm (ACO) with Constraint Programming (CP) [19,20]. This paper presents new 
ant algorithm with a new heuristic information pattern for the Multi Location Problem, which is modeled as set 
covering problem with a minimum covering cost. The remainder of this paper is structured as follows: in 
section 2 the model is introduced, in section 3 ant algorithms are discussed, in section 4 new heuristic 
patterns and transition probability rules are presented and in section 5 results of experiments were shown.  

2. FORMALIZATION OF THE MULTI LOCATION PROBLEM  
The Multi Location Problem can be modeled as set covering problem, as a bipartite graph G(V1+V2, E, w) 
with weights wij assigned to its edges eij, such that eij =(vi∈V1, vj∈V2), eij ∈ E as it is shown in figure 1 and in 
the same way as it is presented in [7]. The set covering problem consist of finding a covering with minimal 
total cost, that means a subset of vertices from the set V1, called set VS, which cover all vertices from the set 
V2 with a minimal total cost. The total cost of covering is the sum of weights assigned to all edges 
participating in covering. A vertex v2i is covered by a vertex v1j if an edge eij exists between a vertex i and a 
vertex j in a bipartite graph. The solution to the set covering problem is received by successively adding 
vertices to the subset Vs. When all vertices from the set V2 were covered this means that the solution to the 
problem was found. The objective function F is described in (2.1) and (2.2)  

                (2.1) 

and subject to constraint such that 

    (2.2) 

where xij = 1, when a vertex j is covered by a vertex i, 
xij = 0, when a vertex j is not covered by a vertex i, 
wij - this is a weight associated to edge eij (a cost of covering a vertex j by a vertex i), 
Vs - this is a subset of vertices V1 which cover all vertices V2. 
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      v 1 1                                                               v 2 1             
      v 1 2                                                               v 2 2                 

         v 1 3                                                               v 2 3           
                                                                   
      v 1 4                                                               v 2 4               
      v 1 5                                                               v 2 5           
      v 1 6                                                               v 2 6             
                                                                           
       v 1 7                                                              v 2 7  
            V 1                                 V 2   

Fig. 1 The Multi Location Problem modeled by bipartite graph 

3. ACO ALGORITHM  

In ant algorithms a colony of artificial ants is looking for a good quality solution of the investigated problem. 
The pseudo-code of ACO procedure is presented as algorithm 1.  

A l g o r i t h m  1 .           A C O  f o r  T h e  C o v e r i n g  S e t  P r o b l e m  
Begin 
 while (exist cycle not done) do 
  for (k:=1 to n Ants) do 
   while (a solution (a subset Vs) is not completed ) do 
    Update Available Vertices VA; 
    Select next vertex j with probability p(j) and consistency checking; 
    Add to a Partial Solution VS; 
   end  
   Save a Better Solution;  
  end  
  Update Optimum; 
  Update Pheromone, use an evaporation mechanism; 
 end  
Return Best Solution Founded; 
end. 

Each artificial ant constructs an entire solution of the problem in some number of steps. In each step each 
ant adds a next vertex to the set VS. At each of the ant step there is some number of vertices into the set VS 
and this is not the solution to the problem and such a set of VS is called a partial solution or a solution under 
construction. This set of feasible vertices, which could be added to the partial solution, are called available 
vertices VA.  At the start all vertices can be added to a partial solution of the problem and the number of 
these vertices is reduced at each step not only because of their inclusion into the partial solution, but also 
because some of these vertices cannot be yet added to a partial solution, since these vertices does not 
satisfied solution constraints and only these vertices can be added to partial solution, which still satisfied 
solution constraints or some of vertices should be excluded from the partial solution since these vertices 
have any edge which can cover vertices form set V2 with lower weight than other vertices from set VS. This 
reduction and verification is called constraints consistency checking and consist of three phase: 

1) An edge of vertex v1i, which is added to the partial solution of the problem, can be added to the partial 
solution too if its cost is lower in comparison to the cost of edge which is already in a partial solution and 
when both these edges cover the some vertex v2i. Edges of vertex, which have higher cost that the edge 
included already into partial solution cannot be added to the partial solution.  

2) A vertex v1 which is already selected to be in a partial solution will be excluded from this partial solution 
only when costs of all its edges are higher in comparison to costs of other edges which are inside of set VS. 

3) A vertex v1 which can be selected to a partial solution is excluded from these potential vertices to be 
selected to a partial solution if costs of all its edges are higher in comparison to costs of edges covering the 
some vertices and any of its edges cover any vertex which is not already included into a partial solution.    
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At each step each ant choose next vertex with probability p(j)  

                                              (3.1) 

in order to add this vertex to the partial solution. Each ant in order to construct a solution uses common 
information which is encoded in pheromone trails, this means the trail level of the move, indicating how 
proficient it has been in the past to make that particular choice. The step of each ant also depends on so 
called the attractiveness of the vertex choosing n(i). This is a desire of vertex selecting and in general is 
expressed by some heuristic formula.  

An evaporation mechanism is incorporated into an ant algorithm in order to avoid a too fast convergence to a 
sub-optimal solution. An intensity of evaporation is controlled by a parameter ρ and a quantity of a 
pheromone on each vertex from the set V1 is update at the end of each cycle in accordance with the pattern    

                                                                   (3.3) 

After a solution has been found each ant deposits a pheromone with a quantity ∆τ on all vertices, which 
constitute the solution Vs. Thus these vertices which were included into a solution have received an 
additional quantity of a pheromone and can be selected to a solution that would be constructed next with a 
higher probability than others vertices from the set V1. A quantity of deposited pheromone ∆τ depends on a 
quality of solution Q and if the better is a solution than the more pheromone is deposited and in general can 

be stated as formula . 

4. ACO FOR THE MULTI LOCATION PROBLEM 

The algorithm which is presented in this paper, called NHACO algorithm, is modified version of the ant 
algorithm described in [5], called HACO. In both of these algorithm a vertex j is selected to be included into 
the set VS with probability 

         (4.1) 

where: VA
 -  this is a set of available vertices, VA = V1 - Vs - Vex, 

Vex - these are vertices, which have been excluded from available vertices as a result of 
preprocessing, 
τ(i) - this is a quantity of pheromone deposited on a vertex i, 
η (i)  - this is a desirability connected with a vertex i. 

In both algorithms a following vertex that should be added to a partial solution is selected with a probability 
that depends on a pheromone trail, heuristic information and transition rule. Main differences between 
elaborated algorithm and algorithm, which is presented in the paper [5] concern heuristic information. The 
heuristic pattern which has been presented in paper [5] is described by  

    (4.2) 

and a new heuristic formula presented in this paper by 

   (4.3) 
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where: ci - this is a number of additionally covered vertices from set V2, when a vertex i from set V1 would be 
included into partial solution Vs, 
wmax - this is maximal weight from all weights, which were assigned to edges,  
wij - an weight, which is assigned to an edge eij,  
Vs - this is a set of vertices from the set V1, which together constitute a solution to the problem.  

A quantity of pheromone ∆τ is deposited by ants during one cycle of algorithm on all vertices of the set Vs  

      (4.4) 

where: cbest - this is the best cost of covering, c - this is an actual cost of covering. 

This new algorithm with new heuristic pattern lets to receive a better solution as regard a cardinality number 
of set Vs than a solution received by the hybrid ACO algorithm, which is presented in [5]. The constraint 
programming algorithm used in this algorithm is forward checking with backtracking [4, 5, 6] which allows to 
minimize a number of available vertices which can be potentially included into a partial solution and any no 
longer needed vertices are eliminated from a partial solution and thus a minimum set cover is received. 

5.  EXPERIMENTS 
Two algorithms was tested, the first one HACO which was described in [5] and the second one NHACO with 
a heuristic formula presented in this paper. Two parameters were under observation: an average cost and 
average minimal cardinality number of set V1.   

Table 1 The average cost and different graph density 
Q 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 

HACO 2233,0 2000,4 1757,8 1738,5 1736,6 1706,8 1678,9 1845,6 1988,3 
NHACO 2415,3 2096,3 1948,6 1862,2 1811,0 1770,5 1750,3 1872,2 2057,8 
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Fig. 2 The average cost and different graph density 

Both algorithms was tested on graph with 100 vertices in each of sets V1 and V2 and for different probability 
of edge existence, this means for different graph density. These kind of graphs are special graphs, since 
vertices of graph have almost the same vertex degree. Results of experiments have shown that when a 
cardinality number of set VS was taken into consideration a new NHACO is better that HACO algorithm [5] in 
an entire range of graph density. The some dependency can be seen for graph with n=(100, 150, 200, 250) 
vertices. There are lower cardinality numbers of Vs and higher costs for NHACO than for HACO algorithm. 

Table 2 The cardinality number of the set S1 and different graph density  
q 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 
HACO 25,9 15,6 11,6 8,7 6,9 5,7 5,0 4 3,2 
NHACO 22,8 13,7 10,1 7,9 6,7 5,4 4,7 4 3,0 
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Fig. 3 The cardinality number of the set S1 and different graph density 

Table 3 The average cost and different numbers of vertices 
N 50 100 150 200 250 

HACO 911,3 1757,8 2621,0 3463,8 4221,0 
NHACO 971,9 1948,6 2865,6 3739,6 4673,2 

 

 
Fig. 4 The average cost and different numbers of vertices 

An average cost from 10 measures for different graph density are presented in Table 1 and in Fig. 1. An 
average minimum cardinality number from 10 measures for different graph density are presented in Table 2 
and in Fig. 2. Next these two parameters were observed when the number of graph vertices was changing 
(50,100,150,150,200,250) with a constant graph density 0,3 and results of investigation have been shown in 
table 3 and in figure 3 for an average cost and in Table 4 and in Fig. 4 for an average cardinality number of 
set V1 adequately. Parameters of algorithms in all conducted experiments were set: an evaporation rate to 
0.995, a number of ants to 200 and a number of cycles to 300. 

Table 4 The cardinality number of the set S1 and different numbers of vertices 
N 50 100 150 200 250 

HACO 8,9 11,6 12,6 13,7 14,7 
NHACO 7,8 10,5 11,3 12,1 13,2 

 
Fig. 4 The cardinality number of V1 and different numbers of vertices 
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6.  CONCLUSIONS 

The new algorithm NHACO with the new heuristic pattern let to select vertices from the set V1 in order to 
cover all vertices from the set V2 in such a way that the cardinality number of set VS is lower than in case 
when HACO algorithm is used. The new proposed heuristic formula in the NHACO algorithm not only takes 
into consideration a cost of covering as the HACO algorithm but also it takes into consideration the number 
of additional covering edges and prefers these vertices from the set V1 with a higher number of  covering 
edges. The NHACO algorithm is more appropriate for the multi-location problem than the HACO algorithm 
since the HACO algorithm does not even allow at all to find some cases with lower cardinality number of the 
set V1, in which the number of location is minimal as much as possible and thus these cases are excluded 
from multi-location analysis when HACO algorithm and are not excluded when NHACO algorithm is used. 
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Abstract 

This article is deal by new technologies and methods to optimize the transport and delivery of postal mails. 
Introduction of this article defines the technologies and procedures that postal operators started to use. The 
main part of the article describes specific solutions implemented solutions of several postal operators and 
their benefits. Conclusion of the article is devoted the evaluation of these technologies and their potential for 
the area of postal sector. 

Keywords: Delivery mails, mobile technology, post, RFID technology 

1. INTRODUCTION 

Recent advances in RFID and will enable us to allow for future years to obtain any object in heterogeneous 
environments, small RFID device. This device will be able to monitor, control and ultimately may have an 
important role in a number of key decision-making processes. Therefore, RFID technology can be described 
as very beneficial, as it is currently implemented in more areas than it might initially seem. But there are 
other technologies that experienced tumultuous development than RFID technology, namely the mobile 
telecommunications. This technology was gradual convergence of telecommunications with information 
technology and new media course (together mobile telecommunications) and contributed to a massive 
change in orientation, not only in industry but also in one's daily life.  

Mobile telecommunications technology has played an important role accelerates and moves into areas of 
communication and processes, which are important in terms of time. It is these two contactless technologies 
that we currently consider as key, since they make the greatest enrich and simplify existing processes in all 
areas of human activity. It can be said that both are beneficial only in specific industrial areas, which means 
that one technology brings benefits to those processes and areas where it would be unrealistic to use the 
other and vice versa. It is natural to assume that reaching the desired track record (enrichment) could be 
achieved just by integrating these technologies mentioned above, and this would also eliminate the unreality 
use of technology in inappropriate areas. The combination of advantages of both technologies could of 
course not only reach new markets, but also to improve processes in existing industrial sectors. 

2. MOBILE TELECOMMUNICATION IN POSTAL SECTOR 

One of the areas, where mobile telecommunications found job is just the postal sector. This technology 
makes it possible to move the communication to the end customer. It may be important especially in the 
delivery of postal mails, because mail recipient is not usually aware of the arrival of mail to his address. 
Precisely in this area is the possibility of streamlining this process through mobile telecommunications, 
because it allows communication with the end customer (recipient of postal mail).No less important is the 
communication with sender of postal mail that could be informed of the delivery of mail through mobile 
telecommunications. 
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3. ANALYSIS OF THE USE OF MOBILE COMMUNICATION POSTAL OPERATORS TO 
STREAMLINE POSTAL DELIVERY PROCESS 

At present a large number of postal operators using mobile telecommunication to streamline delivery 
processes. There are many solutions, how to use this technology to improve the above-mentioned 
processes, but all have common ideas. These ideas are: 
• provide information about delivery status of mail to recipient postal mail, 
• provide information about delivery status of mail to sender postal mail, 
• arrange a day, time and place of delivery postal mail to the recipient. 

Research has found that most postal operators use mobile services to the following activities (services): 
• telephone conversation with the recipient of postal mail, 
• for sending an SMS message to the recipient of postal mail, 
• for sending an SMS message to the sender of postal mail, 
• for sending an interactive SMS message to the recipient of postal mail, 
• for sending an SMS message to recipient of postal mail, after delivery postal mail into postal box. 

Telephone conversation (notice) - It’s a service for communication with the recipient of postal mail. This 
communication provides information on status mail or place and time of delivery of postal mail. 

SMS message to recipient - It´s a service that provides information about status and the planned delivery of 
postal mail via SMS message to mobile telephone recipient of postal mail (you can see on Fig.1). 

  
Fig. 1 Information SMS (SMS message 
to recipient) by postal operator DPD [1] 

Fig. 2 Interactive SMS (Interactive SMS 
to recipient) by postal operator DPD 

SMS message to sender - It’s a service that provides information about the delivery status of postal mail to 
the sender of the postal mail. SMS message usually sent after the delivery of postal mail. 

Interactive SMS to recipient - This is a special type of service that is based on two-way communication. 
There is mean SMS communication between postal operator and recipient of postal mail. The recipient will 
receive SMS message, and first part of message content preliminary information on delivery of postal mail on 
recipient address. This part is same as in the two previous cases. The second part of SMS message 
contains information about the possibility of changing the date of delivery (you can see on Fig. 2).  



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

238 

In second part of SMS message are predefined alternate days for delivery. Each day is represented by a 
numerical choice. If the recipient of postal mail wants to deliver the postal mail in different day, he sends an 
SMS with appropriate answer with a numeric choice, which is predefined in the incoming SMS message. 

SMS message to recipient after delivery - This is again specific type services. In this case, the SMS is sent to 
recipient after deliver postal mail into postal box (you can see on Fig. 3).    

Dear Customer, your 
Company ABC item 

number 
SP123456789010101 

has been delivered to 
your letterbox. Please 
ignore this message if 
item has already been 

collected. For 
enquiries, please 

contact us at 
customer@abc.sg.

  
Fig. 3 Information SMS (Information SMS to 

recipient) by postal operator SingPost 
Fig. 4 Information SMS (Information 

SMS to recipient) by easypack24 

Very specific and new way to use the SMS service in postal sector is through automated postal dispensaries 
(so-called Pack Boxes or Pack Station). After every transport and storage of postal mail is generated and 
send SMS to recipient with information on storage mail. The SMS message contains info about location and 
designation of pack station and access cote to open the compartment (you can see on Fig. 4). 

The use service of mobile network can result in: 
• attractiveness of postal services, 
• reduction or elimination of the cost of the failed delivery of postal mail, 
• replacement of paper notification of delivery failure postal mail, 
• allow recipients to participate in the final phase of the process of mail delivery, 
• streamline access of mail recipients. 

3.1. Draft model to improve the process of mail delivery 

Given the nature and scope of these two technologies is evident that each provides a positive effect in 
different planes within the shipping process. Let us then outline what the main effects of these technologies 
bring in terms of the process of monitoring the transport and delivery (delivery) mail. 

RFID technology enables real-time consignments bearing RFID identifier uniquely specify the exact time and 
location specific mailings in various stages of the production process, that enables to provide valuable 
information about the input or output of the consignment under such processing centers. Generally, it is an 
element of automation, which provides information without human intervention. 

Mobile services in turn allows for certain conditions to facilitate communication between the postal operator 
and customer, using their services similarly, as mentioned in assessment using the services of mobile 
networks in the postal sector. The whole essence of the proposal is based on simplicity and eliminates the 
need for human labor to optimize supply (delivery) mail. 
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Before starting the planning and design process model we define some basic principles that should be met in 
the development of the proposed model: 
• eliminate the need for human intervention (necessary labor) under the proposed model, 
• the lowest level necessary hardware and software, 
• automate the entire process of the proposed model, 
• allow the sender to change the mail delivery available, 
• simplicity and complexity of the system, 
• possibility to use additional hardware and software, 
• applicability primarily recommended insured letters and parcels. 

Therefore, the way to integrate these technologies within the proposed model was more noticeable, try to 
describe the scope of each of these technologies on a general model of the transport and delivery of postal 
items. Out of the two technologies were used in the design as well as other additional technologies, which to 
a certain extent within the model, eliminating the need for a higher number of necessary hardware. This 
additional element is just bar code technology. 

 
Fig. 5 Integration technologies 

Before we begin to define the areas of use of these technologies in the postal sector, it is necessary to 
outline a simplified general model of transport and delivery of postal items. In view of the relatively high cost 
of design and generally even large volumes of mail distributed to the light of the principles, we deal only 
recommended, insured letter-post and parcel shipments. 

 

 

Fig. 6 Principle transport in postal transport network 

The simplified general model postal transport network 

Simplified principle of transport and delivery of postal items is implemented in the following points: 
1. The consignor comes to posting place and make recommendations, insured letter or parcel, 
2. The consignments are transported to the input of the central processing center 
3. are processed and categorized according to the address of lines of output to the central processing 

centers, 
4. The consignments are transported from the central processing center input to output processing center 
5. again leads to sorting of mail by individual delivery points, 
6. as follows categorized shipments are transported to various delivery points, 
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7. Then, shipments are delivered to the addressees.  

We can now consider the applicability of technologies due to the simplified general model of transport and 
delivery of postal items by the principles set out the design model. 

The proposal is to construct a model that would allow monitoring the consignment in the postal mail 
transmission network operator, and arranged at certain points of communication with the addressee of the 
handling and disposition of the consignment. The nature of the design model, we can conclude that the 
function will perform at two levels, namely in: 
• identification part and 
• communication part. 

By the identification of the shipment will be tracking from submission to delivery through passive 
identification technology to posting and delivery locations, and also active identification technology in the 
processing centers. Passive identification technology we have in mind the aforementioned barcode 
technology and active identification technology RFID technology then. 

Names of passive and active identification technology was chosen because of the need for separation 
technology, which is needed to identify mail within individual branches is postal operator places human 
involvement, and those without the human factor bypass. The essence of communication is the ability to 
convey one-sided or two-way communication between the operator and the addressee of the postal mail. 

Mobile server, SMS 
server

Sender Input central processing 
center

Output central processing 
center

Delivery post 
office recipient

EAN 
technology

 

Fig. 7 The use of these technologies at different levels 

When selecting appropriate options for the proposed model can be derived from the length information 
stored in the RFID identifier, i.e. the number of characters that are stored in memory. This value is usually 
quite high and if it's printed in bar code would thus long value obstructing the possibility of manual data entry, 
assuming no bar code reading device for storage in the database. This is one of the reasons why we 
decided for the second option, there will be a relationship between information stored in the barcode 
information stored in the RFID identifier in the smart label. So there will be pre-defined table relationships 
between the data from the barcode and data from RFID identifiers. When you enter barcode into the 
database of the deposit site is still attach the data from RFID identifier stored in a predefined table sessions. 
The principle is shown in the following figure. 
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Fig. 8 Principle of this mode 

Benefits for the customer (shipper) 
• to detect the condition, respectively, delivery of mail via SMS or e-mail, 
• increase comfort services for the sender's mail.  

Benefits for the customer (the addressee) 
• increase comfort services for the addressee, 
• improved accessibility to postal consignment to the consignee, 
• obtain information about the planned delivery of mailings, before the completion of the transport of the 

consignment to the place of delivery postal operator, 
• option available to change the shipment, ie to change the date of delivery of the consignment, 

respectively  the shipment on the delivery location postal operator via SMS or email.  

Benefits for the postal operator 
• The flow of mail, 
• monitoring compliance with quality requirements for the provision of postal services, 
• the possibility of reducing costs in relation to the identification and elimination of bottlenecks in the 

distribution network, 
• the possibility of cost reduction due to the reduction or elimination of unsuccessful delivery attempt 

and also in connection with the issuance of the consignment at the place of delivery postal operator in 
an unsuccessful delivery attempt, 

• possibility to reduce the percentage of non-delivery of mail on the first attempt. 
• Using subsequently implemented infrastructure for monitoring transport units (postal cages, 

containers, crates, bags and other) under their postal operator of the transmission network.  
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4. CONCLUSION 

In this article, we have portrayed the main areas of using services of mobile network and especially the SMS 
service. This service is in conjunction with process of delivery postal items, it allows creating fast and 
effective bridge between the postal operator and recipient for providing information on the status of delivery 
mail. Therefore allows one-way but also two-way communication in order to improve the process of 
delivering mail and also increase comfort services in a competitive environment. And that´s why we can say 
that use of mobile networks can be describe as a key to obtaining meanings competitive advantage in postal 
market. 
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Abstract 

LARG (Lean, Agile, Resilient, Green) Supply Chain Management are recently the most common supply 
chain concepts from which the new source of competition is expected to arise.  However, each of them is 
insularly focused and deals only with some of the variables (quality, complexity, speed, costs and 
environment). Customers in the 21st century are not willing to be only partially satisfied regarding their 
requirements. The shift of paradigm from MASS production dominated in the 20th century to LEAN 
production  enabling satisfaction of  customers in the 21st century is commonly neglected  both academics 
and  practitioners. The aim of this paper is to show and clarify that none of the aforementioned supply chain 
concepts is the suitable first step that brings competitiveness to supply chain members in today market 
conditions. The conceptual framework for such a first step is based on our own research of productivity cost 
effectiveness of Lean, analysis of principles in MASS and LEAN production and certainly on research of 
academic papers dedicated to principles of production and SCM.The proposed conceptual framework is built 
on 4 fundamental changes (productivity, added value, costs and management approach), which are based 
on paradigmatic change of production systems. The only possible way how to progress from concepts of 
production system typical for the 20th century is to accept the 4 fundamental changes. Only after accepting 
these 4 changes, the concepts could be further tuned by means of LARG SCM or any other, regarding 
particular industry and market features in order to achieve competitive advantage of supply chains in the 21st 
century. 

Keywords: LEAN production, productivity, added value, paradigm change 

1. INTRODUCTION 

The aim of this article is to establish a context of paradigmatic change in Supply Chain Management (SCM), 
characterised by the shift from MassSCM to LeanSCM, and definition of unified theory of known SCM 
concepts, particularly Lean, Agile, Resilient and Green.  Hence, stepping stone could be formulated which 
enables taking the competitive advantage of LeanSCM in different areas of national economy in 21st 
century. The necessity to introduce the context is given by an increasing number of published ideas that the 
potential of LeanSCM has already been broken and so new methods, tools and principles of satisfying 
demanding customer far greater than does competitors, have to be found due to turbulent conditions of 
global markets [1]. The main factors and circumstances leading to abandoning of LeanSCM and insufficient 
achievement in productivity of LEAN are discussed here including simplification of LEAN to a set of tools 
(e.g. 5S, JIT, KANBAN, VSM, SMED etc.) [2]. Both are supported by practical experience, literature research 
and authors own research in the area of productivity. Four main principles leading to a unified theory are 
formulated by deduction within analysis of fundamental principles of MassSCM and LeanSCM. This theory 
enables to create a conceptual framework that helps the successful transition from MassSCM to LeanSCM 
and its possible further tuning to conditions of Agile, Resilient and Green SCM. 
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2. PARADIGMATIC CHANGE OF SCM 

Several principles of logistics system management have been introduced since 1980´s and they are 
commonly called SCM (SCM could be defined as “The management of upstream and downstream 
relationships with suppliers and customers to deliver superior customer value at less cost to the supply chain 
as a whole“[6]). The main cause of their formation could be recognized among market changes affecting 
companies (equally in the past and now). MassSCM is considered to be here initial concept which had 
originated in MASS production systems which corresponding to conditions of unsaturated markets and 
pioneered by Henry Ford [3]. The MassSCM has been followed by the following concepts LeanSCM, Agile 
SCM, Resilient SCM and Green SCM respectively (see Fig. 1). 

 

Fig. 1 Paradigm change of SCM concepts MassSCM>LeanSCM: own source 

The shifts between the aforementioned SCM concepts are identified by several authors as a paradigmatic 
change [4]. The term paradigm was firstly used by Thomas Kuhn. The paradigm itself provides 
reconsideration of the whole scientific framework in a particular scientific area and is definitely not about 
partial modification of particular methods or about introduction a new method.  Paradigm could 
metaphorically be defined as a new map of scientific research, of which details are explained step by step by 
verification particular hypothesis throughout scientific research. Moreover, paradigm outlines new direction(s) 
within the scientific area which are necessary for mapping the new filed.  

The main causes for high number of organizations abandoning the transition from MassSCM to LeanSCM 
when facing up to first obstacles seems to be in mistaking of the real paradigm for just cosmetic changes 
and inflation of the term paradigm itself. As a consequence, companies quickly shift to a process of adopting 
of the other SCM concepts such as AgileSCM, ResilienceSCM, or GreenSCM [5]. 

Fig. 1 shows the fundamental preconditions of each SCM concept, the identification of the current position of 
research and practical applications (labelled as Today - believe, theory) and where they should be when 
paradigmatic change would be taken into account (labelled as Today - Actual state). MassSCM is 
characterised by batch production, push principle, directive change management, directive management of 
labour, functional oriented management, problem solving [6]. Moreover, it involves traditional aspects of 
thinking typical for MASS systems such as: economies of scale (how to squeeze out as many outputs as it´s 
possible from both machinery and labour), flexibility of capacity utilization supported by functional 
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management of highly specialized sections which leads to setting a production and manipulation batch 
based on productivity and requirements of insular functionally managed sections [7]. Furthermore, MassSCM 
contains cost reductions resulting from increases in processed volumes, functional and directive 
management without activation labour force commitment, relationship between a customer and a supplier is 
strictly competitive to gain best possible conditions, such as lowest possible price for a customer, without 
consideration of consequences on the other party [8]. In addition to that, mechanistic thinking based on the 
idea that company consists of separated independent parts that are led and changed insularly is typical for 
MASS SCM; no activity is done without proper measuring and financial evaluation; an output of each change 
could only be measured linearly as the total effect is always considered to the sum of outputs of separated 
parts. Given the above mentioned facts, the traditional cost accounting represents the perfect tool for cost 
and profit management [9].  

In comparison to MassSCM, LeanSCM could be characterised by continuous flow, pull principle, capability to 
respond to change; management incorporates definition of standards and elimination of barriers, orientation 
on process management rather than on insular departments and sections; learning  by experience and 
observation is critical and data have usually just supportive function [6]. LeanSCM has nothing to do with 
imitating some tools used by Toyota Motor Corporation but the corner stone of it lays the adoption and 
application of principles and rules suitable for a particular organization [7].  Fundamentals of AgileSCM, 
ResilientSCM and GreenSCM are provided in Fig. 1. The aforementioned principles of MassSCM including 
those given in Fig. 2 still prevail although we are in the 2nd decade of 21st  century characterized by totally 
different market conditions.    

3. PRINCIPLES OF PARADIGMATIC CHANGE MASSSCM>LEANSCM (ABANDMENT OF SCM 
SYSTEM TYPICAL FOR 20ST CENTURY) 

There appears to be an analogy between the current search for competitive concept of SCM, such as LARG 
SCM [5], and the state of currently applied science which could not see forest for trees. The forest in this 
analogy represents on one hand principles of MassSCM (see Fig. 2), in which today applied science of SCM 
is, and on the other hand LeanSCM. Finding the way from the MassSCM forest to the LeanSCM forest is the 
aim of this paper. 

 

Fig. 2 Which aspects of MassSCM have not yet been abandoned either by academics or company practice: 
own source 

A successful transition from MassSCM (to>) LeanSCM requires indeed fundamental changes in productivity, 
cost accounting, perception of added value and in management. 

4. PRODUCTIVITY IN MASSCM (PRODUCING MORE) VS. IN LEANSCM (CONSUMING LESS) 

Productivity is (in terms of economics) considered to be a rate of using and utilization of resources in relation 
to the output of economic activities. The productivity performance indicator consists of the output divided by 
inputs both measured in physical units and for a particular period. Hence, it enables to measure capability of 
inputting unit to generate some number of outputs during a particular time (output/input) [10]. The above 
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mentioned structure of the Productivity indicator fully corresponds with the productivity in Mass, for which 
unsaturated markets are typical, as it assumes that each output unit could be absorbed by markets. Thus, no 
constrain is set on numerator in performance indicator (outputs/inputs). Nonetheless, today´s economic 
conditions could not absolutely tolerate “numerator” without limits.  The scope of outputs is definitely limited 
by customers who purchase only what they now need and what fully corresponds with their needs. 

The following case study dedicated to computer production [7] enables to accurately differentiate between 
productivity of batch production and one piece flow production, which is the first fundamental problem in the 
transition from MassSCM to LeanSCM.  The case study quantifies the difference in the lead times as the 
production of 10 computers take 30 minutes by batch production and 12 minutes by one piece flow 
production (see Fig. 3)  

Desctop 
assembly

Monitor 
assembly

Testing 
of sets

First finished computer is available in 21st minute
The whole batch is finished in 30 minutes

BATCH Production
Desctop 

assembly

Monitor 
assembly

Testing 
of sets

First finished computer is available in 3rd minute
The whole batch is finished in 12 minutes

OPF – One piece flow
Production

Fig. 3 Production of computer set by MassSCM and by LeanSCM: adjusted from [7] 

The production process provided in Fig. 3 is linked for the purpose of this paper with the management of the 
whole supply chain (SCM), in both concepts MassSCM (batch transformation) and LeanSCM (OPF - one 
piece flow transformation). The number of value added activities necessary for computer finalization 
(customer order completion) is used for comparison of productivity of both concepts on Fig. 4. These 
activities are considered to be value added by the current recognition off what is and what is not value 
added. 

Current state Proposed state

Concept of production Batch OPF* Concept of production Batch OPF*
Number of produced computers/                              
number od value added activities 30 /30 30 /30 Number of produced computers/                              

number of value added activities  3 / 21  3 / 3

Productivity in % 100% 100% Productivity in % 14% 100%

*OPF - one piece flow *OPF - one piece flow

Mass productivity formula                   
Output/Input

LEAN productivity formula                                             
Output demanded by customer/Input

Output without constraint could not recognize 
productivity of batch and OPF!!!

Output demanded by customer uncover 
productivity growth of OPF !!!

 
Fig. 4 Traditional MASS vs. LEAN productivity performance indicator: own source 

The case study represents ideal conditions without any constraints in efficiency and so the value of 
productivity achieved by MASS performance productivity indicator is in both concepts MassSCM and 
LeanSCM 100 %. Hence it is not possible to identify positive effects on productivity achieved by LEAN tools 
(assembling of 10 computers takes 18 minutes less than in Mass) although both MassSCM and LeanSCM 
need the same number of activities to assembly 10 computers, particularly 30 activities. The newly 
formulated performance indicator of productivity deals with that issue and reflects customer imperative on 
customized fulfilment in the numerator in which 3 value added activities necessary for the creation one 
finished computer are incorporated. 

The proposed performance indicator of productivity corresponds to the current market conditions and the 
output given in the numerator expresses the output demanded by customers (real customer orders) [11]. It is 
no longer viable to consider activities that are not producing outputs meeting customer (not only final 
customer but also all internal and external customers throughout a supply chain) requirements as productive 
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activities. The accurate evaluation of productivity of LEAN could be achieved only when the effectiveness 
(production only what is demanded by customer) is also incorporated in the calculation. The three value 
added activities needed for competition of the first customized computer  are accomplished in batch 
production after 21 activities necessary to be done because of work in process in that conditions. The gained 
productivity measured by LEAN performance indicator considering not only efficiency but also effectiveness 
is only 14 % as such SCM process involves also production of products that are not currently demanded by 
customers. On the other hand, in one-piece flow process OPF customization is respected. Hence, its 
productivity is 86 % higher productivity in this case as the process involves only value added activities. 

5. ADDED VALUE, WASTE 

The issue of the added value component contributes to fundamental problems with transition from MASS to 
Lean. In MassSCM it is represented by better performances in terms of larger volumes of outputs. The 
added value in terms of lower costs is dependent on increases of productivity achieved by better 
performances. Insular growth of performances in particular elements of SCM cause uncoordinated increases 
in overproduction related to fluctuating demand (Forrester Effect) [12]. 

The concept of added value in LeanSCM is based on waste elimination capability [13]. Development of such 
capability requires us to exactly identify the added value, which is all for what a customer is willing to pay, 
resp. customer takes into account what products and services bring and what has to be sacrificed to get 
them [14]. 

The role of waste represents critical difference in added value between MassSCM and LeanSCM [7]. 

6. WASTE 

The scope of waste analysis done insularly in each department or section could not accurately capture its 
magnitude (unlike the evaluation of the process as a whole). Such circumstances are responsible for the 
impact of waste being hidden in today supply chains. Moreover, waste is considered to have only peripheral 
magnitude and waste is commonly related to the lack of adherence to work procedures and standards and 
so as the waste elimination is focused on that. Thus, such a LEAN concept is associated with cleaner or 
service man.  The strategic importance of the impact of waste on productivity, cost accounting and on 
management is based on the fact that its reduction doesn´t bring only cosmetic and insignificant 
improvements but leads to increase of added value for all type of customers throughout a total supply chain 
including final customer [15].  

7. COST ACCOUNTING IN PRODUCTIVITY OF LEAN 

Standard cost accounting leads to minimization of unit costs and managing performances in separated 
company departments. Each cost centre has its own goals related to productivity growth, resp. cost 
reduction both of which are achieved by maximization of source utilization. Corporate goals are then set 
based on the sum of costs and goals of the related costs centres rather than reflection of customer 
requirements. Cost allocation in relation to particular cost centres is built up on reductionism. 

Reductionism philosophy believes that the sum of all related parts creates the whole. Such approach was 
typical for 20st century, and unfortunately it is used even today. Today cost accounting is in this matter more 
anti-LEAN as it is incapable to identify positive effects of LEAN such as productivity growth and cost 
reduction (see Fig. 6 - green area). The inacurate perception of productivity, explained in the previous 
chapter considers as productive being whatever is produced rather than only what is demanded, causes 
highly inaccurate allocation of costs. Appraising only value added processes results in invisibility of LEAN 
effect on waste reduction and so seems to be rather anti-LEAN (see green part in Fig. 6 and consider that 
both production or SCM principles need 30 activities to finish up 10 computers and carried out in 3 centres, 
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see Fig. 3). LeanSCM involves a system view so its aim is to reduce cost of the complex. Hence, activities 
causing waste have the same importance as those adding value. The benefits of LEAN could only be made 
visible when the cost of wasting is identified and calculated (see Fig. 6, blue area - LeanSCM - batch 
production).  Unit cost of wasting has to be considered in today cost accounting so that the waste could be 
made visible [16]. Thus, total unit costs consist not only of value added costs but also of unit waste costs 
[11]. Batch production and MassSCM enables finishing 10 computers in 30 minutes. However, the fact that 
18 minutes (CZK) out of these 30 minutes are spent on waste such as waiting and storing of work in process 
could only be identified by total cost analysis and adequate cost accounting of waste. When LEAN tools e.g. 
OPF are applied 10 computers could be finished in 12 minutes. During the remaining 18 minutes additional 
18 computers reflecting customer requirements could be finished instead of creating stock caused by rigid 
SCM system causing wasting in its processes. 

 
Fig. 6 Differences in cost allocation in MASS and LEAN: own source 

8. ADAPTATION OF MANAGEMENT  

It is obvious from the literature research that the necessary changes in management needed to shift from 
MassSCM to LeanSCM are mostly known. Nonetheless, what has not yet been identified is their mutual 
relation and the impact on the perception of productivity, added value, waste and cost accounting. Due to the 
fact that these principles and so as their relationship have not been known until now, the necessary changes 
in management principles could hardly be fully understood, applied and appreciated. Functional 
management is focused on insular optimization of single departments. On the other hand, process 
management enables optimization of total affects which are also dependant not only on cost accounting of 
performances of related departments but also on evaluation of productivity and ability of optimization itself. In 
addition to that, what we have here is: total costs vs. unit costs, provision only what is demanded by 
customer vs. maximization of production in each department, optimization regarding long term system 
solution vs. short term goals insularly set regarding convenience to managers of each department. 
Aforementioned changes belong to process management of LeanSCM.  These considerations enable to 
establish conditions for successful application of the 3 additional principles necessary for the smooth and 
successful transition to LeanSCM.   

CONCLUSION 

The contemporary disappointment caused by underachieving the globally presented benefits of LEAN are 
commonly explained by increasing the variability, the speed and the complexity of today´s markets and leads 
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to searching and developing of new concepts which are expected to bring competitive advantages in SCM 
[17]. 

The aforementioned explained and described unifying theory of SCM suggests that moving LEAN aside is a 
capital failure as a successful application of LEAN tools is conditioned by radical and fundamental changes. 
The transition from MassSCM to LeanSCM is not only about changes in individual tools but it represents 
paradigmatic change reflecting a long term framework and requiring  and involvement and integration of 
multiple economic disciplines oriented on essence and principles of these SCM systems. It would be 
misleading to think, that successful application of LeanSCM, and not just selected LEAN tools, would solve 
all the problems and aspects (which are the focus of the later developed SCM such as Agile, Resilient and 
Green). However, benefits and added value is gained only after a successful application of LEAN and its 
tuning into agility, resilience or green are more facelifts than fundamental changes. 

It is the authors’ opinion that the scope of changes related to the transition to LeanSCM has been 
underestimated by both practitioners and academics especially in the following disciplines: economics, 
management, corporate economics and cost accounting. 

The success of the transition to LeanSCM is dependent on process, system and holistic approach. 
Moreover, it has to reflect not only the changes in tools but particularly the principles in areas of productivity 
evaluation, cost accounting, management and perception of value and waste. System and holistic effects 
could only be achieved when total supply chains are changed in transition from MassSCM to LeanSCM. 

The proposed theory is considered to be unified as it defines essentials without which any optimization of 
SCM based on MassSCM pillars could help only to shorter and insular results. 

The map created by the new paradigm and outlined by this paper will be gradually filled up with outcomes of 
research verifying hypothesis which describes existence of 4 fundamental principles during searching the 
way and in transition from SCM of 20th century to new competitive SCM of 21st.century.    
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Abstract 

Highly efficient supply chain becomes to be an essential presumption for the smooth running of any 
production in each industry and also for delivering products produced by industry operations to customers. 
The stability of the supply chain depends on its resilience. The concept of resilience capability analysis is 
divided into three phases. First, based on an overall review of available scientific literature, it is possible to 
compile quite a long list of resilience capabilities. The next step in our approach is an expert selection of 
appropriate resilience capabilities that have a direct impact on the key indicators for the supply chain 
management performance. The selection process is carried out at two levels involving questionnaires as well 
as direct discussion with top managers of leading vehicle manufactures, Tier 1 Automotive Suppliers and 
Aerospace suppliers on the one hand and with the world’s largest logistics providers on the other hand. The 
very last step is to complete the full “resilience” house. Our objective is to design an universal method that 
would serve the purpose of supply chain evaluation based on Automotive, Aerospace and Logistics 3PL 
Industrial Supply Chain Resilience Assessment. 

Keywords: Supply Chain, Resilience, QFD, Quality Function Deployment, Quality House, Agility, Risk 
Assessment, Logistics, Industrial Supply Chain 

1. INTRODUCTION 

One of the few certainties that we can rely upon in today’s world is the knowledge that nothing is absolutely 
perfect. This is perhaps one of the basic principles of modern management and the principle of continuous 
improvement [1]. In other words, the world nowadays is rapidly changing and much confusing. There is a lot 
of uncertainty and unexpected treats around us. Logistics operation is a mirror image of the world. [2]  

Logistics is also an indivisible part of almost every business focused on production, consumption and 
consumers. 

Every activity that a supply chain performs involves the inherent risk that an unexpected disruption can 
occur. The global reach of supply chains, shorter product life cycles and increasing customer requirements 
have made businesses aware that supply chain disruptions can cause undesirable operational and financial 
impacts [3]. 

Furthermore, traditional risk management techniques lack the ability to deal with the complexities of supply 
chains, evaluate the intricate interdependencies of threats, and prepare an enterprise for the unknowns of 
the future [4]. Having become aware of these gaps, many of supply chain researchers are beginning to 
understand the value of  the concept of resilience, defined as “the capacity of an enterprise to survive, adapt 
and grow in the face of turbulent change” [5].  

Among the factors increasing both the frequency and the degree of risk within the supply chain we may 
count globalization, outsourcing, lean processes, centralization of distribution, IT dependence, product and 
service complexity, information deficit or overload, as well as rapid and continual technology innovation [5], 
[6]. 
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2. DEFINITIONS 

Because of the utmost importance to understand the basic terms the supply chain issues are explained and 
followed by the definition of supply chain vulnerability. 

2.1  Definition of Supply Chain 

In order to facilitate a deeper comprehension we can agree upon the following simplified explanation: 

The term logistics encompasses Materials Management & Distribution. 

Supply Chain comprises Suppliers & Logistics & Customers [7]. 

For the purpose of this article we will, however, develop a deeper explication: 

The fact that the “supply chain” concept had recently been defined by many authors led to several differing 
viewpoints. One of the most crucial ones defines the supply chain as a group of activities which fall under a 
few different companies. The closest definition to the above-mentioned understanding of resilient supply 
chain was presented by the European Committee for Standardization [8]: “the supply chain is a sequence of 
processes to add value to the product during its flow and processing of raw materials, through all the 
intermediate forms, to form in line with end customer requirements" [9]. 

Other respected definitions include, for example, a definition by Ganeshan and Harrison [10] who defines the 
supply chain as “a network of facilities and distribution options that perform the functions of procurement of 
materials, transformation of these materials into intermediate and finished products, and the distribution of 
finished products to customers”. A much respected and well-known definition is the one suggested by 
Christopher [11]: „the network of organizations that are involved, through upstream and downstream 
linkages, in the different processes and activities that produce value in the form of products and services in 
the hands of the ultimate consumer“. Similar definition is presented by Bagchi [12] who claims that „a supply 
chain consists of a network of companies and carriers supplying raw materials and components and, later, 
they transform them into semi-finished products and final products designed to be consumed by the ultimate 
consumers“. The simplest and shortest definition is by Lambert, Stock and Ellram [13]: „a supply chain is the 
alignment of firms that bring products or services to market“. There are many more definitions of the supply 
chain; yet despite a large number of various interpretations they all are quite uniform in terms of their 
content. 

The characteristics of each supply chain are as follows (modified on the basis of [14]): 
• Supply chain is a complete process the aim of which is to provide products and services to ultimate 

consumers. 
• Supply chain includes all logistic operations, from sourcing to distribution. 
• The scope of supply chain activities comprises production and distribution. 
• Supply chain management extends beyond the boundaries of individual organizations in order to plan 

and control processes in other organizations. 
• Supply chain allows the implementation of individual goals of an organization. 
• Supply chain elements include suppliers, production equipment, warehouses, carriers, consumers and 

customers. 
• The flows among these elements can be divided into information, material and financial. 

2.2 Definition of Vulnerability 

Vulnerability is a condition that affects the accomplishment of a firm's goals depending on the occurrence of 
negative consequences of disturbance. The degree of vulnerability for a given disturbance may be 
interpreted as being proportional to the chance of disturbance and the expected negative consequence of 
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the disturbance given that it has occurred. The construct of vulnerability refers to the focal firm's inbound and 
outbound logistics flows. In general, it may be considered that firms succeed in diminishing the degree of 
vulnerability in their inbound and outbound logistics flows when preventive activities are introduced [15].  

The vulnerability of supply chains is of immediate importance due to the fact that logistics flows in many 
industries strive to be lean, responsive and agile. Svensson [16] states that vulnerability is an 
underestimated and unexplored construct in logistics research and concludes that a further refinement is 
required.   

3. SURVEY 

3.1 Purpose of the Study 

This survey is a part of the approach to our inquiry related to the theme Supply Chain Resilience. The input 
from the survey should provide us with guidelines for further steps, e.g.: Use of FMEA and QFD for 
evaluation and risk assessment of Supply Chain Resilience [2], Measurement system of the Resilience 
Capabilities [1] and Recognition of the vulnerability factors [17]. The results should help us evaluate (a) 
current perception of the subject by various industries and (b) priorities of our next steps. 

3.2 Approach to the survey 

We have decided to work out a set of simple questions related to the subject of vulnerability and address 
them to the representatives of various industries, predominantly automotive, aeronautical and 3PL industries.  

We have developed nine easy questions for the respondents. The first two are general and related to the 
objective of finding out how companies construe and use the term 'Supply Chain Resilience'.  

The remaining seven questions are related to the evaluation of the importance of major vulnerability factors. 
For listing them we used the definition suggested by Pettit, Fiksel and Croxton. In their article titled 
'Ensuring supply chain resilience: development of conceptual framework' [5] they define seven main 
vulnerability factors as follows: Turbulence, Deliberate treats, Eternal pressures, Resource limits, Sensitivity, 
Connectivity and Supplier/Customer disruption. 

The questionnaire was addressed to a total of seventy respondents whose responses were then collected 
during the late- September - late-October period of this year.   

   
  Fig. 1 Responses sorted according to industries            Fig. 2 Perception of Supply Chain Resilience 

4. RESULTS OF THE INVESTIGATION 

Throughout the data collection period we received responses from a total of forty-seven respondents which 
constitutes a response rate equalling to 67.14 pct. Its distribution among individual industries is presented by 
Fig. 1 while others mean representatives from industries: FMCG, Hi-Tech industry and energy industry.  
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4.1 Perception of Supply Chain Resilience  

The majority of our respondents perceive Supply Chain Resilience within their industry as highly important 
whereas only a minority of them find it important - see Fig. 2. Surprisingly, the results coming from 3PL 
providers do not reproduce the results acquired from the aeronautical and automotive industries; merely 54 
pct of the latter ones consider this theme as very important for them (Automotive 86 pct, Aeronautical 75 
pct). 

4.2 Systematic approach to Supply Chain Resilience Management  

A certified system is mainly asked within the aeronautical industry (50 pct) - see Fig. 3. On another hand 25 
pct of the representatives of this sector do not consider this approach as efficient for their business. Most of 
industries claim that they have a system in place that has not yet been certified (58 pct). A total of 31 pct of 
representatives from 3PL do not still consider the systematic approach as part of their risk control solutions. 

 

Fig. 3 Does the company you work for implement any approach to business continuity planning? 

4.3 Vulnerability Factor Turbulence Evaluation  

The majority of entities consider this factor as 'very important' or 'important' - see Fig. 4. It is remarkable that 
is that producers are evaluating higher than 3PL providers. 

    

Fig. 4 Turbulence factor evaluation                                Fig. 5 Deliberate treats factor evaluation 

4.4 Deliberate Treats Factor Evaluation  

Around 70 % of producers consider this factor as 'crucial', 'very important' or 'important'; this result is in 
contrast with the 54 pct of 3PL evaluations - see Fig. 5. 
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4.4.1 External Pressures Factor Evaluation  

The evaluation of this factor shows more or less the same trend for all industries (an average of 70 pct of 
evaluations range from 'crucial' to 'important') - see Fig. 6. 

   

Fig. 6 External pressures factor evaluation          Fig. 7 Resource limits factor evaluation 

4.4.2 Resource Limits Factor Evaluation  

This factor is viewed - especially by the automotive industry - as 'very important' or 'crucial' - see Fig. 7.  

4.4.3 Sensitivity Factor Evaluation  

Sensitivity (complexity, product parity, restricted material, fragility, reliability of equipment, safety hazards, 
visibility of stakeholders, symbolic profile of brand, and concentration of capacity) is a factor that is highly 
considered by all industries - see Fig. 8. We can observe that producers evaluate this factor higher than 
logistics services providers. 

   

Fig. 8 Resource limits factor evaluation                           Fig. 9 Connectivity factor evaluation 

4.4.4 Connectivity Factor Evaluation  

In contrast to the results obtained from 3PL providers, this factor is again very important for producers - see 
Fig. 9.  

 

4.4.5 Customer/Supplier Disruption Factor Evaluation  

The results show the importance of this factor for all industries (70 pct and more) - see Fig. 10.  
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Fig. 10 Customer/supplier disruption factor evaluation 

5. CONCLUSION AND FURTHER RESEARCH 

We are fully aware of the limits of our investigation. However, the results we have obtained confirm that the 
issue of Supply Chain Resilience is important for most of the respondent companies and that we are on the 
right track.  

Based on the result we envisage the following areas for improvement that can be achieved by our project: 
(a) Continual increase of awareness about the subject of Supply Chain Resilience especially among 3PL 

providers whose responses in all cases did not follow those of producers. 
(b) Development of standardized and user-friendly management tools to turn theory into day-to-day 

practice. 
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Abstract 

This paper presents a theoretical approach to the analysis of a partly braced pallet rack structure subjected 
to horizontal and vertical loads. After short literature review, based on British, Italian and American research 
teams papers, a modelled research subject is briefly described and presented as follows. Three-bay rack 
structure with 6 levels of storage is taken under consideration and developed in down-aisle direction. The 
model is implemented in Aurodesk® ForceEffectTM software. Distribution of forces and verifying of sagging or 
hogging moments are given in case of various experiments with the model. And finally appropriate 
conclusion remarks and opportunities for further research are given. 

Keywords: pallet rack storage, load analysis, warehouse, free body diagram 

1. INTRODUCTION 

Rack elevations are one of the most common load-carrying warehouse infrastructure objects. I research it 
mainly, because such a construction allows progressively higher bays to be designed. A rack elevation is 
a very reliable construction, especially while a high storage warehouses are consider. What is more, it is 
even exceptionally reliable in case of whacking high-bay warehouses. To recall a high-storage warehouse is 
a warehouse, which maximum height is 14 meters according to [1]. Meanwhile, a high-bay warehouse 
(HBW, called also high-rack warehouse or colloquial pallet silo; German: Hochregallager - HRL) is 
a warehouse, which the minimum height is 12 meters (or 14 meters according to [1]) and currently the 
maximum height is about 50 meters in [2], and which has a permanent building structure (usually 
constructed of a steel structure) and storage infrastructure is part of the supporting structure for walls 
(façade) and the roof of the warehouse. In this paper, I make reference only to a pallet rack (without 
considering impact of walls and roof).  

Pallet racks are serious load bearing structures, in general relatively much more heavily loaded than for 
instance floors of office buildings. Safe structural design and correct modelling of the actual physical 
behaviour of such extraordinary steel structures is therefore of the utmost importance. As well as safe 
operation conditions, which allow neglecting potential collisions by material handling equipment in the 
structural design. 

In this paper, I research rack structure in mechanical engineering matter. My aim is to distribute forces and 
verify sagging or hogging moments in 3-bays partly braced rack structure with 6-levels of storage in down-
aisle direction. I do it to show how forces and moments change under different heavy unit load distribution on 
shelves, how forces and moments change after destruction and exclusion of some elements in a rack 
structure.  

2. LITERATURE REVIEW 

As far as literature connected to pallet racks storage is concerned, an amount of research and papers is 
observed. There are plenty analyses of behaviour of pallet racks in warehouses under different 
circumstances. It is worth of analysing especially that according to [3], in case of racking and shelving, 
typical actions such as loads acting on a rack structure and its changing with time are not known. It is in 
contrary to “the warehouse building, offices etc.” where “the loads acting on the structure and changing with 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

261 

time have been monitored and measured over many, many years thus making statistical evaluations 
possible. This has resulted in National and European standards specifying for instance floor, roof, wind and 
seismic loads”, [3, p. 7]. 

Authors of many research consider pallet rack structures both in down-aisle and cross-aisle direction in 
warehouses. Wherein more research is about a down-aisle rack’s direction. Authors of [4] consider influence 
of different types of beam-to-column joint by its numerical modelling on an overall rack frame response with 
reference to both service condition and ultimate limit states. Experimental analyses aimed at investigating 
behaviour of beam-to-column joints are continued in [5], which is part of a more general research project on 
seismic designing of pallet racks. Notwithstanding, authors of [6] present mathematical modelling for 
computerised analysis and designing of multi-bay rack frame structures subjected to horizontal and vertical 
loads. The structures are analysed by considering an equivalent free-sway column and solving the 
differential equations of flexure.  

Less research is observed, in which a cross-aisle rack’s direction is considered. Authors of [7] and [8] 
consider side part of rack-frame researching of shear stiffness of rack frames, which is influenced by bracing 
pattern and connections between frame’s elements. 

At least authors of [9] very briefly compare rack structure designing methods and presents results, which 
show that the effective length method, in designing of industrial steel storage racks, is more conservative 
than the notional load method. 

Separate subject, but related to designing and analyses, is a rack structure collapse, extremely dangerous 
especially in case of high-bay warehouses. It is worth of mentioning, however it is not direct part of this 
paper’s consideration due to the fact of dynamic kind of research in following papers. Interesting collapse 
case study and scientific searching of its reasons are given in [10]. Worth of studying is paper [11]. Authors 
present non-linear dynamic analysis of collapse predicting including effect of displacement on behaviour of 
the structure and multi-bay oscillation, while some parts of the rack structure are eliminated. Their paper is 
prefaced by research on stability of uprights in [12] and experimental investigation of pallet rack structures 
under sway in [13, 14]. 

3. MODELLING OF RESEARCH SUBJECT 

A subject of research is a storage rack. My intention is to use in research a physical model of this warehouse 
infrastructure object. Due to the using of software, mathematical model is not specified, especially because 
the researched construction might be statistically indeterminate (hyperstatistics). While discussing storage 
rack elevation model, fundamental names of its components must be known. An example scheme of 
a typical storage rack structure is presented in Fig. 1 and defined by norm of European standard [15, p. 8]. In 
Fig. 1 racking components are specified by appropriate numbers, which correspond to the following: 1 - 
modular panel, 2 - frame upright (column), 3 - joint (beam-end-connector according to [5, p. 841]), 4 - frame 
bracing (separately called as: crosspiece - on the right part of fig. 1. and diagonal - on the right part of fig. 1. 
according to [4, p. 278]), 5 - stringer (beam), 6 - load unit, 7 - foot, 8 - run spacer (coupling bar according to 
[4, p. 278]). In Fig. 1 direction are also specified. These are: X - down-aisle direction, Y - cross-aisle 
direction, Z - vertical direction. Top tie beams over a down-aisle are also installed between pairs of uprights 
on opposite sides of a down-aisle. Both top tie beams (mentioned before) and connections to a warehouse 
wall are installed due to increasing stability of pallet rack structure. “Generally, beams (stringers) have boxed 
cross-sections while columns (uprights) are open thin walled perforated to accept the tabs of beam-end-
connectors (Fig. 2 - add by myself), which join beams and columns together without bolts or welds (which 
does not mean that these types of nodes are not used anymore - add by myself)”, [5, p. 842]. 
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4. MODEL IMPLEMENTATION 

In mechanical engineering simple diagrams to plan fundamental structure of devices, infrastructures etc. are 
often used. Mechanical engineers distribute forces and verify sagging or hogging moments. These diagrams 
are known as “free body diagrams” (FBD). FBD’s provide a lot of basic information at the start of the design 
process, particularly for items like frames, structures and even certain moving items. 

   

 Fig. 1 Scheme of a typical storage rack Fig. 2 Example of a beam-end-connector 
 Source: own-work based on [15, p. 8] Source: [16] 

Due to the implementation of a pallet rack storage, prefaced in the previous chapter of the paper, I decided 
to use Aurodesk® ForceEffectTM. This is a freeware application, which can be downloaded through the 
Android marketplace (Google Play) or iTunes store for iPads (I use 
that one solution) or Chrome Web Store (therefore it can be used 
now on a personal computer). In case of simple designing and 
checking or controlling while rack exploitation this software simply 
can be used. Of course in more advanced research FEM method 
ought to be utilized. 

As Autodesk® company informs, Aurodesk® ForceEffectTM allows 
using functionality specified, as follow [17]. It allows free hand 
sketching of elements and construction lines with snaps, 
constraints, and inferencing and then dimensioning of sketched 
object, its global scaling, assigning units and constraints. While 
important aspects in mechanical engineering are concerned, it 
gives the opportunity to create supports (fixed, grounded, sliding), 
create joints (welded, pinned) and of course break elements. What 
is more it allows creating loads (known, unknown, distributed) and 
moments, to add weight to individual elements. And finally it gives the opportunity to compute reaction forces 
and moments for equilibrium and over-constrained systems, to toggle forces to show force vector 
components and to report results in picture, quantitative results and all equations if they are possible to 
interpret by the application. 

Fig. 3 Scheme of a rack model 
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Fig. 4 Changeability of reaction forces along 
the level – top chart is 6th level (top of the 
modelled rack structure), bottom chart 1st 

level (bottom of the modelled rack structure) 

The two-dimensional model implementation is given in 
Fig. 3. Column 1B is braced. Columns 2A-2B, 3A-3B, 4A 
are unbraced. Beams are: C-shaped beam, length 2.7 m, 
beam loading 2 500 kg, taken after [18, p. 69]. Shelves 
(beams) are loaded differently and some shelves are 
loaded more than beam loading definition (it is introduced 
intentionally due to the fact than in a real rack structure 
such situations often occur). 

5. RESULTS AND DISCUSSION 

Let me explain columns (uprights) symbols first. It consists 
of a number of a column, counting from the left side  
(Fig. 3), and a letter: A or B. Letters are introduced because 
in the application every shelf is treated like an individual 
beam, therefore two opposite reaction forces are 
calculated: reaction A on the left side of a beam and 
reaction B on the right side of a beam. 
Let me discuss geometrical perfect frame, without any 
damage, with notional load first (exactly as in Fig. 3). 
Reaction forces in the middle of the rack structure (upright 
2A-2B and upright 3A-3B) are almost twice as high as 
reaction forces on the utmost sides: on the left and on the 
right of the rack structure (R1B = 8.516 kN, R2A-2B = 
= 15.991 kN, R3A-3B = 15.385 kN, R4A = 8.528 kN). The 
proportion is more or less the same in case of modelled 
damage (described below). This means, the rack structure 
requires more resistant columns in the middle of its 
elevation than at the utmost edges. It needs material of 
greater strength and durability in case of middle uprights. 
The middle reaction forces values are higher because it 
comes from the load weights located on both sides of the 
uprights. Changeability of reaction forces and forces under 
load weights along the level are given in Fig. 4. The top 
chart in the case of fig. 4. is connected to 6th level of the 
modelled rack structure, while the bottom chart is 
connected to 1st level the modelled rack structure. 

The mentioned damage is the collapse of a forklift truck and 
the rack-structure. The beam on the second level is under 
destruction - at first stage it is “shorter” (it would be under 
skew in a real rack structure elevation) by 5 cm and then by 
10 cm (uprights in neighbourhood are getting skew of 
course; an angle from the vertical position of uprights or its 
part is modelled). Changes before damage, after its first 
stage and after second stage of damage can be observed 
in Fig. 4.  

On the 2nd level of the rack structure particular changes are 
noticed. Changes are not surprising because it is the level 
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at which the rack became damaged. 

Small values of changes between column 1B and 2A-2B are induced by the fact of the rack structure being 
braced in the area of upright 1B.  

It is surprising, in turn, that after computing the rack-structure damage, slightly changes (relative to no 
damages at all) are observed on the first level of the rack. 

Changes in the case of 4th level can be also observed. Reaction forces angles change strongly, therefore 
values of vertical component of reaction forces get smaller and value of horizontal component of reaction 
forces get higher. The joint (joint signed as T, Fig. 3) is moved here, which causes the formation of lateral 
forces (it effects of appearing of reaction force horizontal component) that can produce the shear effect of 
columns (uprights). In case of the rack structure without any damage the noticeable formation of lateral 
forces occurs only in the case of the lowest level of the rack structure and near the braced upright. 

 

Fig. 5 Maximal values of moments per level and per beams between uprights specified in the chart legend 

Due to the fact that evaluation of M-Φ relationship is not discussed (see: Conclussion), I discuss moments 
matter very briefly only. The most evident point is that maximal moment values between uprights 1B and 2A-
2B turn into the opposite direction compared to the rest of them (Fig. 5). The main reason of that behaviour 
is that upright 1B is braced from the bottom to the top of the rack structure. 

6. CONCLUSION 

It is worth of mentioning that further studies connected to racks behaviour under different circumstances 
need a change of the implementation way of the research subject. It affects tool of implementation obviously. 
Aurodesk® ForceEffectTM application prepared for Android or iOS operating systems is very useful one, 
however it helps to provide fundamentals problems. It is impossible to test racks with time-flow using that 
application, because it does not remember changes and there is no possibility of introducing relevant 
parameters of materials used in racking construction. Finally, it is not a tool for simulating. Therefore it 
cannot be used for evaluation of M-Φ relationship (among others, see: [4, 5, 13, 14, 19, 20]) including 
because it does not set φ. It can be adapted to teaching and education, nevertheless computing with using 
this kind of application is time-consuming and two-dimensional results are not satisfactory. It must be 
remembered that the application is a useful gadget but still a gadget. In the view of the further work I will 
focus on the research using Finite Elements Method, which provides multidimensional perspective on issues 
relating to research on construction, operation and exploitation of a rack. Then considerations ought to be 
extended by structural analysis (deformations, principal stresses, tensile stresses and shear stresses of 
elements in a rack structure; fundamental research, which consider these matters are given e.g. in [21]). 
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Multidimensional perspective is very important matter in the case of a  rack structure researching, especially 
while seismic analyses are considered (and these can be “translated” geographically from seismic areas to 
Poland territory, especially in places where e.g. mines or other such constructions exist and can influence on 
a warehouse, which would be raised there potentially. 
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Abstract 

The fundamental requirement of all customers is a timely delivery of products with the required qualitative 
specification in the agreed quantity. For the manufacturers to be able to meet the demanding requirements 
of their customers, they must create a system allowing optimum implementation of all processes, including 
the production process. The processes must continuously improve and therefore it is necessary to identify 
the critical costs that might endanger the quality or quantity of the product and the time of delivery, and to 
define corrective measures to reduce such risks. For the purpose of evaluation of quality risks, it is presently 
possible to apply various methods. One of them is the FMEA method. This article deals with utilisation of the 
FMEA method to increase the product's effective material flow in the production process. It discusses the 
possibility to modify parameters of the method so that the direct impact of the respective process error on 
ensuring the delivery to the customer will be sufficiently assessed (in addition to the aspect of production of a 
safe product with the respective specification). This is very important in case the contractor cooperates with a 
customer who uses the JIT system.   

Keywords: FMEA, supplying strategies, JUST IN TIME, quality risk management 

1. INTRODUCTION 

The fundamental requirement of all customers is a timely delivery of products with the required qualitative 
specification in the agreed quantity. Whiles some customers are willing to accept (in exceptional cases) for 
example postponing the delivery time, such possibility is unacceptable for those who use the JIT (Just in 
Time) strategy. Companies that implement the JIT strategy in their production process must ensure timely 
delivery of the correct quantity of the product with the complying quality within all partial processes. For 
inclusion of the contractors, which cooperate with the companies using the JIT strategy, in the fully 
complying category, it is unconditionally necessary to guarantee and adhere to all the aforementioned 
attributes (i.e. deadline, quality and quantity) in the long term.   

When ensuring such attributes, the implemented and correctly functioning quality management system plays 
a very important role. Assessment of the quality risks has recently become its component part, which in fact 
contributes to improvement of the product quality, prevents production of low-quality products and helps 
identify other hot spots generating risks relating to satisfaction of the customer needs. It is a summary of 
preventive activities used for identification, assessment and minimising of risks in the organisation by the 
appropriate preventive measures. 

2. SUBSTANCE OF THE FMEA METHOD 

The classic risk concept is applied in the quality risk assessment (relation between probability of occurrence 
and importance of impact of the respective event on quality) or the FMEA method, which adds another 
criterion - revealing/removing. This means that the FMEA method assesses the defect occurrence 
(probability of occurrence), its importance (severity) and the possibility of revealing or removing it. A certain 
point evaluation is assigned to the said factors selected from the prepared scaling of the respective 
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parameters. By multiplication of the resulting point evaluation of the applied criteria, the risk rate assessment 
is acquired - Risk Priority Number (RPN), which expresses the total risk resulting from the potential defect.  

3. FMEA METHOD MODIFICATION 

The FMEA method is standardised by ČSN EN 60812:2007 Analysis Techniques for System Reliability - 
Procedure for Failure Mode and Effects Analysis, which provides for, in addition to the general description of 
the method, also examples of point evaluation of the severity criterion. It is the criterion, in which the extent 
of affecting the customer by a product or process error should be coded.  This criterion was very often 
related only to the defect capacity to effect the health or life of persons (users, operators) - see Table 1.  

Table 1 Example of point evaluation of the criterion of severity referred to in ČSN EN 60812:2007 [1] 

Criterion: Severity 
Severity Description Classification 

Insignificant Kind of defect that might potentially deteriorate the system functions, but 
does not cause any damage to the system and does not represent any 

hazard for life or personal injury. 

I 

Marginal Kind of defect that might potentially deteriorate the technical parameters of 
the functions without any recognisable damage to the system or hazard for 

life or personal injury. 

II 

Critical Kind of defect that might potentially lead to a defect of the basic system 
functions and therefore cause considerable damage to the system and the 
system environment, but does not represent any serious hazard for life or 

personal injury. 

III 

Catastrophic Kind of defect that might potentially lead to a defect of the basic system 
functions and therefore cause considerable damage to the system and the 

system environment and/or hazard for life or personal injury. 

IV. 

With gradual development of this method, the evaluation was also expanded to other aspects - evaluation of 
the impact of the respective defect on the production line operation and the following effects resulting from 
production of non-complying products (rejects) - Table 2. This evaluation is principal for the companies using 
the JIT strategies, the essence of which is to eliminate the quantity of non-complying products and fully 
guarantee a smooth material flow of products in the production process. By the said evaluation, it will be 
possible to assess all hot spots of the production process representing a potential risk of disruption of the JIT 
system operation. However in their case it would be advisable to reassess the point evaluation for the effects 
resulting from production of a non-complying product as well as the characteristics of severity of disruption of 
the production line operation smoothness. An example of possible modification is provided in Table 3. 

Table 2 Point evaluation of the severity parameter [2]  

Criterion: Severity 
Effect Description Classification 

Dangerous - 
without 
warning 

May represent a danger for the device or humans. The defect has an impact 
on safety during the device operation and/or if it does not comply with the 

statutory regulations, it occurs without warning. 

10 

Dangerous - 
with warning 

May represent a danger for the device or humans. The defect has an impact 
on safety during the device operation and/or if it does not comply with the 

statutory regulations, its occurrence may be predicted on the basis of 
occurrence of warning indicators. 

9 

Very high Serious production line disruption. 100% of products must be destroyed. 
Product / part of a product is not functional, loss of the basic features. The 

customer is dissatisfied. 
 

8 
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Criterion: Severity 
Effect Description Classification 
High Less serious production line disruption. A large part of the product batch 

must be destroyed. The device works, but the output is reduced. The 
customer is dissatisfied. 

7 

Intermediate Less serious production line disruption. A large part of the product batch 
must be destroyed. The device works, but the operation comfort is reduced. 

The customer feels uncomfortable. 

6 

Low Less serious production line disruption. 100% of products may be reworked 
(in a special device). The device works with partially reduced output. The 

customer feels dissatisfaction. 

5 

Very low Less serious production line disruption. A large part of the product batch 
must be reworked (in a special device). The defect is identified by a majority 

of customers. 

4 

Less 
significant 

Less serious production line disruption. A part of the product batch must be 
reworked (in a special device). The device works, but the operation comfort 

is reduced. Average customers will identify the defect. 

3 

Insignificant Less serious production line disruption. A part of the product batch must be 
reworked (using the existing line). The device works, but the operation 

comfort is reduced. Demanding customers will identify the defect. 

2 

None No effect 1 

Table 3 Point evaluation of the severity parameter for companies using the JIT strategy  

Criterion: Severity 
Effect Description Classification 

Dangerous - 
without 
warning 

May represent a danger for the device or humans. The defect has an 
impact on safety during the device operation and/or if it does not comply 

with the statutory regulations, it occurs without warning. 

10 

Dangerous - 
with warning 

May represent a danger for the device or humans. The defect has an 
impact on safety during the device operation and/or if it does not comply 

with the statutory regulations, its occurrence may be predicted on the basis 
of occurrence of warning indicators. 

9 

Very high Serious production line disruption. 100% of products must be destroyed. 
Product / part of a product is not functional, loss of the basic features. The 

customer is dissatisfied. 

8 

High Serious production line disruption. A large part of the product batch must 
be destroyed. The device works, but the output is reduced. The customer 

is dissatisfied. 

7 

Intermediate Severe production line disruption. A large part of the product batch must 
be reworked. The device works, but the operation comfort is reduced. The 

customer feels uncomfortable. 

6 

Low Less serious production line disruption. Several product units from the 
batch must be destroyed. The device works with partially reduced output. 

The customer feels dissatisfaction. 

5 

Very low Less serious production line disruption. Several product units from the 
batch must be reworked. The defect is identified by a majority of 

customers. 

4 

Less 
significant 

Less serious disruption of the production line operation. The device 
works, but the operation comfort is reduced. Average customers will identify 

the defect. 

3 

Insignificant Less serious disruption of the production line operation. The device 
works, but the operation comfort is reduced. Demanding customers will 

identify the defect. 

2 

None No effect 1 
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The aforementioned evaluation may also be used by suppliers of companies with the JIT system 
implemented. However not all these suppliers make use of this system within their production process. They 
may create inventory to cover requirements of a whole scale of various customers, they eliminate the 
impacts of less serious production failures or it is a case when more product types are manufactured on the 
same production device. In their case, disruption of the production line operation or the necessity to rework 
the products not complying with the qualitative specification does not have to have any direct effect on 
ensuring the delivery to the customer. One of the possibilities how to include the aspect of effect on 
deliveries for the wide scope of customers in the analysis is to expand the Severity criterion by the evaluation 
provided in Table 4.  

Table 4 Point evaluation of the effect on deliveries to the customer within the severity criterion 

Aspect: Effect on deliveries to the customer  
Severity Description Classification 

Insignificant Deliveries to no customer will be affected. The production capacity is 
sufficient, inventory is sufficient. 

1 

Marginal The already agreed deliveries and other deliveries usually taken by stable 
customers will not be affected. The customers using JIT will not be affected 

in any manner. Only limited capacity is available for other potential 
customers. 

2-3 

Low  The already agreed deliveries will not be affected. It will not be possible to 
accept any other potential inquiries. The deliveries for the customers using 

JIT will be complied with in the agreed quantity, it will not be possible to 
flexibly respond to a slight increase in their requirements, if any.  

4-5 

Intermediate The delivery dates or the quantity of products in a delivery for the already 
agreed deliveries will be affected (including customers using JIT). It will be 

possible to deliver the product with a relatively short time shift.  

6-7 

Critical The delivery dates of the already agreed deliveries will be affected. The 
product will be delivered with a large delay.  

8-9 

Catastrophic It will not be possible to perform any of the agreed deliveries.  10 

The aforementioned point evaluation may be either integrated in the respective point evaluation of the 
Severity criterion or implemented as a new criterion, which will be thereafter mathematically processed in the 
same manner as the existing criteria (i.e. a certain point evaluation will be multiplied by the point evaluation 
of the other criteria). Another possibility is to perform decomposition of the Severity criterion into the 
individual partial functional criteria and to include the number of points achieved in evaluation of the most 
important aspect in the RPN calculation. 

4. CONCLUSION 

The risk management system becomes an integral part of the quality management system of the companies 
in various industries. In some of them, the JUST IN TIME supply strategy is used, which has high demands 
for the quality of the supplied products, as well as the timely character and completeness of the deliveries. It 
is a strategy, in which a large number of potential hot spots may be generated, having an impact on its 
smooth course. The quality risks evaluation plays a very important role in identification of such risk spots 
(system defects) and their evaluation. FMEA is a very frequently applied method. It is a standardised 
method, but it is often modified according to the type of problem being resolved. Expansion of evaluation 
with the aspect of a direct impact on the delivery arrangement is one of the possible modifications of the 
respective method. The article deals with both the possibility of modification of the standardised evaluation of 
the severity criterion for companies with the JIT system implemented, and the proposed scaling for another 
aspect reflecting the impact of the respective defect on deliveries to the customer.  
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Abstract 

In recent years, within strategic management field one may notice an increasing importance of the business 
strategic potentials in achieving the expected market and economic outcomes by the company. These 
potentials include resources, capabilities and competences, whereas market and economic outcomes are 
related to several changes within business management, as well as to business success and its competitive 
advantage. 

Within business strategic management an increasing role is often assigned to business logistics concept. 
Similarly, among the strategic potentials an important role is often played by logistics potentials. Logistics 
potentials comprise: logistics resources, logistics capabilities and logistics competences. Such potentials 
may significantly contribute to the expected market and economic outcomes achievement by the company, 
and - as a consequence - to business competitive advantage creation. 

The paper presents the possibilities concerning logistics competences influence on business management, 
as well as business competitive advantage creation. The most important relationships have been presented 
on the basis of the results of the research studies conducted by the Chair of Logistics and Marketing at 
Opole University, Poland, between 2009 and 2011, as well as the author's own research started in 2012. 

Keywords: Logistics, logistics competences, strategic management, business management 

1. INTRODUCTION 

In recent years in the management area, and especially the strategic management area, one may notice a 
growing importance of the so called “strategic business potentials”. Such potentials comprise in particular: 
resources, capabilities and competences. Strategic business potentials can be seen as factors influencing 
the expected market and economic outcomes achievement by a company. Typical market outcomes are: 
market share, customer satisfaction, customer loyalty, while typical economic outcomes are: sales, turnover, 
profit, profitability. 

The expected market and economic outcomes are strongly “associated” with the achievement of the 
planned, target results by a company. These outcomes often relate to the significant number of positive 
changes within the system and process of business management, and thus may be a “cornerstone” of 
sustained, long-term business success. In such a situation, the strategic business potentials can be named 
as “business success potentials”. When the market and economic outcomes achieved by the company are 
more valuable compared to the outcomes achieved by the competitors, business success potentials may 
become very important determinants of competitive advantage creation and, in consequence, the desired, 
distinctive competitive position achievement within the market. 

The aim of this article is to present the research results concerning the symptoms of the logistics 
competences influence on business management changes, as well as on business competitive advantage 
creation. The relation between logistics (including logistics competences) and business management has 
been presented on the basis of the research results carried out by the Chair of Logistics and Marketing at 
Opole University, Poland in the period 2009-2011. In turn, the premises and possibilities of logistics 
competences influence on business competitive advantage creation have been presented on the basis of the 
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author's own research, related to an attempt of “embedding” the logistics competences within the original 
concept of potentials and symptoms of business success. 

2. LOGISTICS COMPETENCES AS DISTINCTIVE BUSINESS SUCCESS POTENTIALS RELATED TO 
LOGISTICS AREA 

In recent years one may notice the increasing importance of the business success potentials. The potentials 
are related to the so-called “resource-based view” (RBV) concept, which is often seen as one of the most 
influential and important “schools” within the contemporary strategic management. On the basis of the RBV 
concept, it can be noticed that the most important - “internal” in relation to a company - factors influencing 
business management changes as well as business competitive advantage creation are: resources, skills, 
capabilities, knowledge, competences and core competences [13, pp. 265-275] [16, pp. 32-35]. The 
business success potentials often deal with different functional areas of the company. In particular, it is 
important to point out the growing importance of the potentials associated with the logistics area, which can 
be referred to as “logistics potentials of business success” (or - in short - as “logistics potentials”), including: 
logistics resources, logistics capabilities and logistics competences. 

Logistics potentials can be seen as factors related to the logistics area, particularly to the management of 
goods and information flow within the company as well as the entire supply chain, affecting the possibilities 
of achievement of the expected market and economic outcomes by the company. The expected market and 
economic outcomes are the result of launching and implementation of the planned processes, activities and 
tasks, both at strategic and operational level. Such implementation should be adequate to the structure of 
the goals and objectives as well as the capabilities of the company, and should take into account the 
conditions concerning the market, competitive and macroeconomic environment [1, pp. 449-452] [7, pp. 1-
20]. 

A distinctive and significant “type” of logistics potentials, considered from the perspective of changes within 
the business management system and process, as well as the creation of business competitive advantage, 
are logistics competences [3, pp. 120-150] [4, pp. 21-30] [5, pp. 179-185] [14, pp. 201-216] [15, pp. 41-48]. 
Logistics competences can be defined as the long-term capabilities related to the coordinated use of the 
resources (particularly logistics resources), actively and widely involved in the goals achievement as well as 
in the processes, activities and tasks implementation that lead to the expected market and economic 
outcomes [11, pp. 2-5]. Such logistics competences could be the “base” for business success and its 
competitive advantage. 

Logistics competences arise and evolve as a result of the integration and coordination of logistics resources 
and logistics capabilities. First of all, the integration relates to “synergistic effects”, i.e. benefits, opportunities 
etc., resulting from the possibilities of simultaneous use of a comprehensive base of differentiated resources 
(so-called “resource compositions”), which are precisely assigned to the specific logistics capabilities (so-
called “capabilities compositions”). In turn, coordination includes the managerial processes and activities, 
which create the opportunities for efficient and effective use of differentiated compositions of resources and 
capabilities, leading to the expected market and economic outcomes achievement. As a consequence, the 
logistics competences - apart from the competences related to other business functional areas - can 
significantly contribute to business success achievement as well as to business competitive advantage 
creation. 

3. LOGISTICS COMPETENCES AS FACTORS INFLUENCING BUSINESS MANAGEMENT AREA 

In recent years one may notice the growing importance of strategic decisions related to logistics and supply 
chain management areas. Such decisions can significantly contribute to the creation and exploration of new 
premises, opportunities, possibilities, etc. related to business success [1, pp. 36-41 and p. 433 and more]). 
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The scope and symptoms of logistics determinants influence on business management system and process 
have been the subject of the research project named „Logistics determinants of business management”, 
carried out by the Chair of Logistics and Marketing at Opole University, Poland, between 2009 and 2011 [3] 
[5] [17]. The basic objective of the project was to identify the most important multidimensional relationships 
between logistics and business management system and process, as well as the possibilities of expected 
market and economic outcomes achievement. 

Within the research project it was assumed that logistics determinants of business management can be 
understood as factors related to logistics and supply chain management areas, which may affect the 
changes within the business management system and process, as well as provide the opportunities for the 
expected outcomes achievement. As a result of the research, the following logistics determinants of 
business management have been identified [3, pp. 73-81] [10, pp. 21-27] [14, pp. 201-216]: 
1) Flow orientation, 
2) Logistics and supply chain competences, 
3) Logistics strategies, 
4) Logistics management tools, 
5) Logistics planning, 
6) Organizational solutions related to logistics and supply chain management, 
7) Logistics controlling. 

The first level within the hierarchy of business management logistics determinant occupies the flow 
orientation. This orientation not only plays the crucial role in the development of the logistics concept, but is 
one the most important determinants which influence the changes concerning the business management 
system and process as well [2, pp. 2-9] [3, pp. 93-119] [6, pp. 257-275]. Within the flow orientation one of the 
most important aims is to provide the opportunities for continuity, transparency, timeliness, completeness, 
reliability, etc. of goods and information flow. Efficient and effective implementation of the flow orientation 
within business management creates the opportunities for achieving beneficial and optimal relationship 
between the level of customer service and the scope, value and structure of the logistics costs. The next 
enumerated above logistics determinants of business management are significantly important symptoms of 
the flow orientation implementation. These determinants point at further possibilities concerning logistics 
influence on business management system and process, in relation to expected market and economic 
outcomes achievement. 

The second level within the hierarchy of business management logistics determinant is assigned to logistics 
competences. Within the research project conducted by the Chair of Logistics and Marketing at Opole 
University, three main areas of logistics competences have been examined: 
1) Logistics managers’ competencies, related to human resources (personal) competencies of people 

who are responsible for logistics objectives and tasks implementation within the business, 
2) Logistics competences in the field of logistics goals and strategies positioning within corporate as well 

as business goals and strategies, 
3) Logistics competences concerning cooperation and integration with partners (suppliers, distribution 

companies, wholesalers, retailers, customers, etc.) within the entire supply chain. 

Taking into account the formation and development of logistics competences in the context of changes 
occurring in the business management area, it seems to be particularly important to recognize the 
competences related to goals and strategies positioning. In general, the positioning means that there are 
several important links between logistics goals and corporate goals, as well as between logistics strategies 
and corporate strategy. As a consequence, it is possible to highlight several important relationships between 
logistics and business management. 
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An attempt to evaluate the logistics goals positioning within the corporate goals, concerning the research 
conducted by the Chair of Logistics and Marketing, focused primarily on the identification of relations 
between logistics goals and corporate goals [17, p. 38]. The research results show that there is still relatively 
minor importance of logistics goals in relation to corporate goals. In the opinion of almost 37 % of the 
companies taking part in the research, “logistics goals are taken into account during business decisions 
making”, while according to more than 34 % of the companies “logistics goals affect business decisions 
making”. 

Apart from goals positioning, the subject of the research carried out by the Chair of Logistics and Marketing 
was logistics strategies positioning within the corporate strategy [17, p. 43]. Comparing to the relation 
between logistics goals and corporate goals, within the area of strategies almost 50% of the surveyed 
companies indicated that “logistics strategy is taken into consideration in the corporate strategy formulation 
and development", while according to more than 25 % of the companies “logistics strategy influences the 
corporate strategy formulation and development”. On the one hand, logistics goals and strategies are still 
very often seen in functional terms in the context of business management [12, pp. 28-32]. On the other 
hand, it is noticeable that the logistics concept is supposed to become more and more important in the 
nearest future. The growing logistics importance is closely related to the role and significance of the logistics 
concept in the context of business management as well as business success and competitive advantage 
creation. It means that logistics, including logistics potentials: resources, capabilities and competences, is 
supposed to become more and more “strategic issue”. 

4. LOGISTICS COMPETENCES AS DETERMINANTS OF COMPETITIVE ADVANTAGE CREATION 
WITHIN THE CONCEPT OF BUSINESS SUCCESS POTENTIALS AND SYMPTOMS 

The scope and symptoms of logistics competences influence on business competitive advantage creation so 
far have been presented in several significant, worldwide research projects carried out by: (1) Michigan State 
University, (2) European Logistics Association in cooperation with A.T. Kearney, (3) Computer Sciences 
Corporation, and (4) Capgemini. The research results have shown a little bit different, but at the same time 
quite clear and distinctive symptoms of the logistics competences impact on business competitive advantage 
creation [8, pp. 18-23] [9, pp. 19-26]. 
Based on the results of the worldwide research projects, as well as the results of the research conducted by 
the Chair of Logistics and Marketing at Opole University, the author attempted to develop an original concept 
of the logistics competences “embedding” within the potentials and symptoms of business success, in the 
context of business competitive advantage creation (figure 1). 
The concept shown in Fig. 1 includes four key (core, superior) logistics competences, which are strategically 
important from the perspective of business competitive advantage creation: 
1) Logistics positioning and integration within business management, 
2) Vertical and internal integration, 
3) Flow management, 
4) Information systems and technologies. 

„Logistics positioning and integration within business management“ includes competences related to 
“embedding” the concept of logistics within business management. First of all, it relates to goals, strategies, 
operational tasks as well as planning and organizational structures. Competences of logistics positioning and 
integration are of particular importance in the context of the place and role of logistics concept in business 
management. 

„Vertical and internal integration“ comprises four competence areas concerning integration, which should be 
seen as the most important and significant “feature” of the logistics concept. Such integration relates both to 
processes and activities performed along with the whole value chain as well as the “single” business or 
company within itself. 
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„Flow management“ comprises four competence areas related to: agility (adaptability and flexibility, both 
concerning the relation with suppliers, distribution companies and customers), materials and goods flow 
coordination (flow leaness and transparency), logistics processes performed by a company, and customers’ 
orders management. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Logistics competences within the model of business success potentials and symptoms 

„Information systems and technologies“ includes competences related to the design and implementation of 
ERP systems, as well as using technologies like EDI, RFID, etc. Such competences play an important role in 
“protection” of the efficient and effective flow of information within the company and across the whole supply 
chain. 

5. CONCLUSIONS AND FURTHER RESEARCH 

In the light of the research carried out by the Chair of Logistics and Marketing one may notice that logistics 
plays an important role in the business goals formulation and development process. One of the most 
significant conditions for the real impact of logistics goals on the overall corporate goals seems to be “the 
presence of consciousness” concerning the growing importance of logistics within business management. It 
is particularly important from the perspective of business success and competitive advantage creation. 
An important role should be also assigned to the logistics strategy, which not only has a decisive role in 
logistics goals achievement, but may be an important part of the entire corporate strategy as well. These 
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“features” refer especially to such processes as the coordination and management of the materials, goods 
and information flows, which affect not only the efficiency and effectiveness of these flows (creation of value 
added for the company), but also the possibilities of customer needs and expectations satisfaction (creation 
of value added for the customer). 

The original concept of logistics competences presented in this paper is the basis for further in-depth 
research. The primary goal of the research is to assess the scope and “power” of logistics competences 
influence on business competitive advantage creation. In the next stage of the research the logistics 
competences presented in this article should be detailed into specific logistics capabilities. Every specified 
capability is supposed to be assessed in terms of its impact on business competitive advantage creation. 
From the “logistical” point of view, the competitive advantage can be seen in two basic dimensions: as the 
advantage based on cost leadership and as the advantage based on the focus on customer service. 
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Abstract 

The main objective of the short-term sales forecasting in a manufacturing company is to support decision 
making of the tactical and operational management of supply chain. However, specifics of some logistics 
activities in companies of the chemical industry increase the requirements for the length of the time horizon 
and the level of detail of required forecasts. Therefore, the article identifies these logistics activities, namely 
in relation to the importance of the sales structure in the sales forecasting in manufacturing companies. A 
case study of the process of short-term sales forecasting in a selected company of the chemical industry is 
used in the article to demonstrate the impact of selected logistics activities on the structure of the forecasts 
required. The most important logistics activities with a major impact include transportation and receipt of raw 
materials between suppliers and the manufacturing company. 

Keywords: Chemical industry, logistics activities, sales forecasting, sales structure 

1. INTRODUCTION 

The principles of modern business management are based on the idea that success of the company 
depends on the ability to predict and adapt business processes to the needs, wishes and requirements of 
customers. It is not useful to identify, create, deliver and improve the customer value merely on the basis of a 
manufacturer's efforts, but it is far more efficient, more effective and also more economical to produce it by 
means of connection and cooperation with partners in the value network, i.e. within the set of activities 
shared and jointly carried out from the manufacturer through its direct customers, customers of these 
customers to the end consumers [1]. At present, as the speed of delivery, or the order processing time as the 
case may be, is one of the key requirements of customers we cannot effectively start planning the 
production, distribution and provision of resources after receipt of the order. An accurate and timely estimate 
of future sales is also one of the few ways to maintain a high level of customer service while reducing 
logistics costs. A good sales forecast is therefore key input information for managing most of business 
processes. 

Contemporary trends in the demand and sales forecasting can be seen in continuous increases of the level 
of integration, coordination and cooperation of all functional departments of the company in creating and 
sharing a sole forecast for the entire company. Moreover, this trend is shifting beyond the enterprise aiming 
to create and share a sole integrated forecast along the entire supply chain. Various managerial decisions, 
however, require knowledge of forecasts at different stages of time, product and customer aggregation. To 
ensure that these predictions are mutually consistent in terms of time and material, it is necessary for the 
company to introduce a clear methodology for creating integrated sales forecasts that will meet the needs of 
all company processes associated with the logistics management of material flows in the company. 

Creating an integrated sales forecast in a manufacturing company is associated with many problems, 
especially in the case of short-term sales forecasting, which serves as a basis for tactical and operational 
management of supply chain. Unlike long-term sales forecasting, in these cases much higher demands are 
placed on accuracy and level of detail of the forecasts created (a short time horizon and a low level of sales 
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aggregation). Specifics of some logistics activities in companies of the chemical industry increase the 
requirements for the length of the time horizon and the level of detail of required integrated forecasts. 

The aim of this article is to specify the importance of the sales structure in creating an integrated sales 
forecast with a focus on short-term sales forecasting in manufacturing enterprises of the chemical industry. 
The article also identifies logistics activities that have a significant impact on the shape of the final forecasts 
in a selected company of the chemical industry. Company in which research was carried out cannot be 
disclosed due to the information sensitivity. Targeted literature search in scientific literature and method of in-
depth interview with managers in chosen company were used as research methods and sources. 

2. IMPORTANCE OT THE SALES STRUCTURE IN SHORT-TERM FORECASTING 

The aim of forecasting is always to support decision-making at different time levels, but also at different 
stages of aggregation of products or sales segments. In order for a forecast to be meaningfully applied in 
other business processes, the "sales forecast structure" has to meet the needs and requirements of these 
processes. 

2.1  Sales Forecast Structure 

When identifying an appropriate sales structure for the purposes of forecasting, we usually take into account 
the time, product and customer perspective of the forecasts [2]. 

The essence of identification of the sales structure by the time perspective is to determine the length of the 
time horizon of the forecasts and the interval of the time series of sales, in which the forecasted sales will be 
realized. It is because of the fact that within the chosen length of time horizon all scheduled activities must 
take place for which the forecast is created. The time horizon of forecasts has a significant affect on the 
choice of the forecasting methods and usually is one of the key factors in the accuracy of forecasts [2]. Long-
term forecasts, which are usually created for a number of years in advance at the high aggregation level, are 
used for strategic decisions of the company. The resulting forecasts are of a variant character, and therefore 
are developed through specific forecasting procedures [3]. Short-term forecasts are, on the contrary, used in 
the tactical and operational management of internal supply chain. Depending on the purpose of use they are 
characterized by the varying length of the forecasting horizon and aggregation level. 

The product or customer aspect of the forecasts is related to the chosen level of sales aggregation, which is 
to be forecasted. It is because the sales can be predicted not only at the level of individual items, but also at 
the level of product groups (product aspect) or customer segments (customer aspect). The choice of the 
level of sales aggregation has a significant effect on the accuracy of forecasts and determines the total 
number of forecasts that the company will have to create. The business practice, however, often blurs the 
distinction between the product and customer level of aggregation [2]. Rather, the so called demand 
forecasting units (DFU) are defined for the purposes of forecasting. These are usually stock keeping units 
(SKU), but the DFU may be represented by a group of functionally related products with a pre-defined sales 
region [4]. Since the company normally uses several types of forecasts with different time horizons and level 
of sales aggregation, it is necessary to ensure that the resulting predictions are consistent with each other, 
both in terms of time and material. The issue is dealt with by the so-called hierarchical forecasting (for more 
see [5]). 

2.2  Impact of Logistics Activities on the Sales Forecast Structure 

From a general point of view, the logistics activities may include all activities associated with the 
management and actualization of material and information flows with the exception of the production 
technological operations [6, 7]. Lambert [8] considers these logistics activities to be crucial - customer 
service, demand forecasting and planning, inventory management, logistics communications, material 
handling, order processing, packaging, parts and service support, plant and warehouse site selection, 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

279 

procurement, return goods handling, reverse logistics, traffic and transportation, warehousing and storage. 
Although not all of these activities in companies must necessarily fall within the competence of logistics 
services, it is obvious that they all significantly affect the logistics process as a whole. 

The objective of short-term sales forecasting is to support decision making related to the actual physical 
realization of the material flow in the internal supply chain, which need to be planned before receiving the 
order. When identifying logistics activities whose requirements it is necessary to consider in the design of 
forecast sales structure, we work with the location of "customer order decoupling point". It divides the internal 
supply chain into two parts: 
- a part following the plan, which is based on the demand forecast and 
- a part pursuant to the orders received (specific customer requirements). 

Determination of decoupling point is related to the solution to the problem of contradiction between the total 
time needed for implementation of logistics activities in the supply system and the time the customer is 
willing to wait for the processing of its order [9]. However, the specifics of the market environment, in which 
the Czech chemical industry companies are located, usually do not allow planning the production after 
receiving the order. The usual supply chain management strategy in these cases is the "make to stock" [10]. 
This management system is fully based on demand forecasting, the stock of finished products is located as 
close as possible to the customer at some of the distribution organizations and short delivery times enable at 
most the realization of packaging and transport to a specific order [6]. All logistics activities associated with 
the production and supplying are thus managed by forecasts, and therefore they significantly affect the 
desired sales forecast structure. 

In integrated forecasting it is necessary to ensure the creation of a sole forecast (shared by the whole 
company) or possibly a production system for forecasts by which all logistics activities under consideration 
can be managed. The time horizon of the integrated forecast is then determined by that activity that must be 
planned as in advance as possible (usually these are activities associated with the provision of raw materials 
and supplies to production), and the aggregation level of the integrated forecast must respect the 
requirements of those activities that require the highest level of detail (usually the transport, handling and 
ancillary activities with the finished products). 

3. CASE STUDY: SALES FORECAST STRUCTURE IN A CHEMICAL COMPANY 

The research on short-term sales forecasting was conducted in a Czech chemical company that is a leading 
European producer of pigments and dyes. High Performance (HP) Pigments can be considered a key group 
of the company products. It is actually the most profitable product group and at the same time the company 
surveyed can be regarded as one of the world's two largest producers of HP pigments. The key customers of 
the company include manufacturers of plastics, printing inks, paints and varnishes (particularly car paints) 
around the world. In Europe, the company uses direct distribution channels or sales agents (sales 
representatives at the point of sale). In distant territories of sale it uses other distribution channels (especially 
a distribution company with pigments and dyes). Because of the wide portfolio of products, the research 
focused on a group of 12 diazo condensation HP pigments, where the sales forecasting accuracy is crucial 
(full utilization of production capacity). This product group can also be used to demonstrate well all the 
problems we might encounter in short-term sales forecasting for other products. 

The decoupling point is located in the company in the warehouse of finished products, and therefore short-
term sales forecasting forms the basis for tactical and operational management of production and 
purchasing. Specifics of logistics of production and purchasing significantly shape the necessary sales 
forecast structure. 

Manufacture of the monitored products is discontinuous, serial and is carried out on two production lines (the 
so called red and yellow line) depending on the type of the pigment colouring. The change of the type of the 
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pigment produced in the production line is, however, associated with additional costs and losses in capacity 
(production quality when starting and stopping production, clean lines), and therefore the type of the pigment 
produced cannot be changed after each batch. The optimum size of a batch is given by a greater amount of 
produced batches and its length is in the order of weeks. Customer requirements are thus met with the stock 
which is produced often even several months in advance. 

The company monitored sells products on B2B markets that are characterized with an uneven distribution of 
sizes of orders during the calendar year. It is appropriate to use the production capacities equally (in the 
reference case it is an essential requirement due to the full utilization of the production capacities), even 
though the amount of pigments sold at the beginning of the year doubles the amount sold in the summer 
months (see comparison of sales of the products monitored during 2011 and 2012 in Fig. 1). This leads to 
another timing difference of the production and sale, which must necessarily occur due to lengthening of the 
time horizon of the necessary forecasts. For the purpose of production planning, forecast sales are required 
for each pigment separately with a time horizon that covers the time to produce a series of pigments (about 3 
weeks) and the average time of stocking of finished goods for the two reasons presented above (about 8 
weeks). 
 

 
Fig. 1 Comparison of sales of the products monitored during 2011 and 2012 

 
Most of the key raw materials for the production of pigments are imported to the company from East Asia 
(60 % from China and 30 % from India). Low cost of basic chemicals and semi-finished products from Asia is 
due to the cheap labour, but also due to negligible environmental restrictions by the local authorities. 
Purchase of raw materials from Asia is, however, complicated by the length of delivery times (make to order), 
specific logistics activities related to supplying (transport, receipt of goods associated with quality check), but 
also to some specifics of Asian chemical plants. Examples may include the climatic conditions that make it 
impossible to carry out exothermic reactions in the summer months, the unreliability of local carriers and 
unplanned delays in customs controls. In Table 1 there is a summary of the duration of partial activities that 
determine the overall length of the delivery time of the strategic raw materials. 
Table 1 shows that the minimum time required for procurement of raw materials is 12-13 weeks. This time, 
however, may increase with some raw materials depending on the season (the suspension of certain types 
of Asian production in the summer months), or where the materials delivered do not meet the pre-agreed 
quality. Raw material of poor quality needs to be technologically treated (cleaned) before it is processed in 
the production. Most of the produced pigments require a specific combination of feedstock, and therefore the 
planned purchase also requires a high level of detail of sales forecasts (virtually for every pigment 
separately) with a minimum time horizon, which corresponds to the sum of the delivery of raw materials 
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(minimum 12 weeks, see Table 1), continuous time for production of pigment series (about 3 weeks) and the 
average duration of storage of finished products in stock (about 8 weeks). 

Table 1 Activities that determine the overall length of the delivery time of the strategic raw materials 

Activity 
Time horizon (weeks) 

India China 

Production of raw materials 4+ 4+ 

Preshipment test 3 3 

Shipment loading 1 1 

Transport (shipping) 3 4 

Transport (overland) 1 1 

Other logistics activities (transport in the production and storage facilities, transport of raw materials and 
semi-finished products between technological operations in manufacturing, warehouses, etc., handling 
operations and other ancillary activities) have a negligible impact in the sales forecast structure. Specific 
requirements of certain customers for technical specifications, packaging and distribution of production (e.g. 
roughness of the pigment, type and size of packaging, etc.) are controlled only after the order has been 
received. 

Due to the identified sales forecast structure that is applicable in the company in the tactical and operational 
management of the supply chain, the company makes use of on monthly moving planning with a time 
horizon of six months. The initial sales plan contains the value of the forecasted sales for each product 
separately in the following six monthly periods. The flexibility of the moving planning allows each month to 
modify (update) the value of sales in different reporting periods on the basis of orders received or promised. 
The difficult to forecast sales development in the required structure (a long horizon of forecasts, low level of 
sales aggregation), but also the risks associated with the supply of raw materials from East Asia, however, 
cause low accuracy of plans made and an excessive growth of safety stocks. Moreover, the half-year 
planning horizon is too long in the tactical operational management, as it reduces the flexibility of business 
plans in the event of sudden changes in the market demand. 

The case study can helps us identify the problematic, yet for businesses unrecoverable specifics of 
forecasting in manufacturing companies of the chemical industry. In particular, it is the asynchronism of 
production and sales emerging as a result of an uneven demand for the company's products (B2B markets), 
but also due to the need to optimize the size of the batch in serial productions (high costs associated with the 
change of the manufactured product on the line). The critical logistics activities, most lowering the accuracy 
of short-term forecasting and causing creation of rigid plans with a long time horizon, include transportation 
and receipt of raw materials between suppliers and the manufacturing company. Their impact on the sales 
forecast structure can neither be eliminated without changes in the inventory strategy in the supply chain. 

CONCLUSIONS 

With the integrated sales forecasting in a manufacturing company, it is the length of the time horizon and the 
level of sales aggregation that has a decisive impact on the accuracy of forecasting horizon. The sales 
forecast structure must meet the requirements of all processes that must be planned before the order is 
received. A usual strategy of the supply chain management in manufacturing enterprises of the chemical 
industry is the "make to stock" strategy and therefore all logistics activities associated with the production 
and supply are controlled by the forecast while significantly affecting the forecast sales structure. 
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The logistics activities that have the greatest negative impact on the forecasting accuracy in the chemical 
industry include activities related to supplying, as they must be scheduled in the longest advance regardless 
of the location of the decoupling point in the internal supply chain. The case study has identified critical 
activities - transportation and receipt of raw materials between the manufacturing company and suppliers 
from East Asia, who currently belong to the cheapest and often the only available manufacturers of chemical 
semi-finished products in the world. Other specifics of the chemical industry that have the greatest negative 
impact on the sales forecast structure include production logistics in serial chemical productions. In these 
cases, the production management is burdened with significant asynchronism of sales and production as a 
result of optimization of the batch size and uneven distribution of the demand for the company's products 
during the year. 

The difficult to forecast sales development in the required structure, but also the risks associated with the 
supply of raw materials from East Asia are the main causes of creation of rigid plans with low precision, but 
also of an excessive growth of the stock along the whole internal supply chain. However, the impacts 
identified cannot be eliminated without significant interventions in the supply chain management strategy. 
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Abstract 

The computer simulation is a tool for solving a wide range of problems in logistics. The paper describes the 
most recent trends in selected simulation software which can be efficiently used in the field of logistics. 
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1. INTRODUCTION 

The computer simulation, as a scientific method, has been increasingly employed in the recent years as a 
tool for solving a wide range of problems. It especially suitable for problems which cannot be solved by 
classic approaches. 

Logistics is a field suitable for computer simulation application. Examples include support of decision making, 
obtaining information about system behaviour or analysis of various processes. The application of computer 
simulation is beneficial in various stages of logistic decision making processes. However, in order to 
successfully apply the computer simulation it is necessary to know differences between modelling and 
computer simulation.   

2. MODELLING AND SIMULATION 

A model is a representation of a real or planned event, object or system. To create the model, a description 
of the system needs to be abstracted from the reality. The model describes the system with a certain level of 
abstraction in order to represent the system in a mathematically reliable way [12]. In contrast to the model, 
there are several definitions of simulation. The term simulation can refer to [12]: 
• a method for implementing a model over time, 
• a technique for testing, analysis, or training in which real-world systems are used, or where real-world 

and conceptual systems are reproduced by a model 
• a scientific method of research involving experiments with a model representing a portion of reality, 
• a methodology for extracting information from a model by observing the behaviour of the model. 

Modelling consists of these basic steps according to [11]: 
a) formulation of requirements from the model, 
b) selection of model type, 
c) analysis of the observed system, 
d) model creation, 
e) validation of the model, 
f) simulation, 
g) interpretation, 
h) application. 

The main difference is in the type of the model which is determined by the problem and steps a) and c). If the 
problem is well structured and it is possible to obtain detailed information about it then exact methods can be 
used. On the other hand, approximate methods including simulation can be employed even on problems 
which are not solvable by other means. 
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The general steps of modelling also hold for the creation of the simulation model (see Fig. 1). The object or 
process (1) which is characterized by an objective function (2) is abstracted to a logistical system (3). This 
system is formalized in the form of a model (4) (e.g. bulk service system), which can be solved analytically 
(5) or by simulation (7) in a certain simulation system (6). The best solution (8) is searched by changing the 
inputs and is applied to the original system (9) [13]. 

 

Fig. 1 The general steps of modelling applied to simulation [13] 

2.1 Modelling and simulation in logistics 

Modelling and simulation have been increasingly used in logistics in the recent years. The main reason is 
that they can provide a wide range of information and indicators essential for better planning and control of 
individual logistic processes. 

In the early stages of application of modelling and simulation in logistics simple models based on 
mathematical equations were used. These models generated output as numerical values. Later, generators 
of random variables were applied in simulation experiments and enabled to bring simulation and modelling 
closer to reality. Nowadays, the simulation tools are highly sophisticated and offer many possibilities 
applicable to a wide range of problems. The output can be depicted as charts, 2D or 3D animations. 

Currently, the following key areas of logistics can be identified for the use of computer modelling and 
simulation: 
• analysis of production lines focusing on their location, throughput, identification of critical points, 

determination of maximum production capacities based on chosen parameters, 
• analysis of work shifts, utilization of individual workers and optimization of work, 
• analysis of production logistics focused on material transport, determination of collision points of 

transport systems, utilization of manipulation devices, 
• production processes (project phase, production), 
• identification of unproductive activities, 
• checking of collisions in production lines, 
• validation of time schedules, 
• optimization of assembly and material flows, 
• solving transport problems. 

It can be seen from the above mentioned, that computer simulation has an important  role within logistics. 
Apart from the classic simulation software also software packages based on PLM are gaining popularity. 
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3. COMPUTER SIMULATION IN PLM SOFTWARE 

„The PLM systems are managing a product life cycle.It is their main function, however they are playing 
another very important role as well: the PLM systems are responsible also for an integration of individual 
components of the company's information system into the one functioning unit.“ [3]. 

 
Fig. 2 Basic scheme of the PLM [2] 

One of the typical software representatives from the PLM category is a tool set of the Tecnomatix product 
series from the Siemens PLM Software company. 

 

Fig. 3 Example of logistic system simulation using the Plant Simulation software [5] 

The Tecnomatix software is specified for processes of projection, simulation and optimisation. It is a wide-
range package of tools covering the most-wide spectrum of the market requirements. This software is 
developing steadily and dynamically. Its position is emphasized by a fact that in the framework of the 16 
worldwide largest automotive factories the Tecnomatix is applied in 14 of them. 
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Excellency of the Siemens PLM Software consists also in a range of its users. The PLM Software solutions 
are tailored for a “one-man” company, as well as for the greatest worldwide producers. These solutions are 
stratified according to the extent and client's requirements [3]. 

One of the most efficient tools from the Tecnomatix product series is the Plant Simulation (Fig. 3), which is 
able to create the simulation models of logistic systems and in this way to analyse transitivity of production 
lines, cycle period, production tact and so on. [4]. 

Another representative of the PLM tools, which is suitable for application of computer simulation in the 
logistic area, is the Autodesk Factory Design Suite. It is a software tool from the Autodesk company 
production, which is able to propose and to simulate individual production processes, as well as to analyse 
various case studies. It offers also answers to the questions „What if?“ according to the simulation results. 

 

Fig. 4 Example of simulation model using the software product Autodesk Factory Design Suite 2014 [6] 

5. CONCLUSION 

The PLM simulation software products offer a wide range of application possibilities in the field of logistics. 
They are able to realize simulation experiments that are supporting decision processes and analyses 
performed at various hierarchic levels as well as in the framework of various phases of the individual 
projects. However, it is necessary to take into consideration an important fact that the simulation tool 
possibilities are influenced and determined by available information and experiences of users. 

Simulation software, which is specified for the field of logistics, has to be created as a wide spectral product 
in order it could be able to cover a complex extension of problems. Another very important condition of the 
simulation software application is visualisation and presentation of results. The newest versions of the 
simulation software products offer in their common user's menu a possibility of the 2D-animation of the 
simulated tasks and the best products enable also the 3D-animation of the simulated processes. 
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Creation process of the simulation model is time demanding, especially in the logistic area. From this reason 
it is necessary to develop universal algorithms for solving and simulation of the various partial tasks and in 
this way to make speed up application of the computer aided simulation. The process of proposal and 
solution of the real tasks can be made easier, simplified and accelerated. The presented algorithms can be 
supplemented with other partial calculations and analysis in order to establish a base of supporting 
information sources. The supplementary sub-models are connected continuously wit the global supporting 
skeleton of the basic simulation model. 

Taking into consideration the above-mentioned facts it is possible to say that the computer simulation has a 
huge potential for a future development of the logistics. Importance of the computer simulation will rise up 
together with the next development of the computer technology and it will be customized according to the 
real processes. 
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Abstract 

Analyzed in the article supply system of LPG to fuel station is a specific example of vendor managed 
inventory replenishment concept. In presented case we are dealing with a single supplier of LPG using a 
network of refinery throughout the Polish, many customers and one transportation company which is 
responsible for ensuring full accessibility for all supported LPG stations. The carrier is responsible for the 
entire LPG supply planning process (volume as well as time of deliveries), informing the provider of planned 
and completed deliveries, and any problems arising during execution. 

In the first part of the article LPG supply process is presented. In the second part the decision support 
system which has been developed for the analyzed company is presented. The third section contains a brief 
presentation of an interactive computer system (DSS implementation) developed and implemented in the 
reporting enterprise. The work ends with an indication of the benefits of using a system approach to planning 
and determination of the directions for further research), and type of solution searched for 

Keywords: Supply, LPG deliveries, optimization 

1. INTRODUCTION 

Fuel distribution market contains a strong concentration of businesses. In most European countries a limited 
number of fuel station networks with a total market share of over 90% exists. Deliveries to petrol stations  

are carried out by external transport companies or own fleet on behalf of the central office and are based on 
the consumption at the individual stations. This organization of distribution enables the implementation of 
advanced distribution planning methods, such as vendor managed inventory - in short VMI. In this approach, 
the supplier assumes the responsibility for determining of delivery dates and gains the ability to group 
deliveries to locations in short distances. In the case of a petrol station network the supplier role is taken by 
the central office. Due to consolidation in time of deliveries to closer located petrol stations the network gains 
an additional tool to reduce transport costs.  

Distribution of petroleum products from fuel bases and distribution centers to the end customers is handled 
in two steps. In the first step LPG is delivered to petrol stations in special fuel tanks. The second step is 
individual LPG collection by the end customers directly from the fuel station. Due to the high price of LPG 
which can be observed today, companies now compete strongly with other market participants and seek for 
opportunities to reduce costs in all possible areas. Such an area is transport of LPG to petrol stations. 
Important for effectiveness in this area is the appropriate planning of delivery routes from warehouse and 
distribution centers to petrol stations.  

In operations research, the problems of simultaneous determination of delivery dates and quantities as well 
as routes are known as inventory routing problems (IRPs). Apart from the two components, these problems 
also include numerous further assumptions, which make the entire IRP problem group so distinct. Among the 
criteria used to classify IRP problems, the most commonly used include: length of the planning horizon, 
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inclusion/exclusion of storage cost, a customer’s demand (variable or constant in time, expressed 
deterministically or stochastically), and type of solution searched for. 

2. CHARACTERISITCS OF POLISH LPG MARKET 

LPG (Liquefied Petroleum Gas) is a flammable mixture of hydrocarbon gases (propane and butane). It is 
used as a very popular energy source i.e. as a motor fuel or in heating appliances. Many governments 
impose less tax on autogas then on petrol or fuel-oil which helps offset the greater consumption of LPG as 
alternative option for classical motor fuels. In Poland the 2012 average-annual price of gas amounted to  
48.7 % of the price of EU95. In absolute terms customers choosing autogas could witness a difference to 
PLN 2.93 per 1 liter. The sales of LPG in Poland totaled 2 180 thousand tons in 2012 and Polish producers 
have delivered a total of 358 000 tons of this gas, which covered only 16.4 % of the national demand. In 
spite of growing domestic output the Polish market is very depending upon imports - mainly from Russia, 
Kazakhstan, Belarus and Lithuania [6]. 

The most important segment of Poland’s global consumption of LPG is autogas which effectively totaled 
1 600 000 tons with its share of above 73 %. The total number of LPG vehicle refueling stations came to 
5 600. It is estimated that in 2012 a total of 138 000 new gas systems were installed in vehicles (net) so the 
global number of LPG-propelled motor vehicles in Poland amounted to 2 615 000 as at 31st December 2012. 
Sale of autogas from refueling stations has become a durable element of fuel station owners. Large fuel 
companies which have been restructuring their station networks have virtually completed the process and 
complemented the stations’ equipment by adding an LPG module. A similar trend has been observed for 
self-reliant stations as well [6]. 

The Polish LPG market has more than twenty years of history behind it now. Deliveries of LPG to the gas 
stations and individual consumers are performed by bulk vehicles which are loaded on the depots (gas 
plants) usually located nearby transshipment terminals which are supplied through the eastern borders of 
Poland with the use of railroad tank cars. LPG must be stored in a gas plant in very large pressure vessels of 
cylindrical shape manufactured according to special code in order to reach a fire-resistance rating. The 
railroad tank cars are usually unloaded to the storage vessels which are filled up to 85 % of capacity due to 
the safety regulations. They impose special infrastructure and special safety equipment (safety valves, gas 
detectors, safety sensors) and very strict procedures. Rom the operational point of view, LPG transport 
companies have to take into consideration different opening hours of depots (not all of them are 24/7), 
difficult access roads and trucks queues at the entrance (sometimes several hours of waiting time). Some of 
LPG terminals apply monitory note system per each loading but in case of lack of product or in case of sales 
fluctuations (which are very common) the planning is perturbed and none notification is respected. 

3.  LPG DELIVERIES TO FUEL-STATION 

There are legal obligations of ADR concerning drivers’ requirements and vehicles’ requirements. All drivers 
have to respect strict AETR regulations concerning driving and resting time and labor code. Moreover the 
drivers should respect the customers’ specific safety regulations and the terminal safety procedures. The 
driver has a legal obligation of respecting the QHSE (Quality, Health, safety and Environment) procedures - 
one of them is interdiction of using mobile phone during driving and during any loading/unloading operation. 
This is one of elements which makes communication with drivers quite difficult. 

At the early beginning of any loading operation there is a strict obligation of grounding of the vehicle, placing 
the wedges under wheels and marking the place of loading. Drivers have to use special protective uniform, 
protective hand gloves and protective helmet with glasses. During loading process driver has to supervise 
whole filling process of the bulk and sometimes has to fulfill specific terminal procedures - i.e. accurate LPG 
density measurement after loading with thermodensimeter (which can take extra time up to 40 minutes). 
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There are different types of bulk trucks used for LPG distribution. Most common are the big 20 tons 
semitrailers which can contain around 36 000 L of mixture of hydrocarbon gases (propane and butane). The 
proportion of the mixture is different are usually varies depending the year period. There are also 6 ton rigids, 
10 ton rigids and rigids with drawbar trailers as well as tank containers on the platforms. Using of smaller 
vehicles can be the only way of LPG delivering to places with restricted access and difficult access (narrow 
roads, individual customers, mountain deliveries, city centers). 

Once the bulk truck is loaded on the depot, the driver can start his distribution trip. The information of trip 
plan can be transmitted to the driver in a different method: by cell-phone, by sms, on the paper (shipment 
plan) or via mobile device (interactive communication platform). The first method is paradoxically most 
convenient but due to cell-phone restrictions on the LPG terminals and during driving as well as due to 
possible misunderstandings it is not the best way to communicate. SMS allows to avoid misunderstandings 
but cell-phone restrictions still apply. Moreover typing whole daily trip is not possible (too long) and operating 
variety of separate pieces can provoke further errors. The shipment plan on the paper seems to be the most 
reliable but there are obvious difficulties to deliver it to the drivers which do operate in different depots - the 
LPG terminals are spread all over the country and fax machines are not always available. From the other 
hand - modern distribution requires efficient 2-way communication which is nearly impossible in this case. 
The mobile devices linked to the interactive platforms are the most efficient communication tools but 
purchasing costs of these solutions are relatively important and very few operators can afford them. 

4.  PLANNING OF LPG DELIVERIES 

There are different methods of LPG ordering within different autogas distribution systems. Traditionally 
customers place their orders calling directly call centre, sometimes there are weekly or monthly schedules for 
systematic deliveries, some gas tankers are equipped with automatic telemetry system that allows to check 
the LPG level on-line and sometimes historical data about consumption and past deliveries. In practice 
domestic LPG distributors apply a combination of all above mentioned methods. For a specific LPG 
distributor there are even two separate telemetry systems operating on different IT platforms which is an 
additional complication of the process. One of them is relatively old so frequent errors and equipment failures 
do not allow to get the right information about autogas level and historical consumption.  

There is an important factor of autogas distribution: usually autogas stations are equipped with relatively 
small storage vessels face to daily sales volume. Specific conditions related to LPG distribution are different 
to those of traditional fuels. Usually the capacity of storage tanks for Diesel or EU95 allow to keep the stock 
for several days which has an obvious impact on the product distribution. 

The above mentioned particularity provokes strange customers’ behavior. They sometimes use to place the 
order via call center and only just upon arrival the driver learns the customer refuses completely or partially 
the delivery without any justification. For some cases the actual reason of refusal could be lack of cash for 
autogas payment (quite common form of payment for the product is still cash upon delivery). 
Representatives of analyzed transport company (planners) are obliged to verify payment status before the 
delivery. The payment method varies quite often and there is limited access to the last payment agreements. 
For all these issues a perfect communication between planners and drivers is a key factor.  

Communication is relevant for all the process. Unfortunately final customers try to shorten traditional 
communication scheme and try to contact directly drivers or planners avoiding contact with call center. This 
happens especially in periods of LPG market shortage or before traditional peaks of sales (long weekends, 
bank holidays, special events). Customers, local representatives, regional managers try to get direct 
information from the planner or the driver which causes dramatic information chaos and unnecessary time 
consumption. At the same time the large fuel company recruit supplementary staff to the call center which 
actually only worsen the situation as they are not experienced and well trained yet. They only multiply the 
number of ineffective phone calls (crowd of persons “learning” at the same time). 
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Some other key elements with significant impact on autogas distribution for the analyzed petrol company are 
listed below:  
• terminal operations (bulk truck loadings) have strong impact on LPG distribution and prior to real 

planning process planners have obligation to send monitory notes to the depots without even having 
an idea of today’s orders ;  

• lack of information concerning periodical technical checks of autogas stations (both beginning and the 
end of check); 

• missing elements of delivery information concerning the final customers; 
• more and more stations prefer to avoid deliveries upon night hours (even if they are open 24/7); 
• rush orders (orders send late afternoon or „A-day for A-day”); 
• All the above mentioned issues specific to LPG distribution require reliable system approach in order 

to minimize errors, minimize costs and allow providing customer satisfaction.  

Presented planning problem differs from most petrol station replenishment problem (PSRP) because of the 
absence of compartments which can only hold one product. In LPG case the flow meters is presented which 
means that the content of a compartment can be split between stations. In this sense the PSRP class is 
more complicated but, the limit of given visits per trip leads to a simplification.  

Literature review results in conclusion that there is only limited number of research considered LPG as well 
as petrol distribution problem. Brown and Graves [3] have considered the planning of single-customer trips in 
the presence of time windows. In the next paper Brown et al [2] have developed a computerized, interactive 
dispatch system for a PSRP. The system combines human solutions with heuristics to assist real-time 
decision making. Lastly Malepart et al [5] have proposed a number of simple heuristics rules to handle a 
general petrol distribution problem with multiple delivery trips. Van der Bruggen et al [7] solve a PSRP 
heuristically within a redesigning the distribution network of an oil company in the Netherlands. While Avella 
et al [1] deal with PSRP with assumption that truck compartments are either empty or full. Finally, Cornillier 
et al [4] have proposed an exact algorithm for the petrol station replenishment problem without above 
mentioned constraint. 

5.  DATA INTEGRATION - IMPLEMENTATION OF PLANER’S PULPIT  

The analyzed transportation company plans and carries out LPG deliveries from 19 refineries to petrol 
stations throughout the country. In addition to standard methods of order fulfillment in the analyzed case the 
80 % of deliveries are carried out in accordance with the vendor managed inventory replenishment (VMI) 
concept. On the basis of information on the level of LPG on petrol stations planners determine the volume as 
well as date of deliveries. The main issue for VMI concept is a complex planning process and responsibility 
in case of the lack of LPG.  

The company has a number of systems supporting the planning process. The most important provide 
planners with LPG level at petrol stations (TELEMETRY), then the system to ensure the communication with 
drivers (SETH), and the set of xls files for orders and order’s schedules. Unfortunately, due to the fact that 
these system are not integrated with each others planners during work spent time on manual transfer of data 
between systems. In addition planners during creating a plan are not able to determine automatically the 
exact length of the route. Finally, planners must take into account the information sent by the principal on the 
availability of LPG in the refineries. The information flow diagram is presented in Fig 1. 
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Fig. 1 Flow of information in past planning system 

The main problem in the presented planning system is the need to manually re-entered data between 
systems. Implementation of an excessive number of systems has led to the increase number of task which 
are not related to the process of creating routes. Firstly, the manual transfer data between systems 
increases the risk of errors. The second, most important problem is the inability to determine the KPI in the 
planning stage. All indicators determining the efficiency of distribution process can be calculated only after 
the execution of each route. In this case, there is difficult to identify factors that reduce the effectiveness of 
distribution process (planning as well as execution). Managers are not able to control plans and indicate the 
persons responsible for mistakes appearing (especially resulting in a lack of LPG on petrol stations). 

 

Fig. 2 Flow of information in current planning system 

The main element of the new system (Fig. 2) there is an additional application referred to as PLANER’S 
DESKTOP that provides automated integration of individual systems. In addition it allows to easily build 
routes and to determine KPI needed by the managers. PLANNER’S DEKSTOP also helped to integrate data 
on the volume and the actual time of delivery with the plans being developed by the planners (arrow linking 
SETH and PLANNER'S DESKTOP, not present in the previous solution). Now before the routes are 
executed the set of given KPI are calculated and have to be approved. Important for further studies is that all 
data (the plans as well as execution) are stored in the database system and can be used in the future to 
optimize delivery routes with the use of advanced algorithms. Fig 3 shows the main view of PLANNER'S 
DESKTOP. 
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Fig. 3 PLANER’S DESKTOP 

6. CONCLUSIONS  

In the paper the planning system of LPG deliveries was presented. In first part of the article LPG market in 
Poland as well as LPG supply process was presented. In the second part new version of planning systems 
for the analyzed company was proposed. The briefly described planning system is currently being 
implemented in the analyzed company. Hence, it is difficult to clearly determine the. Certainly control over 
the process of the plan creation was increased, risk of errors resulting from manual data entry was reduced. 
Full implementation of the system will allow move to the next step where the possibility of automating supply 
routes generated using optimization algorithms will be considered. 
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Abstract 

This paper presents the use of fuzzy sets to product classification in warehouse. Traditional methods do not 
provide appropriate results and improper placement of products contributes to the worsening of the efficiency 
of the warehouse. This problem is particularly important in the case of large warehouses with high products 
turnover. In this paper the classification of the products is based on their natural characteristics such as 
weight, stability demand and the frequency of product pickup from the rack. The presented method uses the 
results of the ABC and XYZ analysis, which were re-analyzed using fuzzy sets, i.e., the analysis of ABC-
Fuzzy Classification. In the paper’s summary has been done a comparison of three chosen classification 
methods, i.e., only the ABC analysis, ABC analysis in combination with XYZ analysis and analysis using 
fuzzy sets (ABC-FC),. The comparison was made on the basis of products pickup statistics and times of 
picking products. The matrix which characterizes times of access to products has been determined. 
To calculate the total travel time to the products, a special indicator was defined. Comparison of product 
placement was a result of these methods application. It allows to mark their effectiveness. 

Keywords: Multi-classification of products, fuzzy sets, comparison of product classification methods,  
  ABC-FC 

1. INTRODUCTION 

This article raises the problem of the impact of product layout in the warehouse for order picking process. 
ABC and XYZ analysis are used to provide the appropriate location of the commodities. Classic ABC 
analysis focuses on the amount of product sold or the pickup [1], [2]. XYZ analysis reflects the correctness of 
forecasts - the difference between the goods in stocks and goods used. These analyses can be performed in 
both human and computer systems, for example systems like WMS, ERP [11]. Although both analyses are 
often discussed in the literature as the classic forms they are not sufficiently effective [3], [4], [5], [7], [8]. 
Therefore this methods have to be developed and implemented on the base of interconnected multiple 
criteria. As a result of conducted researches new techniques and approaches occur [6], [9], [10]. 
By establishing contacts with enterprises and warehouses it was found that for some of them - for the 
process of picking products - natural characteristics of products such as weight and stability are extremely 
important [5]. This could force reloading of products on picking cart which increases total time of the picking 
process. Thus the classification weight criteria can be crucial. The article presents a multi-criteria analysis to 
classify products according to demand stability, weight and frequency of pickup of the product from a single 
rack. 

2. RESEARCH METHODOLOGY 

We used following methods for classification of several sets of data. This section presents a methodology for 
one of them.  
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2.1 Product classification 

The analysis is based on data of 10 907 
orders and 200 products. There were 114 
026 items of products for all orders picking 
lists. In the first part of the research we 
used classic ABC method for classification 
of products, using the stability of demand 
as a criterion. Identified stability of demand 
is based on the amplitude of the sold 
products quantity. The greater the value of 
the amplitude of the demand, the greater 
variation. As a result of ABC analysis the 
products were classified according to their 
stability in demand (the higher stability in 
demand, the closer to the picking and 
packaging area). 

Then the products were reclassified by the 
same method, but this time the product’s 
weight was used as a criterion. It was 
determined by an eight-point scale, in 
which the total weight was calculated for 
each type of product flowing through the 
warehouse. This solution allowed to place 
the heaviest items as far as possible from packing area. 

The next step was setting up the membership function (Fig. 1). Variable Y defines ABC class referring the 
stability of demand, X1 ABC class according to weight, and X2 specifies the number of pickup of the product. 
It is defined as picking all product of the same type on picking list - (if there are several items of the same 
category situated on the same rack, it is defined as a one pickup). 

The statement of frequency classes for both analyses ABC - Y and X1 was prepared for the analyzed data. 
(Table 1). Then, it has been processed into relative form (Table 2). 

Table 1 The occurrence frequency of classes Y and X1 

Y 
X1 

2 1 0 Σ 

2 100 27 23 150 

1 18 5 3 26 

0 17 3 4 24 

Table 2 The relative frequency of classes Y and X1  

Y 

X1 
2 1 0 

2 0.67 0.18 0.15 

1 0.69 0.19 0.12 

0 0.71 0.13 0.17 

Fig. 1 The membership function 
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Based on the presented data Table 2 determined the membership function: 

           (1) 

           (2) 

           (3) 

The mean value and standard deviation have been calculated for a frequency pickup (X2) products (Table 3). 

Table 3 Mean and standard deviation of products frequency pickup X2 

Y Mean Standard deviation 
2 566.96 24.09 

1 574.6 25.05 

0 579.17 24.42 

Based on the data presented in Table 3 and the membership function (Fig. 1) thresholds and cut values 
were calculated: 

          (4) 

          (5) 

           (6) 

          (7) 

          (8) 

           (9) 

It enables to determine the value of membership function: 

        (10) 

       (11) 
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        (12) 

2.2 Placement of products 

Based on the membership function a new classification of products was made. Due to the restricted volume 
of the article the data was not included. 

Product layout was based on the classical structure of the magazine (storage row, which is often used [4]) 
and time required to move around the stock (Table 4). Based on ABC-FC analyses, products of the highest 
class (most important) were placed as close as it was possible to packing area. 

If the product class was the same, the products were arranged according to their weight to reduce the 
possibility of reloading of products on picking cart.  

Table 4 The data used to calculate time of product picking from the packaging zone 

Feature Value 
number of rows in the warehouse [item] 20 

length of the rack [m] 1.4 

width of the rack [m] 0.9 

width of the corridor [m] 2.5 

traveling time of one meter straight line [s] 1.2 

time required for traveling around corner [s] 2.0 

Fig. 2 Layout of products in warehouse as a result of the ABC-FC analysis  
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Products of the same type are not grouped together - placed on the adjacent rack - if the time of reach them 
from the packaging area (coordinates 0, 0) is shorter for another row and rack. Layout of products is shown 
in Fig. 2. 

2.3 The effectiveness evaluation of the proposed method 

In order to verify the effectiveness of the used products classification methods (presented approach), the 
mathematic formula was determined. It defines the total duration of the picking of goods, assuming product 
picking time as a time of arrival and return to packaging area by the employee. 
The total time of picking all warehouse released products by each type is defined by the formula: 

     (13) 

where: 
tc(x,y) - total time, x - coordinate specifies the column, y - coordinate specifies the row, 
Qp - number of picking, 
Dwr - width of the rack, 
Dir - length of the rack, 
dcr - width of the corridor, 
tip - traveling time in a one meter straight line, 
ta - time required for traveling around corner, 
ci(x) - number of corridors running across the store, 
cw(y) - number of corridors running along the store. 

The total time of product picking has been calculated for products layout according to ABC analysis with 
criterion of demand stability, XYZ analysis using weight criterion, and ABC-FC analysis which joins results 
from both of them with pickup frequency. The results of that three variants are presented in Table 5. 

Table 5 Time of picking product for whole research period and different products layout 

 Distribution of products based on the classification method 
ABC (strong demant) XYZ (weight) ABC-FC 

Time to nearest product 
[min] 

268769.38 257669.31 256114.56 

Time to farthest product 
[min] 270583.14 259544.20 257905.13 

3. RESULTS 

As a result of analyses according to presented method, the products division into classes was given 
(Table 6). ABC-FC analyses significantly reduced amount of “0” class and the total time of access to product 
was also reduced. 

Table 6 Amount of products by classification method and class 

 ABC (strong demand) XYZ (weight) ABC-FC 
Class 2 135 150 154 

Class 1 35 26 42 

Class 0 30 24 4 

In addition to analyses of presented data, the simulation was also performed, based on another data set, but 
similar parameter. Comparison of total time of access proved that presented method reduces access time to 
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product by 4.68 % - 5.61 % in reference to classic ABC analysis.  The access time comparison is shown on 
Fig 3. 

 
Fig. 3 Comparison of time of access to all products for presented data 

4. CONCLUSION 

The method of products layout is crucial because of the time of access to products. If that time is longer and 
product pickup frequency is greater, the warehouse is working less efficiently. Thus a lot of researches are 
conduced to optimize layout of products, we managed to present original methods of product classification. It 
includes classic ABC analysis and fuzzy logic sets. This approach helps to increase effectiveness pickup 
process by 4.68 % - 5.61 % for 200 products and 10 907 orders. Total for all orders on pickup list contains 
114 026 products. 

Further research predicts finding correlation between products features, creating membership function by 
few criterion and expansion of the artificial neural networks. 
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Abstract 

The aim of this article is to compare possibilities of modeling the disruption profile of the logistics system 
using the models of dependability The differences between vulnerability and dependability definitions are 
discussed. General aspects of logistic system vulnerability understanding are presented and some problems 
with vulnerability assessment are underlined. Possibilities of vulnerability profile modeling are shown using 
several model known from reliability and maintainability theory. Specially, the problem of time relations 
occurred in logistic systems performance processes is discussed. The concept of "better-than-new" model is 
described and its possible future application range is mentioned. 

Keywords: Vulnerability, dependability, model, system, logistics 

1. INTRODUCTION 

From the beginning of 21st century, logistic system risk management became a subject of many research 
activities in the field of supply chain development. The high regard that firms and researchers are paying to 
that topic is probably caused by the intensity of catastrophes that seem to have increased on a global scale 
[1]. To the most publicized disruptions belong [2]: the terrorist attacks on the World Trade Center on 
September 11, 2001, the SARS epidemic in South-East Asia in 2003, the natural disaster of Hurricane 
Katrina in 2005 and Fukushima nuclear power plant disaster in 2011. 

Thus, the need to adapt the operation of logistics systems in such an uncertain and volatile environment has 
caused the need to formulate new characteristics, like vulnerability and resilience. This process of adding 
more requirements for the operation of technical systems to meet the needs of its users is shown 
schematically in Fig. 1. 

 

Fig. 1 Schema of development of technical system capacity requirements 

The figure shows how within last fifty years the performance requirements of technical objects were 
supplemented with: customer expectations (quality), abilities to prevent the loss of the object properties in 
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operation time (reliability and maintainability), the effects of undesirable events and protection against them 
(safety and security) and the ability to restore performance (resilience). 

Analysis of methods for vulnerability assessment shows that they do not take into account the well 
established achievements associated with modeling, testing and evaluation of the reliability, maintainability 
and availability of technical facilities and systems. Therefore the aim of this article is to compare possibilities 
of modeling the disruption profile of the logistics system [3] using the models of dependability. 

2. CONCEPT OF VULNERABILITY 

The concept of vulnerability is old (18th century) [4]. It derives from the Latin word which expresses the 
character of what can be wounded, exposed.  

A preliminary work [4] has collected thirty-seven definitions of “vulnerability” from different sources and 
scientific areas. There is not one single definition but several definitions of the vulnerability, depending on the 
discipline of study, and of the culture of the authors. The definitions can be sorted according to three 
principal dimensions: the dimension of susceptibility, the dimension of consequences and a dimension 
including the two previous ones. The term “vulnerability” has been introduced as a response to the hazard-
centric perception of disasters in the 1970s, that revealed being too limited to understand risks [5]: a hazard 
of low intensity could have severe consequences, while a hazard of high intensity could have negligible 
consequences.  

The level of vulnerability was making the difference. To date, there is no consensus definition of vulnerability. 
Researchers from various fields bring their own conceptual models which often address similar problems and 
processes using different language [5]. A global system property focused on three elements [6] :  
• degree of loss and damage due to the impact of a hazard,  
• degree of exposure to the hazards; susceptibility of an element at the risk of suffering loss and 

damages, 
• degree of resilience; the ability of a system to anticipate, cope with, absorb, resist and recover from 

the impact of a hazard or disaster.  

 
Fig. 2 Supply chain vulnerability and disruption [7] 
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Supply chain vulnerability has been characterized a couple of times [8]. The examples are as follows:  
• “An exposure to serious disturbance” - [9]; 
• “The propensity of risk sources and risk drivers to outweigh risk mitigating strategies, thus causing 

adverse supply chain consequences” - [10]; 
• “Supply chain vulnerability is a function of certain supply chain characteristics and that the loss a firm 

incurs is a result of its supply chain vulnerability to a given supply chain disruption” - [7]. 

Fig. 2 shows the possible relationship between supply chain disruption and supply chain vulnerability [7]. 
The defeat in understanding the potential vulnerabilities can compromise the logistic system ability to handle 
the logistic process disruptions.  

The vulnerability assessment of supply chains might be performed aside from the standard and known 
methods of probability and statistics also by different methods. For complex supply chains it is suitable to 
use for example diagram models or to set so called supply chain vulnerability index (SCVI). Some 
possibilities of applying it, and the algorithm for setting SCVI might be found in [7]. 

3. DEPENDABILITY MODELS APPLICATION 

Any significant disruption will have a typical profile in terms of its effect on company performance. The 
performance is measured by sales, production level, profits, customer service or another relevant metric [3]. 

 
Fig. 3 The disruption profile [3] 

The nature of the disruption and the dynamics of the system response can be characterized by the following 
eight phases (Fig. 3) [11]: 

1. Preparation. In some cases, a company can foresee and prepare for disruption, minimizing its effects. 
In other cases there is little or no warning. 

2. The Disruptive Event. The tornado hits, the bomb explodes, a supplier goes out of business or the 
union begins a wildcat strike. 

3. First Response. Whether there’s a physical disruption, a job action or an information technology 
disruption, first response is aimed at controlling the situation, saving or protecting lives, shutting down 
affected systems and preventing further damage. 

4. Initial Impact. The full impact of some disruptions is felt immediately. Other disruptions can take time to 
affect a company, depending on factors such as the magnitude of the disruption, the available 
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redundancy, and the inherent resilience of the organization and its supply chain. During the time 
between the disruptive event and the full impact, performance usually starts to deteriorate. 

5. Full Impact. Whether immediate or delayed, once the full impact hits, performance often drops 
precipitously. 

6. Recovery Preparations. Preparations for recovery typically start in parallel with the first response and 
sometimes even prior to the disruption, if it has been anticipated. They involve qualifying other 
suppliers and redirecting suppliers’  

7. Recovery. To get back to normal operations levels, many companies make up for lost production by 
running at higher-than-normal utilization, using overtime as well as suppliers’ and customers’ 
resources. 

8. Long-Term Impact. It typically takes time to recover from disruptions, but if customer relationships are 
damaged, the impact can be especially long-lasting and difficult to recover from. 

Treating the supply chain disruptions as unexpected events occurrence, they can be described as having 
uncertainty in logistic process realization [12]. Uncertainty in the process is connected with definition of 
perfect operation of logistic system and may be described by 7R formula: Right product, Right quantity, Right 
quality, Right place, Right time, Right customer, Right price. Thus, different aspects are taken into 
consideration, such as [12]: 
• time (in the sense of duration of activity/process, starting/ending moment of activity realization, 

frequency of activity/demand occurrence), 
• quantity (of supply, demand or physical transfer of goods), 
• location/place (where activity starts/ends), 
• quality ( of service/products), 
• cost (fluctuation, occurrence). 

These aspects give us a definition of logistic system failure [13] and it is possible to model that situation by 
basic reliability model of unrepairable element - Fig. 4a. If it is able to remove the damage and the 
performance of a devise are at the same level as before the failure - the dependability good-as-new model is 
well known (Fig. 4b). Also, dependability models for worst-than-new maintenance are accessible in the 
literature - Fig. 4c.  

Separate issue is modelling of the 1st phase - preparation. Certainly, not every disruption occurrence leads to 
logistic system failure appearance. The critical factor which determines the logistic system failures is time 
[12]. In a situation, when disruption (connected with e.g. improper delivery quality/quantity, improper location) 
occurs, there is a necessity to find out if we have enough time to correct the problem. When the spare time 
let us to remove the disruption - logistic system is not defined as failed. Thus, time redundant system has the 
ability to tolerate interruptions in their basic function for a specific period of time without having the negative 
impact on the system task performance. Typically, the time redundant systems have a defined time resource 
that is larger than the time needed to perform the system total task. Time redundancy is to take additional 
time to complete the task (in relation to the time necessary for its execution), which can be used to restore 
the state of the system or improve its technical characteristics. This means that the system with time 
resource tolerate faults with a short (usually specified) duration - Fig. 4d.  

Previous models are related to two-state object. Some model of multi-state system are also known; the most 
general solution - Fig. 4e.  

The disruption process is very often compared to the human disease process [14]. By analogy we can 
formulate a model in which the performance of the facility after recovery / repair will be better than before the 
illness / the failure. Thanks to disease the resistance to threats is improved [15] - Fig. 4f. 
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Fig.4a Reliability model - unrepairable element Fig. 4b Dependability good-as-new model 

  

Fig. 4c Dependability worst-than-new model Fig. 4d Dependability delay time model 

  

Fig. 4e Dependability multi-state model Fig. 4f Dependability better-than-new model 

4. CONCLUSIONS 

The analysis shows possibilities of disruption process modelling for real logistic system. More detailed 
statistical analysis of the problem is very limited by lack of certain information. Often, the data are regarded 
as private or secret and results of analysis are impossible to be published.  

Disruption can be divided into three categories to facilitate estimating their likelihood [11]: natural disasters, 
accidents (faults, failures), intentional attacks and the methods of estimating their likelihood are different.  
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Natural disasters are relatively frequent, thus statistical models can be used to estimate the likelihood of their 
likelihood and their magnitude. 

Accidents belong to low-probability / high-impact events - statistical models can be used to estimate the 
likelihood of their likelihood but often there is lack of certain information, accidents involve human factors, 
large number of small incidents may foreshadow more significant accidents. 

Intentional disruptions follow a different logic - they constitute adaptable threats in which the perpetrators 
seek both to ensure the success of atack and to maximize the damage, consequently, „hardening” one 
potential target against a given mode of attack may increase the likelihood that another target will be 
attacked or there will be another type of attack, such attacks are likely to take place at the worst time and in 
the worst place; when the organization is most unprepared and vulnerable. 

The likelihood of intentional threats is more difficult to assess because of these attacks adapt to defensive 
measures. Despite of it (or because of it) further conceptual and research works on logistics process 
vulnerability modelling are to be carried on. 
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Abstract 

This paper presents the calculation model to plan the quickest route of picking up commodities in stock. 
Applied optimization procedure takes into account the characteristics of products such as susceptibility to 
collapse or stability. The above parameters need to be considered during the route planning in each case 
when the change in order of products arrangement is required on the picking cart. In fact there are situations 
when heavy products cause severe damages to the relatively small or light products previously loaded. The 
presented method determines the fastest route, taking into account the need to reload or change the order of 
picking products in visited points. To established the optimal route, the travelling salesman model has been 
used. The model has been modified by a system of time penalties for visiting points in a different order than 
that required byproduct class. It refers to parameters such as weight and packaging, but can also be used to 
describe the stability of the products. The concept has been analyzed in terms of the effectiveness of the 
results. Therefore, all feasible variants of the route have been checked, taking into account time penalties for 
transshipment of goods (if they occur) on a picking cart, emerging optimal solution. Then, it has been 
compared in terms of accuracy and computation time with the result obtained by applying our proposed 
method. 
Keywords: Warehouse management, picking paths optimization, travelling salesman problem, linear  
                     programming 

1. INTRODUCTION 

This article raises the question of determining the optimal path of picking products in stock, taking into 
account characteristics of the products. A classic problem can be solved by the one of traveling salesman 
method but in case of requirement of goods transshipment on picking cart the task becomes much more 
complex [4], [5]. Such transshipment of the goods takes place in the case of the diversity of weight between 
the products - when the heavier product may damage lighter product lying under it. Although the problem of 
considering the characteristics of products can be solved by changing the position of products in stock as a 
result of classification [1], [6], [9], [7], [8] the problem including  the weight class of the products is still 
underestimated [2],[3]. However, in publications it is difficult to find a solution of routing problem respecting 
product’s weight. This paper presents a method for determining the optimal order of visited points based on 
Travelling Salesman model but respecting necessity of product’s reloading on picking cart. Hence a system 
of time penalties for product’s reloading has been established. The method was used for real picking lists 
data from medium warehouse (2 500 m2). In order to verify the effectiveness, the received solution was 
compared with the best result obtained on the basis of the calculation of total time for all possible variants 
(permutation). Such analysis was made only up to 12 picking points because he larger size of problem turns 
out to be too complicated to calculate in a satisfactory time. The presented method gives a suboptimal result 
however in less time and thus may be used in the industry. 
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2. RESEARCH METHODOLOGY 

2.1 Description of the method  

Presented method is an example of iterative procedure, in which each step is being improved until required 
level, defined by heuristically determined stopping condition. First the maximal possible penalty is calculated 
for reloading products on picking cart in current order.  

 

 - maximal possible penalty for reloading 

 - number of points which have to be visited during picking process 

- support variables 

-product quantity of each type 

-time of reloading [s] 

Then the optimal sequence of visiting points is calculated according to minimization total travel time without 
respecting product’s weight class. The calculations were performed based on Travelling Salesman model 
presented below [10]. For optimization process Matlab and CPLEX software have been used. 
Objective function: 

 
Decision variable: 

 

Constraints: 

 

 

          (6) 

 C                 (7) 

 
n - number of points which have to be visited during picking process 
tij - matrix of travel times between points 
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Zi - auxiliary variable describing the sequence of each visited point 

Function (2) minimizes total travel time between points. Constraints (4), (5) force that each point has to be 
visited only once, (6) is a sub tour elimination constraint. Constraint (7) ensures that Zi variable has to be 

integer. Constraint (8) forces that  has to be binary. On the basis of that results, the stopping condition is 

calculated (9). It is adopted heuristically based on simulation of different data sets form warehouse.  

          (9) 

 - is maximal possible penalty value for reloading products in current picking process 

 - optimal value of objective function (2) for current picking process without respecting weight 
characteristics of products 

Detailed description of the procedure shows Fig. 1. 

ij

Max penalty 

For actual solution the penalty for 
reloading products is calculated: 

i

Complete solution in i iteration:
i i i

T matrix updating 

Stopping condition of procedure:

Process of routes optimization 
according to total travel time 

minimization:

Re -optimisation

i 

F_total, X
 

Fig. 1 Schema of algorithm solving picking path optimization problem including weight class of products 
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For each actual solution is defined the matrix of weight conflicts between visiting points. It describes routes 
for which the change in order of products on picking cart will be required. The first encountered conflict on 
route (I,j), causes updating T matrix on (I,j) arch by infinity value. In the next iteration this route will not be 
included in a new solution. In addition to that, for actual sequence of visited points the penalty for reloading is 
calculated. It is determined by the location of the conflict(the product is heavier, lighter) and depends on the 
quantity of product’s type - one second penalty for each piece. If there is a conflict, all products of a lower 
than the one currently placed on the cart class need to be reloaded to maintain the correct order of the 
classes.( the highest on the bottom of the picking cart to the lowest at the top) The total picking time in actual 
iteration is equal (10): 

           (10) 

- optimal value of objective function (2) in actual iteration, after updating T matrix from previous 
iteration 

- penalty value for reloading in actual solution 

The re -optimization process will be performed until reaching the stopping condition. 

2.2 Numerical Example 

For the presented examples the following assumptions have been adopted: 

• the first point which is the starting point of the zone corresponds to the location of picked product 
(packaging area - coordinates 0,0), 

• the products of the same type can be placed on several rack (up to eight), as the location of the 
product we adopted is always the closest place relative to the current position of the picking cart, 

• products of each type cover all surface of one level of picking cart 

• reloading time of one piece of product takes one second 

• the products are assigned to classes corresponding to their weight; classes range from 1 to 10 where 
class 10 refers to the heaviest products, 

• the moving time between the racks is based on the parameters : 

• number of rows of rack in stock: 20 pieces. 

• number of racks in a row : 43 pieces 

• length of a single rack : 1.4 m, 

• single rack width of 0.9 m, 

• corridor width: 2.5 m, 

• travelling time of one meter in a straight line: 1.2 s, 

• travelling time of a corner: 2s 

Described method was tested for data set from real warehouse. Below we present example of input data and 
results for four picking process come from different orders (Table 1, Table 2) 
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Table 1 Example of input data 
Six picking points 

Picking point number 1 2 3 4 5 6       
Product ID  [N]  0 49 146 176 172 85       

Quantity [Q] 0 3 10 6 10 5       
Product'sclass [KL] 0 10 7 5 7 9       

Eight picking points 
Picking point number 1 2 3 4 5 6 7 8     
Product ID  [N]  0 71 152 30 76 38 20 150     

Quantity [Q] 0 9 9 5 10 4 6 5     
Product'sclass [KL] 0 3 4 6 10 4 6 5     

Ten picking points 
Picking point number 1 2 3 4 5 6 7 8 9 10   
Product ID  [N]  0 88 5 155 44 163 122 194 66 152   

Quantity [Q] 0 3 2 5 9 4 4 7 10 9   
Product'sclass [KL] 0 9 6 9 1 7 5 4 2 4   

Twelve picking points 
Point number  1 2 3 4 5 6 7 8 9 10 11 12 

Product ID  [N]  0 125 69 59 63 163 28 26 168 88 57 131 

Quantity [Q] 0 5 6 2 7 3 2 10 7 9 5 3 
Product'sclass [KL] 0 1 10 7 6 7 4 9 1 3 9 5 

Table 2 The results of calculation 

Review of all feasible solutions Proposed method 
Number of 

picking 
point 

Minimal time of picking 
process [s] 

Maximal time 
of picking 

process [s]  
Optimal time of picking 
process based  on our 

method [s] 

Time of 
calculations 

[s] 
6 207,32 393,92 207,32 0,135 
8 264,16 634,88 301,44 0,223 
10 363,4 943,4 385,84 0,207 
12 383,04 985,64 399,12 4,968 

In order to evaluate effectiveness and accuracy of proposed approach, results were compared with minimal 
and maximal values during review of all feasible variant for each data set. The effects show that for each 
order, received solution is very close to global minimum,  with little computation time (Fig. 2). 
The calculations were performed on processor: Xeon (R) CPU E5 - 2620, 2 GHz with 8 GB of memory. 
The optimal sequences of visited points according to this method shows Table 3. 

Table 3 Optimal solutions according to proposed concept 

Number of 
picking points Optimal sequence of visited points 

6 1 - 6 - 2 - 3 - 5 - 4 - 1  
8 1 - 6 - 7 - 3 - 8 - 4 - 2 - 5 - 1  
10 1 - 2 - 9 - 7 - 4 - 5 - 6 - 8 - 10 - 3 - 1    
12 1 - 11 - 3 - 4 - 5 - 8 - 6 - 12 - 2 - 9 - 10 - 7 - 1   
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Fig. 2 The solution quality of proposed method 

CONCLUSION 

Given the computational capability of modern computers, it is clear that the problem described is too 
complex to obtain the best possible solution within a reasonable time, especially when the size of problem is 
large. The results obtained by the use of this approach, show that in each data set the solution is very close 
to global optimum. The presented concept allows to find a sub-optimal solution in a very short time (4.968 
seconds for 12 points). What is more the increasing problem size does not cause rapid growth of computing 
time. Thus presented in this work approach for picking path optimization problem can be successfully used in 
industry. Further work will include the problem extension for the additional product characteristics and 
application of artificial neural network to improve the quality of results. 
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Abstract 

In this paper we investigate a two stage supply chain with stochastic lead times. We assume that lead times 
and demands are forecasted by a members of supply chain to calculate the replenishment value. We 
present a method to calculate the replenishment value based on forecast of lead times with iid structure and 
demands with AR(1) structure. The bullwhip effect in this system has been observed. We discussed the 
impact of lead time forecasting on the bullwhip effect. We quantifying the bullwhip effect based on simulation. 

Keywords: Simulation of the bullwhip effect, stochastic lead time, replenishment value 

1. LITERATURE REVIEW 

The bullwhip effect has been intensively studied since 1958, when J. Forrester first described the demand 
amplification in supply chains. This phenomenon was observed in many supply chains. Chen et al. [2] 
identified five main causes of bullwhip effect: demand forecasting, supply shortages, lead times, batch 
ordering and price variations. Several researchers studied impact of forecasting methods on bullwhip effect 
(only demand forecasting). They investigated the impact of different forecasting methods such as simple 
moving average, exponential smoothing, and minimum-mean-squared-error forecasts on the bullwhip effect 
in a simple two-stage supply chain with one supplier and one retailer (see: [3], [10]). The impact of lead time 
on the bullwhip effect has been studied in [2], [3], [7], [8]. These authors investigated only the impact of a 
deterministic lead time on the bullwhip effect. Some researches study impact of stochastic lead times on the 
bullwhip effect in supply chains. Chatfield et. al [1] analyzed the bullwhip effects in a k-stage supply chain 
with stochastic lead times through a simulation study. Kim et al. [6] measured the impact of stochastic lead 
times on the bullwhip effects with and without information sharing for a k-stage supply chain. Duc et. al [4] 
improve measure of the bullwhip effect in a simple two stage supply chain with stochastic lead time with iid, 
AR(1) and ARMA(1,1) demand structure and minimum-mean-squared-error forecasting method.  

2. IMPACT OF FORECASTING OF LEAD TIME  

As in Michna and Nielsen [9] in this article we consider impact of lead time forecasting on the bullwhip effect. 
We assume that the supply chain consists of one retailer and one supplier. The retailer observes the 
demands tD  (during a period t) from customers and lead times tL  from his supplier. We assume that lead 

times and demands are both random variables, that is the demands have the form: 
 

 ttt DD ερδ ++= −1                                                                                                                              (1) 

where: δ  is fixed number, ρ  is the autocorrelation coefficient and tε  is an iid sequence of random variables 

describing a demand error. Moreover it is known that: 
ρ

δµ
−

=
1D , 2

2

1
)(

ρ
εσ

−
= t

D
Var

. The sequence tL  is a 

sequence of iid random variables with the finite expected value Lµ  and finite variance 2
Lσ . The retailer 
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calculates his replenishment value based on a lead time demand forecast. The lead time demand we can 
define as demands during the next period of a lead time: 

 
∑

−

=
+=

1

0

tL

i
itt DLTD                                                                                                                                   (2) 

where 11,...,, −++ tLttt DDD  is the sequence of demands and tL  is the next lead time at the beginning of the 

time t . The retailer must forecast lead time demand based on known demands from customers and known 
lead times from his supplier. We assume that the retailer uses moving average as the forecasting method. 
Then the prediction of demands and the prediction of lead times have the  following forms (see Michna and 
Nielsen [9]): 
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The lead time demand prediction can be calculated as follows (see Michna and Nielsen [9]): 

 ttt DLDTL ˆˆˆ ⋅= .                                                                                                                                   (4) 

The retailer applies the base stock policy (order-up-to level policy), which is the most frequently studied 
policy in the literature (see: [4]), then the expected inventory position at the time t  has the following form: 

 tttt zSDLPI +⋅= ˆˆˆ                                                                                                                                (5) 

where: )ˆ(2
ttt DDVarS −=  is the variance of forecast error for demand and z is the normal z-score that 

specifies the probability that demand is fulfilled by the on-hand inventory and it can be found based on a 
given service level (see: [7]). Now we can calculate the replenishment order as follows: 

 11
ˆˆ

−− +−= tttt DPIPIQ .                                                                                                                         (6) 

Our main task is to calculate the measure of the bullwhip effect performance and to analyze the impact of 
lead time forecasting on the bullwhip effect. The measure of the bullwhip effect is the quotient of the variance 
of order quantities experienced by the supplier to the actual variance of customer demands (demands 
experienced by the retailer): 

 )(
)(

DVar
QVarBE t= .                                                                                                                                  (7) 

This measure has been used in the bullwhip effect modeling (see e.g.: [2], [7]). From [9] the exact form of (7) 
is known only for the iid demand structure and the iid lead time structure (if the lead time demand forecasting 
is in the form (3) and (4)): 
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It can be seen from (8) that when the expected value of lead time Lµ  and variance of lead time increases, 
then the bullwhip effect increases too. 

3. SIMULATION OF THE BULLWHIP EFFECT  

In the previous section we introduced a simple supply chain with one retailer and one supplier under AR(1) 
structure of demands and iid structure of lead times and where the retailer uses the base stock policy. Now 
we calculate the bullwhip effect measure simulating the demands and lead times. In the next tables we 
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investigate the dependence of the bullwhip effect measure on the expected value of lead time Lµ  and 

variance of lead time 2
Lσ .  

Table 1 The measure of the bullwhip effect for: 12 =Lσ , 5.0=ρ , 30== sp  
 

 

 

 

 

Table 2 The measure of the bullwhip effect for: 32 =Lσ , 5.0=ρ , 30== sp  
 

 

 

 

 

Table 3 The measure of the bullwhip effect for: 32 =Lσ , 3=Lµ , 30=p , 5.0=ρ
 

 

 

 

 

 

 
As we see from the tables the bullwhip effect measure depends on the expected value and variance of lead 
times. The bullwhip effect measure increases when these parameters are growing up. This simulation 
confirms that the variability of stochastic lead times amplifies the bullwhip effect.  

Demand  
structure iid AR(1) 

2=Lµ  1.4722 2.0719 

3=Lµ  1.5880 2.2197 

4=Lµ  1.6712 2.3818 

Demand  
structure iid AR(1) 

2=Lµ  
3.1855 7.0502 

3=Lµ  
3.4235 7.1430 

4=Lµ  3.4523 8.1347 

Demand  
structure iid AR(1) 

10=s  1.4722 2.0719 

20=s  1.5880 2.2197 

30=s  1.6712 2.3818 
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4. CONCLUSION 

The simulation of lead times and demands in a two stage supply chain demonstrated the dependence of 
bullwhip effect on lead time forecasting. It was shown that the  measure of the bullwhip effect dependence 
on lead time forecasting. It follows from (8), where the ratio of variances depends on the parameters of lead 
time forecasting. The simulation has shown a similar kind of the dependence between the value of the 
bullwhip and lead time forecasting.  
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Abstract 

In the paper the problems of spare parts inventory management were introduced. The literature review was 
prepared and discussed. The numerical example of spare parts demand analysis was prepared based on 
the data from the automotive enterprise. Differences between spare parts and finished products inventories 
has been pointed and confirmed.  

Keywords: Demand analysis, inventory management, literature review, spare parts 

1. INTRODUCTION 

As a spare part, an item kept in case another item of the same type is lost, broken or worn out can be 
defined. Spare parts inventories functions are different from other manufacturing inventories ones. Spare 
parts are not intermediate or final products to be sold to a customer, so their role is neither smoothing out 
irregularities in production flow (like work-in-process inventories) nor protecting against fluctuations in 
demands, lead times or any other characteristics (like finished products inventories). The main function of 
spare parts inventories, however, is to assist a maintenance staff in keeping equipment in operating 
condition [Kennedy et al., 2002]. 

2. MAIN ISSUES OF MAINTENANCE INVENTORIES 

To completely understand a difference between maintenance inventories and WIP or finished products 
inventories few details need to be presented. 

As it was mentioned at the beginning, the main function of spare parts inventories is to enable keeping 
equipment in operating condition, so it is maintenance policy that dictates the need for spare parts 
inventories. There are two options to restore the functionality of a broken machine and it is to repair or to 
replace the mutilated part. The problem may be more difficult in systems, in which a failure or an accident 
may cause human health and life hazard. The most important decision in such systems is the choice of the 
amount of redundant equipment to design into a machine. If there are many redundant parts, the possibility 
of system breakdown is lower. In such systems, it may be possible to replace all non-working parts at a 
appropriate moment and to keep few units on hand for emergencies, but if there is little redundancy, there is 
a greater need for immediate reaction. 

Another crucial issue is connected with reliability information. The prediction of dependability characteristics 
is often complicated and generally expensive task, especially in the case of new equipment. Moreover, part 
failures are mainly dependent and this creates a problem, if the dependence relation is not known. System 
operating environmental factors such as dust, temperature, humidity, pollution, vibration, operators’ skill, etc. 
are very important in this context [Ghodrati and Kumar, 2005a]. 

The consequences of maintenance inventory stock-outs may be disastrous and financially remarkable 
because of possible idle machine time and lost production [Ghodrati and Kumar, 2005b]. In order to reduce 
the risk of such situation, demands for parts are sometimes met through cannibalism of other parts or units 
[Kennedy et al., 2002].  
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The last important issue to report is connected with obsolescence. The problem may pertain to machines as 
well as their spare parts, because it is difficult to determine how many units of a part for an obsolescent 
machine to stock, and it may be difficult to replace a part that no one still keeps in stock [Kennedy et al., 
2002]. 

3. LITERATURE REVIEW 

A literature referring to spare parts logistics may be divided into few general categories, such as 
maintenance and reliability issues, inventory control and management aspects [Huiskonen, 2001]. In this 
paper, a literature referring to spare parts inventory control aspects has been presented only. Such issues as 
multi-echelon problems, demand forecasting aspects and general management issues connected with 
obsolescence of spares has been pointed. 

Numerous researchers have contributed to the development of spare parts inventory systems. One of the 
earliest works in this area was Sherbrooke’s METRIC (multi-echelon technique for recoverable item control) 
model for repairable items [Sherbrooke, 1968]. The author considered the minimization of the total expected 
backorders at the depots in two-echelon spare parts inventory system, where item demand is compound 
Poisson with a mean value estimated by a Bayesian procedure. The researcher noted that, for high-cost and 
low-demand items the most appropriate inventory control policy is continuous review according to (s-l, S) 
rule. The generalization of Sherbrooke’s model was presented later by Muckstadt (1973). Presented the 
MOD-METRIC model allows for an inclusion of multi-indentures, i.e., hierarchical parts structures. Similar 
model, but for a single base was developed earlier by Sherbrooke (1971). Once again, C.C. Sherbrooke 
improved Muckstadt’s MOD-METRIC model in 1986 [Sherbrooke, 1986]. Presented VARI-METRIC model 
does not understate expected backorders and does not overstate the expected availability of repairable 
items as pre-existing models. To achieve such quality of the VARI-METRIC model, the Grave’s 
approximation had been used [Graves, 1985].Similar studies referring to multi-echelon aspects has been 
proposed by Muckstadt and Thomas (1980) and Hausman and Erkip (1994). Singh and Vrat (1984) also 
analyzed a multi-echelon repair-inventory system. The researchers developed a model for determining the 
location of a repair and storage facility, together with the allocation of serviceable spare parts to minimize the 
total expected system cost. 

These standard models were developed further. For example, Wang et al. (2000) analyzed a two-echelon 
system for repairable items with a central repair depot and multiple inventory stocking centres. The model 
extended former works by allowing depot replenishment lead times to be stocking-centre-dependent. Later 
on, Wong et al. (2005) tried to determine close-to-optimal stocking policies minimizing the total cost for 
inventory holding, lateral transhipments and emergency shipments subject to a target level for the average 
waiting times at all analyzed locations. Four heuristics were developed and evaluated in terms of their total 
costs and computation times. Based on computational experiments the greedy-type heuristic has been 
selected as the most appropriate one. In another study, time-varying operations to repair items with no-
indenture are considered [Lau et al., 2006]. The authors studied a multi-echelon repairable item inventory 
system under the phenomenon called passivation. An efficient approximation model to compute time-varying 
availability has been proposed and validated. In another work, Caggiano et al. (2009) considered inventory 
optimization in a multi-echelon system subject to time-based service level constrains. In the paper, a 
practical method for computing channel fill rates in a multi-item, multi-echelon service parts distribution 
system has been described and validated. Related studies can be found in pre-existing literature. For 
example, Caglar et al. (2004) examined a continuous review spare parts inventory system. A multi-item, two-
echelon spare parts inventory system in which the items are highly reliable and very expensive was 
analyzed. The authors developed two heuristic solutions for minimizing the total inventory costs. Numerical 
experiments proved the model’s efficiency for relatively large problem instances. Similar problem has been 
described earlier by Hopp et al. (1999). Schultz (2004) used pre-existing, closed-form approximation 
methods in order to demonstrate how the mean and variance values of machine repair or downtime affected 
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cycle times at a given workstation and downstream workstation. The author also presented a methodology 
for base stock parameters selection, while considering the trade-off between reduced cycle times and 
inventory investment.  

One of the most crucial issues of inventory management is demand forecasting. The papers mentioned 
before are mainly based on the assumption that the demand for spare parts changes according to certain 
statistic process - an excellent example of comparison 13 different forecasting techniques has been 
proposed by Ghobbar and Friend (2003). Nowadays, there has been a growing interest in non-conventional 
demand forecasting methods, which in better way allow for the inclusion of uncertainties and imperfect 
information [Kahraman et al., 2010]. Among such techniques, artificial neural networks (ANN), fuzzy logic 
and genetic algorithms can be mentioned [Lenort et al., 2010; Feliks et al., 2011; Karkula and Bukowski, 
2012; Samolejová et al. 2012]. However, solving the spare parts demand forecasting problems with the 
usage of those methods has not become a subject of study of many researches yet. One of the few 
researchers, who tried to apply artificial intelligence methods to spare parts demand forecasting were Li and 
Kuo (2008). The authors confirmed that, the conventional approaches, which do not consider the 
relationships between decision factors globally, cannot achieve the optimal performance. They developed an 
enhanced fuzzy neural network (EFNN) for forecasting of the spare parts demand. Related problem has 
been described later by Sharma and Garg (2012). In their forecasting model, ANN was used in two phases: 
first to determine the inventory policy and then to determine the parameters of the policy. 

At the end of this section it is necessary to draw attention to such, very often neglected aspect, as 
obsolescence of spare parts. None of previously mentioned researchers explicitly considered the costs of 
obsolete inventory. Cho and Parlar (1991) considered costs of obsolete spare parts as a part of the inventory 
holding costs. However, the obsolescence risk distribution were not considered in models they presented. An 
optimal algorithm to find the spare parts level that minimizes the total expected cost while satisfying a 
specified service rate has been developed later by Kim et al. (1996). 

4. NUMERICAL EXAMPLE OF SPARE PARTS DEMAND ANALYSIS 

Based on previously excerpt materials, it may be concluded that inventory optimization is critical in order to 
keep costs under control within the supply chain. It is important to focus on items that cost most to the 
enterprise. 

There are two commonly used methods for inventory categorization: ABC-analysis and XYZ-classification. In 
a regular ABC-classification, the set of products is divided into A, B and C classes due to their share in the 
total sales incomes (A-items are goods which annual consumption value is the highest and C-items are, on 
the contrary, items with the lowest one). In a XYZ-classification, on the other hand, the set of products is 
divided into X, Y and Z groups due to the value of the coefficient of variation of their utilization or due to their 
utilisation profile (X-items are goods which can be forecasted with high accuracy, whereas Z-items demand 
forecasting may be sometimes even impossible) [Flores and Whybark 1986; Krzyżaniak 2008; Gudehus and 
Kotzab 2012]. The question arises: is it that simple when spare parts demand is analyzed?  

Numerical example of spare parts demand analysis has been prepared based on the data from the 
automotive enterprise. The set of 497 automotive spare parts has been analyzed with the usage of ABC and 
XYZ methods. In Fig. 1a, the Lorenz curve of sales values of automotive spare parts in the analyzed 
enterprise was presented. It is noticeable, that there can be distinguished classes due to their share in the 
total sales incomes. In the example, the A-items are goods, which total share in the sales incomes is 74.42 
%, and B-items and C-items are those, which the share is respectively 21.09 % and 4.49 %. The group sizes 
has been selected based on fixed proportion 20% for group A, 30 % for group B and 50 % for group C. It is 
important to add, that ABC-analysis does not divide the set of items into important, less important and not 
important groups. If the analyzed products are spare parts, we can imagine that for example in group C, 
there can be some gasket, without which the engine cannot be installed. Therefore, there are not any really 
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profitable items, what was presented in Fig. 1b - the highest share in the total sales incomes has one of 
offered timing belts and it is equal only 3.52 %. 

The second used method is XYZ-analysis. As it was written at the beginning of this section, a XYZ-
classification is based on analysis of utilisation profile. The value of the coefficient of variation should not be 
more than  
25 % for group X and not more than 60 % for group Y [Niemczyk et al. 2011]. Based on this proportion, in 
the analyzed study, only 10 % of spare parts can be classified in X group, 50 % in Y group and 40 % in X 
group. 
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Fig. 1 Lorenz curve of sales values of automotive spare parts in the analyzed enterprise (a) and shares in 

the total incomes for every item (b) 

The combination of both mentioned methods leads to the creation of ABC/XYZ matrix. In AX group, highly 
profitable items with low volatility are classified, whereas in CZ category, there are items with high volatility 
and little share in total incomes. The number of items in every group in ABC/XYZ matrix in presented 
example was presented in Fig. 2.  

 

Fig. 2 Sizes of every group in ABC/XYZ matrix in presented example 

Each of the groups should be treated differently in forecasting and different inventory policies should be 
implemented. What is important to add, the enterprise has to threat with special care every item - especially 
those from group C, which are strongly correlated in many cases with highly profitable items from group A. 

5. CONCLUSION AND FUTURE WORKS 

The aim of this article was to present selected aspects of spare parts inventory management, because as It 
was emphasised many times there are significant differences between maintenance inventories and WIP or 
finished products inventories. Numerical example of spare parts demand analysis proved the difference.  

The most challenging activity connected with spare parts inventory management is spare parts demand 
forecasting. There are only few works, where authors used non-conventional demand forecasting methods. It 
is necessary to extend those researches. 
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Abstract 

Increasing maintenance costs of bus fleet create more significant problems than ever for transit companies. 
In many cases to reduce maintenance costs, transit companies abandon any preventive activities what leads 
to unexpected downtimes. Therefore, it is highly desirable to develop optimal maintenance policy which 
minimize downtimes and maintenance cost. This policy can be develop by data analysis. Nowadays, transit 
companies gather a lot of data about failures of their buses in which some useful knowledge can be found. 
This knowledge can tell us what are the relationships between failures and what kinds of activities are 
efficient. Conventional tools of data analysis are inefficient in extracting this kind of knowledge from large 
data sets especially when this data is incomplete, ambiguous and unstructured. Development of IT 
technologies and KDD (knowledge discovery in database) techniques provide a new possibilities in that 
area. This paper presents a conceptual framework of web-based Computerized Maintenance Managements 
System (CMMS) for bus fleet. The aim of the system is to properly gather data about failures which occur in 
city buses in different environment. Then, through the use of data mining tools, this data can be use to 
develop optimal maintenance policy. This system will have been developing in collaboration between several 
transit companies and one of the biggest bus manufacturer in Europe. 

Keywords: Transportation, Service Logistics, Fleet vehicle, Maintenance, Data Mining  

1. INTRODUCTION  

Increasing maintenance costs of bus fleet create more significant problems than ever for transit companies. 
In many cases to reduce maintenance costs transit companies abandon any preventive activities what leads 
to unexpected downtimes. Therefore, it is important to develop optimal maintenance policy which minimize 
downtimes and maintenance cost. To achieve that, it is necessary to know what are the characteristics of the 
failures, their consequences, relationships between them and also which maintenance activities are efficient. 
Nowadays, transit companies collect and storage great amount of data containing this kind of information. 
Despite conventional tools of data analysis are suitable for recognition of failure characteristics they have 
limited capacity to detect patterns and discover the existent knowledge in data, because they only use 
statistical methods [8]. To extract interesting knowledge from the database, DM (data mining) techniques can 
be used. It is called KDD (knowledge discovery in database) process. Usage of DM techniques requires 
purchasing expensive software as well as great analyst skills for extracting nontrivial knowledge from the 
data. For that reason DM is still rarely used by maintenance workers. Another reason is that the data 
collected by maintenance workers are incomplete, ambiguous and have unstructured form. This can make 
analysis very difficult or even leads to wrong conclusions.  

Therefore, it is a great need to develop user-friendly system which will be able to automatically develop 
suitable maintenance policy of bus fleet through the use of data mining tools. For that purpose great amount 
of data in the proper form has to be collected. This can be achieved by e-collaboration between several 
transit companies and one of the biggest bus manufacturer in Europe. This paper presents conceptual 
framework of Web-based CMMS system for bus fleet along with description of implemented DM tools and 
example results.  
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The second chapter of the article discusses basic assumptions of the  system, it’s architecture and 
functionality. Chapter three includes specification of Data Mining techniques and chapter four, in turn,  
possibilities of their usage for improved maintenance management. Chapter five describes experimental 
results of DM techniques application. The fifth chapter presents summation of work and guidelines for the 
further development of the system. 

2. ASSUMPTIONS AND FUNCTIONALITY OF WEB-BASED CMMS SYSTEM FOR BUS FLEET 

To implement the methodology, user-friendly CMMS system and database must be developed. This system 
will be programmed using the C++ programming language thanks to which the system will be able to be 
used online. This section does not provide an exhaustive description of CMMS system, but only basic 
assumptions and functionality.    

System concept is based on three basic assumptions:  
a) the system must provide efficient data exchange between the users,  
b) users  do not have any statistical or DM knowledge,  
c) the system must be automated as much as possible. 

   Fig.1 System Architecture                                              Fig. 2 Data sources 

To meet that assumptions special system architecture has been designed (Fig.1 System Architecture). 
According to that three fundamental modules can be distinguished: 

a) user module,  
b) virtual platform and database module,  
c) modeling module.  

User module ensures effective transfer of information about failures and maintenance activities to data base. 
It also ensures possibility of receiving feedback from the system in form of maintenance tips. For the purpose 
of data gathering on-line form has been developed. Using this form one can make precise report about 
occurred failures and maintenance activities. This form uses auto- validation tools and enables transfer of 
data in structured form. With this solution, data mining tools can work automatically, without any data 
cleaning or preparation, which in normal cases devotes up to 85 % of total analysis time [3] [8] [12]. User 
module also enables receiving maintenance tips from server. Those tips indicate basic service actions like 
parts replacing, control etc., which have to be done in case of specific buses. 
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Virtual platform and database module is a core of the system. This fundamental part will be the location for 
algorithms of automatic data processing and DM tools. The foundation for their work is a database. 
Database has many data sources. Some of them have been shown in figure 2 (Fig. 2 Data sources). 

The database consists of all necessary information about failures which have occurred and maintenance 
activities which have been done in collaborative companies. Maintenance costs, which determine costs of 
spare parts, labor costs, cost penalties due to downtime etc., also were added to the database. Database 
contains also information about users bus fleet (bus models, manufacturing year, present mileage, average 
daily mileage, ID numbers etc). Maintenance schedules, which contain information about preventive 
replacements, lubrication intervals, adjustments and other maintenance activities, are also stored in 
database. Database comprising also information about the structure of each bus model and the data related 
to the human resources regarding information about available workers and machinery. The great value for 
the project has experts knowledge which also will be added to the database. Inventory data and the data 
concerning the spare parts of each company also will be added.  

Last module is a system administrators module. Administrator is responsible for continuous and efficient 
operation of the system, taking care of its security and account management. Moreover, administrator 
supports DM process, through choosing optimal analysis parameters, discarding trivial results and 
implementing those, which are essential. 

3. IMPROVED MAINTENANCE MANAGEMENT THROUGH DATA MINING 

Knowledge discovery in databases (KDD) is the process of discovering useful, valid, novel knowledge from a 
collection of data. Data mining (DM) is a part of this process, concerning analyzing data from different 
perspectives and applying specific algorithms for extracting patterns. To ensure that useful knowledge is 
derived from data, the supplementary steps in the KDD must be undertook. They concern operations on data 
as preparation and selection, usage of prior knowledge and interpreting the results of DM. An notion of 
“interestingness” is usually taken as overall measure of pattern value, combining simplicity, usefulness, 
novelty, validity and understandability. Actually, knowledge in this situation is determined by the user’s 
choices of function and threshold.  The interestingness’ role is to threshold the huge number of patterns and 
distinguish only useful ones [4] [11]. 

We can divide data mining tasks into descriptive and predictive [1]. Predictive data mining can be used to 
forecast explicit values, based on patterns determined from known and reviewed results. Descriptive data 
mining describes a data set in a concise way and presents interesting characteristics of the data without 
having any predefined target. The main difference between descriptive and predictive tasks is that predictive 
ones require that data include a special variable of response. These tasks also may enable us to predict the 
value of a variable based on other existing information while descriptive tasks combine data in a certain way. 
The classification of predictive and descriptive data mining tasks may be as follows [9] [12]. 
Association rules - it is an implication of the form of (1): 

 

where,  and  are arbitrary subsets of elements from the  set and fulfill conditions ,  . 
Analysis of this rule is descriptive data mining task which includes determining patterns, or associations, 
between elements in data sets [3]. 

Cluster analysis - means grouping objects of similar kind into respective groups. It is a descriptive data 
mining task that bases on distinguishing objects that are more similar to each other than to those in other 
clusters and grouping them properly.  Variables are identified by which the best grouping is being realized. 
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Classification and Regression - identification of new templates with predefined objectives. These tasks are 
predictive and they require creating models to predict parget, or dependent variable from the set of explained 
or independent variables. The process of finding a function that allows the classification of data in one out of 
more classes is called classification. Classification tasks concern the situations when the target variable 
mainly has a small number of discrete values while with the regression tasks, target variable is continuous. 

4. EXAMPLE RESULTS 

Effective use of the KDD (Knowledge Discovery in Databases) process and DM (Data Mining) techniques 
allows to discover nontrivial information's about affinities between repairs or affinities between trouble reports 
and subsequent repairs. Such information may be used to planning the bus service. It is a new concept in 
maintenance, called Anticipatory Maintenance (AM) [2]. AM similarly to CBM (Condition-Based Maintenance) 
can predict the failures before their occurrence. The main difference between mentioned techniques is that 
CBM requires implementation of diagnostic systems, while AM is based on available data. That is why AM 
implementation is much cheaper than CM.  

4.1 Determining the relations between failures 
One of DM techniques are association rules. The research concerning the association rules were conducted 
due to Market Basket Analysis used e.g. in supermarkets to indicate the groups of products bought 
simultaneously - in one „basket”.  Such information may be used to distributing products on shelves and in 
consequence increasing the market’s income. In case of bus’ failure, association rules collect all data about 
the failures occurring simultaneously or subsequently in a given order and time [6].  
The importance of association rules is described with such variables as support, confidence and lift. The 
support defines probability of occurrence of a given failure. If in the set of 100 parts A, two were damaged, 
then the coefficient of support of the failure is equal 2 %. The confidence is the conditional probability of two 
failures occurring simultaneously. If in 20 % of all cases the failure of the part B occurred after the failure of 
the part A then the confidence coefficient will be equal 20 %. We can state that the probability of the failure 
of the part B increases 10 times due to the failure of the part A. In that case the lift coefficient will be  
equal 10.  

The association analyses are useful while conducting economical analysis. For example it may turn out that 
the nonessential(in terms of repair costs) failure leads to another expensive failures or downtimes [5] [7]. 
Apart from the money saving opportunities described above, there are many other applications of the 
association analyses. For example, unexpected affinity between two repairs might present an opportunity to 
improve repair procedures. 

Preliminary results of the association analysis for the door have been shown in the figure 3 (Fig. 3 The 
results of the association analysis for the door). By analysis of the figure, we can notice significant 
connection between the failures of the door hinge with a potentiometer and the bottom arm tip. In practice 
the bottom arm tip wears quickly because of the difficult operating conditions and as a consequence door 
operate with higher resistance and the door hinge with a potentiometer also wears quickly. It should be 
noticed that repairs of the latter are the most costly repairs in the analyzed bus. Such information is very 
useful while planning the servicing. However, some of them may be trivial. A good example is a relation 
between right and left bottom arm tip. These parts act independently so the downstream failure is impossible 
to happen. That is why before implementing the results of the analysis one should study carefully the 
association rules. 

4.2 Maintenance Feedback Analysis (MFA)  
To analyze efficiency of applied maintenance activities, clustering method and association rules can be used 
[10][11]. Condition of each bus can be described by indicators such as: 
− number of corrective activities, 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

328 

− number of preventive activities,  
− maintenance costs. 
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Fig. 3 The results of the association analysis for the door 

This indicators can be used to build a clustering model. By using the k-means algorithm, the data can be 
divided into 3 clusters. These clusters describe poor, moderate and good condition of buses. Next, using the 
Euclidean Distance, the distance between the centre of clusters and an ideal status can be calculated. Ideal 
status can be seen as a point at which minimum of corrective maintenance and cost, and maximum 
preventive maintenance simultaneously occur. As a result we obtain the conclusion that the larger distance 
from ideal status is, the worst conditions the records in the cluster have (Fig. 4 Clusters). 

To specify maintenance activities which lead to particulars clusters, associations rules can be used. For this 
purpose one should put the clusters as the targets and maintenance activities as the antecedents. Example 
results were showed on figure 5 (Fig. 5 Chart rules). From the figure we may see that the preventive 
replacements of the part no. 12 as well as inspections of the part no. 11 have a positive impact on the buses 
technical state. The parts no. 7 and 23 should be considered during the control planning because their 
failures are significantly influencing the buses technical state. 
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5. CONCLUSIONS 

In this article We discussed the problem of bus fleet maintenance and presented system, which can be used 
in appropriate maintenance decision-making process. Described system is developing with collaboration of 
several transit companies and one of the biggest bus manufacturer in Europe. The main purpose of this 
project is to minimize unexpected downtimes and to reduce costs of the bus fleet maintenance using DM 
tools. The article described the architecture of the system, its basics assumptions and its functionality. It also 
described DM tools and their importance for appropriate maintenance planning. Preliminary DM analysis 
results confirm the need for their implementation in the system. 

At the present time, users of the system are collecting data about maintenance activities performed on their 
buses. Only on the basis of these data we will be able to build DM models defining the characteristics of the 
bus failures. Based on these models, the simulation will be conducted, that will determine the effectiveness 
of the system being developed.  

ACKNOWLEDGEMENTS   
The authors would like to thank Solaris Bus & Coach Company for its funding of this research. 

REFERENCES 
[1] BELLAZZI R., ZUPAN B. Predictive data mining in clinical medicine: Current issues and guidelines, International 

journal of medical informatics, No.  77, p. 81-97, 2008. 

[2] KHIAT S. RAHAL S. A., BELBACHIR H. Clomaint: a New Data Mining Algorithm in Maintenance petroleum 
plants, 5 th International Conference: Sciences of Electronic, Technologies of Information and 
Telecommunications, Tunisia, March 22-26, 2009.   

[3] KLOSGEN W., ŻYTKOW M. Handbook of datamining and knowledge discovery, Oxford University Press, 2002. 
[4] MACGARRY K. A survey of interestingness measures knowledge discovery. Knowl Eng. Rev.,  

No. 20, p. 39-61, 2005. 

[5] MARZEC M, UHL T. Wykorzystanie metod eksploracji danych przy ustalaniu strategii  eksploatacji taboru 
autobusowego, Problemy Eksploatacji, No. 1, p. 45-58, 2013. 

[6] MARZEC M., UHL T. Using data mining tools to show correlations between failures occurring in city buses, 
Diagnostyka, No. 4(64), p. 3-9, 2012.  

[7] MARZEC M. Analiza dostępności obiektów mechatronicznych, Praca magisterska, Akademia Górniczo - 
Hutnicza, Kraków 2012. 

[8] MICHALSKY R.S., BRATKO I., MIROSLAV K. Machine Learning and Data Mining Methods and Applications. 
John Wiley & Sons, Inc, England, 1998.  

[9] MILOVIC B., MILOVIC M. Prediction and Decision Making in Health Care using Data Mining, International Journal 
of Public Health Science, No. 2, p. 69-78, 2012.  

[10] MOSADDAR D., MAQUEE A., SHOJAIE A.A. Clustering and association rules in analyzing the efficiency of 
maintenance system of an urban bus network, International Journal of System Assurance Engineering and 
Management, No. 3, p. 175-183, 2012.  

[11] MOSADDAR D., SHOJAIE A.B. A data mining model to identify inefficient maintenance activities, International 
Journal of System Assurance Engineering and Management, No. 4(2), p. 182-192, 2013.  

[12] WEISS G. M., DAVISON B. D. Data Mining. Handbook of Technology Management, H. Bidgoli (Ed.), John Wiley 
and Sons, 2010  



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

330 

BI-OBJECTIVE OPTIMIZATION OF TIMETABLING AND VEHICLE SCHEDULING IN PUBLIC 
TRANSPORTATION 

Michal WEISZER, Gabriel FEDORKO, Vieroslav MOLNÁR  

Logistics Institute of Industry and Transport, Technical University of Kosice, Kosice, Slovakia, EU? 
michal.weiszer@tuke.sk, Gabriel.fedorko@tuke.sk, vieroslav.molnar@tuke.sk 

Abstract 

This paper is presents an integration of timetabling and vehicle scheduling optimization stage of the 
transportation planning process with implementation of a hybrid evolutionary metaheuristics. The proposed 
algorithm is tested on real-world public transportation networks from Kosice and Copenhagen and minimizes 
the transfer time of the passengers in transfer node along with the costs needed to operate the vehicle 
schedule. Computational results show that proposed bi-objective optimization has advantages compared to 
traditional sequential approach and the original timetables. The Pareto front of solutions enables the decision 
maker to investigate various options and find a reasonable trade-off between conflicting objectives of the 
passengers and transportation provider. 

Keywords: evolutionary algorithm, optimization, public transport 

1. INTRODUCTION 

Timetabling and vehicle scheduling are a part of the public transportation planning process which usually 
consists of the following major parts: network design, timetabling, vehicle scheduling, crew scheduling and 
rostering. Individual planning stages have different objectives. The objective of the network design and 
timetabling is focused more on the passengers in order to maximize transport service quality. On the other 
hand, vehicle scheduling, crew scheduling and rostering are concerned with minimization of costs associated 
with providing this service. 

These planning stages are often optimized sequentially due to the complexity, usually in direction from the 
strategic level to the operational level. The stages are interconnected and the output of one stage is an input 
of the next stage. Recent advances in theory as well as in optimization algorithms and metaheuristics make 
integration of some planning stages possible. This integration leads to a multi-objective optimization problem 
which can simultaneously optimize the underlying sub-problems. 

This paper presents an integration of timetabling and vehicle scheduling in public transportation which has 
recently attracted the attention of researchers. However, previous research has addressed this problem only 
by considering the number of vehicles needed or by aggregating the conflicting objectives. This paper solves 
the problem as a bi-objective optimization problem by a hybrid algorithm. Such approach enables to explore 
the Pareto front and find a reasonable trade-off between conflicting objectives of the passengers and 
transportation provider. Rest of the paper is organized as follows: previous research is summarized in the 
next sub-section. Then, the vehicle scheduling and timetabling problems are formally described in Section 2. 
Thereafter, the solution method is presented and computational results for different real-world instances are 
compared to the traditional sequential approach. Finally, the last section presents the conclusions. 

1.1  Previous research 

An early approach to integration of timetabling and vehicle scheduling has considered only the number of 
vehicles needed in the objective function. Ceder [1] presents a model in which the departures of vehicles can 
be shifted within certain limit in order to decrease the number of vehicles needed. Chakroborty et al. [2] solve 
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a timetable synchronization problem at transfer node by a genetic algorithm. In this model, the number of 
departures and thus the number of vehicles are a decision variable. Bi-level algorithm based on tabu search 
proposed by Liu and Shen [3] minimizes the number of vehicles and maximizes simultaneous arrivals of 
vehicles at nodes.  

Results of recent research indicate the ability to solve large instances of combinatorial optimization 
problems. 

Heuvel et al. [4] propose an algorithm integrating periodic timetabling and vehicle scheduling for regional 
transportation. In the first step, a multi-depot vehicle scheduling problem is solved. The second step changes 
the departures by a simulated annealing local search and evaluates the effect on the vehicle schedules. A 
solution of a large instance with 49 lines and more than 1800 trips is reported in the paper. 

A single depot vehicle scheduling problem with a homogeneous fleet of vehicles is solved by Guihaire and 
Hao [5]. In their model, objective function aggregates the number and quality of transfers, number of vehicles 
and other parameter related to the quality of the timetable. The iterated local search metaheuristics is 
allowed to shift the departures in the initial timetable.  

In another paper, Guihaire and Hao [6] try to improve the number and quality of transfers without 
deteriorating the vehicle and crew schedules. A tabu search is used as a solution method. 

Petersen et al. [7] propose the multi-depot vehicle scheduling problem with the possibility of shifting 
departures of trips. Different components of the objective function i.e. weighted transfer time and vehicle 
scheduling costs are aggregated together by weights. The model is solved by a large neighbourhood search 
metaheuristics. 

2. DESCRIPTION OF THE INTEGRATED MODEL 

The integrated model for timetabling and vehicle scheduling in public transportation presented in this paper 
has two objective functions: 
3. f1: transfer time weighted by the number of transferring passengers, 
4. f2: vehicle schedule costs related to the number of vehicles used, waiting time, deadheading time. 

The first objective function corresponds to the timetabling problem for periodic timetables which is described 
as follows. Let the daily timetable on the line r be divided into several periods p from a set of periods Pr (for 
example morning peak or afternoon peak), each with a constant headway hr

p.  The aim is to find an offset of 
the first departure yr

p from the first stop of the line r in a period p. This offset can take values  
Yr

p={0,1,…, hr
p -1}. The complete timetable for the line r in the period p at the first stop can be obtained by 

adding multiples of the headway hr
p to the offset yr

p . 

At a transfer node m, there are nm
i,j,k,l passengers transferring from the i-th bus of line k to the j-th bus of line 

l. The departure of the line l at m can be obtained by adding the travel time to the departure of the line l from 
the first stop. 

The first objective is then the total transfer time weighted by the number of transferring passengers and 
summed across all transfer nodes which is to be minimized. 

The second objective is related to the vehicle scheduling problem (VSP) which is also known as the Multi-
depot vehicle scheduling problem (MDVSP) in the case of multiple depots or several types of vehicles or as 
the Single-depot vehicle scheduling problem (SDVSP) in the case of a single depot. The goal of the VSP in 
general is to find a set of feasible vehicle schedules which assign trips to vehicles such that: 
• every active trip (trip of vehicle carrying passengers) is assigned to exactly one vehicle, 
• each vehicle performs a feasible sequence of trips, 
• the overall cost of the schedules is minimized. 
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The costs of a vehicle schedule express the number of vehicles needed to carry out the trips set by the 
timetable, waiting time of the vehicles and deadheading movements between the trips. The waiting and 
deadheading time is converted to monetary units, and for each vehicle used a fixed cost penalty is applied.  

The vehicle scheduling part of the optimization problem described in this paper is solved as the SDVSP. The 
SDVSP is transformed to a linear assignment problem which is then solved by the algorithm of [8]. The 
single-depot vehicle-scheduling problem (SDVSP)[9] is defined as follows:  

Let N = {1, 2, …, n} be the set of active trips. Two trips are said to compatible if they can be carried out by 
the same vehicle. A trip or waiting time that is not used to transport passengers is called a deadheading trip. 
A set of arcs representing deadheading trips is E = {(i, j) | i < j, i,j compatible, i ∈ N, j ∈ N}. The vehicle 
scheduling network G = (V, A) has nodes V = (N ∪ {s, t}) where nodes s and t represent depot d and arcs A 
= E ∪ (s × N) ∪ (N × t). A path from s to t in this network represents a feasible schedule for one vehicle. 
Each arc has a cost cij associated with it which corresponds to travel and waiting time. To represent costs for 
using a vehicle, arcs (s, i) have a large fixed cost. A decision variable yij is equal to 1 if a vehicle covers trip j 
directly after trip i, otherwise is equal to 0.  The SDVSP can be formulated as follows: 

∑
∈Aji

ijij yc
),(

min                                                                                            (1) 

∑
∈

=
Ajij

ijy
),(:

1              Ni ∈∀ ,                                                                     (2) 

∑
∈

=
Ajii

ijy
),(:

1             Nj ∈∀ ,                                                                     (3) 

{ }1,0∈ijy              Aji ∈∀ ),( .                                                      (4) 

The constraints (2) and (3) ensure that each trip is assigned to exactly one predecessor and one successor. 

A list of the first departure offsets for individual periods and lines is used as a representation of a solution of 
the multi-objective optimization problem (see Fig. 1). From this list the complete timetables are constructed. 
Then, the transfer time is calculated. Finally, the vehicle schedules are determined by solving the 
mathematical model and evaluated from the timetables. 

 

Fig. 1 Solution represented as a list of the first departure offsets for individual periods and lines 

2.1  Solution method 

The search is performed by a Non-dominated Sorting Genetic Algorithm NSGA-II [10] combined with a local 
search procedure. Its structure is similar to the classic genetic algorithm. Main parts are depicted in Fig. 1. 
Firstly, initial population of random individuals is generated in Initialization. Every individual is evaluated in 
terms of objective functions. Fit individuals are selected for reproduction in Selection. Reproduction uses the 
crossover operator to create children from parent individuals. Next, children undergo a local search in order 
to further intensify the search. There are four local search procedures implemented in the algorithm and their 
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coordination is self-adaptive. For detailed description of the algorithm, see [11]. The population is updated 
with new individuals. Therefore, population iteratively evolves with each new generation. Finally, the 
generation counter is increased and this process is repeated until the termination condition is satisfied.  

 

Fig. 2 Scheme of the NSGA-II evolutionary algorithm combined with local search 

5. COMPUTATIONAL RESULTS 

The algorithm was tested on two real-life public transportation networks from Kosice and Copenhagen cities. 
The problem from Kosice consists of 6 lines and 664 trips during the day whereas the Copenhagen instance 
has 8 lines and 1400 trips during the day. The solutions and the respective Pareto fronts found by the 
proposed adaptive hybrid algorithm are presented on Fig. 3 for Kosice and Fig. 4 for Copenhagen. These 
solutions were compared with a solution obtained by a sequential approach which was performed as follows: 
1. The timetables were optimized in respect to the objective function f1 by a single-objective genetic 

algorithm. 
2. The solution from the Step 1 is an input for the SDVSP which gives an optimal solution in respect to 

the objective function f2. 

This approach reflects current practice in transportation planning. However, as expected, the sequential 
approach due to the single-objective nature could find only one extreme solution in the left upper part of the 
Pareto front (see Fig. 3 and 4). 
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Fig. 2 Solutions found by the proposed adaptive algorithm for Kosice compared with the original timetable 
and sequential approach optimization 

 

Fig. 3 Solutions found by the proposed adaptive algorithm for Copenhagen compared with the original 
timetable and sequential approach optimization 

The resulting Pareto fronts were compared to the original timetables from both cities. As it can be seen on 
Fig. 3 and 4, the algorithm could find solutions which have lower values of transfer time and simultaneously 
vehicle schedule costs. The savings are relatively big in both instances, however the original timetables can 
take into account also additional aspects such as crew scheduling which was not a part of the problem 
presented in this paper.  

3.  CONCLUSIONS  

This paper presented an integrated approach to bi-objective optimization of timetabling and vehicle 
scheduling in public transportation. The underlying optimization problems are connected together by a 
timetable which is represented by decision variables of the first departure offsets for individual periods and 
lines. A hybrid evolutionary metaheuristics is chosen as a solution method and tested on real-world 
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instances from Kosice and Copenhagen. Computational results obtained by the algorithm proved that this 
solution method can solve realistically sized instances. Comparison of the bi-objective optimization and the 
traditional sequential approach demonstrated the advantage of the proposed approach. The Pareto front of 
solutions enables the decision maker to investigate various options and find a reasonable trade-off between 
conflicting objectives of the passengers and transportation provider. Furthermore, the comparison of the 
found solutions and the original timetables showed a substantial potential for optimization. 
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Abstract  

Tourism supply chains are exposed to the interruptions coming from the environment to a greater extent due 
to the fact that rendering services takes place in real time. The response in tourism needs to be immediate. 
The author of the article formulates a hypothesis that partnership supports reactions in real time, which 
builds resilience. In elaboration of this idea, it might be suspected, that along with the increase in the degree 
of partnership the resilience of a supply chain is boosted, in particular of a tourism supply chain. 

Keywords: resilience, tourism supply chains, partnership  

INTRODUCTION  

In the last two decades tourism industry has evolved and through different types of investments it has been 
significantly modernised. A sudden growth in the number of entities rendering services for this industry has 
required a search for new ways of increasing the competitive advantage. Additionally, a turbulent 
environment with its unpredictable character hinders the operation on a highly competitive market with ever 
increasing customers’ demands. There has been a meaningful growth in the implementation of new 
information technologies and the development of new trade platforms such as eTourism. One of the 
suggested strategies for tourism companies in order to increase their competitiveness is an effective tourism 
supply chain management (TSCM). Tourism supply chains may be established as a collection of methods 
used for the effective management of tourism supply chain (TSC) operations in order to obtain a specific 
tourism objective, so that the needs of tourists of the target source market are satisfied and the business 
aims of different companies within TSC [1] are met. TSCM philosophy entails abandoning any research of 
the 2nd tier supplier relation and 1st tier supplier (the length of the relation) and requires focusing on 
coordination between the organisations in the whole supply chain. Resilience mainly concentrates on 
manufacturing supply chains [2], [3], [4], although the author believes that this concept may be applied to the 
sector of tourism services, where it is possible to discuss more and more frequently economic(tour operator 
collapse), social (strike) or natural (typhoons in Japan) dangers.  

Tourism products are often offered as value chains consisting of different services. It creates necessity to 
form special conditions for closer cooperation between partners, who jointly create new, extraordinary 
services, sometimes called chains of cooperation [3]. Building partnership with the ability to identify dangers 
is an important area of building resilience of tourism supply chains.  

1. TOURISM SUPPLY CHAINS 

In relevant literature, within the traditional approach, the supply chains are defined as voluntary forms of 
cooperation of organisations focused on integration and coordination of flows of information, products and 
financial means [5], [6]. As one may notice, none of the definitions of the supply chain stresses a service as 
the object of the transaction between a service provider and a service user. 
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According to the author, a supply chain in services (tourism, educational) constitutes a strategic concept 
involving cooperation of independent entities originating from various areas of business and social activity, 
often competing with one another, holding mutually complementary resources and having competence 
oriented on joint creation of  value for the customer and other stakeholders by means of integration and 
coordination of flows of information, products and people as well as mutual learning and development of 
service provider’s capability in order to work out an offer, deliver and render a service [7]. 

It is the author’s belief that one should more frequently analyse not only the flow of goods, information and 
cash, but primarily people. A tourism supply chain (TSC) is defined as a network of organisations engaged 
into various activities, starting from the delivery of different tourism product components/ services, such as 
flight and accommodation in distribution for tourism product sale in a particular destination and involves a 
wide range of participants both in private and public sector. 

In the literature, in traditional terms, supply chains are defined as voluntary forms of cooperation-oriented 
enterprise integration and coordination of the flow of information, products, and financial resources [5], [6]. 
As can be seen, none of the definitions of supply chain does not emphasize service as an object of 
transactions between the provider and the recipient. 

2. RESILIENCE OF THE SUPPLY CHAIN   

Resilience is a concept described in many sciences. In psychology resilience can account for the 
phenomenon of the positive adaptation of children and youth having been exposed to a great risk, adversity 
and /or trauma. The concept of resilience stresses the importance of protective factors and mechanisms in 
developmental age [8]. In sciences concerning the material sciences it refers to the capability of absorbing 
energy and maintaining stability [9]. Christopher M. and H. Peck [3] define resilience as the ability of the 
system to recover and to a possible transformation to a more desired level, than before the disruptions. With 
the concept of resilience is connected the capability on an organization to cope with difficult, unpredictable 
situations. Resilience is built over time enabling the survival of an organisation or a network in the face of 
adversities, in order to further improve its own capability [10]. Considering the definitions given above, one 
may assume that resilience has a double nature, both the adaptation capability resulting from observed and 
previously established principles and the capability to search for new possibilities, which will enable 
organizations and networks to maintain the competitive advantage. 

The research on the effectiveness of supply chains concentrate excessively on cost and efficiency [3], [9], 
which seems to be too narrow a perspective on the operation of organisations cooperating with one another 
in such unpredictable times. 

Dynamically developing tourism market determines the necessity to search for a new approach to the 
research on the nature of cooperation of entities rendering services or delivering products. The research on 
supply chain in tourism sector focuses on the analysis of distribution channels, not on the whole chain [13] 
(cf. Pearce at all). 

 It seems that the concept of supply chain could be adapted for tourism, where operate many small entities 
offering services of various types, often with different aims. Those services comprise a common tourism 
product for a particular region. Additionally, it is worth noticing that a tourism supply chain refers to a specific 
region, a place where customers’ needs meet with the offer of all companies rendering services in the area1. 
The biggest challenge in managing such a supply chain is the coordination of activities of all subjects 
delivering a product or a service. Health resorts can serve as an example, as the patients who come to 
improve their health and frequently take advantage of other services available in such a health resort. 
Relevant literature treats regions as products [12,14].  

The coordination of particular organisations in unpredictable situations will decide on the success of a 
tourism supply chain forming a set of particular services and products. A model facilitating the identification 
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of dangers might be the model of competitiveness of nations, which has been adapted and developed for 
logistic purposes by J. Witkowski in an interesting manner. He indicated a case, which directly influences the 
conditioning of factors of production as well as the strategies, structures and the competition of companies. 
Additionally, it affects the demand conditions and both connected and supporting sectors. The dangers can 
be classified due to the way of occurrence: 
• internal - sudden absence of a significant number of employees, strike 
• external - natural, social and economic 
The author believes that a positive adaptation of companies in unstable situations may take the form of a 
partnership, which had been established much earlier than the occurrence of a particular danger.  

3. PARTNERSHIP  

The main thought of a supply chain is a strategic partnership of entities comprising a common service. 
Strategic partnership in supply chain needs to be understood as a meaningful and long-term cooperation of 
its members based on the principles of trust, the share of risk and rewards, which consists in making 
investment and organisational endeavours in order to obtain different individual aims subordinated to 
common aims oriented on gaining a competitive advantage and creating values [6]. Not in every situation a 
strategic partnership is desired. The relevant literature analyses partnership from many perspectives and 
describes it in many dimensions. D. Lambert, M. A. Emmelhainz, J. T. Gardner [17] suggest potential 
partners to asses the strength of impact of internal and external reasons determining the scope of future 
cooperation. Other authors [16] describe partnership in two dimensions: continuity of cooperation and 
engagement in partnership. This model is applicable to partnership depending on the situation in the area of 
shopping. The author believes that to establish the degree of cooperation in tourism supply chains D. 
Lambeth and A. Knemeyer [15] presented an interesting proposal suggesting a recognition method of high-
potential relationship. They defined a group of factors driving and facilitating cooperation. Having awarded 
scores to particular factors, the entities may assess the degree of partnership. The model assumes that not 
all companies have predispositions to be a partner and that not all relations between stakeholders need to 
have the same characteristics. They have included in the driver factors (the maximum score 6) the asset/cost 
efficiency, customer service, marketing advantage, profit stability/growth. The factors facilitating partnership, 
with the maximum score 5, include: corporate compatibility, managerial philosophy and techniques, 
mutuality, symmetry and, with the maximum score 1, shared competitors, proximity, potential for exclusivity, 
prior experience, shared end users. With the help of suitable scores, each partner may identify which type of 
partnership is most desired for two given organisations. 

Table 1 Propensity-to Partner matrix 

  Companies’desire for partnership - measured by “driver points” 
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 8-11 12-15 16-24 

16-24   The most desired level of 
partnership III (each 
partner perceives the other 
as extension of itself)  

12-15 Level of partnership I limited 
integration  

The most desired level of 
partnership II (integration of 
activities of many divisions)  

8-11 Type of relation: arm’s-length    

Source: D.M. Lambert, A. M. Knemeyer, Partnerstwo w ramach łańcucha dostaw, [w:] Zarządzanie 
łańcuchem dostaw, Harvard Business Review, Wydawnictwo Helion, Gliwice 2006, s.19. 

Due to its interactive nature, resilience is not usually measured directly. One can assume on resilience 
pursuant to the measure of two separate dimensions: risk and positive adaptation [18], [19]. In general, risk 
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illustrates the type and intensity of danger for the existence of an organisation, and precisely to a supply 
chain, and positive adaptation refers to all behaviours and their manifestations, which give evidence of 
overcoming such difficulties. Establishing cooperation with other entities may be included to such 
behaviours. The dangers may have natural, social and economic characteristics. 

Table 2 Resilience of tourism supply chains with regard to the type of partnerships and dangers 

  Types of dangers 

  natural social economic 

Type of partnership 
(evidence of positive 
adaptation) 

3 x x x 

2 x x  

1 x   
Source: Author’s elaboration 

The assumptions presented in Table 1 are of hypothetical nature. The model needs to be verified if along 
with the increased partnership also grows the resilience of a tourism supply chain by the capability to act 
against the dangers classified by the author as: natural, social and economic. The author believes, that type I 
partnership with limited integration places the resilience of the chain at the lowest level. In case of natural 
dangers, the partners will independently attempt to achieve own aims providing the tourist with the things 
they have previously promised as far as it is reasonably possible. Along with the increase in the type of 
partnership also the resilience of a tourism supply chain increases. 

4. CASE STUDY - DISCUSSION  

The risk of losing a customer may be included in the economic dangers. A tool facilitating the management 
of tourism supply chain might be a creation of one card of many services. Such a card functions in many 
regions of Germany, i.a. in Salzburg. This card offers a free access to over 190 attractions in that region. Its 
validity is adjusted to the length of stay. The cost of the card is a one-off payment and it is definitely cheaper 
than to buy entry tickets to each attraction separately. The additional advantage is a map of the region with 
all attractions marked, such as: museums, theme parks, peculiarities of nature, trains, buses, lifts, castles 
and mansion houses, aqua parks, swimming pools, sport and recreational facilities and the town of Salzburg 
itself. It seems, that the formation of such a supply chain demands from its creators a high degree of 
partnership characterised by the engagement of the members in providing services within the card’s range. 
The author is of the opinion that this region will deal with the risk of losing a customer, as the supply chain 
may be described with the characteristics of resilient tourism supply chains (Table 3). 

Table 3 Characteristics of a resilient and non-resilient tourism supply chains  

resilient supply chain characteristics non-resilient tourism supply chain characteristics 

Awareness of creating a shared value for customers Lack of trust between partners  

Established and shared principles of conduct  Lack of shared aims  

Flexibility  Lack of information policy  

Good coordination Lack of new, additional, jointly-created  services 

Shared marketing programme Poor information technology  

Redundancy of resources No level of partnership exists, the entities operate 
pursuant to the principles of a fight 

Source: Author’s elaboration    
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5. CONCLUSION  

Increasingly, the relevant literature refers to resilience making an attempt to find the answer to the question 
what to do in unplanned, surprising situation. Resilience should not be identified with risk. In risk 
management the research gap concentrates on the assessment of probability of the occurrence of a 
condition which had previously occurred. Resilience is a dynamic category, it is possible to assess the 
probability of occurrence of a known virus in a human being, but one cannot asses their capability to fight 
with it or the method of the fight (resilience). Moreover, viruses already known mutate thus increasing the 
threat to the organism, which must be resilient to be able to recover. Aven [19] relates resilience to a system, 
which seems to be an interesting idea and might be adapted for tourism supply chains, which operate, as the 
one described hereinabove, in a particular region. It is possible to imagine that the resilience of such chains 
in economic and social terms is directly connected with partnership. Forming partnership must be based on a 
modern approach to human resources management. One cannot forget that highly educated and competent 
persons closely connect the centre of their professional and personal activity with the conditions and quality 
of life [21], which are prevalent in a region. It is worth remembering that it is a person who is predominantly 
responsible for the efficiency in coping with unanticipated situations.  
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Abstract 

This paper presents assessment of relation between economic development and transportation development 
in Poland. The analysis has been prepared on the basis of statistical data acquired by GUS (Central 
Statistical Office). In the first step author used the AHP method to the evaluation of transportation 
development in Polish voivodships. The AHP method allows the analysis by presenting a problem in the form 
of a hierarchical structure. The presented example pinpointed the main objective, criteria and variants. The 
author define a consistent family of criteria that allows to evaluate transportation development in Polish 
voivodeships. The most important criteria are: total public roads per 100km2 and operated railway lines per 
100km2. All voivodships are evaluated by criteria and finally ranked from the best to the worst. In the next 
step author has analyzed the correlation between economic development and transportation development in 
Polish voivodeships. 

Keywords: transportation, economic development, voivodeships, Analytic Hierarchy Process 

1. INTRODUCTION 

Membership within the European Union and the ability to use EU funds materially affect the level and 
development of Polish economy. Analyses of the level of economy development and spatial diversification 
may be an important tool used to create an effective regional policy. The objectives of these actions are e.g. 
to solve the problems connected with too big differences between the regions and to reach a more 
sustainable development. 

Although there are many studies on the regional development, the term of development itself still remains to 
be defined precisely. For instance, A.C. Nelson understands regional development as: "changes in regional 
productivity measured with the number of population, employment, income and the added value of 
production. Regional development covers also the social development which is understood as the level of 
health care, quality of environment and creativity"[1]. In turn, A. Klasik and F. Kuźnik define regional 
development as follows: "...a permanent growth of three elements: regions' economic potential, their 
competitive power and the level and quality of lives of their inhabitants"[2]. A similar definition is proposed by 
J. Szlachta [3] and M. Kozak et al [4].  

One point worth mentioning is the fact that during the last years, there was an increase of the interest in the 
regional competitiveness in general. This term may be understood as the ability to compete both within the 
context of fighting other regions for attracting investment capital, and creating favourable conditions for 
conducting economic activity for entities already operating within a given region [5].  

One of the key factors which make the economic growth and development of the entire country and 
particular regions more dynamic is a well-developed and efficient transport [6]. This means that a proper 
development of transport (e.g. adjustment of infrastructure and market offer by the operators) has a good 
influence on the functioning of particular areas of economy [7], and therefore on the efficiency of the entire 
national economy. It is hard to imagine an intensive economic growth, which creates workplaces and 
welfare, without an effective transport system enabling the flow of goods not only within the internal, but also 
the international market [8]. On the other hand, transport development directly depends on the development 
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of other areas of national economy which generate needs for transport services and, therefore, develop the 
transport itself.  We can then assume that there is a positive feedback between the transport and economy. 

Given the regional differences within transportation development in Poland, the aim of this article is to create 
a ranking of transportation development levels in particular voivodeships, and to determine which regions are 
more competitive in terms of transport and therefore may have chances for faster economic development. 

2. METHODS OF RESEARCH 

The source for the research was the data provided by the Central Statistical Office - GUS for 2010, published 
in the “Gross Domestic Products Regional Accounts” and "Transport - activity results in 2012" yearbook.  

Transportation development level in particular voivodeships was evaluated based on the AHP (Analytic 
Hierarchy Process) method. The AHP method is a multiple objective ranking procedure focused on the 
hierarchical analysis of the decision problem [9]. The method is based on the multiattribute utility theory [10] 
and allows to rank a finite set of variants A from the best to the worst. Through the definition of the overall 
objective, evaluation criteria, subcriteria and variants the method constructs the hierarchy of the decision 
problem.   

On each level of the hierarchy, based on the pair-wise comparisons of criteria, subcriteria and variants, the 
DM’s preferential information is defined in the form of relative weights wr [9]. Each weight represents the 
quantified strength of the compared element against another, on the standard “1 - to - 9” measurement 
scale, in which: 1 corresponds to the elements that are equally preferred; 3 and 5 denominate - weakly and 
strongly preferred element, respectively, while 7 and 9 represent strongly and  absolutely preferred element, 
respectively. The intermediate judgments like: 2, 4, 6, 8 can be also used. All weights have a compensatory 
character, i.e.: the value characterizing the less important element (1/2, 1/5, 1/9) is the inverse of the value 
characterizing the more important element in the compared pair (2, 5, 9).  

The algorithm of the AHP method focuses on finding a solution for a, so called, eigenvalue problem [9] on 
each level of the hierarchy. As a result a set of vectors containing normalized, absolute values of weights wa 
for criteria, subcriteria and variants is generated. The sum of the elements of the vector is 1 (100%). The 
absolute weights wa are aggregated by an additive utility function. The utility of each variant i - Ui is 
calculated as a sum of products of absolute weights wa on the path in the hierarchy tree (from the overall 
goal, through criteria and subcriteria) the variant is associated with. The utility Ui represents the contribution 
of variant i in reaching an overall goal and constitutes its aggregated evaluation that defines its position in 
the final ranking. The final result of the AHP method algorithm is the ranking of variants from the best to the 
worst based on the decreasing values of their overall evaluations.  

The important element of the AHP algorithm is the investigation of the consistency level of matrices of 
relative weights wr on each level of hierarchy. Through the calculation of a, so called, consistency index CI 
one can measure how consistent is the preferential information given by the DM. If the value of CI is close to 
0 the preferential information given by the DM is considered to be almost perfect. The acceptable level of CI 
is below 0.1. 

Based on the reports of several researchers [11, 12, 13, 14] one may draw the following conclusions 
concerning major strengths and weaknesses of the AHP method: 

• Strengths: 

• hierarchical representation of the considered decision problem, which gives clear, formal 
structure of the situation and is very useful for complex decision problems;  

• precise comparisons between criteria and between alternatives, which allows the DM to focus 
on each component of the decision problem separately; 
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• final hierarchy of variants includes their precise numerical evaluation, which results in ability to 
recognize the distance between them. 

• Weaknesses: 

• inconsistencies of the DM’s judgments based on the restriction of 1 to 9 scale, e.g. if A is 
considered to be as  5 times more important than B, and B is 5 times more important than C, 
then to be consistent A should be judged to be 25 times more important than C, which is not 
possible;  

• consistency index CI is often higher than 0.1 and the improvement of its value is ambiguous;   

• if the number of criteria / alternatives increases and the number of hierarchy levels is higher, 
the number of judgments generated by the DM is larger, which increases the labor intensity of 
the decision process and reduces the attractiveness of the method.  

3. RESULTS 

The decision problem (DP) considered in this paper is formulated as a multiple criteria ranking problem. It  
consists in evaluating and ranking a set of 16 Polish voivodeships (variants). The analysis was conducted for 
the year 2010.  

The surveyed sample consisted of 16 Polish voivodeships (variants from V1 to V16). The differences 
between Polish voivodeships concern e.g. the density of road and railway infrastructure and the quantity of 
goods and persons carried.  

The objective of the multiple criteria analysis of Polish voivodeships is to evaluate them from different 
perspectives. The multiple criteria evaluation of voivodeships is envisaged by the author of the paper as an 
extensive benchmarking analysis, resulting in the recognition of the most transportation development 
voivodeship characterized by the best transportation performance in the analyzed sample.   

The decision maker (DM) in the analyzed decision making process is represented by the government. The 
government is interested in verifying the level of development and differentiation of transport in particular 
voivodeships, as it wants to be able to create effective regional policy.  

The proposed criteria, which evaluate transportation activity of the studied Polish voivodeships, are as 
follows: 

• C 1 - Operated railway lines per 100km2 ; 

• C 2 - Total public road per 100km2; 

• C 3 - Regular bus transport lines (number); 

• C 4 - Road motor vehicles, lorries, tractors; 

• C 6 - Passengers carried by road transport (in thousands of people); 

• C 5 - Export of goods road transport (in thousands of tons); 

• C 7 - Number of road accidents per 10 thousand motor vehicles. 

As a result of the criteria and variant definition and based on data collected in the about mentioned sample of 
Polish voivodeships the evaluation matrix presented in Table 1 has been constructed.  

 

Table 1 The evaluation matrix of transportation development in Polish voivodships 

Variants Criteria 
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(Voivodships) C1 

Operated 
railway 
lines per 
100km2 

C2 

Total public 
roads 

per 100km2 

C2 

Regular 
bus 

transport 
lines 

(number) 

C4 

Road motor 
vehicles, 
lorries, 
tractors 

C5 

Passengers 
carried by 

road 
transport 

C6 

Export of 
goods road 
transport 

C7 

Number of road 
accidents per 

10 
thousand 

motor 
vehicles 

V1 - Dolnośląskie 8.9 117.7 1481 1865786 1612210 12387 13.9 

V2 - Kujawsko-pomorskie 7 147.3 2389 1402949 1728637 8154 11.9 

V3 - Lubelskie 4.1 135.4 1725 1467565 1103235 5741 13.8 

V4 - Lubuskie 6.9 94.5 902 683828 568468 6494 13.9 

V5 - Łódzkie 5.8 140.3 957 1778274 1155638 7980 26.5 

V6 - Małopolskie 7.4 200 466 2142181 1068697 7210 21.1 

V7 - Mazowieckie 4.7 147.1 2556 4088824 3415929 15745 14.7 

V8 - Opolskie 9.2 121.6 478 699321 1680925 4234 13.3 

V9 - Podkarpackie 5.8 102.9 1147 1309208 1015866 4857 16.7 

V10 - Podlaskie 3.8 119.9 844 774742 1022917 4231 12.1 

V11 - Pomorskie 6.8 122 1188 1494264 1360937 7497 20.2 

V12 - Śląskie 17.5 208.3 1181 2827283 2164243 15614 19.9 

V13 - Świętokrzyskie 6.2 144.4 957 898440 601456 6080 20.1 

V14 - Warmińsko-
mazurskie 5 93.4 890 876776 868324 4673 22 

V15 - Wielkopolskie 7.1 135 1504 2652781 1514326 12864 12.5 

V16 - Zachodniopomorskie 5.3 82.6 1181 1057325 718535 8247 15.8 

Source: own study based on GUS 

Computational experiments have been carried out with the application of AHP method implemented in the 
specialized software called MakeItRational. In the first stage the hierarchical structure of the decision 
problem has been defined, including the definition of the overall goal, criteria and variants. In the next step 
the model of the DM’s preferences has been constructed. This has included the definition of the importance 
of individual criteria and the recognition of the DM’s sensitivity to changes of their values. On the basis of 
pair-wise comparisons between criteria the relative weights wr ranging between 1/9 to 9 have been 
generated (see description in section 2). 

The results of calculations of relative weights wr for criteria, applied in the evaluation of Polish voivodeships, 
have been presented in Table 2. This matrix is characterized by pair-wise coherence. It can be seen that 
criterion 2 (Total public roads per 100km2) is more important than all others (relative weights are higher than 
1), while criterion 7 (Number of road accidents per 10 thousand motor vehicles) is the least important 
(relative weights are lower than 1). 

 

Table 2 Relative weights wr  for criteria generated by the AHP method 
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C1 C2 C3 C4 C5 C6 C7 

C1 1 1/2 2 3 4 4 5 

C2 2 1 3 4 5 5 6 

C3 ½ 1/3 1 1 2 2 3 

C4 1/3 1/4 1 1 2 2 3 

C5 ¼ 1/5 1/2 1/2 1 1 2 

C6 ¼ 1/5 1/2 1/2 1 1 2 

C7 1/5 1/6 1/3 1/3 1/2 1/2 1 

Source: own study 

In the next step the eigenvalue problem has been solved, which resulted in the generation of normalized 
absolute weights wa on all levels of the hierarchy i.e. for criteria  and variants in the form of  weight vectors 
all, above mentioned components of the hierarchy. As can be observed in figure 1, the most important 
criterion - with the highest value of weights (wa = 0.36) is criterion 2 - C2. i.e. Total public roads per 100km2. 
The next places are held by: criterion 1 - C1 (Operated railway lines per 100km2) and criterion 3 - C3 
(Regular bus transport lines). Criteria 7 (C7) - Number of road accidents per 10 thousand motor vehicles and 
5 (C5) - Passengers carried by road transport belong to the least important characteristics. Their absolute 
weights are 0.04 and 0.06, respectively, which is presented in the graphical form (see figure 1). 

Further analysis lead to mutual comparisons of variants for all individual criteria.  The relative weights of 
individual variants specify the relative position of a given variant (voivodeship) in relation to its competitors 
(other voivodeships), evaluated by the specific criterion. The values of the relative weights also reflect the 
direction of preference of this criterion. Similarly to previous computations a vector containing normalized, 
absolute values of weights for variants has been generated. 

 
Fig. 1 Absolute weights of criteria in accomplishing the main purpose generated in the AHP method 

Source: own study 

In the next step for each matrix on hierarchical levels. i.e.: criteria and variants, consistency indexes CI have 
been computed. In all matrices the values of the consistency indexes CI have not exceeded 0.1, which 
proved that the acquired preferential information has been appropriately defined. This allowed the author to 
continue the computational experiment.   

The next stage consisted in aggregating the absolute weights wa of the elements of the hierarchy tree by 
means of an additive utility function. As a result the utility of each variant Ui. has been calculated. Fig. 2 
presents the final ranking of variants (voivodeships) from the best to the worst based on their decreasing 
utilities. Thus, voivodeship with the highest utility is placed at the top of the ranking, while the voivodeship 
with the lowest utility is placed at the bottom. The utility of each variant also provides information on its 
participation in achieving the overall goal of the analysis.  
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The utility of each variants Ui  also provides information on the relative “distance” between variants. The 
considered case shows that śląskie voivodeship - V3 has advantage over the remaining variants (utility 
0.1082). Further along the line are variants mazowieckie, kujawsko-pomorskie and wielkopolskie. 
respectively. The differences between these four variants are relatively insignificant. On the end of the 
ranking is variant warmińsko-mazurskie - V8, whose utility is 0.0412. 

 

Fig. 2 Final ranking of Polish voivodeships based on AHP method 

Source: own study 

In the last step author checked the correlation between the economic development and the level of 
transportation development in particular voivodeships. Economic development was determined based on the 
GDP per capita value and the transport development based on the value of utility determined according to 
the AHP analysis. The value of Pearson correlation coefficient was 0.68 which confirms a strong correlation 
between the economic development of particular voivodeships and the level of transportation development. 

 

Fig. 3 Relation between economic development and transportation development 

Source: own study 
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In addition, the study compared the relation of GDP per capita for a given voivodeship to the national 
average and the utility calculated according to the AHP method (Fig. 3). Based on the analysis. the following 
3 groups of voivodeships have been distinguished: 

• leaders - comprising 4 voivodeships (mazowieckie, śląskie, dolnośląskie and wielkopolskie), with GDP 
per capita above the national average and at the same time the highest level of transport utility; 

• catching up regions - with GDP per capita below the national average, but with relatively high 
transportation development level (małopolskie, kujawsko-pomorskie). We can suppose that the high 
level of transportation development in such voivodeships may be a factor which can intensify the 
economic development; 

• falling behind voivodeships - with GDP per capita and transport utility below the national average 
(podlaskie. warmińsko-mazurskie, lubelskie, opolskie, łódzkie, świętokrzyskie, pomorskie, 
podkarpackie, zachodniopomorskie and lubuskie).  

CONCLUSIONS 

The paper presents the application of the AHP method to the evaluation of Polish voivodeships, resulting in 
the assessment of their transportation competence / performance. All voivodeships are evaluated by a 
consistent family of criteria and finally ranked from the best to the worst. The results of this analysis can be 
summarized as follows: 

• the best transportation performance have śląskie and mazowieckie voivodeships, which owe the top 
position in the ranking to the very good performance on key criteria, including Operated railway lines 
per 100km2 and Total public road per 100km2 and GDP per capita above the national average. 
Parameters of transportation development in this units may constitute a benchmark for other 
evaluated entities.  

• the worst voivodeship is warmińsko-mazurskie located at the bottom of the ranking. The result of the 
low position of this variant in the ranking is poor performance on all considered criteria.  

• the high level of transport development in małopolskie and kujawsko-pomorskie voivodeships may be 
a factor which can intensify the economic development. 
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Abstract 

Logistics in industrial enterprises allows for proper management of physical items, including energy. Green 
logistics, which is to minimize the impact of logistics on the environment, is important variation of the 
logistics. Work is also associated with metallurgical companies that use large amounts of energy for the 
production of steel. The theme of the work builds on the work processing statistical data analysis above the 
set of measured values of network parameters when measuring the voltage quality in the distribution 
network. Statistical analysis of measured data is completed with examination of measured results and 
possible trend of PDS quality measurement in the next period 

Keywords: Green logistics, sustainable development, DS - distribution network, production of steel 

1. INTRODUCTION  

Logistics is the management of the flow of resources between the point of origin and the point of 
consumption in order to meet some requirements, for example, of customers or corporations. The resources 
managed in logistics can include physical items, such as food, materials, equipment, liquids, and staff, as 
well as abstract items, such as time, information, particles, and energy [1]. Consumption of too much energy, 
as well as other physical items, may increase the cost of production. Work is also associated with 
metallurgical companies that use large amounts of energy for the production of steel. 

Rapid industrial development has caused the need to care more about the natural environment than ever 
before, also in logistics. The environment is a very important factor that determines the life of organisms on 
earth. Therefore the concept of the sustainable development was introduced [2]. 

The sustainable development of the Earth is a development that meets the basic needs of all human beings 
and which conserve, protect and restore the health and integrity of the Earth's ecosystem, without 
compromising the ability of future generations to meet their own needs and without going over the limits of 
long term capacity of the earth`s ecosystem [3]. 

That is why the green logistics appeared. Green logistics describes all attempts to measure and minimize the 
ecological impact of logistics activities. This includes all activities of the forward and reverse flows of 
products, information and services between the point of origin and the point of consumption. It is the aim to 
create a sustainable company value using a balance of economic and environmental efficiency [4]. This is 
the reason why authors wanted to analyze the distribution of the energy. 

The theme of the work builds on the work processing statistical data analysis above the set of measured 
values of network parameters when measuring the voltage quality in the distribution network.  

Statistical analysis of measured data is completed with examination of measured results and possible trend 
of PDS quality measurement in the next period. 
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2. EVALUATION OF VOLTAGE QUALITY IN DS  

2.1 Measurement of voltage quality in DS   

When DS voltage quality is measured, basic network parameters are obtained by measuring through PQ 
(Power Quality) Monitors. They are measuring devices for monitoring parameters of the voltage quality in nn, 
vn as well as in vvn networks according to ČSN EN 50160 and corresponding characteristics of currents. 
They measure voltage, currents, active and reactive powers, energy. They enable to measure time flows, 
record events - i.e. voltage increase and break, incl. initial and end details [5]. Measured values are analyzed 
in accordance with the standard ČSN EN 61000-4-30 as well as according to the specific needs of the user 
[6]. Data are recorded to their own memory on a long-term basis. 

Measurement results enable to determine the cause of deterioration in quality, analysis of eventual break 
downs, identification if the problem arises on the side of el. power supplier and/or they are used by specific 
technological equipment. Analysis of results will show possibilities for measures leading to minimization of 
consequences of break downs as well as to use of el. power supplies more effectively or to reduction of 
losses.  

Measured values in the individual phases L1, L2 and L3: 

• voltage U [V] 

• current I [A] 

• active power P [kW] 

• reactive power Q [kVAr] 

There was selected optional data set from the set of measured data including continuous results of 
measurement throughout the entire period of 10 days without interruptions or failures in measurement. The 
set contains 1440 ten minutes samples. From this amount there must be for example the size of voltage 
parameter within beforehand determined limits in defined number of intervals as per ČSN.  For measurement 
on NN level, from which this measurement is, it is 95 % of intervals within prescribed limit +10/-10 % from Un 
- 1368 samples and 5 % of 10 minutes intervals can have the parameter in question within larger tolerance 
+10/-15 % - 72 samples. 

Value of the nominal voltage is 230 V, voltage tolerance is +/- 10 % of the nominal value. 

Maximum limit value of U voltage is accordingly Umax 253 V. 

Minimum limit value of U voltage is accordingly Umin 207 V. 

In this work there are statistically evaluated only data of measured U1, U2 and U3 voltages.  

Other measured parameters I, P and Q are connected with U parameter by internal source impedance and 
they depend on intensity of sun light on power station FV panels. In principle they depend on the daytime 
and cloudiness accordingly. From the point of view of statistic evaluation we will come to similar conclusion 
of statistic characteristics of measured data. 

Statistical analysis is carried out through spreadsheet program Excel which is a part of MS Office 
applications. 

2.2  Statistical analysis 

During statistic evaluation general effects occurring with a great number of elements [7], [8] are investigated. 
From the point of view of investigation of general effects it is supposed definition of delineated group of 
objects - elements of investigation and/or statistic set (population).  Up-to-date physical simulation 
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procedures allow studying materials´ behavior at conditions very close to real industrial processing or 
applications. [8] 

The number of objects, elements or units is called a set. Statistic investigation has a pre-defined, specific 
goal. Definition of the statistic set and monitored statistic characters are foundation of investigation. 

Basic set (population) - indication of the statistic set subjected to the investigation. 

Optional set - in practice it is generally not worked with the whole content of the set but only with a specimen 
of statistic units or with an optional set. The reason is time or computing demandingness and complexity 
during processing the sets of great sizes. An investigation of the whole statistic set would be expensive 
and/or infeasible. Optional sets are used mainly because final generalization carried out from the optional 
data is considered to be accurate and representative enough for this purpose of investigation. 

We follow examined characters in the statistics through measured properties of statistic units - variables. 

Quantitative variable - numerical evaluation of statistic units´ properties.  

Continuous variables - set values can get values from any subset of real numbers. 

Discontinuous (discrete) variables - set variables can get only denumerable many values in the scope of real 
numbers.   

Qualitative variable - verbal evaluation of properties. Subsets are nominal, ordinal. 

As a first step there is carried out an exploratory analysis of variables, which arranges a great number of 
variables into more schematic form and describes data set in several cogent values containing information 
included with original data. 

2.3 Analyzed data 

In this case it deals with evaluation of measured data of voltage quality on small FV power station on NN 
level. Measurement took place during 14days measuring interval in May 2011. Values of voltage, currents 
and powers of individual phases were measured. To evaluate voltage quality an optional set of measured 
data was selected from the entire series of 10 minutes specimens of continuous measurement of network 
parameters without failures throughout the period of 10 days. Individual phases L1, L2, L3 are viewed. For 
data see Table 1. 

2.4 Exploratory Analysis 
Basic statistic characteristics are gained by using implemented formulas above the table data in MS Office 
Excel environment. It is obvious from the characteristics that median value is slightly lower than average 
value. It is possible to note that they are comparable. Distribution of variable values is symmetric. It is also 
confirmed by values of upper and lower quartiles. Variation coefficient is low and predicates about small 
scatter of values round the average. It predicates about a great ability of average to represent the variable.  

Obliqueness of UL1 and UL2 is > 0, values lower than the average slightly prevail. UL3 values, where the 
obliqueness is very close to 0, are worth attention. It can be expected that values will be symmetrically 
spread round the average.    

Acuteness < 0 predicates about slightly flatter distribution of variable than it would conform to a normal 
(Gaussian) distribution. With regard to the value close to 0, it can be expected that data distribution will be 
very close to the normal one. Scatter diagram see in Fig.1. 
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Table 1 Measured optional data - sample of the optional set, arranged as per UL2 

 

2.5 Graphic presentation of quantitative variable 

Graphic presentation enables to look at basic statistic data characteristics in their visual form, i.e. as a graph. 
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Fig. 1 Scatter diagram - individual voltage courses in the period of 0:00 to 24:00 o´clock in layers - one 

above another 

3.  CONCLUSION 

During last years a great number of disperse sources were put into operation in DS on NN and VN levels 
and they influence voltage value in their near neighborhood during their operation. Increase of installations, 
especially FV sources put into operation in 2009, 2010 and 2012 is a result of producers´ interest in 
operation of sources according to law 180/2005 and in investment return [9]. 

From PDS viewpoint it is interesting to follow a change of voltage parameters in DS from the point of view of 
meeting standards as per ČSN. 

It was found out exceeding of the upper limit + 10 % Un > 235 V - Table 1 on the investigated specimen of 
measurement data in L2 phase. Exceeding of the allowed value is found in 36 specimens for mentioned 
phase. From the point of view of evaluation of voltage quality as per ČSN EN 5016 proves measurement of 
exceeding voltage values beyond allowed range. Measurement of voltage quality as per ČSN proved not 
meeting parameters of voltage values as per standard which is necessary to be solved on. 

Increased voltage value above allowed limit can result in increased failure rate of the operated equipment 
and other damages on equipment of electric power consumers from DS, incl. providing and proving an origin 
of increased voltage value, if the damage reason is on the DS side or on the side of producer´s equipment. 

Keeper of el. power source does not currently carry out own monitoring for the purpose of evaluation of 
voltage quality. He is usually advised about eventual exceeding the upper voltage limit through overvoltage 
protection followed with plant disconnection. Current producers´ respond is that they adjust greater range of 
the source network protection and use  allowed deviation limit of overvoltage according to part 8 Protection 
in Annex no. 4 PPDS - allowed voltage deviation on the source up to +15 % Un. This modification solves 
desensitization of protections in greater range and usually prevents from any other disconnection of the 
source by overvoltage protection. But in any case it does not solve an influence of eventual overvoltage on 
operated el. equipment close to the source. 

Producer has the possibility to find out actual parameters of reached voltage values by ordering 
measurement with the specialized company or by asking for the voltage quality inspection in the locality of 
PDS plant in operation with the reference to found out facts. 
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In case of proved overvoltage PDS has the possibility to decrease overvoltage values in DS, for example by 
suitable changeover of branch lines of distribution transformer. This way of voltage modification is possible to 
apply also with the producer in B category on own transducer. In this case it is necessary to consider a 
suitable universal adjustment of the branch line for yearly DTS operation when during summer voltage 
increase caused by operation of FV sources prevails while in winter the network is loaded by consumption of 
heating appliances. 

PDS possibility leading to the decrease of operated voltage values in DS is also to use PDS requirement on 
inductive range of prescribed cos fí - Q consumption with sources operated on level NN and VN. 

In case that overvoltage is proved after previous evaluation of measurement of voltage quality at the delivery 
point of plant and inspection of the plant shop in II. stub with inductive cos fí in the scope of 0.95 - 1 it was 
solved through changeover of the branch line on PDS  distribution transducer. Subsequent check evaluation 
of quality parameters has already proved meeting voltage parameters as per standard. 

In Northern Moravia DS region there were solved only rare cases of overvoltage in connection with operated 
disperse source during 2012. It concerns 2 cases of operated FV plants on NN level and 1 case of operation 
of small water power station on VN level. 

Also, the use of energy to reduce economic balance in metallurgical companies in the production of special 
steel is under research and development. 

The article it was shown the importance of proper management of energy as one of the physical items used 
in an industrial enterprise. This will affect not only the correctness of the process, its financial results 
(income), but will reduce the impact on the environment. The "ecological concern" in logistics determines 
how far the logistics or the supply chain of a company is faced with the issue of environmental protection and 
resource conservation. And we have to remember that we need to take care our natural environment. 
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Abstract 

Reverse logistics is strictly connected with sustainable development. The paper presents a short 
characteristic, main assumptions and also objectives of reverse logistics. In the next part of the article you 
can find a review of literature related to this topic. Moreover, the article provides a formal notation of waste 
collection optimization task and methods which can be used to solve this kind of problems.  

Keywords: reverse logistics, optimization methods, waste collection, urban logistics 

1. INTRODUCTION 

Awareness of society regarding environment protection highly increased in the last years. Reverse logistics 
is very significant financial, social and environmental problem, because of endless economic development 
and permanent increase of consumption. Taking into account very limited natural resources, main solution of 
described issue is reasonable wastes management by recycling. 

It is important that waste utilization issue is related to each person living on earth. Because of that there is a 
huge demand for complex solutions aimed at improve waste collection. For this reason it is necessary for 
identify amount and kind of wastes and also possible ways of utilization. Moreover, the important thing is to 
specify amount and location of vehicles and objects (hubs, dumping sites etc.), which are necessary for 
optimal waste management. 

Waste collection is related to Travelling Salesman Problem. To be more specific it is modified many 
salesman problem named in literature as Multiple Traveling Salesman Problem (MTSP). MTSP main task is 
to define route between all customers. Defined route have to be shortest and also start and end in the same 
node.  

As it was mentioned above, you should consider reverse logistics both in terms of economic and ecological. 
Main economic objective is to reduce costs of utilization and costs of service. Equally important are 
ecological aspects concerning environmental protection and reduction of pollution related to recycling. 

In conclusion, the main objective of reverse logistics is shaping material flows and related to them flows of 
information. Flows have to be shaped in such manner as optimization of these flows have to ensure 
appropriate condition for natural environment. Mentioned objectives are implemented by organizational, 
technical and economic coordination of logistic process and operations [1]. 

2. REVERSE LOGISTICS AS ONE THE PART OF URBAN LOGISTICS 

It appears from the research conducted [2, 3, 7, 8] that urban logistics is aimed, on the one hand, at reducing 
the inconvenience related to the transport of goods in urban agglomeration areas and, on the other hand, at 
supporting the economic and social development of those agglomerations.  The basic aim of urban logistics, 
from the point of view of goods transport assurance, is alleviation and resolving conflicts resulting from 
deliveries of goods to the urban area [4,11,14]. 
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One of the significant problems of urban areas functioning is waste management. It includes collection and 
storage, transportation, recycling and disposal, as well as supervision of such operations and places that 
dispose waste products.  Reverse logistics was incorporated into the urban logistics and with increasing 
amounts of waste, byproducts and  useless consumer goods after a period of usage, generated by urban 
areas, becomes a problem requiring more and more attention. Processes integration, associated with the 
waste disposal in the process of city logistics management, can be the source of considerable 
improvements. 

Reverse logistics is defined as the process of planning, implementing, and con-trolling the efficient, cost 
effective flow of raw materials, in-process inventory, finished goods and related information from the point of 
consumption to the point of origin for the purpose of recapturing value or proper disposal [17]. Reverse 
logistics also includes processing returned merchandise due to dam-age, seasonal inventory, restock, 
salvage, recalls, and excess inventory. It also includes recycling programs, hazardous material programs, 
obsolete equipment disposition and asset recovery [12]. 

Authors would like to remark that reverse logistics is different from waste management. Waste management 
mainly refers to collecting and processing waste - products for which is there is no use - efficiently and 
effectively. Reverse logistics concentrates on those streams where there is some value to be recovered and 
the outcomes enter a supply chain [5].   

It can be concluded, that the reverse logistics begins where the traditional logistics ends. The purpose of the 
traditional logistics is providing final products to the consumer and on this it is the end of the traditional 
logistics task. Whereas the reverse logistics deals with what is left after using the supplied product having 
regard to the minimization of the use of the environment and the principle of sustainable development [9]. In 
the literature issue [1] [6] [10] [15] much attention is paid to the so-called hierarchy of the recovering value 
from waste, according to which the most important objective should be re-use of products.  

Proper organization of reverse logistics is a complex multi-faced decision problem. Results of studies have 
influence on i.e. quality of life, economic efficiency of enterprises and condition for natural environment. 
Therefore it is necessary to seek methods and tools, which can facilitate decision-making on area of 
implementation innovative solutions related to reverse logistics (particularly on urban areas). 

3. FORMAL NOTATION OF WASTE COLLECTION OPTIMIZATION TASK 

Mathematical model related to waste collection optimization task based on transportation network described 
by graph, which consists of waste collection points, hubs and recycling points. Mentioned transportation 
network is presented on Fig. 1. 

Data necessary to formulation of waste collection optimization task  

• set  I  numbers of waste collection points:      { :   1, 2, , }i i I= = …I  

• set J  numbers of hubs:                                  { :   1, 2, , }j j I I I J= = + + … +J  

• set K  number of recycling points:                { :   1, 2, , }k k I J I J I J K= = + + + + … + +K  

• set S  numbers of routes:                               { :   1, 2, , }s s S= = …S               ,    

• amount of wastes in waste collection points:  { }[ :      0 ;   ]i ip p C i+= ∈ ∈∪P I  

– st  - constant cost of implementation of route which start in any hub 
– 1 c  - cost of 1 km ride between waste collection points; 

– 2 ( , )c j k - cost of 1 km ride between each hub and recycling point; 
– q  - capacity of vehicle; 
• distances between each node of network: 
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– 1 [ ]  jim=M  - matrix of distances between each hub and waste collection point; 

– '2 [ ]
ii

m=M  - matrix of distances between waste collection points; 

– 3 [ ]jkm=M  - matrix of distances between each hub and recycling point; 

– '4

T

jii j
m m   = =   M  - transposed matrix of distances between each hub and waste collection 

point. 

 
– Fig. 1 Transportation network described by graph 

Described waste collection optimization task includes four types of decision variables: 

• decision variables s
jix  describes amount of carriage between each hub and waste collection point 

during implementation each route, note in matrix:        { }1 [ :     0 ]s s
ji ji IxJxSx x C+= ∈ ∪X  

• decision variables '
s
ii

x  describes amount of carriage between waste collection points during 

implementation each route, note in matrix:                   { }' '2 [ :        0 ,   ']s s
IxJxSii ii

x x C i i+= ∈ ≠∪X  

• decision variables jkx  describes amount of carriage between each hub and recycling point, note in 

matrix:        .                                                                  { }3 [ :        0 ]jk jk JxKx x C += ∈ ∪X  

• decision variables '
s
i j

y  describes existing of connection between each waste collection point and hub 

during implementation each route, note in matrix:         '[ ]s
IxJxSi j

y=Y  

Constraint determines set of acceptable solutions: 
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• supply in waste collection point have to be completely utilized: 

'
'

   (   ) s s
i ji iii

s j i

x x p∈
∈ ∈ ∈

∀ + =∑∑∑I
S J I

 

• amount of wastes carried from waste collection points to hub have to be equal to amount of wastes 
carried from hub to recycling points: 

   s
j jk ji

k s i

x x∈
∈ ∈ ∈

∀ =∑ ∑∑J
K S I

 

• capacity of vehicle on route cannot be exceeded: 

    s
s k i jix q∈ ∈ ∈∀ ∀ ∀ ≤S K I  

• vehicle which left from hub, have to return to the same hub: 

'  s s
s j ji i j

i i

x y∈ ∈
∈ ∈

∀ ∀ =∑ ∑S J
I I

 

• each waste collection point can be visited only once during implementation each route: 

– ( )     1s
s j i jisgn x∈ ∈ ∈∀ ∀ ∀ ≤S J I  

– ( )' ',     1s
s i i iisgn x∈ ∈ ∈ ≠

∀ ∀ ∀ ≤'S I I   i i  

– ( )' '       1s
s ji i j

sgn y∈ ∈∈
∀ ∀ ∀ =S JI

 

The objective is to find solution which generates cost of waste collection as small as possible. An objective 
function is described below: 

( ) ' ' '1 2 3 ' 1
'

2

, , , ( ) ( )  

( , )             

s s s
ji ji ii ii i j i j

t j i i i i j

jk jk
j k

F sgn x m sgn x m y m c

x m c j k S st min

∈ ∈ ∈ ∈ ∈ ∈ ∈

∈ ∈

  
= ⋅ + ⋅ + ⋅ +  

   
+ ⋅ ⋅ + ⋅ →

∑ ∑∑ ∑∑ ∑∑

∑∑
T J I I I I J

J K

X  X  X  Y
 

4. OVERVIEW OF SELECTED ALGORITHMS FOR THE SOLUTION OF OPTIMISATION PROBLEMS 

After formulation of waste collection optimization task it is necessary to work out a correct algorithm which 
supports decision process by solving described problem. Algorithm is base to implementation of computer 
application which can be tool to help make a correct decision. Therefore choice of adequate algorithm is one 
of the most important stage of whole decision process, 

Travelling salesman problem can be solved by methods: 
• accurate - in simple, methods which seek solution until they find it. This type of algorithms includes i.e. 

branch-and-bound method 
• heuristic - family of algorithms, which finds answer close to the best solution, but the speed of 

operation is much greater, 

Because of characteristics of Travelling salesman problem, accurate methods doesn't fit to this kind of issue. 
In case of accurate methods finding a solutions is connected to carry out many iteration, what is consuming 
much time. That is why solution of described problem are finding by heuristic methods. This kind of methods 
provide solution close to optimal, but not optimal, but time of working is acceptable. 

In the framework of the research, we analyzed three heuristic optimization methods: 
Artificial neural network; 
Ant colony optimization algorithm; 
Genetic algorithms. 
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After considering all the advantages and disadvantages of these methods, authors decided that the best to 
solve described problem are genetic algorithms. The genetic algorithm (GA) is an optimization and search 
technique based on the principles of genetics and natural selection. A GA allows a population composed of 
many individuals to evolve under specified selection rules to a state that maximizes the “fitness” (i.e., 
minimizes the cost function) [13]. 

Genetic algorithm differs from conventional optimization techniques in following ways [7]: 
1. GAs operate with coded versions of the problem parameters rather than parameters themselves. 
2. Almost all conventional optimization techniques search from a single point but  GAs always operate on 

a whole population of points. 
3. GA uses fitness function for evaluation rather than derivatives. As a result, they can be applied to any 

kind of continuous or discrete optimization problem. The key point to be performed here is to identify 
and specify a meaningful decoding function. 

4. GAs use probabilistic transition operates while conventional methods for continuous optimization apply 
deterministic transition operates. 

The main reason of a choice of genetic algorithm is its universality and speed. Described method will be 
implemented in computer application in the next stage of research. 

5. CONCLUSIONS 

Dumping sites should receive only these wastes which are unsuitable for recycling. Recyclable materials 
should be segregated and cleaned in the hubs, then carried directly to recycling points. In that way material 
flows will be maximized and process will maintain continuation. 

Wastes collection is a complicated problem. On the one hand it should take into account the location of the 
hubs and recycling points, on the other costs of organization of wastes collection should be minimized. What 
is important dispersion of wastes flows hindered their collection. From logistic point of view dispersion 
causes that combine of wastes to amount which are logistic profitable is very hard.  

Article presented mathematical model related to Multiple Traveling Salesman Problem. The next stage will 
be finding a solution and implementation of computer application which supports collection and management 
of wastes. Described problem is one of aspects of urban logistics, so it should be considered if wastes 
collection problem is related to model of integrated logistic city. 
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Abstract 

Services of general interest are one of the most important factors of growth of society life level (including 
safety). They are an important field of application and innovation carrier at the same time and contribute to 
growth of entrepreneurship. One of basic types of services of general interest is supply services of various 
types of energy. Their development depends to high extent on the level of power infrastructure modernity 
covering energy generation sources, industrial and distribution networks, metering and IT devices. Effective 
and ecological technologies of electrical energy and heat production and smart grid and smart metering are 
determinants of the infrastructure modernity (including especially renewable energy sources). The paper 
analysed options and barriers related to introduction of innovations in energy services and benefits for 
customers concerning the use of modern power infrastructure. It presents the role and meaning of services 
and power infrastructure in execution of the Regional Innovation strategy in the Silesian Province. In 
particular, the option of creating the market of energy prosumers was emphasized. Creation and 
development of such market to high extent depends on owning and skills within the scope of utilizing modern 
(smart) power infrastructure.   

Keywords: Infrastructure, services of general interest, renewable energy sources, innovation strategy 

1. INTRODUCTION 

The shape and growth of society welfare is affected by availability, scope and quality of services of general 
interest. Such services should be provided in order to put the users good at the first place. Meaning of the 
services of general interest results from their character and wide range of actions. They cover both the 
operations related to high-scale industry of corporation character and services provided on the local level by 
small businesses and other organizations. Services of general interest in the general meaning are related to 
power industry, communication, postal services, waste management, water supplies, education, health care, 
culture, social welfare and public safety. Their nature makes them necessary for everyday life of citizens of 
modern societies. Their development is related to the level of society wealth, achieved amount of gross 
domestic product as well as social and economic policy of the country, effectiveness of the whole budget 
zone and national administration. Quality, availability and reliability of these services are affected by 
application of various forms of innovations, frequently related to the level of infrastructure modernity. 
Services of general interest on the one hand represent an important area of absorption and application of 
innovations and on the other hand this type of services is treated as an important carrier of innovations 
(understood in wide meaning). 

Considering the meaning of services of general interest for the social and economic development dynamics 
(both to national and regional scale), treating the infrastructure development as their important factor, it is 
justified to explore the research area devoted to these issues. The research problem presented in this paper 
will focus on the innovative changes in the services of general interest, in particular in the power services, 
development of which is connected with radical changes of the power infrastructure. The purpose of the 
paper is to show the benefits and threats related to implementation of innovative power infrastructure as an 
important factor of services of general interest. The research was performed within the scope of works 
related to Regional Innovation Strategy for the Silesian Province within 2013 - 2020. 
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2. MEANING OF PUBLIC SERVICES WITHIN THE SPACE OF THE STATES AND REGIONS  

Services of general interest are necessary for everyday life of almost all citizens and organizations (including 
business ones). 

As far as citizens are concerned, they play an important role in strengthening social coherence. This is about 
important social issues such as: 
• preventing and fighting the social exclusion, 
• acting in aid of fighting and limiting poverty, 
• creating social solidarity, 
• supporting justice and social protection, 
• harmonization and unification of territorial development 

Services of general interest also play an important role in the strategy of sustainable development adopted 
by UE. They apply to elements like: 
• shaping high level of employment, 
• social integration, 
• sustainable economic growth, 
• rational resources utilization, 
• social integration, 
• natural environment protection  

Their scope and organization are different in individual countries depending on their traditions and culture, 
the level of domestic product and the scale of state influence. Significant importance and role of these 
services for the social and economic development corresponds with their type and scope which can be very 
wide and can include: 
• supplies of electric energy, water, heat and gas, 
• waste disposal, 
• educational services, 
• health care protection, 
• passenger transportation, 
• social aid and care, 
• postal services, 
• activity in aid of culture and art, 
• physical development, recreation and sport, 
• public safety, 
• telecommunication services and supply of electronic media, 
• securing the dwelling needs.  

In the legal regulation of EU [1] one can distinguish two types of services rendered in the general interest: 

1. Services rendered in the general interest of economic character. Supply and organization of this kind 
of services are subject to principles concerning internal market and competition, specified in the European 
Union Treaty, because operations undertaken within this scope are of economic character. In case of large 
network industries, operating at the European level, such as: telecommunication industry, services related to 
supply of electricity and gas as well as transportation and postal services; provision of services is subject to 
special legal frames of the Polish legislation which represents implementation of the EU legislation. Part of 
services rendered in the general interest of economic character are subject to legal frames determined by so 
called Service Directive [2]. 

2. Services of extra-economy character. These services, including traditional ones owned by the state - 
police, justice or social security system, are not the subject of special EU legislation and are not subject to 
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principles related to internal market and competition specified in the EU Treaty. In case of services rendered 
in the general interest quoted in the Announcement [3] it is emphasized that all citizens and entrepreneurs 
should be provided with: 
• real access to wide selection of such services, 
• high quality and safety of services, 
• price availability, 
• variety of services, 
• equal treating of customers, 
• promoting the rights of the recipients (right to education, health, safety, employment, energy, water, 

transportation, communication, etc). 

These demands and requirements put before the services of general interest justify active implementation of 
different innovations forms within the services. At the same time, wide spectrum of recipients of such 
services represents the field of the following innovations implementation: new technologies and new 
products. This places the services of general interest among the most significant challenges of innovation 
strategy, either to the national, regional or local scale. The need to increase the scope and quality of actions 
undertaken within the area of rendered services of general interest in obvious in the face the challenges of 
social and economic development. The role of innovations continuously grows within the scope of services of 
general interest improvement, thus these services are treated as important carrier of different solutions within 
the scope of new technologies, products or business models [4]. This is because this type of services 
generates many results important from the point of view of innovation and innovativeness growth dynamics.  

The most important are as follows [5]: 
1. Effect of crossing the barrier of new technologies absorption. 
2. Effect of technological change acceleration.  
3. Effect of awareness and satisfaction from using the state-of-the-art organizational, technological and 

product solutions. 
4. Demonstration effect. 
5. Network effect.  
6. Economic effect resulting from the possibility to manage the demand. 
7. Effect of stimulating the customer of services of general interest.   

Table 1 presents classification (according to generic criterion) of services of general interest, for which the 
most important types and incentives of innovativeness were specified, that enable their development. The 
following is based on situation diagnosis and Regional Innovation Strategy of the Silesian Province. 

3. MODERN POWER INFRASTRUCTURE IS THE CONDITION OF SERRVICES DEVELOPMENT 
WITHIN THE POWER INDUSTRY  

The Regional Innovation Strategy adopted for execution within 2014-2020 in the Silesian Province [3] is 
based on three smart specialisations: power industry, medicine and ICT. These are closely related to and at 
the same time include many types of services of general interest. In case of the power industry, development 
of services within this specialisation is conditioned to high extent on having and using modern infrastructure, 
covering innovative (including renewable) resources and smart grid. Application of this type of power grids is 
well supported by directives that make the energy market [6] more liberal and by recommendations and 
guidelines of EU [7]. Smart grid represents the basis to build so called advanced metering infrastructure 
(AMI) also known as smart metering. Information system is the central part of it and it is used to store, 
process and make available metering data to other systems operating outside the company and in other 
companies. This is central metering management system (Meter Data Management - MDM).  
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In general AMI system structure (smart metering) includes four functional areas [8]: 
• metering layer that is represented by electric energy meters equipped with communication modules to 

exchange data with the reading system, 
• communication layer with meters covering passive and active communication infrastructure and 
• routers, data hubs, transmission systems, 
• measurements recording layer, covering reading systems specified in the information systems 

technology as back office, 
• metering management layer so called MDM (Meter Data Management). 

Table 1 Classification of the services of general interest in the aspect of their innovativeness 

Groups of services of 
general interest 

Categories of services of general 
interest 

Predominating types of innovations and 
incentives of innovativeness of services 

of public interest 

Administrative services 

Issuing documents based on request 
and needs of a citizen, which are not 
administrative decisions, permits, 
licenses 

Process innovations. 
Social and organizational innovations. 
Large databases (e.g. EPUAP, SEKAP) 
ICT systems (including digitization) on 
central and local level. 

Issuing permits and decisions in the 
meaning and mode of the 
administrative proceeding code 

Record, settlement and control over 
taxes of citizens and economic entities 

Registering a business. Issuing 
permits and licences related to the 
business operations control by the 
state. 

Services of general 
interest (covering 
safety, health 
protection, education 
and culture) 

Health protection 
Social aid and care 

Product, process and marketing 
innovations.  
ICT systems (including digitization). 
Logistic systems. 
National and local databases. 

Education 

Process, organizational and social 
innovations.  
Local ICT systems. 
Information resources digitization. 

Physical development, recreation and 
sport 

Product innovations. 
Differentiated “hard” structure. 

Collecting, saving, making available 
the public information (e.g. in libraries) 

Process and social innovations. Digitization 
of information resources. 

Social housing 
Social innovations. 
Passive houses. 

Public safety (army, police, fire 
fighters, street wardens) 

Product and process innovations. 
Modern logistic systems and resources, 
central ICT systems. 
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Groups of services of 
general interest 

Categories of services of general 
interest 

Predominating types of innovations and 
incentives of innovativeness of services 

of public interest 

Logistic and technical 
services 

Public transport 

Process and organizational innovations. 
Intelligent systems of urban and regional 
transport. 
Modern infrastructure and means of 
transport. 

Supplies of energy (power, gas, heat), 
water supplies and sewerage  

Marketing, process and organizational 
innovations. 
Smart grid and smart metering systems 
Differentiated sources of energy, 
renewable energy sources. 
Using ICT and digitization in prosumer 
power industry 

Waste management and maintaining 
order and cleanliness 

Marketing, process and social innovations. 
Heat sources utilizing waste 

Remaining operations (e.g. green 
areas management, cemeteries) 

Product innovations 
Modern logistic systems and resources 

Source: own study 

Efficient information transmission technology that was created within the past few years, and which uses low 
and mean voltage grids provides extensive options for the development of smart metering system within the 
power sector. 

Implementation of smart grids will bring many benefits. They can be grouped within the following areas:  
• Increase of power efficiency. Implementation of smart metering systems causes less losses of energy 

in the transmission and distribution grids, this means that in order to deliver the same amount of 
energy to a recipient, less amount of primary energy is needed, which in Poland is generated based 
on coal.  

• Increase of economic efficiency. The same amount of energy may be delivered to a recipient at lower 
costs and at the same time, this may bring a company more profit, because it is possible to implement 
modern methods of settlements with recipients, including tariffs.  

• Improvement of process efficiency. Most of the grid management and operation activities will be 
performed automatically. Employees will be able to increase efficiency. It will be important to develop 
close cooperation. 

• Improvement of customer satisfaction. This is related to earlier detection of breakdowns, earlier 
rectification of breakdowns and finally reduction of breakdowns frequency. Knowledge about 
customers will be broader. Understanding of their expectations will be better in order to provide them 
with e.g. complementary services[9 ]. 

• More effective utilization of existing sources of power generation, which fact would delay the necessity 
to build new power stations, as a result of the change of customers behaviour, thanks to application of 
so called dynamic tariffs. 

• Enabling demand management. Smart power grids provide both the recipient and supplier with the 
information about current energy consumption. This in turn allows active participation in energy 
consumption management in a household, its reduction and adaptation of energy consumption to the 
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needs and financial abilities of a household as well as energy supply conditions.  Experience of UE 
states show a potential within the scope of energy effectiveness growth at the level of 6-10%. 

• Limitation of electric energy prices increase for a final recipient because of implementation of new 
competitive mechanisms on the electric energy market, in particular, revealing the price flexibility of 
the demand. 

• Strengthening power safety - improvement of energy supplies quality and energy parameters quality. 
• Creating a method of exchanging values between a prosumer and energy supplier, in particular 

energy surplus take-off conditions from renewable energy sources owned by a customer.  

Smart metering systems will not only affect the power market. There will be many modern products that will 
minimize energy consumption costs by the final recipients by means of proper devices software. Sector of 
vehicles using electric energy may develop. Many companies currently not present within this sector will 
compete with power companies. This is about smart meters technology suppliers, operating in various 
sectors, among other things communication, vehicles, construction and power sector. 

One must realize that implementation of so called smart meters means at the same time a whole network of 
devices cooperating within this system. This applies to reading systems, metering management systems, 
radio networks, household terminals, company terminals as well as other grid configuration. 

It is necessary to emphasize that implementation of smart metering system requires significant investment 
expenditure. At the moment, to the scale of the European Union, this is 20 billion EURO annually, this 
amount may reach 100 billion EURO before 2030. In case of Poland, Energy Regulatory Office ordered 
power companies to implement pilot programs within 2011-2013. At this moment , it is necessary to point out 
that before implementing smart metering system, it will be evaluated. This evaluation is required based on 
item 55 of the Directive 2009/72/EC [10], and it covers: 
• analysis of all long-term costs and benefits on the market and individual client, 
• economic effectiveness of specified methods of metering, 
• dates and feasibility of the implementation. 

Positive evaluation of smart metering systems cost-effectiveness and their efficient implementation is an 
important change in rendering power services representing a key element of regional innovation system. 

Creating and using modern power infrastructure, except the expected benefits, is also related to limitations 
and barriers. They include: 
• necessity to sustain significant capital expenditures. Expenditures on implementation of smart 

metering system and support for recipients covering effective control of energy consumption will 
amount 8 - 10 billion PLN [11]. They may be sustained by 2020 by the distribution grid operators, who 
will be able to transfer them on the final recipients in the tariffs, which will be translated to short-term 
increase of energy price. In case of the Silesian Province, this type of expenditure will exceed 1 billion 
PLN; 

• there are no clear legal regulations in Poland that apply to management (management entities, grid 
operators), smart grid, principles of connecting distributed energy sources cooperating with such grids, 
principles and responsibility of many entities cooperating because of the grids, in particular details on 
the status and function of a prosumer, 

• application of smart grid is related to recoding many sensitive personal data. Issues related to 
personal data, its dissemination, use and safety of storage and distribution require adjustment. 

• organizational, legal, proprietor and technical solutions must include liberalization of energy markets 
regulations adopted in EU, in particular the principle of operations separation - unbundling - and the 
principles of market access - Third Party Access (TPA). This may complicate and delay smart grid 
implementation; 
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• obtained effects to high extent depend on the management of assets belonging to many different 
entities. Just and power infrastructure development motivating mechanism and system of share of 
profits, adequate to the invested capital, should be developed. 

In case of power infrastructure, its development will be affected by two, very important, driving forces, from 
the macroeconomic and social surrounding, i.e.: 
1. Power policy adopted and executed by Poland, in which power saving of the economy and increase of 

share of renewable energy sources in the production of energy, plays important role. Numbers 
characterizing the power policy goals within this area are characterized by the information given in 
Table 2. 

The presented numbers show significant dynamics of electric energy demand structure change and the need 
to execute the energy-saving program that changes the demand. 
2. Meaning of power industry in the "Regional Innovation Strategy of the Silesian Province in 2013-

2020", where it was selected as a smart specialization of this Region. This leads to preferences in the 
selection of undertakings and projects related to modern power infrastructure, thus their significant 
support by EU aid sources. This type of infrastructure is treated as an important carrier and factor of 
innovation, either of process, product and organizational character (construction of prosumers 
market). 

Table 2 Value of indexes (actual and forecast) of renewable energy share and energy consumption of gross  
  domestic product (GDP) in Poland within 2006 - 2030. 

Years / indexes 2006 2010 2015 2020 2025 2030 

share of renewable 
energy in the sales 
of energy to final 
recipients (%) 

3.6 7.0 14.0 19.0 24.0 >25.0 

Energy-consumption 
(TOE / million PLN) 89.4 73.1 56.7 46.6 38.6 33.0 

Energy-consumption 
(MWh / million PLN) 137.0 110.4 90.4 77.8 67.8 60.6 

Source: developed on own basis [11], [12]. 

4.  CONCLUSIONS 

Modern services of general interest require application of various types of innovation, representing at the 
same time a carrier of innovation used to increase the resources of knowledge and skills of regional and 
local society. One of the important types of these services is energy supplies. At this moment, their 
development requires significant investments in the energy infrastructure. In particular, this applies to power 
grids (smart grid and smart metering) and renewable energy sources. Application of modern power 
infrastructure may bring economic (reduction of energy supplies costs, energy-saving) and ecological 
benefits (reduction of gas emission, improvement of waste management). Investment into smart grids 
requires thorough and complex evaluation of economic and social effectiveness as well as transparent legal 
regulations considering power safety, principles of competitive energy market as well as common good, 
including good of the energy prosumers. Adoption of power industry (smart specialisation) to be one of the 
pillars of Regional Innovation Strategy represents significant chance for positive changes for energy 
recipients in the Region and development of prosumers market. This will be empowered by rational and 
effective investing into the power infrastructure. 
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Abstract 

This article covers issues connected with mobility in a complex spatial and structural system, that is the 
urban area. A proposal was put forward to detail in this system the system of mobility in urban areas 
connected with the activity of its users as well as demand and supply for transport. The present article covers 
the structure of the system mobility, where the initial, intermediate and destination points are indicated 
together with relations between these points being interpreted as direct transportation links. 

Keywords: activity, demand, supply, urban areas, mobility, travel 

1. INTRODUCTION 

The urban area is a complex spatial and structural system that is a territorial social system, where the 
elements and relations can be distinguished that form the structure of the town’s spatial development and 
the structure of the town’s transport system. In the mutual relations between the elements of this complex 
system, we distinguish three characteristic subsystems [2, 9, 10], i.e. the activity subsystem of the users of 
urban areas, the subsystem of demand for transport and the subsystem of supply for transport. The 
dependences between these subsystems are graphically interpreted in Fig. 1. 

 

Fig. 1 Relations between the individual subsystems in the urban area 

The activity subsystem of the users of urban areas is a set of individual, social and economic needs and 
behaviours of the residents, companies, institutions, organizations etc. that generate specific transport 
needs. The subsystem of the demand for transport reflects the demand for movement and, as a 
consequence, the travels of people resulting from the spatial dispersion of households and business facilities 
that are the elements of the activity subsystem. The users of urban areas take decisions concerning the 
destination (the purpose of the travel), the means of transport used and also the path of migration. The effect 
of their choices is the streams of movement in the transport network, which consists of vehicles that transport 
people [11]. The transport supply subsystem is the transport offer which is available in a given urban area, 
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which is defined with attributes of a qualitative and quantitative nature, e.g. the time, cost, reliability and 
comfort of a travel, traffic capacity, volume etc. [8]. 

In the context of the new culture of mobility in the city, which is taken into account in the strategies and 
transport plans of towns that are formulated, it is necessary to take into consideration the aspects of 
transport policy referring to mobility management in towns. To this aim, in such a generally accepted system 
of dependences: activity, demand and supply, it was proposed to additionally distinguish the system of 
mobility in urban areas (Fig. 1). The assumptions to the system which is formulated in this manner were 
presented in the author’s papers [3, 4, 5, 6]. Therefore, it is essential to define the elements of this system at 
the stage of an investigation into the relations between the spatial development of the town, the town’s 
transport system and the proposed system of mobility in urban areas. 

2. ELEMENTS OF SYSTEM MOBILITY IN URBAN AREAS 

With reference to the assumption accepted in the introduction, namely that a description of the structure of 
the system of mobility in urban areas is essential: the systematic of the description should take into account 
the kind, variant and type of the individual elements of the structure of the system. In this context, in the 
system of mobility in urban areas, the following elements were distinguished: 
• departure points that are the sources of travels in urban areas, 
• intermediate points that constitute elements of the point infrastructure of transport (car parks, stops, 

stations, transit hubs etc.), where a traveller chooses, changes or leaves a given means of transport, 
• end points that reflect the destinations of travels in urban areas, 
• transport connections between the abovementioned points that occur of the existing transport linear 

infrastructure in the urban area in question. 

It is useful to present the structure of the system mobility in urban areas understood as a set of elements and 
a set of relations between these elements in the form of a graph. Using the theory of graphs [1, 7], we 
assume that structure of the system is represented by a graph, i.e.: 

               (1) 

where:  - a set of components of graph ,  - a set of transportation connections between the individual 

elements of set . 

In the structure of the system of mobility in urban areas that is written in the form of graph  , set  is the set 
of the form: 

              (2) 

where the elements of the structure are numbered with index , and  is the number of those elements that 
are distinguished in the structure. 

We accept that on the set  of the elements of the mobility system in urban areas, representation  is given 

that transfers the elements of set  to set , i.e.: 

              (3) 
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whereas if , the element with number  is the departure point in the mobility system in 

urban areas, if , the element with number  is the end point, and if , the element 

with number  is an intermediate point. 

Taking the above into consideration, we accept that  will be the set of the departure points, i.e.:  

            (4) 

The set of the numbers of the end points will be marked as  and written as a set of the form: 

 (5) 

The set of the numbers of the intermediate points will be marked as  and written as a set of the form: 

 (6) 

Finally, in set  three subsets were distinguished of those elements that are characteristic for the structure 

of the system of mobility in urban areas, whereas it is accepted that sets ,  and  are sets which are 
disjoint in pairs, i.e.: 

 (7) 

For the purpose of the research conducted, we assume that the departure and final points are identified with 
the activity places of the users of urban areas i.e. the places of residence, employment, study, 
entertainment, services etc. Taking into consideration the diversity of departure points, we assume that the 

set  of the numbers of the types of departure points has the following form: 

 (8) 

where  is the number of the types of departure points distinguished in the system of mobility in urban 
areas. 

In order to define the set of the departure points of the travel in the system of mobility in urban areas, it was 

accepted that on the set  of the numbers of the departure points of the travel, representation  is given to 

transfer the elements of this set into the elements of set , i.e.: 

 (9) 

whereas if , the element with number  is the departure point of the  type, otherwise 

. 

Taking the above into consideration, the set of departure points of the  type is a set that is defined in the 
following manner: 

 (10) 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

374 

where for example , and then the departure point is home, , and then the departure point is 

workplace, , and then the departure point is school etc. The set of departure points for all the types 
realizes the following dependence: 

 (11) 

Similarly, taking into consideration the diversity of end points, it was assumed that the set  of the numbers 
of the types of end points has the following form: 

 (12) 

where  is the number of the types of end points distinguished in the system of mobility in urban areas. 

In order to define the set of the end points of the travel in the system of mobility in urban areas, it was 

accepted that on the set  of the numbers of the end points of the travel, representation  is given to 

transfer the elements of this set into the elements of set , i.e.: 

 (13) 

whereas if , the element with number  is the end point of the  type, otherwise . 

Taking the above into consideration, the set of end points of the  type is a set that is defined in the 
following manner: 

 (14) 

where for example , and then the end point is home, , and then the end point is workplace, 

, and then the end point is school etc. The set of end points for all the types realizes the following 
dependence: 

 (15) 

Intermediate points are identified with the point elements of the urban transport infrastructure, i.e. bus stop, 
railway station, car park etc. In this case, too, taking into consideration the diversity of these points, it was 

assumed that the set  of the numbers of the types of indirect points has the following form: 

 (16) 

where  is the number of the types of intermediate points distinguished in the system of mobility in urban 
areas. 

In order to define the set of the intermediate points of the travel in the system of mobility in urban areas, it 

was accepted that on the set  of the numbers of the intermediate points of the travel, representation  is 

given to transfer the elements of this set into the elements of set , i.e.: 

 (17) 
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whereas if , the element with number  is the intermediate point of the  type, otherwise 

. 

Taking the above into consideration, the set of intermediate points of the  type is a set that is defined in the 
following manner: 

 (18) 

where for example , and then the intermediate point is bus stop, , and then the intermediate 

point is railway station, , and then the intermediate point is car park etc. The set of intermediate points 
for all the types realizes the following dependence: 

 (19) 

Taking the above into consideration, a graphical interpretation of the decomposition of the set  of the 
elements of the system of mobility in urban areas was presented in Fig. 2. 

 

Fig. 2 The decomposition of the set  elements of the system mobility in urban areas 

The distinguished elements of the system mobility in urban areas are interrelated with transport connections. 

While taking into consideration the previous findings, we know that arcs  in graph  represent transport 
connections. It was accepted that for the needs of the modelling of the system mobility in urban areas, direct 
transport connections between the individual elements of this system will be analyzed, i.e. those connections 
that occur: 
• between the departure points and the end points, 
• between the departure points and the intermediate points, 
• between various intermediate points, 
• between the intermediate points and the end points. 
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In order to identify those transport connections that may occur between the departure points  and the end 

points , it was accepted that on Cartesian product , representation  is given, and the elements of 

this product are transferred into set , i.e.: 

 (20) 

whereas  if and only if between points  and  ( ) there occurs a direct transport connection, 

otherwise . Furthermore, it is accepted that set  will be the set of all and any direct transport 
connections that exit between the departure points and the end points. It is accepted for the uniqueness of 

the notation that the distinguished set  is the set of the form: 

 (21) 

When identifying those transport connections that may occur between the departure points  and the 

intermediate points , it was accepted that on Cartesian product , representation  is given, and the 

elements of this product are transferred into set , i.e.: 

 (22) 

whereas  if and only if between points  and  ( ) there occurs a direct transport connection, 

otherwise . Furthermore, it is accepted that set  will be the set of all and any direct transport 
connections that exit between the departure points and the intermediate points. It is accepted for the 

uniqueness of the notation that the distinguished set  is the set of the form: 

 (23) 

Likewise, when identifying the transport connection between the intermediate points , it was accepted that 

on Cartesian product , representation  is given, and the elements of this product are transferred into 

set , i.e.: 

 (24) 

whereas  if and only if between points  and  ( ) there occurs a direct transport 

connection, otherwise . Furthermore, it is accepted that set  will be the set of all and any 
direct transport connections that exit between the intermediate points. It is accepted for the uniqueness of 

the notation that the distinguished set  is the set of the form: 

 (25) 

Also, when identifying those transport connections that may occur between the intermediate points  and the 

end points , it was accepted that on Cartesian product , representation  is given, and the elements  
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of this product are transferred into set , i.e.: 

 (26) 

whereas  if and only if between points  and  ( ) there occurs a direct transport connection, 

otherwise . Furthermore, it is accepted that set  will be the set of all and any direct transport 
connections that exit between the departure points and the end points. It is accepted for the uniqueness of 

the notation that the distinguished set  is the set of the form: 

 (27) 

In view of the above, the set of those transport connections  that occur in the structure of the system 
mobility in urban areas constitutes the sum of the following sets: 

 (28) 

The structure of the system mobility in urban areas that is understood as a set of elements and a set of 
relations between these elements can be presented in the form of a graph (Fig. 3). 

 

Fig. 3 The structure of the system mobility in urban areas 

3. CONCLUSIONS 

By taking into consideration the system of mobility in urban areas in the system of dependences: activity, 
demand and supply for transport, which is valid in the literature, it will be possible to undertake research 
concerning urban mobility in the context of the new culture of mobility. The elements distinguished in this 
system directly refer to travels realized in urban areas. The four-stage models that are currently proposed in 
the literature in the aspect of a transport policy that takes into consideration the elements of mobility 
management are insufficient. The approach proposed will make it possible to undertake optimization 
research into the urban mobility in the aspect of sustainable development including travels oriented onto the 
activeness of the users of urban areas. 
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Abstract 

The paper presents the results of work aimed at designing ergonomic system evaluation of factory workers in 
internal supply logistics. Internal Supply Logistics is typically for the transmission of multiple parts at the 
same time to create interim stocks in production. Transmitted materials and parts therefore represent a 
heavy burden to the logistician during handling. System measurement and evaluation of this burden is the 
main objective of this paper and proposals. The proposal is based on the EAWS (European Assembly Work-
Sheet) methodology that is implemented into the system of timing analysis to measure the ergonomic load 
factor of logisticians. The resulting evaluation of physical stress is also an input for workshops aimed at 
improving and streamlining labor within internal supply logistics. 
Keywords: Ergonomics, Supply logistics, EAWS 

1. INTRODUCTION 

The European Assembly Worksheet (abbreviation EAWS) is a methodology developed by the Institute for 
Ergonomics of the Darmstadt University of Technology in cooperation with the International MTM 
Association. EAWS presents a complex analysis for the assessment of working position and operating 
forces, as well as handling with the burden and repeated load of upper limbs. EAWS can be used for rapid 
analysis of risk for a specific worker or rapid risk analysis in the designing of the workplace. The advantage 
of this method is its applicability in the production and the planning phases. The proposed evaluation system 
of worker ergonomic load factor in the internal supply logistics of the industrial enterprise is based on this 
methodology and MTM logistics methodology, according to which time analysis was performed. The essence 
of MTM analysis (abbreviation for Methods Time Measurement) is work procedure decomposition (in our 
case handling of logisticians in internal supply logistics with the handling cart, Fig. 1) on the elemental, not 
further indivisible elements of movement. By using this method it is possible to define the amount of material 
to be moved, determine the length of the path which the logistician has to pass during the handling with 
burden from the place of removal to local storage and also the time which is necessary for executing the 
operation. Since the values of basic movements are very small, they are expressed in TMU units (an 
abbreviation for Time Measurement Unit). Examples of movements carried 
out by the logistician whilst handling carts are: the arrival to the cart at the 
beginning of a shift, grip of the cart, need to move a certain distance to the 
required burden, which has to be carried, execution of the movement 
required for loading the selected burden from the place of loading 
(bending, or lifting arms up), relocation of the burden which is necessary to 
count into also the holding time of burden, laying the burden on the 
handling cart, grip the truck and move to the place of storage load. The 
advantage of this method is to obtain standardized times already in the 
planning phase [8, 2, 7]. Fig. 1 Handling cart 
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2. ERGONOMIC 

Diseases and problems associated with the musculoskeletal system (MSS) in industrial enterprises are the 
most common causes of sick leave and physician visits. Their occurrence is associated with deficiencies of 
workplace ergonomics, lack of adapting work and working conditions to capabilities organism of worker and 
long-term impact of unilateral overload MSS at work. Therefore, the main goal of ergonomics should be 
adapting the man - machine - environment system right to man through humanizing of technology, 
streamlining working conditions and work procedures. Moreover, the shape and functionality of the proposed 
work items, tools, machinery and equipment should also be the most compliant with the dimensions of the 
human body, the capacity of the physical, mental and psychological power of man respectively [1,5]. 

Even though enterprises in countries in the so-called "Eastern Europe" operated by foreign investors are 
usually modern plants using in their activity the latest management systems, there is unfortunately still a lack 
of regular ergonomic cross-sectional analysis performance to assess the degree of influence of risk factors 
on workers and to assess the degree of problems with the musculoskeletal system (MSS) in most 
enterprises. In addition to the mentioned diseases and medical issues which significantly impair quality of life 
due to sick leave, chronic pain and even disability, they also have serious economic consequences for 
enterprises and society in general [3]. Effective prevention against MSS damage and other diseases 
associated with the influence of risk factors on employee performance at work is just consistent application 
of ergonomic programs and ergonomic solutions in industrial company with ergonomic analyzes aimed at 
identification of risk factors in the employee's work performance, such as: 
• Anthropometric approach - This method considers the basic anthropometric dimensions of the 

employees to propose optimal design of the workplace and create an optimal working environment for 
employees in terms of employee performance, as well as occupational safety and health. Currently, it 
is the most accurate and used method for workplace optimization. 

• Nordic Questionnaire - A practical, rapid and reliable method which allows information to be obtained 
about the health impacts of work and working conditions on the incidence, intensity and localization of 
problems and damages of MSS as indicators of poor ergonomics 

• Checklist Individual Strength (CIS) - One of the newer checklists designed to indicate symptoms of 
fatigue and stress. The coefficient of reliability in this method is estimated at 90% [6]. 

• Manual Handling Assessment Charts (MAC) - The primary task of this method is to find and reduce 
the overall level of risk of examined working operations related to the manual handling with the 
burdens. In addition it helping to determine which risk tasks has to be improving on the workplace 
immediately, priority. 

• Key Indicator Method (KIM) - In addition to identifying and evaluating risk handling with burdens in 
lifting, holding and carrying, this tool also identifies and evaluates the handling with burdens in pulling 
and pushing. 

3. THE MEASURMENT OF ERGONOMIC LOAD FACTOR 

For supply routes of logisticians in the supply logistics, the authors propose to monitor the utilization of the 
workers and also their ergonomic load. The load and utilization of the worker should be expressed by a 
single number, which groups together all the factors stated above. For this purpose, the EAWS (European 
Assembly Work-Sheet) procedure is fully suitable. As stated in the document "Help screening procedure for 
classifying European Assembly Work-Sheet" [3], the EAWS procedure is designed for risk analysis and risk 
assessment of body load in the planning phase and also in the production phase. The content of the 
procedure covers four areas: posture, action forces, handling with burdens and load of the upper limbs in 
repetitive activities in short cycles. EAWS procedure is in accordance with EU Directive on Safety and Health 
at Work (89/391/EEC) and also with EU Directive on Machinery (89/392/EEC, 98/37/EC, 2006/42/EC). 
Based on the previous facts, we propose to take account of ergonomic load for logistician in supply logistics 
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expressed by the result of the evaluation according to the EAWS methodology. In accordance with the MTM 
Logistics methodology, it is enough to add just an ergonomic evaluation to time analysis. The final ergonomic 
load is the sum of the evaluations. 

Table 1 Evaluation of ergonomic load factor based on the EAWS procedure  

EAWS 
evaluation 

0 - 25 points  Low risk, actions are not needed 

26 - 50 points  Possible risk, actions are recommended 

> 50 points  High risk, actions are needed 

Individual parts of ergonomic analysis, in accordance with EAWS, have been divided by the authors into the 
following areas (Fig. 2): 
• Postures. 
• Force of hand, respectively strengths in hands. 
• Manual material handling, respectively manipulation with cart or with manipulator. 
• Extra points. 

 

Fig. 2 Ergonomic analysis parts 

After the time analysis we first evaluate the posture. Based on the evaluation tool (Fig. 3), the number of the 
posture for trunk rotation, trunk bending and far reach is selected. To keep POKA-YOKE and to minimize the 
possibility of confusion, the evaluated individual factors are color coded in both the tool and the table and 
labelled with the same color. Posture (grey color) is selected from the 16 basic positions (work in standing, 
sitting, kneeling/crouching, lying and climbing positions) plus two auxiliary positions (bent forward position 
performed by worker with an appropriate support). Green fields in the tool determine which number will be 
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entered into the table. The same is true for the trunk rotation (brown color), trunk bending (orange color) and 
far reach (blue color). 

 

Fig. 3 Selection of posture according to the tool 

The entered values are automatically converted according to EAWS procedure and the resulting values are 
shown in the following table columns. Total points for all postures in which the worker performs his job are 
aggregated into the summary load indicator. The forces of hand and arm are evaluated in the next step. 
According to the tool (Fig. 4), we select only kind of power (purple color) and the size of force is measured 
by dynamometer or estimated with the evaluation of hand forces. Forces smaller than 30 N do not have to be 
entered, as these forces are already reflected in the postures. For evaluating the forces of arm respectively 
and whole-body forces, in addition to the type (red color) and the size of the force, we also enter the direction 
of force (pink color). In this type of force it is sufficient to enter only the force over 40 N; others are already 
reflected in the postures. 

 

Fig. 4 Selection of force according to the tool 
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The resulting calculations are also displayed in a summary load indicator and also in a breakdown of this 
indicator, to have an idea which criterion has the importance for ergonomic of evaluated workplace. During 
the activity execution, only one of the three cases can occur. Either during the activity execution the force 
acts on the worker, carries the burden, pushing or pulling the transport medium, or manipulator. In this case, 
that it is handling with burden, EAWS distinguishes three situations - relocation, holding or carrying the 
burden. The case of transfer occurs when the worker is working with burden for less than 5 seconds, in 
which case it is necessary to enter anything into the table, as everything will be recalculated automatically. In 
the opposite case we consider holding and then the time in minutes must be entered into the table. If the 
worker moves more than 5 meters during the handling, it is considered to be transferring and the number of 
meters has to be entered into the table. In this case only posture is selected from the tool (Fig. 5); four types 
can be distinguished. 

 

Fig. 5 Selection of posture during manual handling with burden according to the tool 

Working with burden is an important indicator because workers who work with large and bulky parts in 
production should be provided with and use suitable manipulators. Manual handling should be limited to the 
minimum, as it may cause serious problems of the musculoskeletal system. It is very important to enter the 
correct weight information and watch ergo points values for this summary load indicator. When entering the 
weight it is important to consider the norm EN 1005-2. According to this norm, the weight of the burden 
handled by only one hand is multiplied by a factor 1.7. If the burden is handled by several workers, burden 
weight is multiplied by a factor of 0.85 for each worker. Thus, only during two-handed manipulation by one 
worker we enter the actual weight of the burden. The third case, except for the forces and manual handling, 
is pulling or pushing the transport medium or manipulator and manipulation with them respectively (Table 1). 
It is enough to enter information from the tool (Fig. 6): the type of transport medium (yellow color), posture 
(black colour) and working conditions (the other side of the tool). 

 
Fig. 6 Selection of transport medium and postures during the pushing and pulling according to the tool 

4. CONCLUSION 

The purpose of supply routes planning is the highest workload but the smallest load. In the case of yellow or 
red "zones", when the load indicator is over 25 ergo points, it is necessary to carry out an analysis of the 
factors that cause the biggest load and suggest actions for their removal or elimination. Such information 
shall be used as a template for improving the workshops, which take place regularly on the lines with the 
purpose of improving and saving. The advantage of the proposed evaluation system of ergonomic load is its 
use in the evaluation of existing operations and determination of the current state of the workplace loads on 
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the production line. It is important to note that the proposed ergonomic analysis is based on the EAWS 
methodology, but does not rely exclusively on it. According this methodology, the analysis can be performed 
only by a person who has good knowledge of ergonomics and the EAWS evaluation training. The proposed 
evaluation system of worker load factor has a single objective that is to implement ergonomic load to 
optimization criteria in planning of the supply routes. 
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Abstract 

The paper presents the results of research conducted in the Polish machine-building industry enterprises in 
the area of IT support implemented in logistics processes. It was presented specific of Polish machine-
building industry sector and the characteristics of logistical tasks supported contracts. The results are related 
to the implementation of research and development project. 

Keywords: Machine-building industry enterprises, IT tools, logistics tasks 

1. INTRODUCTION 

Information technologies over time become more and more an integral part of business organizations and in 
some cases their essential ingredient. On the market there are more and more organizations that using 
information technology to improve and create entirely new business models, where competitive advantage is 
based on IT. Companies are increasingly optimizing their processes, going beyond its own borders. Through 
the use of information systems they co-ordinate the implementation of its activities spread throughout the 
world. 

Bundling information technology (IT) applications to support logistics activities provides a means for firms to 
improve their logistics performance [Lai, Kee-hung et al, .2010]. Since the early 1990s there has been a 
rapid growth in IT investments for enterprise resource planning and supply chain management in 
manufacturing industries. These information technologies are believed to improve the efficiency of 
manufacturer shop floor operations, enhance integration across different functional areas, and facilitate inter-
firm collaboration [Akkermans et al., 2003, Banker et al., 2006 and Kelley, 1994]. Despite increased adoption 
and use of advanced IT by manufacturing firms, to date there is still a lack of systematic study of the impact 
of IT on manufacturing operations [Banker et al., 2006], particularly at the logistics level. 

This paper presents the results of studies conducted in selected engineering industry companies, related to 
the supporting of logistical tasks with IT systems performed in this group of companies. 

2. THE SPECIFICITY OF POLISH MACHINE-BUILDING INDUSTRY ENTERPRISES 

The subject of empirical research was the sector of medium and large mechanical engineering enterprises 
from the Silesian (due to the largest concentration of such enterprises in the Upper Silesia). The study has 
covered 38 companies including company size and sector of activity. Selection of the companies based on: 
• company size (sales volume, the amount of employment); 
• enterprise sector; 
• investment in research and development (R&D) related to the development of new and improved 

products (product innovation) and processes (process innovation). 

The study focused on the scope of logistics processes IT support in selected machine-building industry 
enterprises. Due to the fact that the conduct of research require a deep knowledge of the respondent’s views 
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and attitudes, it was necessary to conduct focus groups with representatives of senior management of each 
surveyed enterprises. 

The study was conducted in four groups of companies: 
• machine-building enterprises producing machinery of general purpose (number of enterprises 8),  
• machine-building enterprises producing mining machinery (number of enterprises 15),  
• machine-building enterprises producing  equipment for the defence industry (6),  
• machine-building company for the automotive industry (9). 

The undertaken investigations in selected mechanical engineering industry enterprises allow to determine 
the specificity of analyzed enterprises. It was found that analyzed enterprises of mechanical engineering 
industry could be characterized as follows [Dohn et al., 2011]: 
• lathe and assembly production is discrete and highly complex, 
• large share of unitary production, including the production of large machines, primarily as a make to 

order, 
• the activity of analyzed enterprises is particularly sensitive to an economic situation change, 

vulnerability to recession is stronger and more violent than the reaction to an economic recovery, 
• in the medium term production activity is characterized by a relatively large uncertainty and variability 

in exploited capacity (in terms of size and structure); the results are: the excess of capacity for 
machinery and the deficit in employment, 

• the activity of enterprises requires high technical and organizational competences of personnel, 
especially in the preparation of production (constructors, technologists, workers of production units), 

• in unitary production the profitability is affected by a great deal of different factors of low stability, 
particularly the order book, the parameters of the contracts with customers (unitary price can be very 
volatile), the parameters of contracts with suppliers and subcontractors (prices also can be very 
volatile), 

• for the execution of profitable contracts and also not to comprise of unprofitable contracts, extensive 
knowledge about production costs, production capacity, inventory storage and supply capabilities and 
knowledge of potential suppliers and receivers (as extensive as possible the list of subcontractors and 
suppliers, information about their reliability, costs, willingness to cooperate, negotiation potential) is 
required. 

3. RESULTS OF THE RESEARCH 

The research in the machine-building industry enterprises showed that most IT support systems in the area 
of logistics processes are characterized by the enterprises producing mining machinery, while the lowest 
level of support for enterprises producing equipment for the automotive industry. A characteristic feature of 
the surveyed companies is a great diversity and lack of coherence in the implemented systems that support 
different areas of logistics. The greatest support is related to a sphere of supply and production planning. 
This situation is due to the large market and financial availability of the systems that support these areas. 
The authors of these systems are often very weak producers who are not able to ensure the integrity of 
enterprises products with the areas and issues that occur only in the company (such a system would fulfil the 
role of dedicated systems produced under the specific needs of individual customers). Surveyed enterprises 
are in a different financial situation and investment in software, and in particular integrated systems are often 
not possible to implement, therefore only include the necessary areas. Detailed results in the various groups 
of the surveyed companies are shown in Figs. 1 to 4. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

387 

 
Fig. 1 The scope of IT systems supported different areas of logistics in enterprises producing machinery of 

general-purpose 
Source: own preparation 

The research in enterprises build producing machinery of general-purpose showed that the full support of IT 
systems includes the areas of inventory management, and the small percentage of support applies to the 
areas of planning and accounting for repair, after-sales service, and the expedition of transport planning and 
accounting.  

An interesting finding of the study in this group of companies is a substantial deviation from the general, 
preferred principle of minimizing the states of stocks, carried out by the MRP systems. Here there is a need 
to create and maintain stocks of certain materials, parts and sales teams, due to the large (several months, 
semi-annual or longer) delay in the execution of orders. The availability of these parts in many cases 
determines the possibility of undertaking the production of their products. 
The group of machine-building enterprises producing mining machinery has a broad IT support in area of 
logistic tasks. This situation is undoubtedly due to the increasing importance of domestic mining machinery 
industry  

According to forecasts of experts and analysts of international oil and energy market, it will increase demand 
for energy products and other raw materials and the dynamic development of the metallurgical industry, 
which will result in a threefold increase in 2020 production of coal and lignite, which reaches about 13 million 
tons per year. High production growth is observed recently in China, the USA and Russia and in other 
countries with deposits of this material, including India, Vietnam, South Africa, Indonesia, Canada, Ukraine, 
Kazakhstan and the countries of South America. In connection with this and the necessity to improve work 
safety in mines, mining world needs and will need more and more modern and efficient machinery and 
equipment and new, finer and more efficient technologies. Thanks to this, mining machinery manufacturers 
have opened up a long-term perspective for the disposal of its machines and equipment, thus guaranteeing 
jobs and generate high returns. [Jaworski B., 2007]. 

 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

388 

 
Fig. 2 The scope of IT systems supported different areas of logistics in enterprises producing mining 

machinery 

Source: own preparation 

 
Fig. 3 The scope of IT systems supported different areas of logistics in enterprises producing equipment for 

the defence 

Source: own preparation 
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Conducted research in the group of enterprises producing equipment for the defence shows that the greatest 
support of IT systems includes areas: purchasing and procurement, production planning, and maintenance 
planning. The smallest IT support is characterized by areas: relationship with clients and dispatch of 
products, transportation planning accounting. 

 
Fig. 4 The scope of IT systems supported different areas of logistics in enterprises producing machinery for 

automotive industry 
Source: own preparation 

The study shows that the weakest support of IT systems are characterized by enterprises producing 
machinery for automotive industry In fact, this is the only group of enterprises which are none of computer 
support in the areas of maintenance planning, relationships with contractors and expedition products. 
Interestingly, the surveyed companies as a key success factor recognize the characteristics and composition 
of the teams creating the company. The more important factor in the success of these companies was 
human capital than technical resources. In the management area the considered vision and a common goal 
is more important than innovative or trendy management methods. Typically, these companies are 
characterized by a flat organizational structures and policies of "open" door with its emphasis on cross-
training and the development of interpersonal networks. 

4. CONCLUSIONS 

Polish machine-building industry enterprises require action in order to increase flexibility to respond to short-
term customer needs and risks occurring in the business, the ability to produce customized products in small 
batches, reliability of supply, short cycle times and high productivity and economic efficiency. A decisive 
impact on the results of any business organization has an efficiency of the management system. To improve 
management information systems it is used in an increasing scale information technology in the form of 
integrated management information systems. IT Application Management may have a different functional 
and domain range. Small business organizations merely involve on the using the data packets of a small 
range and based on generally weakly integrated, simple and generally outdated technologies. Larger 
organizations, especially manufacturing companies that produce complex products in discrete manufacturing 
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processes, require highly efficient and flexible systems, multidisciplinary, comprehensive integrated which 
supported internal and external information processes. 
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Abstract 

Logistic is one of the most important pillars in World Class Manufacturing systems. Logistics is a pillar in 
which both internal and external logistic networks become integrated through management of logistic 
activities. Implementation of the logistic pillar aims most often at: more effective management of supply 
chains, reducing material storage and ongoing production, reducing logistic costs, integrating logistic 
networks (suppliers, co-operators, producers), better usage of means of transport, better usage of 
warehouse (storage areas and intermediate storage areas). Taking into account the implementation run in 
many production enterprises in Poland, the basic guidelines, elements, particular activities and tools that can 
create the foundation of logistic pillar, can be defined and estimated within particular stages (route map). 

Keywords: WCM standard, logistic pillar in WCM, logistic route map 

1. INTRODUCTION 

Contemporary logistic and manufacturing systems should better adapt to changeable demands because 
they will tend to operate in changeable environment. Their structures must be able to change dynamically so 
as to adapt the production capacity to given needs. This type of contemporary structures is referred to as 
agile. Agility means the necessity to simultaneously consider mutually excluding flexibility and leanness 
(what is lean cannot be flexible and vice versa). Maximising the value of either of the lean production 
determinants very often causes minimising the value of the other, which is why they need to be 
comprehensively analysed. New conditions require greater intellectual engagement, supported by systems 
analysis and evaluation, and are conditioned by the increasing market competition, shrinking markets, 
escalating customer demands while shortening production time. These circumstances have forced the 
change of logistic systems configuration. An example of changes in functioning conditions are logistic 
systems in the World Class (WCL).  By using logistics to help customers improve their own competitive 
position, world-class logistics helps assure the company of short-term competitiveness and long-term 
prosperity. WCL fully integrates all logistic and production activities, thus establishing one integrated system. 
Modern management conditionings cause the classic attitude to running a business to be inadequate to the 
pace of changes happening in the environment. The trend to build structures that will quickly react to 
changes is more and more visible. This trend is making structure more elastic through slimming and 
outsourcing, causing creation of structures that enable transforming accents from attempts to forecast and 
plan to reaction speed and adjustment through ability to use information [1]. The elements that provide 
speed and elasticity include [2]: apt recognition of value migration, developing and constant updating of 
business models that can follow value migration, research and development that enable positive surprise of 
the markets with product and process innovations, production system in the world class (WCM), which 
enables production of required number and quality, and quick transformation and adaptation to changeable 
requirements, global and local marketing that provides perfect coordination of the company’s offer and 
customers’ needs on huge markets capable of keeping the expensive system of dynamic management.  

Within the area of production and logistic management similar phenomena can be observed. Achieving the 
highest defined level of production system organisation, so called RAM (Real Agile Manufacturing) or ASC 
(Agile Supply Chain), requires structural elasticity and, related to it, reaction speed and ability to adjust to 
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changing market and technological environment. It is based on assumptions of decentralisation, automation 
and structural autonomy. Its aim is to increase ability to produce changeable assortment in a very short time 
(in response to violent changes in the environment) through its practically unlimited abilities to create 
structures (created on the principals of virtuality, agility, slimness and elasticity), emerging new, more and 
more universal forms of organisation depending on its needs. In pursuit of increasing elasticity, a more 
frequent phenomenon, especially among huge production enterprises, is defining, and then creating own 
concepts of organisation of production systems. These concepts are usually created basing on the 
organisational guidelines borrowed from Toyota and concentrated around the WCM model (WCM - World 
Class Manufacturing). 

2. LOGISTIC IN THE WCM STRUCTURE 

World Class Manufacturing is a project basing on the TPS organisation and mainly the concept of Lean 
Manufacturing, assuming as a final goal production that is: accident-free, loss-less, faultless, malfunction-
free. The WCM is also a way to organise an enterprise so as to achieve the highest possible level of 
production organisation through implementing modern methods of management starting with the basic ones, 
to complex methodologies of enterprise management like Total Industrial Engineering (TIE), Total Quality 
Management (TQM), Total Productive Maintenance (TPM), Lean Manufacturing (LM). The WCM was 
created as the result of observation of measures and work methods of the best Japanese companies [3]. 
The World Class Manufacturing is an integrated system that brings the excellence of the entire logistics cycle 
and production of an undertaking by [4]: continuous improvement of all services, involvement of all levels 
and functions, the adoption of the principles of Total Quality, Lean Production and the “Integrated Factory”. 

The WCM organization consist of two areas (pillars): technical and management areas. The technical area 
pillars most often include: cost deployment (CD), focused improvement (FI), autonomous maintenance (AM), 
workplace organization (WO), professional maintenance (PM), quality control (QC), early product 
management (EPM), early equipment management (EEM), logistic (L), customer service (CS), people 
development (PD), safety management (SM), environment management (EM). Each of the technical pillars is 
a set of guidelines that are divided into so called steps (each pillar has precisely determined 7 steps). Then 
the level of implementation scale of each pillar is estimated during audits (internal and external). On this 
basis each technical pillar is given points that summed up depict the total WCM implementation level in an 
enterprise (for better visualisation of level of implementation scale medals are awarded). The point ranges 
for medals are stipulated and depend on the enterprise's preference. Creating individual systems of the 
WCM class relies on determining and choice of 10 pillars out of available methodologies chosen in such a 
way as to include in the evaluation all the defined areas. Management pillars compliment technical pillars - 
without their introduction the implementation of the latter ones would not be possible. Management pillars, 
which are more of a set of guidelines, include: management involvement in the change process, clearly 
defined goals - KPI, creating general plan of project realisation, assigning human resources, all the staff 
involvement, the staff oriented at improvement, defining deadlines and budget, determining a certain level of 
development that we want to achieve, determining precision (detail) level, motivating production workers. 
Implementing management pillars is realised every time a particular technical pillar is implemented. It means 
that while introducing (putting into practice) subsequent steps of particular technical pillars, each time 
management pillars should be implemented (it happens that at an early stage of WCM implementing 
management pillar first occurs, and then corresponding technical pillar, going over to synchronised 
implementation of the pillars). While evaluating the scores of particular technical pillars the level of 
management pillars implementation is taken into consideration. 

Logistic (L) is one of the most important technical area (pillar) in the WCM organization. Taking into account 
the implementation run in many production enterprises in Poland, the basic tasks, aims, looses and steps 
that can create the foundation of WCM logistic pillar can be defined. 
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3. TASKS, AIMS AND LOOSES IN LOGISTIC PILLAR 

Logistics in the whole area of its activity related to WCM includes 3 basic fields in which any losses are 
systematically reduced: 
• supply logistics, which deals with organising information flow and IT systems from and to component 

suppliers, searching for more and more profitable routes and means of transport, and also optimal 
management of materials and warehouses; 

• production logistics, which deals with planning and controlling production flow, cooperation with 
production system so as to satisfy the needs of the external and internal customers. These actions are 
performed basing on the flow production, which is able to produce small batches, thus widening the 
production range (mix), shortening the preparation time, at high quality processes (QC), with available 
production equipment basing on AM i PM activities, with adequate supply of materials and with strong 
motivation of workers and low absenteeism factor (PD pillar); 

• distribution logistics, which deals with disposal of distribution centres of final product,  disposal of sales 
network, methods of choosing transportation, analysis of market demand and preparing  a short-term 
sales plan and management and control of supplies. Distribution logistics is a field of organising 
logistics pillar in WCM only when there is no separate pillar of customer service (CS) or when it is 
combined with logistics (L&CS). 

Logistics pillar is designed so as to fulfil the basic 3 tasks: 
• synchronise production and sales. Full synchronisation of production and sales relies on producing the 

very products the customer is waiting for within a given period of time (supplying them on time and in 
requested amounts). Releasing this task requires minimising the number of components and semi-
products that comprise warehouse storage and increasing their rotation on the supplier-customer line; 

• introduce flow continuity that reduces warehouse balance and area. Introducing flow continuity 
enables minimising overproduction, and as a result storage, and improves efficiency of the invested 
capital.   Unfortunately, introducing flow continuity in many cases  results in longer production process 
time because of necessity for reposing whole rows of contemporary operations; 

• reduce material reposition, storage and storage areas. 

Logistics in WCM systems, fulfilling its basic tasks, most often aims at: 
• increasing customer's satisfaction, especially with supply dates, reducing them if possible and strictly 

obeying the supply deadlines and quality, 
• increasing productivity and effectiveness of the system and work positions by reducing disposal and 

over-storage, 
• minimising cost of material transportation and usage of space, thus contributing to general cost 

reduction. 

The process of implementation of logistic pillar most often resolves down to identification and then to cost 
estimation (using CD pillar) of 18 basic losses divided into two fields: 
• reserve management field, 
• disposal, transportation and material preparation field. 

The material preparation field includes losses such as:  
• losses related to materials, for example caused by storing unused materials (1), losses caused by too 

high security storage (2), material losses due to maintaining them in the current production or 
improper production (3), 

• losses related to workforce, for example overemployment (4), losses caused by low work efficiency 
(5), losses caused by unnecessary work (work that need not have been performed) (6), 

• losses related to space, for example losses caused by excessive storage area (7), losses caused by 
low efficiency of storage area usage (8), losses caused by area usage for warehouses (9). 
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The field of disposal, transportation and material preparation includes losses such as:  
• losses related to workforce, for example losses caused by excess of available and unused work (10), 

losses caused by low work efficiency because of wrong material placement (11), losses resulting from 
necessity for useless disposal (12), 

• losses related to space, for example, excess of unused space for disposal (13), losses resulting from 
low efficiency of available disposal area usage (14), losses resulting from available but unused usage 
area for disposal (15), 

• losses related to transportation facilities, for example excess of means of transport (16), low efficiency 
of their usage caused by poor organisation (17), using resources for useless transportation (18). 

Subsequent stages of logistics pillar implementation are aimed at division of activities into internal and 
external logistics activities, their gradual improvement, and then complete integration into one system.  

4. SEVEN STEPS OF INTRODUCING LOGISTIC PILLAR 

Implementing logistic pillar is performed through gradual, constant introduction of particular steps. The main 
7 steps are shown in Fig. 1. 

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

REACTIVE PREVENTIVE PROACTIVE

Identifying losses and engineering area

Internal logistics organization

External logistics organization

Synchronization and leveling production

Improving internal and external logistics

Process integration

Process synchonization

FLOW CREACTION
CONTINOUS FLOW

FULL CONTROL 
FLOW

SYNCHRONIZED FLOW
Flow status

 

Fig. 4 Seven steps of introducing logistic pillar 

Step 0. The zero step is about releasing the initial activities, necessary for correct defining, and then 
implementing efficiently functioning logistics. Step "0" aims at: area cost analysis (with Cost Deployment), 
area quality problem analysis, area tact time analysis (sub-process duration time), area economical 
classification (benefit/cost), defining project goals, defining model area, appointing working team, preparing 
resources necessary for planning and releasing tasks. 

Step 1. In this step, losses in particular areas are identified and stratified, and remodelling of areas is 
performed that aims at reduction of losses so as to fulfil the demands of the customer to a great extent. It 
also requires defining and introducing classification and measurement criteria in the areas of storage 
management, disposal, transportation and preparation. 

Step 2. In this step, the existing principles of internal logistics organisation are analysed and corrected so as 
to reduce intermediate buffers (inter-machines, inter-cells, etc.) and activities without added value. Analysis 
of element placement and flow is performed as well as the most optimal disposal is chosen based on the 
flow stream effectiveness criterion. 

Step 3. In this step, the existing principles of external logistics organisation are analysed and corrected, 
especially relations with suppliers and transportation system in order to minimise losses, improving the 
effectiveness of resources and implementing controlled production flow between suppliers and customers. 
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Step 4. In this step, time synchronisation of process phases and production settings is performed within a 
given area so as to eliminate intermediate buffers from between particular parts of the production system. It 
is connected with levelling of the production (heijunka), which means such scheduling so as to provide 
balanced constant flows. Heijunka refers to three related factors that influence the flow continuity: demand 
smoothing, load levelling and machine balancing. The core meaning of levelling means that suppliers should 
provide exactly what the producer needs (proper quality), exactly how much they need (they are small 
quantities), and when they need. Load levelling relies on alternating production of different products 
according to the orders. Balancing is achieved by ordering production of small homogeneous batches of 
products. 

Step 5. In this step, internal and external logistics organisation is adjusted to the needs of standardisation of 
customer's timing in all process phases (order, production, distribution) and preparing to organise constant 
flows in standardised production batches on all work stages. Standardisation of batch size in particular 
phases, the effort put into production of details in the same order and suitable time and their transformation 
at the right moment lead to synchronisation of the whole system. 

Step 6. In this step, a bigger integration of processes takes place they are included into one integrated 
logistic process (sale, distribution and purchase) in order to create effective and fully controlled flow.  

Step 7. In this step, full synchronisation of all logistic and production processes takes place - it enables 
creating agile chains of supplies balancing on the verge of elasticity and leanness of the system. A complex 
capturing of the fully integrated process enables optimisation of its flow parameters. In relation to this, there 
is no discrepancy between optimised production plan and its performance, which means that in the logistic 
system there is no useless storage, and the products are supplied on time, according to the customer's 
requirements. 

5. CONCLUSION 

As a result of analysis of the projects being released or already released, implementation guidelines of 
logistics pillar in the WCM concept have been created. They are presented in the form of map (Fig. 2). That 
map can become a potential plan of implementation of particular logistics pillars' steps in WCM in any 
production enterprise. 

The philosophy of logistic pillar functioning bases on common-sense and low-cost attitude that ensures long 
term progress. Such attitude is very safe because one can always return to the previous checked solutions 
without paying too much for it. First of all, it must be remembered that successful implementation is based on 
identifying and correct classifying 18 logistic losses, whose elimination is foundation for logistic pillar 
functioning. The effectiveness of used methods depends on their correct classification and assigning them to 
the right category. The logistic pillar is a pillar difficult to introduce because it requires huge work in the 
mental area of workers. Without full engagement of all employees, release of improvement programs does 
not make any sense because, after the first wave of enthusiasm, everyone wants to return to the previous 
state (analogy to mechanical systems). 

Logistics is a basic technical pillar in WCM that comprises integrated set of IT and physical flows of materials 
that have influence on the customer's satisfaction, providing supply of proper components and objects - 
produced or planned - to the right place, at the right time, in suitable amounts, of suitable quality. 
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Abstract 

Construction of train timetables is a complex decision-making process. It can be divided into two parts: 
preparation of transportation offer by railway undertakings and physical construction of timetable by 
infrastructure managers. In the article presents a mathematical model of shaping the railway transportation 
offer. It has been developed for passenger railway undertakings carrying out transport in the region on the 
selected section of the railway network, such as the province. Result of the work is to know what type of 
vehicle should handle the communication line and with what frequency, in such a way that the number of 
directed passengers will be maximal, operating costs will be as small as possible and the number of rolling 
stock required for operation will be minimal. 

Keywords: mathematical modelling, railway transportation offer, construction of train timetables 

1. INTRODUCTION 

The main feature of rail transport is to work on the basis of previously prepared work plan - train timetable. 
This document allows to organize transport services as planned, in a timely manner, economically, in a way 
that ensures the convenience of connections, in a manner ensuring safety and regularity of communication 
services [6]. The process of preparing train timetable can be divided into two parts. The first is the 
preparation (shaping) transportation offer. The second part is to give final shape of transportation offer - the 
physical construction of the train timetable. 

Shaping of transportation offer can be defined as the process of finding specific courses of communication 
lines in rail transport. By the term of communication line should be understood transport connection 
(passenger train route) for certain rail road where there are places for getting in and out of passengers 
(passenger stops, stations where it is possible to check-in passengers and border crossings) on which there 
is realized public rail transport [17]. 

The above definition characterizes the preparation of transportation offer in the segment of rail passenger 
transport. The problem of shaping concerns not only passenger services. It is also present in rail freight 
transport. For this type of rail transport communication line will be interpreted as a connection between 
places where it is possible to carry out operations related to freight. There are: railway stations, railway 
sidings endpoints, holds, railway siding posts, border crossings and transhipment points. Because the rail 
freight services are characterized by low periodicity, the process of shaping transportation offer in their 
organization is present, but in a lesser extent than in the shaping for the passenger services. 

This paper presents an approach for modelling transportation offer on the railway network. Presents the 
mathematical model of shaping the railway transportation offer. It was developed for the finding the optimal 
courses of communication lines in passenger rail transport. The effect of the operation is targeted primarily to 
railway undertakings carrying out regional passenger services in the selected section of the railway network, 
such as province. The objective function allows to minimize operating costs, maximize the number of direct 
passengers and minimize the number of train sets required to service the planned network of connections. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

398 

2. THE PROBLEM OF SHAPING RAILWAY TRANSPORTATION OFFER IN LITERATURE 

In the domestic literature the problem of shaping transportation offer is being considered with regard to the 
sphere of public transport. Few publications are dedicated for shaping strictly railway transportation offer. 
Also are missing publications related to the mathematical modelling of transportation offer. 

Kwaśnikowski and Gramza [12] show the process of shaping transportation offer in public transport. The 
basis of good transportation offer in their opinion, is to supply of services with high quality. In 2006 in Gdansk 
was organized XXXI National Congress of Public Transport, which was dedicated for shaping transportation 
offer in urban transport. Królak et al. [11] discussed there the role of timetable in shaping transportation offer. 

Poliński [14] discussed the basic elements affecting on shaping of railway transportation offer. He presented 
a synthetic analysis of the latest UIC documents and railway strategy of PKP with regard to the offered 
product, which is the transport service. Gołębiowski and Jacyna [6] presented the process of shaping 
transportation offer realized by railway undertakings in Poland. They presented also a second part of 
construction train timetables and application supporting this process. 

In the world literature a lot of space is devoted to the mathematical modelling of transportation offer. The 
problem of shaping transportation offer is described as “Line Planning Problem” (abbreviated LPP). It can be 
defined as the process of finding the optimal courses of rail transport lines. Examples of objectives to 
achieve (declared as a function of the criterion) are: minimization of costs, maximization the quality of 
transport services for passengers (e.g. avoiding changes of trains on the junction station), or other 
organizational aspects. Mixed integer programming models have been used in applications for railways in 
the Netherlands. 

Dienst [5] in his doctoral thesis used to shape transportation offer the method branch-and-bound. As the 
objective function adopted maximizing the number of transported passengers. Trains have infinite capacity, 
so that a line can be used to carry out such number of passengers, which was the demand for transport. As 
a result of this assumption it could happen that all passengers will be situated in one of the train - it 
eliminates by the assumption about frequency. This solution has been difficult to apply in practice. 

Bussieck et al. in [2] also applied as an indicator for assessing solutions maximizing the number of 
transported passengers. As the decision variables adopted frequency of trains on the line. All train sets have 
the same capacity. In order to reduce the number of searched values they have made aggregation in such 
a way that reduced the limitations associated with train units capacities. To solve the problem they used 
tools of the integer linear programming. The next step of research conducted by Bussieck [1] was used to 
solve the linear programming tools. 

Classens et al. in [4] studied the problem of shaping transportation offer where the cost of realization 
transport tasks will be minimal. Prepared by them mixed integer nonlinear model contains binary decision 
variables which allow selecting the line to service. They identified as additional decision variables concerning 
to the frequency and length of trains. The authors also used to solve integer linear programming tools. 

The objective function and the formulation of the model as Classens et al. [4] adopted the team of Goossens 
[7]. To solve the problem of shaping transportation offer they used the approach branch-and-cut. In another 
paper [8] Goossens et al. discussed the problem of shaping transportation offer for different types of lines 
simultaneously. In order to reduce the number of decision variables they disaggregated matrix O-D (Orgin-
Destination) without analyzing what will trigger the consequences for passengers (lost of connections, etc.). 

Lindner in his doctoral thesis [13] analyzed the model, which is also assumed to minimize the operating 
costs of prepared connection network. To solve it he used the approach branch-and-bound. Model of 
shaping transportation offer also allowed to carry out the second phase of construction of train timetables - 
the physical construction of cyclic train timetable using the method “PESP” (Periodic Event Scheduling 
Problem) [16]. 
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On the other hand Scholl in doctoral thesis [15] analyzed the model in which the objective function 
determined minimization of transfers between train sets for passengers. The network prepared by Scholl was 
named „Switch-and-Ride”. To the solution he used the Lagrangian relaxation and heuristic methods. 

On the basis of literature review it can be stated that until now has not been studied on shaping of 
transportation offer, where in addition to minimizing costs and maximizing the number of direct passengers 
taken into account minimizing the number of train sets required to operate. The minimization of the number 
of vehicles is particularly important in Poland today. Most of the rolling stock used to perform the daily tasks 
of transport is outdated and often breaks. If the number of vehicles required to handle the task is less, than it 
is better for the railway undertakings. It also allows on reducing costs. The model meets these assumptions 
is therefore needed. 

3. MATHEMATICAL MODEL OF SHAPING RAILWAY TRANSPORTATION OFFER 

As already mentioned above, shaping of railway transportation offer is a complex decision-making process, 
which is carried out by railway undertakings. Owners of railway companies want to offer for their customers 
the best deal. At the moment transportation offer is prepared manually based on experience of designers. 
The only indicator of solution is its evaluation by a team of experts. It should be seek ways to facilitate this 
process through its computerization. One of them is using of mathematical programming tools and the tools 
of graph theory. 

For shaping transportation offer in rail transport an important model is model of searching the optimal 
frequency of train sets with the defined capacity on a given line, which will lead to the maximization of 
number of direct passengers, minimization operating costs and minimization the number of train sets 
necessary to service the system. The formulation of optimization task of shaping transportation offer will 
have the form: 

for the data: 

,=GK WK LK  graph of the structure of rail transport system (Polish railway network) consisting 
of point and linear elements of infrastructure, 

{ }1,..., , ...,wk WK=WK
 

set of numbers of nodes of the graph GK  representing the elements of the 
point railway infrastructure: stations where can take place check-in passengers, 
passenger stops and border crossings ( wk - numbers of nodes and WK  - the 
number of nodes); this set can be divided into two subsets: = ∪WK PK PO , 
(where: PK  - set of numbers of nodes, where trains can stop and start running, 
PO  - set of numbers of nodes, where trains can not stop and start running 
because they are not adapted for this), 

{ }1,..., , ...,lk LK=LK  
set of numbers of connections of the graph GK  representing the line elements 
of railway infrastructure: a direct connection between the nodes of the graph 
GK  ( lk - numbers of connections and LK  - the number of connections), 

P  symmetric matrix of passenger flows consisting of elements indicating the 
volume flow of passengers between the starting node and end node, 

nLK  set of connections in the graph GK  representing the shortest path number 
n  between start and end node, 

( )p lk  volume of the flow of passengers on a connection lk  containing in the set of 
connections representing the shortest path between start node and end node, 

{ }1,..., , ...,t T=T  
set of numbers of predefined potential communication lines ( t  - numbers of 
potential communication lines, T  - the number of potential communication 
lines), 
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tLK  set of numbers of connections which are route of potential communication line 
with the number t , 

{ }1,..., , ...,po PO=PO
 

set of numbers of types of train sets to run ( po  - numbers of train sets types, 

PO  - the number of types of train sets to run), 

( )c po  parameter determines the capacity of given type of train set po , 

( )l po  parameter defining the number of train sets type po  at the disposal of the 
railway undertaking, 

( ),f t po  
parameter specifying the potential frequency on the given line t  of given type of 
train set po , 

( )lh t  parameter defining number of operating hours on line number t  per day, 

( )tp t  parameter defines the running time on the potential communication line with the 
number t , 

( )wk∆  parameter specifying average waiting time in the node with the number wk , 

determine the: 
• values of decision variables defining whether a given line with the number t  is operated by a train set 

type ( )c po  with a frequency ( ),f t po  in form of a matrix X : 

( ) ( )( ), , ,x t c po f t po=   X ,  (1) 

wherein the variable ( ) ( )( ), , ,x t c po f t po  is binary and can take two values: 

( ) ( )( ), , , 1x t c po f t po =  when the line with the number t  is operated by the train sets type ( )c po  

with frequency ( ),f t po , otherwise ( ) ( )( ), , , 0x t c po f t po = , 

• values of decision variables defining the number of passengers transported directly along the route 
t  between the nodes with numbers wk  (number of passengers from the flow ( ),p wk wk ′ , which is to 

be handled by the route t ) in the form of a matrix D : 

( )( ), ,d t p wk wk ′=   D ,  (2) 

in order to fulfill limitations: 

1. every line t  should be handled by train set with the capacity ( )c po  and with frequency ( ),f t po , 

2. passenger flow directed on the routes t ∈T  should be greater than or equal to the demand for 

transport on the connection ( )p lk , 
3. number of passengers which should be handled by a given line must be less than or equal to the flow 

of passenger assigned to the route, 
4. number of passengers which should be handled by the route t  must be less than or equal to the flow 

to transport between nodes numbered wk , 

5. decision variable ( )( ), ,d t p wk wk ′
 can not take negative values, 
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6. number of train sets of given type po ∈ PO  assigned to handle of all potential communication lines 
t ∈T  must be less than or equal to the number of train sets of given type owned by the railway 

undertaking ( )l po , 

and the criterion function in form: 
[ ]1 2 3( , ) ( ), ( ), ( )F f f f=X D D X X   (3) 

where: 1 ( )f D  - the partial criterion function describing maximization of the number of direct passengers: 

 ( )1
( , )

( ) , ( , ) max
t p wk wk

f d t p wk wk
′∈ ∈

′= →∑ ∑
P

D
T

  (4) 

 2 ( )f X  - the partial criterion function describing minimization of operating costs: 

 ( ) ( )( ) ( ) ( )( )2 ( ) , , , , , , min
po t

f k t c po f t po x t c po f t po
∈ ∈

= ⋅ →∑ ∑X
PO T

  (5) 

 where: ( ) ( )( ), , ,k t c po f t po  are operating costs related to the launch of train along the route with 

the number t , which is supported by the train set type ( )c po  with frequency ( ),f t po ), 

 3 ( )f X  - the partial criterion function describing minimization of the number of different types of train 

sets required to operate: 

 ( ) ( ) ( )( )
( ) ( ) ( ) ( )( )

( )3

602
,

, , , min
60po t

lh t tp t wk
f t po

f x t c po f t po
lh t∈ ∈

⋅ ⋅ + ∆

⋅

  
     = ⋅ →∑ ∑X

PO T

  (6) 

achieves the extreme value. 

4. SUMMARY AND CONCLUSIONS 

Shaping of the railway transportation offer in passenger transport is a complex decision-making process. Its 
effect is the preparation of the preliminary train timetable from which for a period of year will be used by 
passengers. If it will suit for their needs potential travellers appreciate the rail transport services. Otherwise, 
they will choose buses, vans or cars. 

We can put the conclusion that from the correctness of the process of construction timetable for rail 
passenger services depends inter alia increase passenger satisfaction connected with rail services, 
increasing the number of passengers and increase profits. Currently transportation offer is prepared by hand 
based on the experience of the employees. They must take into account a high number of factors. In the final 
stage, they have to make many corrections on account of e.g. the lack of rolling stock. It should be seek 
methods and computer tools that would facilitate the work of designers, and for the railway undertaking 
guarantee the achievement of the desired objectives. 

The paper presents an approach for modelling transportation offer on the railway network. Presents 
a mathematical model, which in addition to a high number of fundamental objectives such as maximization 
the number of direct passengers and minimization of costs takes into account one major problem with which 
every day have to deal rail passenger operators in Poland. This is minimization of the number of train sets 
required to operate the prepared network. Used rolling stock is getting older and often breaks. Reliability of 
new vehicles is also not the highest. By using the third criterion partial functions this problem is minimized. 
On the other hand preparing transportation offer is satisfied that the solution is the best for the railway 
undertaking and passengers. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

402 

ACKNOWLEDGEMENTS 

This article is the result of work under a dean grant "Models and algorithms for the construction of 
timetables for rail transport - part two" carried out on the Faculty of Transport on Warsaw University 

of Technology. 

REFERENCES 
[1] BUSSIECK M. Optimal lines in public rail transport. PhD thesis, Technische Universität Braunschweig, 1998. 
[2] BUSSIECK M., KREUZER P., ZIMMERMANN U. Optimal lines for railway systems. European Journal of 

Operational Research, 1997, vol. 96, p. 54-63. 

[3] CAPRARA A., KROON L., MONACI M., PEETERS M., TOTH P. Passenger Railway Optimization. [In:] Barnhart 
C., Laporte G. (Eds.) Handbooks in Operations Research and Management Science - Vol. 14: Transportation, 
North-Holland: Elsevier, 2007, p. 129-188. 

[4] CLAESSENS M., VAN DIJK N., ZWANEVELD P. Cost optimal allocation of passenger lines. European Journal of 
Operational Research, 1998, vol. 110, p. 474-489. 

[5] DIENST H. Linienplanung in Spurgeführten Personenverkehr mit Hilfe eines Heuristischen Verfahrens. PhD 
thesis, Technische Universität Braunschweig, 1978.  

[6] GOŁĘBIOWSKI P., JACYNA M. Wspomaganie komputerowe konstrukcji rozkładu jazdy pociągów. Logistyka, 
2012, vol. 4, p. 189 - 196. 

[7] GOOSSENS J., VAN HOESEL C., KROON L. A branch-and-cut approach for solving railway line-planning 
problems. Transportation Science, 2004, vol. 38, p. 379-393. 

[8] GOOSSENS J., VAN HOESEL C., KROON L. On solving multi-type railway line planning problems. European 
Journal of Operational Research, 2005, vol. 168, p. 403-424. 

[9] JACYNA M. Modelowanie i ocena systemów transportowych. Warszawa, 2009. 
[10] KOLARSKI A. BRONOWSKI T. Eksploatacja handlowa kolei. Część I - przewozy osób oraz przesyłek 

bagażowych i ekspresowych. Warszawa, 1985. 

[11] KRÓLAK M., SENKO J., GROMADZKI M. Rozkład jazdy jako element oferty przewozowej. XXXI Krajowy Zjazd 
Komunikacji Miejskiej, Gdańsk, 2006, p. 129 - 150 

[12] KWAŚNIKOWSKI J., GRAMZA G. Kształtowanie oferty przewozowej w publicznym transporcie pasażerskim. 
Logistyka, 2011, vol. 6, p. 2133 - 2139. 

[13] LINDNER T. Train schedule optimization in public rail transport. PhD thesis, Technische Universität 
Braunschweig, 2000. 

[14] POLIŃSKI J. Oferta przewozowa najważniejszym dla klienta elementem działalności nowoczesnego zarządu 
kolejowego. Problemy Kolejnictwa, 1998, vol. 128, p. 98-116. 

[15] SCHOLL S. Customer-oriented line planning. PhD thesis, University of Kaiserslautern, 2005. 
[16] SERAFINI P., UKOVICH W. A mathematical model for periodic event scheduling problems. SIAM Journal on 

Discrete Mathematics, 1989, vol. 2, p. 550-581. 

[17] Ustawa z dnia 16 grudnia 2010 r. o publicznym transporcie zbiorowym. Dziennik Ustaw, 2011 no 5, pos. 13. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

403 

IMPROVING CAPACITY - GUIDELINE FOR MAKING INVESTMENT DECISION 
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Abstract 

Every manufacturing company has to evaluate its production capacity to fulfil the demand for its products. 
This paper outlines tools and methodology of the capacity planning, which help to decide on which 
production means the company should invest to enhance its capacity and not derail its competitiveness. 

Keywords:  Capacity, planning, investment, evaluation 

1. INTRODUCTION 

Each company has its core market sector which is the most important from the revenue point of view. 
Usually these customers are company’s ‘bread and butter’ - their orders cause the main load of the shop 
floor. The cost of lost sales - when a customer is forced to buy products from a different source because the 
supply is not sufficient - is high. Neglecting the core customers and not keeping the capacity on the level that 
reduce the cost of lost sales is a strategic mistake. The aim of this paper is to propose the methodology that 
leads to improvement of system bottleneck capacity without decreasing the company competitiveness. 
Improving the system’s bottleneck capacity means improving the whole system capacity [1]. 

2. CAPACITY PLANNING 

Capacity planning is strategic level decision-making which has an impact on all production planning 
components, as it is on the top in the planning hierarchy [2]. The result of capacity planning is either an 
increase or decrease of the system’s capacity. If it is an increase, it often prompts an investment in 
production assets, like machines. Capacity planning starts with capacity calculation. To correctly calculate 
the capacity one must consider existing disturbances [3] [4] [5]: 
• Breakdowns - unplanned maintenance, tool or equipment failure, 
• Changeovers - checking, mounting and dismounting tools, calibration, corrections and trials, 

adjustment,  
• Short stoppages (up to 5 minutes) - caused by minor reasons such as cleaning, 
• Performance loss - caused by machine wear, operator inefficiency, etc. 
• Rejects, scrap and rework - quality loss. 

The best way to take these factors into account while calculating the real capacity is to check their impact on 
the production flow. It can be achieved by implementation of a computer-aided operation registration system. 
An example of the registration system is a registration of operations’ starts and ends by operators using 
barcodes which are printed on the production documents, and operators’ individual barcodes printed on their 
company IDs. The registration is carried out through a computer system connected to a barcode reader. The 
obtained information should be updated with the quality control data. 

2.1 The system constraint - balance 

The balance of a production system is a comparison between its load and its capacity. The load is a 
consequence of orders for products. The load and the capacity share the same unit. Two types of load can 
be distinguished: 
• Current load - caused by current orders, 
• Future load - caused by orders for company’s goods that might be placed in the future. 
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The current load can be calculated, using the marketing and technological data. The technological data are 
processing times and routings. The marketing data are part-types, delivery dates and quantity.  

An example of a load calculation for products X and Y orders will be shown. The routings for the products 
are presented in Table 1. The table includes basic processing times that are essential to calculate the load. 
The times in the table are principal time tj and setup time Tpz.  

Table 1 The routings and processing times for product X and Y 

Operation Workstation Times X Y 

Turning A 
Tpz 1 2 

tj 0,5 2 

Milling B 
Tpz 0,5 0,5 

tj 5 0,5 

Turning A 
Tpz 

 
1 

tj 2 

Grinding C 
Tpz 1,5  

tj 1 

The time spent on each workstation by s production batches of n pieces of a product - the load - is equal: 

                                                                   (1) 

The load for X and Y products is shown in table 2, assuming that there is an order for  
100 units of X, and 120 units of Y. The date of delivery for the first order is Month I, and the date of delivery 
for the second is Month II. 

Table 2 The load for products X and Y  

Workstation X Y Σ 

A 51  483 534 

B 500,5 60,5 561 

C 121,5 0 121,5 

A simple evaluation of the workshop load is possible by calculating how many working  
periods - e.g. weeks - is caused by the load with the current capacity. Table 3 pictures the result of such an 
analysis using data in Table 1 and Table 2. The number of available working hours per workstation per week 
was calculated. Then the load-per-workstation was divided by this value. 

Table 3 The number of working periods method using data in Table 1 and Table 2 

Workstation No. of working weeks 

A 6,7 

B 4,7 

C 1,5 

The number of working periods is compared with values obtained empirically in practice. When the number is 
bigger than the critical value, there is a risk of a delay. A workstation with the longest working periods is often 
the system’s bottleneck - in the example it is workstation A. 
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The method which is commonly used is calculation of the balance ratio B - the rate between the load and the 
capacity.  

                                                                                (2) 

Calculating the balance ratio is essential in the production planning. It is a clear metric that indicates wether 
tasks can be done within current capacity - or not. It helps to find the system’s bottlenecks. It is a standard to  
make a decision about the potential capacity on the basis of the balance ratio of the future load and the 
calculation of the current load. 

Balance ratio can be used to assess the load on the production system when it is time-aggregated. The idea 
is presented in Fig. 1 on the example shown in Table 2. The negative effect of ignoring the operations 
sequence, when balance ratio is used, is reduced when the results are time-aggregated. The last time-
aggregated period summarises the general situation. It presents the dominating bottleneck in the whole 
period - workstation A. The information in Fig. 1 indicates that it is possible to finish the production of both 
batches in Month II. 

 
Fig. 1 The time-aggregated balance ratio per workstation  

The time-aggregated balance ratio calculation is useful in both the current situation and the future situation 
analysis, as it eliminates seasonal peaks in demand and summarises the whole situation in the last time-
aggregated period of time. The periods can be aggregated differently - monthly, quarterly or annually. A few 
different scenarios can be evaluated. Appropriate information concerning a present and possible future 
situation is required when a decision about either an increase or reduction of the capacity is to be made.  

3. INVESTMENT ANALYSIS 

The decision concerning the desired capacity can be made when the bottleneck is identified. As long as the 
market is not the company’s constraint, an increase in the capacity causes an increase in sales. In the 
unbalanced production systems the capacity buffer is important to absorb the demand fluctuation, and to 
enable a high flexibility level [2]. The actions related with the capacity can be divided into the short-term and 
long-term actions.  

The short-term actions are a part of the operational and tactical production decision-making. For example  
doing overtime, buying end-items or semi-products instead of manufacturing them, increasing or decreasing 
the labour level. When short-term actions are not enough, a long-term action is required. An example of such 
an action is deciding on buying a new production asset. The decision often lags, as it is not easy to decide 
on spending a large amount of money. The result of the decision also lags, because significant 
manufacturing assets are often not available at the time of making the decision. They also need time to 
achieve their full capacity [6]. Due to the lag, the decision is risky. In case the capacity is not fully disposed in 
the manufacturing process, sustaining the new asset capacity generates expenses, which include labour 
costs, maintenance etc. [7].  



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

406 

The decision on an investment is directly related to the end product quality, manufacturing cost, and 
therefore the price. It is essential to invest in such assets that will not disable the company’s  
competitiveness [8]. In this paper only an equipment or a machine investment is analysed, as these are 
typical assets that increases the output of the production system.  

When the bottleneck is identified, and the decision on increasing its throughput is made, it is time to choose 
appropriate means to reach the target. There are three main options resulting in the capacity expansion: 
• Upgrade under-utilised workstations so that they are able to conduct bottleneck operations, 
• Purchase an another bottleneck type machine, so that it can perform similar operations, 
• Buy a machine that is of higher than bottleneck’s class, that can conduct more operations than the 

current bottleneck. 

In each case the future production flow analysis has to be carried out, to determine how a new asset will 
affect the production workflow. 

3.1 How the flow will change after the investment? 

The future workflow and its comparison to the current one will be pictured on the example of an upgrade of 
the non-bottleneck workstation, so it can conduct bottleneck’s operations. 

Improving the system performance by limiting the load of the bottleneck, and using excess capacity of 
another workstation is a positive double effect. Moreover, this solution is usually cheaper than a purchase of 
a new machine. It seems to be a good solution but it is very difficult to achieve. The possibility to upgrade a 
workstation to the other one is limited due to the technological conditions. Such an upgrade is shown below. 

Consider a functional cell, in a multitasking system, which consists of three machines: 
• one 5-axes milling machine 5AM - constantly overloaded workstation, a bottleneck, 
• two 3-axes milling machines 3AM - constantly underloaded workstations with excess capacity. 

The machines are manufactured by different producers, but they can share a substantial number of tools and 
equipment as a result of a standardisation. Table 4 summarises the annual capacity, load and balance ratio 
of the listed workstations. 

Table 4 The annual capacity, load, and balance ratio of 5AM and 3AM machines 

 Workstation 

5AM 3AM 3AM 

Shifts a day 3 2 2 

Load 5500 2200 2200 

Capacity 5700 4000 4000 

Balance Ratio 96% 55% 55% 

It is possible to make a 5-axes milling machine out of a 3-axes milling machine, by equipping it with a tilting 
and rotating table. This solution limits the size of the work that can flow through the upgraded workstation. 
Consequently, there would be less load on the workstation with the excess capacity than before the upgrade. 
In the example, the work too large to be machined on the upgraded workstation could flow through the 
second 3AM machine so its capacity is better disposed. Meanwhile, the upgraded 3AM machine would 
perform some operations conducted on the 5AM machine.  

An analysis of the future parts flow in the functional cell has to be carried out, and the future balance ratio of 
all three machines must be estimated. The historical data can be used to so. 
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The analysis consists of four stages: 

1. Calculation of the amount of work that flew through the bottleneck, and could flow through the 
upgraded workstation - in the example this information can be obtained by analysing the work which 
was machined on 5AM in the past. The technological constraints must be taken into consideration - a 
size limitation in the example; 

2. Calculation of the amount of work that was machined on the upgraded workstation, and which could 
not be machined after the upgrade - it can be evaluated using the past flow through the machine. 
Again, technological constraints must be taken into consideration. In the example it is the height 
limitation; 

3. Analysis of the new production flow and calculation of the future balance ratio, 

4. The new balance ratio and workflow evaluation. 

Assume, that the first two stages were conducted. The potential and current production flow is presented in 
Fig. 2, the estimated annual capacity, load and balance ratio are presented in Table 5.  

 

Fig. 2 The annual workflow distribution 

Table 5 The post-investment annual capacity, load and balance ratio of  the workstations 

 Workstation 
 5AM 3AM - 

upgraded 
3AM 

Load 4500 2540 2860 

Capacity 5700 4000 4000 

Balance Ratio 79% 64% 72% 

In this point the concerned investment seems to be reasonable. The cost caused by the upgrade will affect 
the cost of the end-product, so the upgrade impact on it must be assessed. 

How the investment affects the production cost? 

To support decisions on the tactic and strategic level, the company needs a costing system. It helps to 
calculate cost correctly and sets limits for the product prices. It is advised to estimate the cost per hour of the 
machining using a new asset and its impact on the products, when the production means investment is 
considered. 

An example showing an idea of how to calculate the hourly cost will be presented. Assume that the 
investment is a new CNC lathe - workstation A in Table 1. The new machine is more rigid, so the principal 
time can be reduced by 10 %. It has a tool storage with two times more tools than an old one, as the result 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

408 

the setup time can be reduced by 20 %. The components of the hourly rate of workstation A and the new 
CNC lathe are presented in Table 6. 

Table 6 The cost per hour of the new machine and workstation A 

Cost 
component 

Workstation A New machine 

Tools 16 18 

Energy 3 4 

Labour 9 12 

Depreciation 12 17 

Other 2 2 

Hourly rate 42 53 

The tool cost for the new machine has been estimated by increasing the workstation A tools cost by 10 % as 
the new machine would perform similar operations but 10 % faster so the tools usage is proportional. The 
estimated energy cost is calculated using the technological specification of the machine. The labour cost 
comes from the labour cost on the workforce market and the need for a high skilled machine operator to 
operate the advanced machine. The depreciation is calculated by dividing the machine cost by the amount of 
hours during which the machine is to lose its value. The other costs are comparable for both machines. 

Table 6 shows that an hour of the semi-product spent on the new machine, would cost 11 money units more. 
The new machine has different technological properties - its processing and setup time is faster - so the new 
product cost must be estimated. Fig. 3 shows the cost of the turning operation for a unit of product Y. The 
cost is estimated for different production batches to assess the impact of the setup time. The data needed for 
calculation was taken from Table 1 and Table 6. The processing times are reduced for the new machine: Tpz 
by 20 %, and tj by 10 %. 

 
Fig. 3 The turning operation cost of the Y product unit 

Fig. 3 proves that the competitiveness of the company would not be decreased if it invests in the new  
asset - even though the hourly rate would be higher.  

Estimating the hourly rate and evaluating its impact on the machining cost is advised. It is important to 
consider the technological characteristics during the evaluation, because ignoring them can lead to a wrong  
conclusion.  

CONCLUSION 
The concept of capacity planning was presented in this paper. The problem of finding the system’s 
bottlenecks was illustrated. The conclusion has been made that time-aggregated balance ratio is a useful 
tool to identify the production system constraint.  
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When there is a need to increase the system output by an investment in production assets, conducting the 
presented investment analysis procedure with its components is suggested. The components include  
4-stage production flow analysis and the estimation of the post-investment production cost. 

The presented methods can be used  

The risk is a part of the long-term decision-making. The tools and methodology illustrated in the paper are 
designed to reduce this risk. They can be used to simulate different scenarios of the future situation 
concerning the capacity, workflow and operational cost. There is a need for more tools that can be used in 
practice with ease, and the further research will be carried out. 
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Abstract 

Logistic services are evaluated most of all by measuring the customer satisfaction. A measurement of 
satisfaction provides information on operations of an organization and effective meeting needs of customers. 
The aim of this paper is to evaluate the quality level of logistic services provided in the field of road 
refrigerated transport of various groups of products. 
 Four basic groups of products whose transport requires controlled temperature, such as: food products 
(fruits and vegetables), food products (meat, fishes, eggs and dairy products), frozen foods and deep-frozen 
foods, and also medicinal products, which are subject to legal conditions, were evaluated. 

Survey subjects were 249 company representatives (logistic purchasers). The Wilcoxon test was used to 
define the dependence of the evaluation of the quality of logistic services regarding transport of four product 
groups on the evaluation of particular features of logistic services having influence on the customer 
satisfaction. 

Keywords: Logistic services, quality services, refrigerated transport, food products 

1. INTRODUCTION 

There is no definition of the quality of logistic service in the literature. However, the quality of service related 
to transport has been normalized and is defined as „a set of quality criteria and appropriate means for which 
the service provider (the individual declaring that they will meet the requirements) is responsible” [5]. The 
following notions related to service quality have been included in the norm PN-EN 13816:2004: 
− the offered quality of service, the achieved level in the presence of objectively measurable criteria, 
− the perceived quality of service, the customer feelings about the quality of the provided service, 
− the expected quality of service, the level required by the customer, implicitly or explicitly, 
− the intended quaity of service, the level which the service provider is planning to achieve. 

The quality of service can also be defined as „the degree to which a set of inherent qualities meets the 
requirements” (Inherent, understood as opposed to „assigned”, means residing within the essence of 
something, especially as a constant feature related to a requirement. A requirement is a need or expectation 
which has been established, habitually accepted or is obligatory) [6]. The term connected with quality is, 
among others, the notion of the customer contentment (The customer contentment is identical to the 
customer satisfaction) defined as „the customer perception regarding the degree to which their requirements 
have been met” [6]. 

Taking into account the above definitions, one may assume that the quality of logistic service is determined 
by the degree to which the set of typically logistic quality criteria and the condition of relevant technical 
measures, for which the service provider is responsible, meet the requirements. 

Enterprises providing logistic services in the scope of road refrigerated transport in Poland are obliged to 
observe the legal conditions regarding transport of items requiring controlled temperature. 
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The legal requirements regarding logistic services within transport, including refrigerated transport, can be 
divided into the following thematic groups: transport of cargo, transport of food products, transport of frozen 
or deep-frozen food products and transport of medicinal products [2]. 

Studies on the quality of logistic services are considered in the works of, among others, authors such as: [3], 
[4], [9], [10], [8], [1]. 

2. OWN RESEARCHES 

The conducted direct studies had a quantitative character. To accomplish the research objectives, a survey 
questionnaire was prepared. It was addressed to 1321 entities and the answers were received from 269 
purchasers of logistic services in the scope of refrigerated transport. 

As the customer contentment is identical to the notion of the customer satisfaction, it was important to know 
the opinions of service purchasers regarding the level of their contentment in terms of the quality of these 
services. Fig. 1 presents percentage indications regarding the contentment level as a result of the quality of 
logistic services in refrigerated transport. 

 
Fig. 1 Level of the contentment of the quality logistic services in the field of refrigerated transport 

(% of indications) 
Source: own research 

Based on the results, one may conclude that the vast majority of the respondents, as many as 76 %, is 
pleased by the level of the offered logistic services and believed that firms specializing in transport of items 
requiring controlled temperature are characterized by a very high level of quality of provided logistic services. 
In turn, the percentage of the service purchasers who were not glad of the offered logistic services and 
thought that enterprises rendering services in the scope of road refrigerated transport are characterized by a 
very low level of quality of logistic services was barely 4 %. Yet, a large group of study subjects (about 20 %) 
were undecided and unable to unambiguously define the level of logistic services offered in the field of 
refrigerated transport in Poland. It may suggest that, as customers were not able to unambiguously define 
the level of quality of logistic services, they might not pay much attention to the offered quality of logistic 
services in refrigerated transport, which is rather unlikely, or their knowledge is insufficient in this field and 
this group of respondents did not decide to even try to make an unambiguous assessment.  
An important aspect of the studies was to learn about the opinions of the service purchasers regarding the 
quality level of logistic services depending on the kind of transported goods. Fig. 2 shows average ratings of 
the quality level of logistic services with respect to the type of transported products requiring controlled 
temperature.  
Explanation: for food products, such as: fruits and vegetables N=172; meat, fishes, eggs, milk and dairy 
products N=136; frozen and deep-frozen products N=178, and medicinal products N=50. 
Source: own research. 
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Fig. 2 Evaluate the quality level of logistic services in the field of refrigerated transport of various groups 

products whose transport requires controlled temperature (in points) 

When evaluating the quality of logistic services in the scope of refrigerated transport, having taken into 
account the type of transported products, the respondents rated transport of medicinal products the highest 
(4.22 points) and so one may conjecture that they are content the most with the quality of logistic services 
related to the transport of such goods. According to the respondents, the second highest rating was 
deserved by transport of frozen and deep-frozen food products (about 3.9 points). In turn, according to 
company representatives (logistic purchasers) the average rating of the quality of logistic services in the field 
of transport of food products, such as fruits and vegetables, was 3.74 points. Yet, in the opinion of the study 
subjects the transport of food products, such as meat, fishes, eggs, milk and dairy products, was rated the 
lowest (3.52 points) which allows one to suspect that company representatives (service recipients) were glad 
the least about the quality of logistic services in transport of this group of products. It should be noted that 
when evaluating the quality of logistic services in the scope of transport of four groups of products, only 
transport of medicinal products was rated at above 4 points by the purchasers of logistic services, yet the 
other three groups of products were also highly rated given their average rates at above 3.5 points.  

To find the distribution of the ratings of the quality level of logistic services in the scope of transport of four 
groups of products requiring controlled temperature, percentage indications of the company representatives' 
(service purchasers) ratings were given. Fig. 3 presents the percentage indications given by the customers 
in terms of the evaluation of the quality level of logistic services in transport of food products, such as fruits 
and vegetables. 

 
Fig. 3 Evaluation schedule level of quality logistic services in the field of food products transport, such as: 

fruits and vegetables (% of indications) 
Source: own research. 

It was shown that for almost 70% of the respondents the quality level of logistic services in the scope of 
transport of food products, such as fruits and vegetables, was high and very high. Based on that, one may 
suspect that for those purchasers of logistic services in transport of food products (fruits and vegetables) the 
level of quality during transport of this group of products is satisfactory. Yet, 22 % of those questioned stated 
that the quality level of logistic services of transport of these products is average, and only 8 % found it to be 
very low or low. High ratings of the quality level within the analysed group of transported products may come 
as a result of the fact that food products, such as fruits and vegetables, are among fragile goods and are 
characterized by numerous conditions in terms of their transport. 
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In turn, Fig. 4 shows the percentage comparison of indications given by company representatives (service 
purchasers) as regards the evaluation of the quality level of provided logistic services in the scope of 
transport of food products, such as: meat, fishes, eggs, milk and dairy products. 

 
Fig. 4 Evaluation schedule level of quality logistic services in the field of food products transport, such as: 

meat, fishes, eggs, milk and dairy products (% of indications) 
Source: own research. 

As a result of the conducted research, it should be noted that over 55 % of the customers rated highly or 
very highly the quality level of logistic services in the scope of transport of food products (meat, fishes, eggs, 
milk and dairy products). Therefore, it is possible to conclude that for this group of the respondents the 
quality level of logistic services in the field of transport of food products, such as meat, fishes, eggs, milk and 
dairy products, was satisfactory. In turn, for over 25 % of those questioned the quality of logistic services in 
the field of transport of the analysed group of food products was at an average level, and for nearly 20% of 
the respondents the quality level was low or very low. 

The percentage comparison of customers indications regarding the ratings of the quality level of logistic 
services in terms of transport of frozen and deep-frozen food products is shown in Fig. 5. 

 
Fig. 5 Evaluation schedule level of quality logistic services in the field of food frozen and deep-frozen 

products transport (% of indications) 
Source: own research. 

As a result of the research, it was shown that for about 73 % of the customers receiving logistic services in 
the scope of transport of frozen and deep-frozen food products the quality level of transported products is 
high or very high. On the other hand, about 20 % of the respondents replied that the quality level of logistic 
services in the scope of the analysed group of food products is average. Transport of food products, 
including frozen and deep-frozen products, given health-related safety requirements, is restricted by many 
legal rules. The results of the research confirmed that, in the opinion of the customers, service providers pay 
much attention to following the compulsory requirements regarding temperature during transport of frozen 
and deep-frozen food products. 

The service purchasers were also asked to evaluate the quality level of logistic services in transport of 
medicinal products. The percentage comparison of the received ratings is presented in Fig. 6. 
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Fig. 6 Evaluation schedule level of quality logistic services in the field of medicinal products 

 (% of indications) 
Source: own research. 

Taking into account the opinions of the respondents, it was shown that for as many as 80% of them the 
quality level of logistic services in transport of medicinal products is high or very high. Thus, one may suspect 
that for this group of the service purchasers the quality of logistic services in transport of medicinal products 
is highly satisfactory. In turn, 20% of the subject studies stated that for them the quality level of logistic 
services in transport of medicinal products is average, low or very low. Hence, this group of the respondents 
is probably the least satisfied with the quality of the provided logistic services in terms of transport of 
medicinal products given the ratings of some features of the service. 

The influence of the ratings of the importance of the features of logistic services affecting the customer 
satisfaction on the evaluation of the quality level of logistic services in the scope of transport of food 
products, such as food products (fruits and vegetables), food products (meat, fishes, eggs, milk, dairy 
products) and frozen and deep-frozen food products, was analysed statistically. The value of the coefficient p 
is the result of the Wilcoxon signed-rank test. The value of p below 0.05 means the existence of a significant 
relation between the studied variables. The results are presented in Table 1. 

Table 1 Dependence evaluation of quality logistic services in the field of transport various groups of food 
products on evaluation the importance of the features logistic services affecting the customer 
satisfaction 

 
Features logistic 

services 

Food products 
(fruits, 

vegetables)  
N=172 

Food products (meat, 
fishes, eggs, milk 

 and dairy products) 
N=136 

Food frozen and 
deep-frozen 

products  
N=178 

 
Medicinal 
products 

P-value 
Timeliness of deliveries 0.000000 0.000000 0.000000 0,016878 
Completeness of 
deliveries   0.000000 0.000000 0.000000 0,140457 

Promptness of deliveries 0.000000 0.000000 0.000005 0,190805 
Accuracy invoiced 0.000061 0.000002 0.001482 0,939673 
Faultlessness of 
deliveries 0000000 0.000000 0.000000 0,138836 

Flexibility of deliveries 0.000252 0.000009 0.010668 0,929730 
Transportations 
conditions 0.002297 0.000228 0.050049 0,724285 

Terminal conditions 0.215861 0.021727 0.964625 0,533674 
Complexity of services 0.545712 0.048561 0.589352 0,070807 
Meeting commitments 0.000000 0.000000 0.000074 0,492790 

Source: own research. 

It was shown that the rating of the quality level of logistic services in the scope of transport of food products 
(fruits and vegetables) is strongly affected by timeliness of deliveries, completeness of deliveries, 
promptness of deliveries, invoiced accuracy, faultlessness of deliveries, flexibility of deliveries, condition of 
means of transport and meeting commitments fully. It was found however that there was no statistical 
relation between the evaluation of the importance of the terminal's condition and the complexity of services 
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and the evaluation of the quality level of logistic services in the case of the analysed group of products. 
When analysing the ratings of the quality level of logistic services in the scope of transport of food products, 
such as: meat, fishes, eggs, milk and dairy products, it was shown that all the features of a logistic service 
listed in table 1 affecting the customers satisfaction have a substantial influence on the rating of the quality 
level of logistic services of transport of this group of products. Moreover, it was shown that there was no 
relation between the importance of the condition of means of transport, condition of the terminal and the 
complexity of services and the rating of the quality level of logistic services in the scope of the transport of 
frozen and deep-frozen food products. Furthermore, the evaluations of the importance of timeliness of 
deliveries, completeness of deliveries, promptness of deliveries, invoiced accuracy, faultlessness of 
deliveries, flexibility of deliveries and meeting commitments fully have a significant influence on the rating of 
the quality level of logistic services in transport of frozen and deep-frozen food products. 

The conducted statistical analysis revealed that only timeliness of deliveries has a significant influence on 
the evaluation of the quality level of logistic services provided in transport of medicinal products. The ratings 
of the importance of the remaining features of a logistic service given in table 2 are not statistically significant 
when evaluating of the quality level of logistic services of transport of medicinal products. The revealed 
relation seems to be valid because in the opinion of company representatives (service purchasers) deliveries 
of medicinal products are expected to take place within the strictly specified time. 

3. CONCLUSION 

Making an attempt to evaluate the quality level of logistic services in the case of transport of four groups of 
carried products, it was shown that there was a very high level of general contentment with the quality of 
provided logistic services within refrigerated transport. Moreover, it was shown that the company 
representatives (service purchasers) rated the quality level of logistic services in the scope of transport of 
fresh food products as well as frozen and deep-frozen food products and medicinal products as satisfactory 
(about 4 points). 
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Abstract 

This paper presents the factors which determine the achievement of benefits deriving from the concept of 
global purchase. At the beginning the characteristics of the Global Sourcing concept are mentioned. Then 
the factors which are more favorable to the achievement of the above-mentioned  advantages are described. 
The identification of these factors was the result of the method of logistic regression, in particular of the 
multivariate analysis of variance in which all the factors important in the analysis of variance were 
considered. The paper ends up with a summary in which the influence of the most important factors and 
benefits achieved within the Global Sourcing is characterized and evaluated. 

Keywords: Global purchase, logistic regression, multivariate analysis 

1. INTRODUCTION 

The concept of Global Sourcing has a history of many centuries. Already in the ancient times tradesmen 
were travelling long distances by ships or on animals to remote countries in order to buy there products more 
cheaply and to make these regions new markets for them. Such a policy was conducted in 3rd century B.C. 
by the Sumerians, the Egyptians and the Syrians with the inhabitants of Smaller Asia [1, p. 35]. A barter was 
its aim- on one hand a purchase of goods from other tradesmen and on the other hand a sale of own 
products.  

Since then until now the meaning and the role of global purchases have undergone many changes. In the 
seventies many actions which exerted the biggest influence on the current position of this kind of purchasing 
were undertaken. Already at that moment international concerns were trying to buy single parts in the 
different regions of the world. While doing it, it was tried to combine relatively cheap manpower, cheap 
resources, few requirements concerning environment protection, liberal labor code, good and easy entrance 
on the capital market and low tax burdens. This concept was defined as “Global Sourcing” [2, p. 17]. 

In one of the approaches the Global Sourcing means an effective usage of global natural resources [3, p. 
34]. This definition shows that the cheap resources should be bought, a production should be done in the 
countries where the level of remuneration is lower and the resources should be sold on attractive markets.  

However, for the majority of researchers the Global Sourcing means international or world-wide purchase. 
This should not be understood in an operational meaning [4, p. 59] but as a factor which plays a strategic 
role and which always exerts a bigger impact on the competition capacities and on a company’s importance 
[2, p. 19].  

It is necessary to underline that Global Sourcing is more than a simple orientation of supply markets on  new 
countries. Strategic global purchase is not limited only to a security of supply of necessary products and 
services. A knowledge of foreign markets allows to plan a future development in the right moment and to 
derive benefits from it. It is all connected with a strategy which creates for a company a long-term connection 
of purchase from the best suppliers [1, p. 35]. Therefore, a company must adopt the Global Sourcing as a 
strategic chance.  
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The aim of this paper is to identify the most important factors favorable to the achievement of benefits 
deriving from an international supply. These aspects exert indirect impact on the functioning of companies 
and on their competitiveness.  

2. IDENTIFICATION OF FACTORS WHICH DETERMINE THE ACHIEVEMENT OF BENEFITS FROM 
GLOBAL SOURCING  

There is a lot of evidence that global purchase allows to open the potentials of income and can secure long-
term capacities of competing. The newest research show that the following advantages can be enumerated:  

• reduction of costs (prevalence= 83.67 %, median= 4),  

• achievement of bigger safety of supply (prevalence= 83.67 %, median= 4), 

• possibility to start cooperation with different suppliers (prevalence= 81.63 %, median= 4), 

• a better position for negotiating with current suppliers (prevalence= 85.71 %, median= 4), 

• increase of a company’s flexibility (prevalence= 79.59 %, median= 4), 

• increase of the quality of the final product (prevalence= 77.55 %, median= 4).  
 
Own research was conducted in 2010 and 2011 on the group of 50 companies with the usage of a survey. The 
companies which participated in the research were deliberately selected. The author concentrated on those companies 
which are active on international markets, which possess a trustworthy foreign suppliers and which use numerous 
advantages of the Global Sourcing concept. 

What is more an analysis of the results with the usage of the method of logistic regression shows that a 
group of factors is more favorable to the achievement of the above-mentioned advantages.   

Within the analysis of logistic regression the analysis of variance and the multivariate analysis of variance can be carried 
out. In the conducted research an analysis of variance of logistic regression was done; on its basis the features which 
greatly influence the achievement of certain benefits for the company were distinguished. In this part of the analysis, the 
impact of separately every single feature on the dependent variable was checked. It is obvious that a part of factors 
considered in the analysis did not have a statistical impact on the dependent variable. Therefore in order to examine a 
total impact on the achievement of the different advantages (reduction of costs, increase of a company’s flexibility and 
soon), the features which proved to be important in the analysis of variance were taken into consideration. A multivariate 
analysis of logistic regression was carried out distinguishing those features which influenced the achievement of 
advantages by a company in a statistically important way.  

These factors will be described in details in the further part of the paper. This identification was the result of 
the multivariate analysis of variance in which all the factors important in the analysis of variance were 
considered.  

2.1 Logistic analysis of immediate benefit “cost reduction”  

A global factor “lower labor costs” is one of the factors which significantly increase a probability of cost 
reduction. Companies which considered it to be important or very important (rating 4-5) have 30 times more 
chances to reduce the costs (OR= 31.9) than the ones which treat it as a factor of minor importance (rating 
0-3), (Table 1).  
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Table 1 Estimation of the chances to get cost reduction on the basis of multivariate logistic regression 
analysis 

Variable OR 95%CI p 
Lower labor costs as a reason 
for choosing the concept of 
Global Sourcing  

Yes (4-5) 31.9 1.04-982.9 p<0.05 
No (0-3) 1.00 Reference group   

Qualified employees as a 
reason for choosing the 
concept of Global Sourcing  

Yes (4-5) 0.11 0.003-4.13 p>0.05 
No (0-3) 1.00 Reference group  

Lowest price of an offered good 
as a criterion for the choice of a 
supplier  

Yes (4-5) 1.83 0.18-18.5 p>0.05 
No (0-3) 1.00 Reference group  

Possibility to negotiate prices 
and deadlines as a criterion for 
the choice of a supplier 

Yes (4-5) 0.75 0.06-9.09 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: decrease of 
investments 

Yes (4-5) 5.62 0.18-180.4 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: decrease of costs   Yes (4-5) 14.4 0.54-377.9 p>0.05 
No (0-3) 1.00 Reference group  

Source: prepared on the basis of own research  
OR- odds ratio, 95 % CI- confidence interval, p- probability of error, reference group- comparison group in relation to 
which a chance to achieve a certain advantage is examined. 

2.2 Logistic analysis of immediate benefit “greater security of supply”  

Having conducted the analysis, it turned out that only one factor increases significantly the chances to obtain 
a greater security of supply. It is “the expectation: higher security of supply”. Companies for which the 
biggest expectation connected with global sourcing is the increase of the security of supply (rating 3-5) have 
the chances to achieve it 7 times higher than companies which rate this factor at the level of 0-2 (OR= 6.85). 
Two remaining variances, which are important in the analysis of variance, also increase many times a 
chance to improve the security of supply but it is not statistically important (p>0.05), (Table 2).  

Table 2 Estimation of a chance to obtain greater security of supply on the basis of multivariate logistic 
regression analysis 

Variable OR 95%CI p 
Size of a company 
 

Medium 6.85 1.31-35.8 p>0.05 
Small + big 1.00 Reference group  

Qualified employees as a 
reason for choosing the 
concept of Global Sourcing 

Yes (4-5) 9.05 0.84-97.4 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: greater security of 
supply  

Yes (3-5) 6.85 1.31-35.8 p<0.05 

Source: prepared on the basis of own research  

2.3 Logistic analysis of immediate benefit “a possibility to start cooperation with different 
suppliers”  

Multivariate regression analysis showed no statistically significant cumulative impact of characteristics 
(significant in the analysis of variance) on the increase of the possibility to start cooperation with various 
suppliers (p>0.05). However, it is worth noting that each of these features (with the exception of expecting 
costs reduction), increases the chance of establishing cooperation with a variety of companies, although not 
significantly, (Table 3). 
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Table 3 Estimation of a chance to establish cooperation with different suppliers on the basis of multivariate 
logistic regression analysis 

Variable OR 95%CI p 
Possibility to negotiate prices 
and deadlines as a criterion for 
the choice of a supplier 

Yes (4-5) 2.68 0.34-21.3 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: access to goods 
produced with the usage of 
modern/ precise technologies  

Yes (4-5) 3.28 0.38-28.1 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: reduction of costs Yes (4-5) 0.85 0.8-6.65 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: greater security of 
supply  

Yes (4-5) 6.38 0.41-99.3 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: new markets Yes (4-5) 3.54 0.31-40.4 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: better negotiating 
position 

Yes (3-5) 4.85 0.45-52.6 p>0.05 

Source: prepared on the basis of own research  

2.4 Logistic analysis of long-term benefit  “better negotiating position”  

Four factors that significantly increase the chance of obtaining better negotiating position with existing 
suppliers were included in the multivariate logistic regression analysis (Table 4). Having conducted the 
research it turned out that in the multivariate analysis of variance only two of them are important: "lowest 
price of the goods offered as a selection criterion” and “expectation to open new markets”. Companies which 
rate the criterion of the lowest price of purchased goods on the level of 4-5, increase their chances of getting 
a better negotiating position 8.5 times in comparison to those which evaluate this factor on the level of 0-3. 
On the other hand, a high rating of the expectation to enter new markets (3-5) increases a chance almost 14 
times (OR= 13.8). Two remaining factors important in the analysis of variance also increase many times a 
chance to improve a negotiating position but it is not statistically important (p>0.05), (Table 4). 

Table 4 Estimation of the chance to obtain a better negotiating position on the basis of multivariate logistic 
regression analysis 

Variable OR 95%CI p 
Lowest price of the offered 
good as a criterion for the 
choice of a supplier 

Yes (4-5) 8.50 0.93-77.5 p=0.05 
No (0-3) 1.00 Reference group  

High quality as a criterion  Yes (4-5) 28.5 0.16-453.0 p>0.05 
No(0-3) 1.00 Reference group  

Expectation: new markets Yes (3-5) 13.8 0.93-206.5 p<0.05 
No(0-2) 1.00 Reference group  

Expectation: better negotiating 
position 

Yes (3-5) 8.74 0.74-103.3 p>0.05 
No (0-2) 1.00 Reference group  

Source: prepared on the basis of own research  

2.5 Logistic analysis of long-term benefit “increase of a company’s flexibility”  

The only feature that significantly increases the chances of improving the flexibility of the company is a factor 
from the group of expectations-"saving the time of managers”. The companies, which gave a score 3-5 in 
comparison to those rating from 0-2 get almost 10 times higher probability to increase flexibility (OR=9.92), 
p<0.05, (Table 5). 
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Table 5 Estimation of the chance to increase a company’s flexibility on the basis of multivariate logistic 
regression analysis 

Variable OR 95%CI p 
Expectation: reduction of 
investement 

Yes (4-5) 1.78 0.24-13.1 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: reduction of costs Yes (4-5) 1.68 0.29-9.90 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: greater security of 
supply 

Yes (4-5) 2.22 0.46-10.8 p>0.05 
No (0-3) 1.00 Reference group  

Expectation “saving the time of 
managers” 

Yes (3-5) 
9.92 1.00-98.8 p<0.05 

No (0-2) 1.00 Reference group  
Source: prepared on the basis of own research  

2.6 Logistic analysis of long-term benefit “improvement of the quality of a final product”  

The expectation of the improvement of the quality of a final product is a factor which significantly increases a 
chance to improve it (OR=13.3). The companies which rated the variable on the level 4-5 in comparison to  
those rating it from 0 to 3 stand 13 times bigger chances to improve the quality of the product- p<0.01.It is 
worth noticing that the remaining factors also increase this chance respectively 3.5 times and twice but this 
impact is not statistically important (p>0.05), (Table 6).  

Table 6 Estimation of the chance to improve the quality of the final product on the basis of multivariate 
logistic regression analysis 

Variable OR 95%CI p 
High quality as a criterion of the 
choice of supplier  

Yes (4-5) 3.50 0,61-20,0 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: access to products 
produced with the usage of 
modern/ precise technologies 

Yes (4-5) 2.05 0,28-15,2 p>0.05 
No (0-3) 1.00 Reference group  

Expectation: improvement of 
the quality of the final product  

Yes (4-5) 13.3 2.03-86.8 p<0.01 
No (0-3) 1.00 Reference group  

Source: prepared on the basis of own research  

3. CONCLUSION  

The analysis of the results of the logistic regression allowed to identify the influence of the most important 
factors on the benefits achieved within the Global Sourcing. These variables are characterized and 
evaluated below.  
1. The companies which treat as important and very important an expectation to reduce finances stand 
the biggest chance to reduce the costs. These companies increase 36 times a probability to reduce costs in 
comparison to companies which pay less attention to that. It must be taken for granted that the expectation 
to reduce spending helps to decrease them in reality.  
2. An advantage in the form of a higher security of supply is achieved by middle-sized enterprises for 
which the factor “qualified employees as a reason for choosing a Global Sourcing concept” is important. 
These organizations increase 9 times a chance of its growth in comparison to companies which rate this 
variable lower, from 0-3. It must be stated that the qualifications of employees are a factor which significantly 
improves the safety of supply and it must be taken into consideration while deciding to implement in a 
company the methods of international purchase.  
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3. Companies which considered an expectation to obtain a higher security of supply as important have a 
possibility to start cooperation with different suppliers (20 times increase of the chance in comparison to 
those companies which considered it as less important).  
4. Companies which expect to improve a negotiating position with current suppliers in comparison to a 
reference group have 20 times more chances to achieve it.  
5. Employers who considered as important and as very important an expectation “saving the time of 
managers” stand 17 times higher chances to increase the flexibility of their companies than those which 
consider it as not important or not very important. The time of top managers is very precious and it can exert 
an impact on a company’s success, measured in this case as an increase of flexibility. The management 
should adjust their time to current needs and in this way lead to a certain increase of flexibility of tasks within 
an organization.  
6. Companies which rated the expectation “increase of the quality of a final product” on the level 4-5 in 
comparison to those companies which rated it on the level 0-3 stand 17 times higher chance to get benefits 
in the form of the improvement of the products quality. This expectation determines an increase of the 
chance to obtain a benefit connected with it.  

The achievement of three out of six analyzed benefits is connected with a related expectation of employers 
participating in the research. The advantages- enumerated as the most important ones, are identical with 
expectations. The hypothetical factors with a proper organization of Global Sourcing turn into real assets.  
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Abstract 

A vehicle routing problem with time windows, to which this paper is devoted, refers to a situation when a 
supplier is to prepare a schedule of deliveries to the number of customers with a fleet of vehicles. This issue 
seems to be a significant problem in the field of logistics, especially when we consider a supplier who has to 
conduct numerous deliveries to trading points or service outlets located in a limited area and all the 
consignments have to be delivered to the designated customers during a working day. The supplier is also 
supposed to provide the customers with the highest quality of service which means that every supply is 
supposed to arrive at the customer’s within the previously defined time window. Obviously, the supplier is 
interested in assigning the smallest possible subset of his fleet to fulfilling deliveries, therefore there is a 
strong need for generating a delivery schedule which guarantees fulfillment of the supplier’s and customers’ 
requirements. 

In this paper a vehicle routing problem with time windows is presented as a theoretical problem based on a 
real example of a Polish medium-sized enterprise. We describe the problem and present a mix integer linear 
programming model developed for this particular case. An approach to the vehicle routing problem with time 
windows was based on mathematical models dedicated to transportation and manufacturing problems. The 
model was employed for solving a small-sized delivery scheduling problem. In the paper results of 
computational experiment are reported and directions for further research are suggested. 

Keywords: Delivery scheduling problem, vehicle routing problem, mixed-integer programming, optimization, 
time windows 

1. INTRODUCTION 

This paper is devoted to a vehicle routing problem with time windows that is based on a real example of a 
medium-sized enterprise operating in agriculture and horticulture branch in Malopolska Region in Poland. 
The problem refers to a situation when a supplier is to prepare a schedule of deliveries to the number of 
customers with a fleet of vehicles. This issue seems to be a significant problem in the field of small business 
logistics, especially when we consider a supplier who has to conduct numerous deliveries to trading points or 
service outlets located in a limited geographic area and all the consignments have to be delivered to the 
designated customers during a working day. The supplier is supposed to provide the customers with the 
highest quality of service which means that every supply should arrive at the designated customer’s within 
the previously defined time window. 

Furthermore, due to the specific character of the branch, the delivery schedule should be organized in such 
a way that every delivery arrives at the customer’s in the latest possible moment. For instance, in the real life 
such a situation can be observed when we take into account a problem of periodic deliveries of goods with 
short expiration date or in any branch which is characterized with seasonality of demand and seasonality of 
supply, e.g. in the agriculture or horticulture branches during periods of peak demand deliveries have to be 
conducted frequently, since each order consists of different set and amount of products. This problem is 
typical for companies conducting periodic deliveries of goods with short expiration date to grocery shops 
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located in a given area. In both cases deliveries are expected to arrive at the customer’s in the latest 
possible moment, since in such a situation it is possible for the producer-supplier and the customer to modify 
an order. What is more, the supplier is also extremely interested in assigning the smallest possible subset of 
his fleet to fulfilling deliveries. Therefore there is a strong need for generating a delivery schedule which 
guarantees fulfillment of the supplier’s and customers’ requirements.  

For the above described issues a theoretical problem was formulated as a vehicle routing problem with time 
windows. An approach to this particular vehicle routing problem with time windows was based on 
mathematical models dedicated to transportation and manufacturing problems. Therefore the mixed integer 
linear programming model combines characteristics parts of transportation models and manufacturing 
models. The model was employed for solving a small-sized delivery scheduling problem.  

The paper is organized as follow: the paragraph No. 2 is devoted to the description of the vehicle routing 
problem in this particular case. In the paragraph No. 3 a mixed integer programming model for the vehicle 
routing problem with time windows is presented and it is followed by the subsequent paragraph where 
utilization of the MIP model is presented and results obtained in computational experiments are reported. 
The final paragraph provides recapitulation of the presented problem and suggests directions for further 
research. 

2. A VEHICLE ROUTING PROBLEM WITH TIME WINDOWS 

The problem of preparing a delivery schedule is being examined from different perspectives as a subject of 
researches conducted in the field of logistics, transportation and operations research. In general, the 
problem includes a wide range of issues referred to transportation, scheduling, synchronization and 
timetabling [Akkerman et al. 2010]. Specific problems were defined differently pursuant to the aspects on 
which the model is focused. Amongst the vehicle routing problem as the most important for this paper are to 
be indicated: vehicle routing problem [Ambroziak and Jachimowski 2011, Sousa 2011, Tratamontani 2008], 
travelling salesman problem [Laporte 1992, Heilporn et al. 2009, Voccia et al. 2013]. Furthermore, in the field 
of delivery planning amongst main problems may be listed: cyclic service scheduling [Kazan et al. 2012], 
delivery scheduling with time windows [Dumas et al. 1991], manufacturing and distribution scheduling with 
fixed delivery departure dates [Leunga and Chen 2013] or with time windows [Ullrich 2013], cost optimization 
[Nidhi and Anil 2011] and issues referring to quality, safety and sustainability of distribution [Akkerman et al. 
2010]. 

In this paper utilization of a mixed integer programming model for the vehicle routing problem with time 
windows is presented. The scope of the model is to obtain a schedule of deliveries which fulfils following 
requirements: first of all, every consignment must be delivered to the designated trading point and the 
delivery should arrive to the client in the latest possible moment, however no delivery time is allowed to 
exceed the limits of the time windows of the receiver, secondly, the number of vehicles assigned to supplying 
the clients should be as small as possible. Due to the fact that the vehicle routing problem with time windows 
is a complex combinatorial problem we developed a mix-integer model designed specifically for the case 
described above. Our approach to this particular vehicle routing problem with time windows was inspired by 
timetabling problem and manufacturing problems. The definition of synchronization and variables utilized in 
the model presented in this paper were inspired by a timetabling problem for urban public transport [Ibarra-
Rojas and Rios-Solis 2012] and the objective function was based on a job shop scheduling problem [Sawik, 
1998]. As a result a model for the vehicle routing problem was developed.  

As it was mentioned before, the problem to which this paper is devoted includes three main aspects: every 
customer is characterized by specific condition of receiving deliveries - he defines the limits of a time window 
during which a delivery may arrive (1), however every delivery is expected to come to the customer as late 
as possible (2), and the delivery schedule should be fulfilled by the smallest possible number of vehicles (3). 
Certainly, numerous other constraints should be also included, e.g. each consignment should be delivered 
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by at least on vehicle, no vehicle is allowed to arrive in two places in the same time, and every vehicle’s 
route should include travel time between the subsequent customers that belong to the given route. 

3. A MIXED INTEGER PROGRAMMING MODEL FOR THE VEHICLE ROUTING PROBLEM WITH 
TIME WINDOWS 

A mixed integer programming model was developed for the vehicle routing problem with time windows. In 
the model following sets were utilized: I - set of vehicles, B - set of customers. For each customer a time 
window is defined: wk - parameter, the lower limit of the time window during which a delivery may arrive at 
the k-th customer’s, and Wk - parameter, the upper limit of the time window during which a delivery may 
arrive at the k-th customer’s. For every pair of customers the parameter tkl stands for the travel time between 
the k-th customer and the l-th customer. 

In this model five variables were utilized: Xik - time of arrival of the i-th vehicle at the k-th customer’s, Yikl - 
assignment of the i-th vehicle to the pair of customers and Vkl - assignment of the i-th vehicle to the k-th 
customer, Uikl - the sequence of customers belonged to the i-th vehicle’s route and Ri - utilisation of the i-th 
vehicle. The complete notation utilized in the model is presented in the Table 1. 

Table 1 Notation 
Sets: 
I - set of vehicles 
B - set of customers 
Variables: 
Xik - time of arrival of the i-th vehicle at the k-th customer’s 

Yikl - 
Yikl = 1, if the i-th vehicle delivers to the pair of the k-th and l-th customers, 
otherwise Yikl = 0 

Uikl - 
Uikl = 1, if the i-th vehicle arrives at the k-th customer’s before the l-th customer, 
otherwise Uikl = 0 

Vik - 
Vik = 1, if the i-th vehicle delivers to the k-th customer, 
otherwise Vik = 0 

Ri - 
Ri = 1, if the i-th vehicle is utilised for any delivery, 
otherwise Ri = 0 

Parameters: 

wk - 
the lower limit of the time window during which a delivery may arrive at the k-th 
customer’s 

Wk - 
the upper limit of the time window during which a delivery may arrive at the k-th 
customer’s 

tkl - travel time between the k-th customer and the l-th customer 
M - big number 
α, β, γ - weighting factors 

As it was already mentioned, we should search for a solution that guarantees that every delivery comes to 
the customer as late as possible, therefore the optimization criterion utilized for the problem is to maximize 
the sum of moments of arrival of every vehicle at every customer’s. The value of the objective function is 
augmented by the total sum of unutilized vehicles as well as the total sum of pairs of deliveries assigned to 
the same car. The total sum of unutilized vehicles guarantees that the smallest possible number of vehicles 
is chosen to realize the delivery schedule. Similarly, maximization of pairs of deliveries which are not 
synchronized makes it possible to assign a pair of customers to one vehicle; however this part of the 
objective function needs to be improved as well as the values of the weighting factors which were granted to 
every addend of the objective. 
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Table 2 Mixed integer programming model for the vehicle routing problem with time windows 

Objectivity function: 

∑∑ ∑∑∑ ∑
∈ ∈ ≠∈∈ ∈ ∈

−+−+→
Ii Bk lkBl

ikl
Ii Bk Ii

iik URX
,

)1()1(max γβα  (0)  

Subject to: 

ikkik VWX *≤  BkIi ∈∈ ,  (1) 

ikkik VwX *≥  BkIi ∈∈ ,  (2) 

)1(*)()( iklklkikklil UMwtXtX −−≥+−+  lkBlBkIi ≠∈∈∈ ,,,  (3) 

)1(*)()( iklklkikklil UMWtXtX −−≥+−+  lkBlBkIi ≠∈∈∈ ,,,  (4) 

∑
∈

≤
Ii

ikV 1  Bk ∈  (5) 

ilkiklik UUV +≥  lkBlBkIi ≠∈∈∈ ,,,  (6) 

iklkliklikil YMtUMXX **( −≥+−  lkBlBkIi ≠∈∈∈ ,,,  (7) 

)1(*)1(*( ikllkiklilik YMtUMXX −−≥−+−
 

lkBlBkIi ≠∈∈∈ ,,,  (8) 

1≤+ ilkikl UU  lkBlBkIi ≠∈∈∈ ,,,  (9) 

iklilik YVV ≥+  lkBlBkIi ≠∈∈∈ ,,,  (10) 

iklilkikl YUU ≤+  lkBlBkIi ≠∈∈∈ ,,,  (11) 

0=− ilkikl YY  lkBlBkIi ≠∈∈∈ ,,,  (12) 

iik RV ≤  BkIi ∈∈ ,  (13) 

∑
∈

≤
Bk

ikV 2  Ii ∈  (14) 

0≥ikX  BkIi ∈∈ ,  (15) 

}1,0{∈iklY  BlBkIi ∈∈∈ ,,  (16) 

}1,0{∈iklU  BlBkIi ∈∈∈ ,,  (17) 

}1,0{∈ikV  BkIi ∈∈ ,  (18) 

}1,0{∈iR  Ii ∈  (19) 

In the model constraint (1) and (2) define the earliest and the latest possible time of arrival of delivery to each 
customer. Synchronization of deliveries to a pair of customers occurs when constraints (3) and (4) are 
fulfilled. The constraint (5) guarantees that each customer is supplied by one vehicle. Relations between 
binary variables are described by constraints (6), (9)-(13). Constraints (7) and (8) assure for two deliveries 
assigned to the same vehicle that the travel time between the k-th customer and the l-th customer is kept, on 
condition that these deliveries are sequenced.  
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Due to the specific character of the real life problem that inspired this research - especially due to the 
specific set of data utilized in the real problem - constraint (14) was added to the model. The presence of this 
constraint is justified for this particular problem; however it may not be a proper one for other set of data. In 
general, the model presented above was designed for a real case and it may not be an appropriate tool for 
solving other problems.  

4.  COMPUTATIONAL EXPERIMENT - A VEHICLE ROUTING PROBLEM WITH TIME WINDOWS 
SOLVED WITH THE MIP MODEL 

En enterprise provides 20 trading points with frequent deliveries; deliveries are conducted by the fleet of 20 
identical vehicles. The trading points are located in a limited area and the time of travel between any pair of 
customers is circa 2 hours. Every customer defined their time window during which a delivery should arrive - 
data is to be found in Table 3. 

In this model following values of weighting factors were utilized: α = 0.4, β = 0.8, γ = 0.7. 

Table 3 Data utilized in the computational experiment 

Trading point I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII XVIII XIX XX 
Lower limit of time 

window [h] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Upper limit of time 
window [h] 10 7 4 3 3 4 9 6 5 5 10 10 5 5 7 6 4 8 10 7 

Computational experiments were conducted with a computer equipped with a processor Intel® Core™2 Duo 
2.00 GHz and 4 GB RAM. The model was solved with the GNU Linear Programming Kit ver. 4.3 (Solver 
glpsolve). Generated model contained: 69661 constraints, 16421 variables: number of integer variables - 
16420 (including binary variables), number of binary variables - 16020. Searching for a solution lasted 2.4 
sec; this amount of time was enough to obtain optimal solution. Obtained results are presented in Table 4. 

Table 4 Results of computational experiments 

Trading point I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII XVIII XIX XX 
Vehicle I IX VII IX II VI V XIII III II IV III V IV VIII XI VIII VII VI X 

Time of arrival of 
the vehicle at the 
trading point [h] 

10 7 4 3 3 4 9 6 5 5 10 10 5 5 7 6 4 8 10 7 

It is to be observed that all the deliveries were conducted properly, since no arrival time exceeded the limits 
of time windows. Furthermore, each delivery arrival was scheduled to come to the designed trading point in 
the latest possible moment. In obtained solution deliveries was assigned to 12 vehicles - unfortunately, it 
does not seem to be the smallest possible number of vehicles that are indispensable for deliveries. 
Nevertheless, reduction of the number of the vehicles assigned to deliveries by 40% is acceptable, 
especially when we take into account that reduction of the fleet involved in the task is not the only criterion of 
optimization. 

5.  CONCLUSION 

Basing on results obtained in the computational experiments it may be stated that the mixed integer linear 
programming model for the vehicle routing problem with time window seems to be an accurate approach to 
searching for tools for strategic and operating planning in small and medium-sized enterprises operating in 
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the area of frequent services. The main advantage of the model is the possibility to obtain optimal solution in 
very reasonable time; however the model is dedicated for a specific situation and should not be considered 
as a general formulation of the vehicle routing problem with time windows.  

In this paper results obtained for a small network were presented. It should be emphasized once again that 
the model presented above was designed for a real case and it may not be an appropriate tool for solving 
other problems. Presented model should be considered as an example of a different approach to the vehicle 
routing problem rather than a fully developed general formulation of the problem. Continuation of research in 
this field is recommended, since there are many other aspects of scheduling frequent deliveries that were 
not taken into consideration in this research. Amongst them are to be listed: costs of travel, waiting time and 
vehicle assignment problem.  
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Abstract 

Supply chain is exposed to external influences. Computer simulation of resilience is one of the tools that help 
supply chain to respond to disturbances. Constantly changing markets make supply chains very complicated 
and dynamic. In such situations, it is necessary to model supply chains. Simulation of supply chain resilience 
could help to increase the rate of resilience and to prevent disruptions. The article proposes the conceptual 
framework for computer simulation of supply chain resilience building. Software with the relevant 
requirements was chosen for modelling of supply chain resilience. 

Keywords: Supply chain resilience, simulation, vulnerability 

1. INTRODUCTION 

Leanness is currently the leading approach to supply chain management. The primary objective is to achieve 
a highly efficient supply chain (cost minimization) and to satisfy the demanding requirements of customers 
(competitive level of services). However, the concept of lean supply chain is closely linked with a relatively 
steady business environment. This is in contrast with the present trends in business environment, such as 
globalization, increasing customer requirements or demand volatility. The way out of this situation is an effort 
aimed at searching for new concepts that would provide suitable complement (not replacement) to the 
paradigm of leanness. The concept of supply chain resilience represents one of the main directions in this 
area. Supply chain resilience is defined as the ability of a supply chain to return to its original state in case of 
its serious disturbance [1]. 

Computer simulation is the process of proposal and creation of a model of a real dynamic system and 
utilization of this model as an environment for experiment control. Simulation implements several significant 
benefits: possibility to predict situations that could be potentially disastrous and understanding the processes 
that could help to improve the control process [2]. 

Simulation techniques are focused on studying the behaviour of the system through the creation of its 
experimental model. The ability to identify the patterns of behaviour of the system appears on the basis of 
changes in certain parameters of the simulated object. Simulation models are used primarily for research of 
the stage of work. Their utilization is most suitable in cases of high complexity and dynamics of the system 
that is being modelled. The general problem of the utilization of simulation techniques is that the model 
allows only evaluation of the result for supply chain with certain structure and functional parts. Simulation 
models aren’t dealing with the description of supply chain tasks. The most effective method is to combine in 
one model analytical methods and simulation techniques in one model. A general feature of simulation 
techniques is that many of the indicators for evaluation are not described as constants, but they are 
described in the form of time series (time functions), reflecting the process dynamics and disturbances of the 
processes that differ in real systems. Executable computer program is the only form of existence of complete 
simulation model, which is adapted to perform numerical experiments aimed at the solution of analysis 
problems in existing or projected supply chain [3]. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

430 

Determining the type of model is the first step to build proper modelling of supply chain. Supply chain models 
should describe the characteristic features, such as: 

• Network environment. 

• Dynamic and uncertain environment. 

• Global system optimization. 

• Large quantity of decision-makers. 

• Large quantity of evaluation criteria. 

Simulation and modelling of disruption problems in supply chain yields its own problems, which fall into four 
areas [4]: 

• Appropriate description and simulation of events leading to malfunction of supply chains. 

• Creating an independent model. 

• Selection and identification of suitable strategies and options. Definition of what must be considered 
for the basic principles, which can affect the process or the occurrence of events that disturb system 
and lead to the violation of the organization. 

• Analysis of the results obtained by the simulation. 

The general goal of this paper is to propose a conceptual framework for the computer simulation of supply 
chain resilience building. 

2. CONCEPTUAL FRAMEWORK FOR COMPUTER SIMULATION OF THE SUPPLY CHAIN 
RESILIENCE BUILDING 

Two assumptions should be approved before building a resilient supply chain model. The system should be 
dynamic and multidimensional. Actually, when the supply chain is modelled, the analysis has to be made 
from the point of view of a single chain or a supply chain part. Four factors can be identified that affect the 
process, combined with the events that cause disruption of the supply chain: 

• Special features associated with transitional events. 

• The structure of supply chain (which determines the nature of the links connecting various 
components of the supply chain). 

• Policies, procedures and parameters that are used in different parts of the supply chain. 

• The set of measured parameters in assessing performance. 

The conceptual framework for computer simulation of supply chain resilience building includes the following 
phases (see Fig. 1): 
1. Preliminary analysis. At the beginning, it is necessary to analyze the input factors that affect the 

method used for supply chain resilience building: 
o Purpose - long-term (strategic) supply chain management or quick analysis, used mainly in cases 

of a sudden occurrence of a major disruption of the supply chain. 
o Scope - a part of the supply chain or the entire supply chain. 
o The status of supply chain - the current chain or a designed new chain. 
o Availability of sources - finance, time, and information. 

2. Supply chain analysis. Each supply chain has certain specific features that need to be taken into 
account when assessing its resilience. The basic examined areas include the supply chain structure 
(type and number of elements, their locations, mutual links), raw materials, material, semi-finished and 
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finished products (structure, variability, price, quantity), the used technologies (production, logistics) 
and the controlling processes (plan, source, make, delivery, return [5]). 

3. Business environment analysis. Every real supply chain is influenced by the business environment, 
which represents a significant source of disruption of supply chains. For this reason, it is essential to 
include the analysis of the business environment in the designed conceptual framework. 

4. Vulnerability analysis. Internal and external sources (factors) of disruption of the examined supply 
chain can be identified on the basis of previous analyses. The task of vulnerability analysis is to 
identify the key factors that have and will have the largest impact on the vulnerability of single links of 
the supply chain in the future - e.g. according to World Economic Forum (2013): 
o Natural disasters. 
o Extreme weather. 
o Conflicts and political unrest. 
o Terrorism. 
o Sudden demand shocks. 

5. Data collection. The basis of data processing is to collect data from supply chain and business 
environment. In this phase, the present vulnerability of single links of the supply chain is defined 
(probability of disruption occurrence, its impact and time of duration). 

6. Supply chain model building. Creation of the model, which is based on previous analyses and data 
collection. 

7. Supply chain vulnerability simulation. Simulation in long-term perspective. The aim is to determine 
the supply chain performance provided by present vulnerability of the supply chain. 

8. Resilience analysis and design of the experiments. Supply chain resilience is based on the 
resilience capabilities, which should be simulated. Resilience analysis lies in selecting the main 
resilience capabilities that allow the examined supply chain applying the most effective way of dealing 
with the key factors identified through vulnerability analysis. In this phase, the expected vulnerability 
(its decreasing) of single links of the supply chain is defined (probability of disruption occurrence, its 
impact and time of duration). The key resilience capabilities include: 
o Cooperation. 
o Financial power. 
o Dispersion. 
o Flexibility. 
o Agility. 

9. Conducting the experiments. Simulation in long-term perspective. The aim is to determine the 
increasing supply chain performance provided expected (lower) vulnerability of the supply chain. 

10. Evaluating the results. Increasing resilience could be economically advantageous: 
o Cost estimation of building selected resilience capabilities. 
o Comparison of increasing supply chain performance with incurred costs. 
o Return to experiment design (resilience analysis) if increasing resilience does not secure the 

economic profit (selection of new capabilities) or decision to build selected capabilities 
(alternatively decision of keeping the same supply chain resilience). 

11. Implementation. Continuous process of the supply chain resilience building on the basis of regular 
feedback. 
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Fig. 1 Conceptual framework for computer simulation of supply chain resilience building 

3. SIMULATION SOFTWARE AND DOSIMIS-3 

Suitable simulation software should be chosen for supply chain resilience modelling. The software chosen 
for that purpose has been described in this part of the article. 

The overwhelming majority of simulation models in internal logistic systems and supply networks are created 
using software with a stable position on the world market for imitation modelling and discrete time processes, 
such as AnyLogic, Arena, AutoMod, eM -Plant, Enterprise Dynamics, Extend, GPSS, ProModel, QUEST, 
Simul8, WITNESS, Plant Simulation, Dosimis-3 [3], [7]. 

Dosimis-3 was chosen for the next research work - verification of the designed conceptual framework. 
Dosimis-3 is a module-oriented simulation tool, which has in particular been customized to plan and develop 
models of internal transport systems and logistics systems [6]. Owing to the in-built library of standard 
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modules representing real elements, the package may prove a powerful tool supporting decision making 
processes, even in the event of large-scale projects. The simulator function is based on discrete event-
controlled processes. 

The computations performed by the simulator are based on event service procedures ongoing in the system 
and time lapse service procedures. The package consists of a simulator, model editor and program 
supporting scanning of statistical data. The approach used in the package construction supports the 
mapping of both static elements (resources) of transport and logistics systems, such as buffers, roller or belt 
conveyors, shuttle vehicles, work, processing or service stands, switches (turnouts, crossovers), and 
movable elements [6].  

4. CONCLUSION 
This article described a conceptual framework for computer simulation of supply chain resilience building and 
software, which will be used for the verification of the framework. Further research work will be focused on 
elaborating the verified framework into particular methodology. 
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Abstract 

This paper introduces the method of designing logistic network for manufacturing companies. The 
specificities of manufacturing company and logistics network structure were done with regard to literature 
review. The problem is to determine optimal number of logistics facilities and assigning production 
companies to them. It must be done in a way ensuring that cost of servicing area is minimal, meeting 
production companies requirements within technical and economic potential of logistics services providers. 

Keywords: Logistics network, optimization task, production companies 

1. INTRODUCTION 

With support for production companies in both the sphere of supply as well as in the sphere of distribution is 
associated the concept of a logistics system. The purpose of the logistics system is to ensure trouble-free 
flow of goods streams of between the points of obtaining goods from nature and the end consumers. The 
essence of logistics systems is the realization of transformations performed on streams goods and 
associated streams of information. Of course, to implement load handling in the logistics system are used 
various types of technical and organizational measures, including informational and human respectively 
interrelated.  

In the literature [1], [2], [3], [4], [5] logistics system is defined as a space-time transformation of goods or as a 
purposely organized and integrated - within a particular economic system - flow of materials and products 
and the information to enable their optimization. Logistics systém [6], [7], [8] logistics system is also seen as 
a set of technical and organizational measures and people who can plan and execute flows, buffering and 
distribution of materials between manufacturers and wholesalers, and retail points of sale or directly to 
consumers in a way that ensures effective implementation of the basic functions of the company.  

Characteristic of logistics systems is the interpenetration of handling and storage processes, under which the 
transformation of stream of goods is implemented. Usually these are different types of storage facilities or 
points of concentration / deconcentration of goods or reloading terminals, where it is decosolidation or 
consolidation of goods.  

Important in production companies handling is a transportation system, which in the context of the study is 
defined as a system that realize transport service these companies with the use of appropriate transport 
potential. The potential sufficient to fulfill the needs for transport to the required level of service and at a 
minimum cost, where the transport service is determined by the size of transport tasks declared for the 
implementation. 

The purpose of organized transport systems for production companies is to integrate the physical flow of raw 
materials and packaging needed for the production and to provide the distribution of finished goods 
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company-to-customer Thus, in the sphere of supply a function of transportation systems is to protect the 
process of production, and in the sphere of distribution to ensure the supply of finished goods from the 
company to the customer in accordance with the expectations of customers. 

2. ASSUMPTIONS FOR THE PRODUCTION COMPANY MATERIAL REQUIREMENTS 

Production facilities can be categorized by the nature of the production, the industry, the size of orders and 
shipments and an operating scheme in the supply chain. The basic idea, which must be met by production 
facilities, is that - because of the scale of production - they have a significant influence on the local supply 
network. This impact will be visible with the location of storage facilities in the region, with the structure of 
shipments of materials from suppliers and with the organization of transport and storage chains serving 
these facilities. 

Basic assumptions for considered class of production facilities are: 
– production facility is an object point of the logistics system, to which selected types of materials are 

delivered and other types of materials are collected; 
– the demand for production facility for materials shall be considered as primary need determining 

organization of supply chains; 
– the production facilitie's volume forces the regular supply of materials in certain parts, but these are 

the size of tracks loads or approximate to them. 
– the extent of production by the facility forces ordering many different types of materials for production, 

where the size of the order of different materials is expressed in the same units (e.g. tonnes); 
– all production materials are stored in a warehouse, ie volume of stocks of all materials can be added 

together; 
– the essence of the production process is not considered. Demand for materials of production and 

warehouse efficiency determine the structure of orders for materials; 
– materials can be delivered directly from the supplier or indirectly from storage facilities, the situation is 

analogous to the finished goods; 
– supply parameters are known and established for each type of material. 

Input characteristics of materials for production facility results from the following factors: the structure of 
customer orders, the specific manufacturing process, the physico-chemical characteristics of materials for 
the production, warehouse capacity and efficiency of raw materials and packaging. 

3. STORAGE FACILITIES IN THE SYSTEM OF PRODUCTION COMPANY SERVICE 

The specificity of the production companies service forces many different forms of organization of material 
supply and distribution network. This determines the need for proper selection of logistics facilities, including 
storage facilities, due to the complexity of the tasks and functions that they should implement. Proper 
selection of structures is dictated by spatial, technical, technological, organizational and economic aspects 
[9], [10], [11].  

Both the supply of materials to production facility and the receiving of finished goods from the production 
company can be done in different ways: directly, indirectly through local distribution warehouses to retail 
customers or through local points of consolidation for urban areas [12], [13], [14], [15]. 

In the area of direct deliveries is assumed direct shipment of goods from suppliers to customers. In the case 
of direct service there is no linking entities streams of flow of goods which generates an increase of the total 
cost of logistics services. There is a very large number of routes that determines the high demand for 
transport, the amount of which contribute to increased costs. Due to the large number of vehicles negative 
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phenomena of congestion of road infrastructure is formed and associated with that fact environmental 
pollution. 

In the case of indirect service each of the suppliers send the goods to the center of the supply, then the 
supply center sends the goods to manufacturers. Manufacturers direct materials to the distribution center 
and distribution center sends the goods to the customers. Additional entities in this case are branch supply 
centers and branch distribution centers. With their use the transfer of goods between each levels takes 
place.  

Consolidation of goods or order picking them in supply centers and distribution centers helps to reduce 
inventories and to reduce the number and cost of transport. The final recipient of load is assured of such a 
number of deliveries that are tailored to its needs of the assortment. Supply center and distribution center 
participation reduces the number of deliveries to the production companies, but may result in higher logistics 
cost. Also concentration large mass of loads in one place stimulates the use of different modes of transport, 
which can foster increased participation of rail transport and therefore reduced environmental pollution. 

Storage facilities in the supply chain of the companies represent buffer subsystems placed at the entrance 
and exit of the logistics system of the company [16], [17]. This helps stabilize the production process, ie, the 
continuity of these processes (Fig. 1). With the structure, where is separated only one central warehouse 
facility, is associated: the ability to specialize object due to the characteristics of the branch, lower costs 
associated with maintaining inventory (employment, protection, weather conditions, buildings, equipment), 
full control over the state of stocks, reducing transport costs within the system, maintaining a relatively 
smaller stocks (no need to represent each group assortment in each regional storage facilities). 

However, in the case of fragmented structure, ie the hierarchical structure we are dealing with: a shorter 
response time to the needs of of the companies, the ability to configure the services based on the needs of 
other companies, lower transportation costs and smaller risk of loss of inventory resulting from natural 
disasters. 

Combined logistics network structure is a kind of a combination of one-level structure with a multi-level 
structure. In the case of this structure, it is possible to both direct and indirect flow of goods. Such a structure 
is most common in actual logistics networks. 

Proper configuration of the supply chain determines the number warehouse facilities in the chain, their 
location, size, functions and information flows. The decision on location is not only connected with additional 
costs, but also with ensuring an adequate quality of services provided to the manufacturing process. 
Reducing logistics costs through appropriate design of both the location and size of warehouse facilities in 
the supply chain, is according to a pooling effect in the flow of goods, ie by linking: supply operations, supply 
of goods, inventories, various functions and distribution operations. Participation and the value of the 
individual components of the process flow in logistics costs results from the existing system of logistics 
companies.  
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Fig. 1 The structure of the supply chain of the flow of production materials including direct and indirect 
deliveries 

Source: own work 

4. TRANSPORT SERVICE ORGANIZATION MODEL OF PRODUCTION COMPANY 

The size of load being moved between highlighted supplier of the goods (the sender) and the company as a 
customer results from the size of transport tasks. It is assumed that demand  is defined, in relations for 
transport carriage is not known. whereas the size of load which is moved through different paths between 
sender and receiver In each relation of movement (between the supplier and the company as a customer) 
can occur many ways, technology, supply of goods, hence the organization of the transport system will be 
based on the assignment of individual connections appropriately sized goods so that the realization of 
transport was effective in not exceeding the limit imposed on potential transport system and transport 
network. 

The modeling of complex decision problems requires careful selection of methods to solve them. The 
complexity of decision-making situations causes that decision making must be supported by appropriate 
apparatus optimization. To the assessment of the organization of transport systems is taken into account 
various criteria such as: the cost of transport of realization of the transportation task, delivery time of a 
transport task or unit costs of tonne-kilometer and vehicle kilometer aa well as allowing development of 
transport systems indicators for assessing in terms of both single- and multicriterion. 

Decision problems also apply to determine the appropriate routes implemented by means of transport, taking 
into account the constraints imposed on the transport system and to ensure the minimization of the total 
costs of the transport tasks. Constraints of the organization of systems transport models can be such 
limitations on companies service at designated intervals so called. "time windows", which supported 
companies can take the load [18], [19].  

Assuming, that there are known ,1rl
n pq  and ,2rl

n pq  of interpretation of rl − th kind of size of load expressed 

properly in units of mass and volume units being moved in the transport system, among featured pair of 
vertices ie. the point of supply of number n, and the company with the number p. It is also assumed that for 
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each relation ( ),n p , ( ),n p ∈ NP  and each transportation system ,sp sp ∈ SP , is given a set of roads 

connecting the highlighted vertices. This set is denoted by npD .  Of course, the organization of 
transportation system will be different for each time interval, which is due to the variable characteristics of the 
nodes and transport network connections. Means of transport used to transport realization is denoted by the 

index ,st st T∈ S . We assume, that ( )spD , will be the set of all possible ways to use in given transport 

system, ie a set of the form: 

( )
( ) ( )

( )
, np

np

n p sp

sp sp
∈

=
D

D DU   

whose elements are sets of roads in different relations ( ),n p , i.e. npD . 

Assuming that for each relation ( ),n p , we have defined organization of the transportstion system, if we 

have a specific way of transport (technology), the volume of load carried, the type of vehicles and the time 
interval in which the transport will be implemented, that the organization will be written as the size of 

( )( ),1 , , 1 , ,rl
n posp d n p q st t +∈ℜ and size of ( )( ),2 , , 2 , ,rl

n posp d n p q st t +∈ℜ  has the interpretation of 

transportation system organization for the purpose of transport service of companies reporting transportation 

task in relation ( ),n p .  

Given values ( )( ),1 , , 1 , ,rl
n posp d n p q st t +∈ℜ  and ( )( ),2 , , 2 , ,rl

n posp d n p q st t +∈ℜ  will therefore 

determined the organization of the movement of load in given transport system, ie. in the system of the given 
structure mapped with graph GP and the constraints resulting from the set of functions defined properly on 
point and linear elements of the graph structure. Of course: 

( )( ) ( )( ) ( ) ( ){ }, , ,1 , , 1 , , : 1 , , 1 , , , , , 1 1 , , , ,rl rl np rl
n p n p n posp d n p q st t osp d n p q st t d n p q n p st t+= ∈ℜ ∈ ∈ ∈ ∈ ∈NPOSP1 D Q NP ST T

  
( )( ) ( )( ) ( ) ( ){ }, , ,2 , , 2 , , : 2 , , 2 , , , , , 2 2 , , , ,rl rl np rl

n p n p n posp d n p q st t osp d n p q st t d n p q n p st t+= ∈ℜ ∈ ∈ ∈ ∈ ∈NPOSP2 D Q NP ST T
 

Transportation systems for production companies may have different organization resulting from the 
specificity transported goods. Moreover, knowing the specific characteristics (cost, time, etc.) of individual 
transport technologies, you can for the operational and strategic purpose make decisions about the 
organization of the system [20]. 

Follows from the foregoing that the model of the organization of transportation system is a special 
optimization task. Solution of the optimization task must fulfill the conditions admissibility while complying 
restrictions and selected we demand that the criterion of quality of solution, when looking for the optimal 
solution, reached its extreme. To make optimal organization of transportation system, taking into account the 
requirements of companies should formulate appropriate optimization task for a given (right) quality criteria. 

5. CONCLUSIONS 

As indicated in the article, the organization of the transportation system is how to implement transport tasks 
with given potential of the system, ie, the satisfaction of precondition for delivering the transport tasks given 
with technical, economic, organizational and human resources. Warehouses are essential for the 
organization of transport service of production companies and determines the amount of logistics costs. In 
assessing the organization of transport systems should take into account both the economic criteria, for 
example transport costs of performance of the transportation task, unit costs of tonne-kilometer and vehicle 
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kilometer and the qualitative criteria such as duration of the transportation task. This means that in the case 
of the organization of transport systems for production companies is be search for a apparatus optimization 
for decision support in terms of multicriteria, because it is a multifaceted issue.   
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Abstract 

The paper presents selected aspects of the logistics network design. One of the important issues is to 
determine the number and choice of location of the warehouse facilities. The article describes the factors 
and criteria influencing the choice of location of objects logistics like warehouse, distribution center or 
logistics center. The paper presents a typology of methods and comparative analysis of selected methods of 
the location of objects. 

Keywords: Logistics network, logistics network design, location selection methods of warehouse facilities  

1. INTRODUCTION 

Logistics network, which is designed for a specific set of logistics companies can be defined as a system of 
interconnected warehouse facilities participating in processes of to the delivering material goods companies 
from suppliers (sphere of supplies of companies) and shipping of products - finished goods from the 
companies to the end users - customers (sphere of distribution of companies) [1], [2], [3]. Warehouse 
facilities in the logistics network for companies are buffer subsystems, placed at the entrance and exit of the 
logistics system of the company. This helps stabilize the production process, ie, the continuity of these 
processes and improve customer service. Fig. 1 provides an example of the location of the storage facility in 
the logistics network. Location of warehouse facilities is determined by many factors that should be 
considered when deciding on the structure of logistics network. The problem of the choice of location, due to 
its complexity, is generally solved multi-stages [4]. In this approach, the criteria and requirements 
(constraints) of the location included in the various stages of the design are different. 

 

Fig. 1 Logistics network structures of flow of goods taking into account the direct and indirect distribution 

Source: own work based on [1] 
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To determine the general location of the warehouses are used a series of nonformalized criteria that are 
divided into rigid and flexible. However, when determining the specific location are taken into account the 
specific requirements of the investor, ie, the purchase price and the adaptation of individual plots of land for 
investment under consideration, et al. Since the primary purpose warehouse facilities location is [1], [5], [2], 
[7], [6]: 

− minimization of logistics costs, especially in a situation where the level of them results from the 
conditions of development of the region, 

− improving customer service levels, when the total logistics cost shall be evaluated, rather than their 
individual components, 

− profit maximization in the whole chain of transport and storage, 

hence the choice of criteria and factors to be taken into consideration while choosing a location depends on 
the branch and the specifics of the investment made. 

2. CRITERIA AND FACTORS OF WAREHOUSE FACILITIES LOCATION SELECTION IN THE 
LOGISTICS NETWORK 

Logistics network design is a complex task. A good project helps to achieve better business performance, 
reduces operating costs and improves customer service level by identifying the optimal relationship between 
the individual network nodes and streams flow of material goods. 

Logistics network design involves the selection of the location of its nodal points, among which we can 
distinguish warehouse facilities, logistics centers, supply or distribution centers. There are different criteria for 
selecting the locations of nodal points in the network. Most of authors suggest the need for simultaneous 
consideration multiple criteria. This approach is described as multi-criteria or multi-faceted.  

Analyzing the literature [1], [4], [6], [7], [8], [10], [11], [13], [14], [15], should be emphasized compatibility of 
many authors on the factors affecting the choice of location of logistics facilities. The most often mentioned 
factors are: 
- labor costs in the regions of location of objects, 
- transportation and storage costs, 
- the time required for order fulfillment (level of service), 
- the existing infrastructure (hard surface roads, railways, inland waterways, airports), 
- distance from supply markets and customers, 
- local taxes and incentives for regional development 

For example, according to the [14], the basic criterion is to maximize the sum of of the location so called 
demand values understood as the possibility of disposing of finished goods and quality of resources 
understood as the possibility of obtaining productive resources, while maintaining their proper structure. The 
possibility of sales is reflected in revenues, and the possibility of obtaining resources is reflected in 
expenditures. Of course, the possibility of obtaining productive resources will be significantly affected 
transport and storage costs [4]. 

It should be emphasized that the criteria for selecting the locations warehouse facilities are not permanent 
(they are not a closed set). Over the years, has changed both the set of factors taken into account by 
decision-makers, as well as the hierarchy of their importance. For example, among the criteria for selecting 
locations of logistics centers and warehouse facilities often are mentioned: ease of acquisition and cost of 
labor, good relationship with the market, the ability to purchase buildings or other real estate, ease of 
purchase of raw materials, availability of automotive infrastructure (road network, railways, etc.) local 
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cooperation opportunities, the ability to raise funds for the development of entrepreneurship and innovation 
[4], [8].  

For locations of logistics centers, due to their technical and functional specific, among the criteria are 
mentioned: the ability to adapt existing logistics infrastructure, including mainly purchase of additional land 
for development, treatment of the area, connecting to the existing rail and road network, construction of 
additional warehouses or office buildings, construction parking places, provision new facilities in media, 
preparation of technical documentation, etc. [10], [13]. 

3. METHOD OF SELECTION OF STORAGE FACILITIES LOCATION IN LOGISTICS NETWORK 

The issue of the choice of location of warehouse facilities is a problem still present due to the changing 
conditions not only technological and economic but also market conditions as well as for colaboration 
cooperating with each other entities. In the literature, much space is devoted to methods of warehouse 
facilities locations in the logistics network. It is also considered classification of localization problems by 
function criterion, decision variables and parameters of the system. Solving the problem of object location in 
the logistics network must take into account many aspects, including logistics network structure and form of 
the relationships of objects in the network (for example, if each node is assigned to a single object or many, 
whether the connection of node - node without the logistics object is acceptable and if the connections object 
- object are full or partial, et al.). 

Taking into account the multifaceted issues of the location as criteria for the division location methods for 
nodal points in the logistics network we can assume [16], [17], [18], [19]:  

− quality of obtained solution, according to this criterion are highlighted approximate methods (heuristic), 
strict (which provide the optimal solution) and simulations, 

− ability to simultaneously location of the several warehouses and take into account their hierarchy in 
the logistics network; highlighted are the methods of single-object and multi-object, one-level or 
hierarchical, 

− taking into account the time factor, then highlighted methods are static and dynamic, 

− taking into account the random phenomena in the network, including in particular changes in the 
intensity of flow of goods and the occurrence of disturbances and the associated flow discontinuities: 
deterministic and stochastic methods, 

− description language, then highlighted methods are descriptive, analytical, analytical and descriptive, 
analogue and numerical, 

− taken into account at the same time the number of evaluation criteria solutions - methods of single- 
and multi-criteria, 

− ability to identify different types of material goods handled in the logistics network, then highlighted 
methods (models) are: single- and multi-product. 

Table 1 summarizes the significant items of literature on methods for designing warehouse facilities and 
logistics networks.  

Table 1 Summary of chosen literature items dealing with methods for designing location of the warehouse 
facilities and logistics networks 

No. Author Year  Issue undertaken Purpose 
1. Kuehn, Hamburger 

[20] 
1963 - Model location taking into account one material for minimization linear 

costs with unlimited capacity and the ability of movement, 

- The use of heuristic method and algorithm of "bump and shift" 

Logistics facilities 
location 

2. Christofides, Viola 
[21] 

1971 - Multi-object problem of locating in a graph Logistics facilities 
location 

3. Richter [6] 1971 - Linear location of logistics facilities optimization method which is a 
modification of transportation task 

General application 
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4. Kryński, Badach [22] 1976 
2001 

- The issue of location of production facilities to meet the needs of 
individual customers formulated as a closed transportation task 

Logistics facilities 
location 

5. Francis, Lowe, 
Ratliff  [23] 

1978 - The procedure for the sequential order of location for solving the 
problems of location methods using restrictions on range 

Logistics facilities 
location 

6. Regulski [14] 1985 - Criterion of location which is to maximize the sum of values of 
demand and quality of resources 

Logistics facilities 
location 

7. Watson-Gandy [24] 1985 - Minimizing the weighted sum of the distance between logistics objects 
and customer locations subject to the limitations of distance 

Logistics facilities 
location 

8. O’Kelly [25] 1987 - The formulation of integer quadratic programming problem for the 
discrete location of objects, 

- Heuristic models of logistics network design 

General application 

9. Neebe [16] 1988 - Procedure of emergency warehouses location and services in all 
possible distances using linear programming and heuristic methods 

Logistics facilities 
location 

10. Pirkuli, Schilling [26] 1991 - The method of maximum coverage, with limitation on throughput of 
logistics facilities, 

- The use of Lagrangian relaxation method 

Logistics facilities 
location 

11. Daskin [27] 1995 - Optimization task of warehouse facilities location, assuming the 
possibility of partial customer service 

General application 

12. Abt [28] 1996 - The use of cluster analysis method to solve the problem of location of 
logistics centers in Poland 

General application 

13. Campbell [29] 1996 - The use of graph search problem for the design of logistics network 
for the distribution of groupage consignments, 

- The effectiveness of customer service from many logistics facilities, 
- Formulation of mathematical problems for one and multi-object 

location problem, 
- Heuristics procedures for logistics network design 

General application 

14. Pfohl [30] 1998 - Two-step method of logistics facilities location Logistics facilities 
location 

15. Ronen [31] 1998 - LSD simulation model of logistics network including warehouse 
locations 

General application 

16. Mindur [32] 2000 - Developing criteria for location of logistics centers 
- The use of pointed method of multi-criterion analysis to the problem of 

location of logistics centers in Poland 

General application 

17. Siarkowski, Marczuk 
[33] 

2002 - Location and transport issue of the location of storage facilities due to 
the total cost of their construction and operation of transport 

Logistics facilities 
location 

18. Jacyna, Wasiak [34] 2003 - Multicriteria evaluation of a hierarchical distribution system General application 
19. Wasiak [7] 2004 - The method of multi-criteria evaluation of logistics services in the area 

of multi-level distribution system 
General application 

20. Nozick, Turnquist 
[35] 

2001 - Development of the Daskin’s model on analyzing the level of stocks of 
products at locations of logistics facilities and on unit costs of 
maintaining stocks of products 

General application 

21. Ambroziak, Żak [36] 2007 - Location and transport model for location of logistics facilities General application 
22. Mohammadi, Malek, 

Alesheikh [37] 
2009 - Formulation of the problem of multi-object location in the graph Logistics facilities 

location 
Source: own work 

Analysis of the literature concerning considered problem, both Polish and foreign, indicates a lack of 
systematic approach to designing the logistics network structure of production companies. In the published 
elaborations do not take into account the technological and spatial adaptation of warehouse facilities of 
logistics network to the needs of companies. 

Nowadays, more and more, there are also addressing the issue of logistics network design using dynamic 
modeling methods. In the case of dynamic modeling methods, when selecting places of the location of the 
warehouse facilities, shall be taken into account all kinds of changes in parameters of the model concerning 
not only the size of the flow of goods but also and prices and costs. The use of dynamic methods is to 
capture the cost of changing one configuration to the other of logistics network, allows to determine the 
location of the new warehouses, providing a balanced flow of load streams, ie that the flow of finished goods 
from production to the warehouse was equal to the volume of production in a given period, and no more than 
equal to the capacity of the warehouse, and the movement of finished goods from the warehouse to the 
customer was equal to the demand of recipients for this product in a given period. 
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4. CONCLUSIONS 

The computational complexity of the problem of the choice of location of objects makes it is mostly solved 
using approximate methods (heuristic). Increasingly, genetic algorithms are used. 

Very important in solving the issues of warehouse facilities location in logistics network is experience of a 
researcher and the availability of reliable data. Especially that because of the many aspects of this issue 
should take into account factors which substantially affect on taking the right decision. 
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Abstract 

Vehicle touring problem is very present and often considered in the literature. There are many mathematical 
models formulated for such a problem and its solution proposals. All the research on this topic are 
reasonable and necessary. Their aim is to reduce traffic and thus improving road safety, reducing congestion 
and reduce the impact of the road transport on the environment. In this paper the authors present the 
solution for the MDVRPTW (Multi Depot Vehicle Routing Problem with Time Windows) with the usage of 
a genetic and clustering algorithm. The main part of the article is dedicated to the solution analysis with the 
usage of simulation software. This analysis allowed to examine the quality of the obtained transportation 
plan. Several indicators of the transportation system evaluation in the context of the considered problem 
were presented. Also the bottle necks of the considered transportation system were identified.  

Keywords: Simulation, Petri nets, Vehicle Routing Problem 

1. INTRODUCTION 

Transportation tasks’ realization allows satisfying the recipients’ needs. However it requires to undertake 
a few certain organizational actions. One of these actions refers to cargo distribution planning, which is 
a problem that is very complicated and hard to solve. Solving difficulties mainly came from the need of 
including many factors that can affect the transportation planning process. The most important factor that 
has to be considered is the randomness of events that take place both on the road and in the logistics 
facilities [1]. 

An important issue in the distribution planning is the vehicle routing problem VRP. It comes from the classic 
traveling salesman problem TSP, and more specifically from the TSP’s modification which takes the vehicles’ 
capacity into account. The vehicle routing problem and its various types depending on the assumptions and 
constraints are the issues very often considered in the literature. The vehicle routing problem is NP-hard, 
that is why its solving requires the usage of special methods. Among these special methods, the heuristics 
and the simulation methods can be distinguished [2], [3]. 

Simulation in problems related to vehicle routing is used rather rarely. That is why there is a small number of 
tools dedicated to solving problem such as for example distribution planning. Simulation allows the analysis 
of the solutions obtained with the usage of other methods [4]. The use of simulation methods for the 
solutions analysis is the subject of a discussion in this article. These methods allow to determine the 
indicators of the solution’s quality. The simulation carried out under this article is designed to verify the 
correctness of the solution, and to prove the need of using such methods for solving problems considered in 
this article. 

The article was divided into 5 chapters. The vehicle routing problem and its various types are presented in 
the chapter 2. The third chapter contains a proposed calculation example carried out with the usage of the 
dedicated application with the implementation of a genetic and clustering algorithm. The simulation of the 
proposed distribution example was implemented in Yasper which is based on queuing Petri nets with time 
dependencies. The fifth chapter contains a summary and plans for future work with this issue. 
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2. VEHICLE ROUTING PROBLEM AND ITS MODYFICATION 

Distribution planning requires solving the vehicle routing problem, which means setting the order of the 
visited recipients and assigning mileage to specific vehicles. The vehicle routing problem derives from the 
traveling salesman problem, which idea was to find a Hamiltonian cycle in the graph. In other words the aim 
of the TSP is to determine the way in which each vertex in the graph is visited exactly once. Unfortunately 
the traveling salesman problem does not consider many assumptions that are necessary for the 
consideration of the distribution process. That is why the traveling salesman problem was modified into 
vehicle routing problem by adding constraints regarding vehicles’ capacity [5]. The graphical interpretation of 
the traveling salesman problem and its modifications are shown in Fig. 1. 

 
Fig. 1 Traveling Salesman Problem and Vehicle Routing Problem 

Source: own work. 
VRP is a fairly complex issue, and as it was mentioned before it belongs to the class of NP-hard problems. 
More over the development of information technology has enabled the development of this issue by adding 
more assumptions and limitations. Determining solutions for such a problem requires using some efficient 
algorithms. Modifications of the vehicle routing problem allow modeling the real life distribution proces [5], 
[6], [7]. The problem considered in this article is a modification of the VRP due to including multiple number 
of depots and recipients time windows. This kind of a problem is then called the  Multi Depot Vehicle Routing 
Problem with Time Windows (MDVRPTW). 

3. SOLVING THE MDVRPTW WITH THE USAGE OF GENETIC AND CLUSTERING ALGORTIHM 

As the main assumptions in a considered problem we can distinguish: 
• problem consist of hierarchical terminals and cargo recipients, 
• it is possible to use vehicles of various capacities, 
• every recipient can be serviced only once, 
• every recipient is characterized by a time window, 
• there are the penalty costs for early or late recipient’s service, 
• arc duration time, arc length and cargo loading operations are considered (it is assumed that the arc 

duration time is determined) 

The objective function minimizes the total transportation costs. The cost in this function consists of costs 
referring to route length, drivers working time, and penalties for early or late recipient’s service. To solve the 
problem it was necessary to define the input data. The distribution plan was determined with the usage of 
computer application called „Dystrybucja Wieloszczeblowa”. The application input data referring to recipients’ 
and terminals’ locations is presented in Fig. 2. Other recipients’ characteristics are presented in Table 1. 

Travelling Salesman Problem Vehicle Routing Problem 

Depot 

Recipient 

Depot 

Recipient 
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Table 1 Recipients’ characteristics as an input data 
reci- 

pient’s 
number 

dem- 
and 

load 
time 

jłp 
num- 
ber 

time 
window 
begin 

time 
windows 

end 

reci- 
pient’s 
number 

dem
- 

and 
load 
time 

jłp 
num- 
ber 

time 
window 
begin 

time 
windows 

end 
1 300 1 1 10:24 13:24 16 300 1 1 13:08 16:08 
2 300 1 1 13:48 16:48 17 600 2 2 14:38 17:38 
3 600 2 2 14:55 17:55 18 600 2 2 15:51 18:51 
4 900 3 3 10:01 13:01 19 900 3 3 13:23 16:23 
5 600 2 2 12:55 15:55 20 600 2 2 15:48 18:48 
6 600 2 2 12:13 15:13 21 900 3 3 14:21 17:21 
7 300 1 1 14:26 17:26 22 600 2 2 14:20 17:20 
8 300 1 1 09:14 12:14 23 600 2 2 15:56 18:56 
9 900 3 3 12:23 15:23 24 900 3 3 14:16 17:16 

10 600 2 2 14:59 17:59 25 600 2 2 13:42 16:42 
11 600 2 2 13:19 16:19 26 300 1 1 14:59 17:59 
12 600 2 2 14:01 17:01 27 600 2 2 13:29 16:29 
13 900 3 3 14:14 17:14 28 900 3 3 13:07 16:07 
14 600 2 2 14:50 17:50 29 300 1 1 15:02 18:02 
15 600 2 2 13:17 16:17 30 300 1 1 13:39 16:39 

Source: own work 

 
Fig. 2 Terminals’ and recipients’ locations 

Source: „Dystrybucja wieloszczeblowa” 
Application performance is based on the implemented genetic algorithm which takes into account the 
clustering algorithm. In the genetic algorithm each individual consists of genes representing all realized 
routes. For the purpose of this algorithm, initial population drawing operators, ranking method for individuals 
selection, OX - crossover and 2-opt mutation were developed. 

The evaluation of the individuals’ adaptation is defined as the objective function minimizing costs. Clustering 
is the recipients’ assignment to service areas within a single route. The computer application allowed to 
determine delivery plans for the prepared input data. The calculation results divided by vehicles’ routes are 
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presented in Table 2. Vehicles’ routes and routes duration are presented in Table 3. Table 4 contains 
calculation results for the deliveries between terminals 

Table 2 Routes characteristics  

depot route 
nr vehicle cost with 

penalties 
route 
length 
[km] 

cost 
without 

penalties 
driver’s 

cost 
penalty 
for early 
service 

penalty 
for late 
service 

depot 
departure 

depot 
arrival 

vehicle 
use 

D1 
T1 Type 2 

(12t) 1811,56 z 193,35 1806,56 1590,00 5,00 0,00 10:41 15:06 17/17 
(100%) 

T2 Type 2 
(12t) 1384,12 z 150,10 1380,12 1212,00 4,00 0,00 13:03 16:25 9/17 

(52,94%) 

D2 

T3 Type 2 
(12t) 1754,76 z 189,96 1754,76 1542,00 0,00 0,00 12:56 17:13 17/17 

(100%) 

T4 Type 2 
(12t) 1588,97 z 172,29 1584,97 1392,00 4,00 0,00 13:37 17:29 12/17 

(70,59%) 

T5 Type 3 
(3t) 848,17 z 58,71  798,17 762,00 50,00 0,00 14:20 16:27 4/5 

(80%) 
Source: own work with the usage of „Dystrybucja wieloszczeblowa”. 

Table 3 Vehicles’ routes and recipients’ service times 
route nr route 

T1 

Recipient 
nr 8 

Recipient 
nr 4 

Recipient 
nr 1 

Recipient 
nr 6 

Recipient 
nr 28 

Recipient 
nr 5 

Recipient 
nr 11 

Recipient 
nr 9 

11:03-
11:06 

11:44-
11:49 

12:17-
12:20 

12:34-
12:38 

13:02-
13:12 

13:27-
13:31 

14:16-
14:20 

14:40-
14:45 

- - - - ZW: 5 - - - 

T2 

Recipient 
nr 27 

Recipient 
nr 7 

Recipient 
nr 2 

Recipient 
nr 3 

Recipient 
nr 10 

Recipient 
nr 26 

  

13:30-
13:34 

14:22-
14:29 

15:00-
15:03 

15:18-
15:22 

15:34-
15:38 

15:51-
15:54 

- ZW: 4 - - - - 

T3 

Recipient 
nr 16 

Recipient 
nr 19 

Recipient 
nr 30 

Recipient 
nr 15 

Recipient 
nr 24 

Recipient 
nr 25 

Recipient 
nr 12 

Recipient 
nr 13 

13:09-
13:12 

13:27-
13:32 

14:20-
14:23 

14:58-
15:02 

15:39-
15:44 

16:14-
16:18 

16:29-
16:33 

16:52-
16:57 

- - - - - - - - 

T4 

Recipient 
nr 21 

Recipient 
nr 22 

Recipient 
nr 29 

Recipient 
nr 20 

Recipient 
nr 14 

Recipient 
nr 23 

  

14:22-
14:27 

14:53-
14:57 

15:29-
15:32 

15:44-
15:52 

16:30-
16:34 

16:48-
16:52 

- - - ZW: 4 - - 

T5 

Recipient 
nr 17 

Recipient 
nr 18 

  

14:39-
14:43 

15:01-
15:55 

- ZW: 50 
Source: own work with the usage of „Dystrybucja wieloszczeblowa”. 

Table 4 Transport between terminals 

depot serviced depot departure 
time 

arrival 
time 

route 
type 

order 
picking time 

route 
length jłp number total 

cost 
total 

drivers’ 
cost 

D1 D2 10:41 11:33 primary 33 43,46 km 33 380,15 z 312,00 z 
Source: own work with the usage of „Dystrybucja wieloszczeblowa”. 
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4. PETRI NETS IN SIMULATION ANALYSIS OF VRP SOLUTION 

The simulation analysis of the solution obtained by the „Dystrybucja wieloszczeblowa” was carried out using 
Petri nets. These nets allow dynamic mapping of the static nets using tags. There are many varieties of nets 
taking into account various assumptions such as markers coloring or delays occurring in transitions. Detailed 
information about functioning and application of the Petri nets can be found in [8], [9]. 

For the purpose of research the distribution model and parameters obtained thanks to optimization were 
implemented in Yasper computer tool. The implemented model is presented in Fig. 3. 

 
Fig. 3. Distribution model in Yasper computer tool. 

Source: own work with the usage of „Yasper”. 

The simulations realized with the usage of Yasper and also indirectly with the usage of QPN program 
allowed to analyze the solution obtained by the optimization [10]. The research was based on changing the 
travel time and the loading time from deterministic into stochastic. In the research the normal distribution 
probability was used. On the basis of the research it was concluded that the implementation of the individual 
courses is not blocked. Tasks schedule for the deterministic data (solution obtained with the genetic 
algorithm) and stochastic data is presented in Fig. 4. Charts with indicators for the total time, total penalty 
time and the number of customers serviced beyond a time window are presented in Fig. 5. 

 
Fig. 4 Routes schedule (”-for simulation) 

Source: own work with the usage of „Yasper” 
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Fig. 5 Indicators for the designated solution 

Source: own work with the usage of „Yasper” 
5. CONCLUSIONS 

The aim of the simulation tools implementation was to verify the solution of the MDVRPTW obtained with the 
usage of genetic algorithm. Realization of this research leads to the conclusion that the solution is very good 
in terms of its resistance to changing cargo operations times and transportation times. Solutions for both 
random and determined times are similar and don’t influence the implementation of transportation plan. The 
high quality of the obtained solution provide indicators presented in Fig. 5. The randomness did not make 
considerable differences in working schedules, which indicates a safe planning of a recipients’ service in 
their time windows. 

In conclusion, it should be noted that the studies presented in this article show the importance of using 
simulation methods to analyze the solutions quality. However, there is a lack of dedicated tools to 
comprehensively consider the problem and take into account the nature of the distribution process. Available 
tools have too small number of indicators to carry out such analyzes. More over the model mapping 
operation is very time-consuming in such tools. 

In the future research authors assume developing a computer application, which will allow a simulation study 
of the solutions of different types of the vehicle routing problem. The specific conditions and constraints for 
solving such tasks will be taken into account. Also an automatic generation of the simulation model will be 
possible. 
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Abstract 

The provision of human resources within the scope of project management is always a complicated issue, as 
well as a very sensitive one, especially in more complicated projects involving a wide range of professions 
put together from several organizational units or even from different organizations. To ensure, monitor and 
control the allocation of the individual workers of the necessary specializations in certain projects and 
simultaneously to optimize the cost is one of the most demanding challenges a manager is facing. The 
article shows the possibility of using innovation in planning the allocation of workers within the selected 
project in such a way to meet the timetable of the project, while optimizing the costs associated with its 
realization. 

Keywords: Innovation potential, optimizing the costs, allocation of workers, human resources 

1. INTRODUCTION 
Project management is a set of models, methods, processes, tools and techniques used for planning and 
managing the realization of complicated projects [1]. The following analyses are performed within the scope 
of project management: 
Time analysis of the project - this is the duration of the realization of activities. It determines the project 
completion date, taking into account the fact that the company works with both optimistic and pessimistic 
term [1]. 
Source analysis - compares the timing of the requirements for the utilization of resources with the usable 
amount of resources. We distinguish sources that are used only once, such as energies, money, materials, 
and sources used repeatedly, which include equipment, people and operational sources. The objective of a 
source analysis may be to minimize the requirements for sources, respecting the limit of sources or the 
balanced utilization of sources [1]. 
Cost analysis - determines the best possible course of the project, in terms of the mutual relationship 
between time and costs of project realization [1]. 

At present, it is not possible any more to manage large and complex projects without using the basic tools, 
techniques and methods of project management. Planning the course of all activities of the project, 
monitoring important terms, sources and costs allocation is the crucial role of project management. Planning 
of the above described parameters takes advantage of the technical tools of project management based on 
the network analyses (CPM, PERT, etc.). The focus of these tools lies primarily in computer support to 
project manager decision-making in the form of various SW products that allow you to perform time, source, 
as well as cost analysis (e.g. GanttProject program, Microsoft Office Project, WinQSB program). Should the 
outcomes of the analyses serve as input data for managers´ decision, it must be noted that the relevance of 
the acquired information for decision-making depends especially on the quality of the input data. This means 
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that if the input data are prepared directly by the responsible personnel, they may initiate correction of the 
assignment, thus improving the efficiency of the project, as early as during the stage of preparation and data 
transformation. 

2.  PLANNING THE PROJECT SOURCES   
The task of source planning within the scope of the project is to create conditions in terms of management 
capacities. The necessary sources should ensure the timely completion of the project in the specified quality 
and at predetermined costs. 
The sources include everything necessary for the project realization, such as: 
- employees (sufficient number of internal or external employees, qualifications, required 

knowledge and skills), 
- facilities and equipment (buildings, halls, offices and the necessary equipment), 
- IT equipment (computers, software, telephones, etc.), 
- material,  
- etc.  

It can be said that the sources are often inadvertently overloaded as a result of assigning a single source to 
multiple tasks than the given source can fulfil during the working hours that are available. 
The provision of human resources is always a complicated issue and, at the same time, a very sensitive one 
[2]. Especially in complex projects involving a wide range of professions put together from several 
organizational units or even from different organizations. Ensuring, monitoring and controlling the allocation 
of the individual workers in certain projects, with the necessary specializations, and simultaneously 
optimizing the cost is one of the most complicated challenges a manager is facing [3]. 

3. CASE STUDY - PLANNING THE PROJECT SOURCES   
In their scientific and research activity, the team of authors addressed the role of time and cost optimization 
of a selected project using the network analysis methods [4]. One of the priority tasks was the optimal 
planning and allocation of the personnel from the individual professions within the selected project, in order 
to meet the time plan of the project, while optimizing the costs associated with its realization. 
A schedule of activities in logical sequence, which must be carried out within the project, was prepared within 
the scope of the given task. There are 126 activities in total. Partial activities were identified by letters with 
numbers (e.g. S01, B01, etc.). The time necessary for performing each partial activity was added afterwards. 
The duration of the individual activities, the preceding and following activities and the activities that take 
place simultaneously result from the prepared time schedule. The numbers and professions of the personnel 
required for the individual activities were subsequently allocated to each partial activity. The cost rates of the 
given professions were available as well, which, in addition to the data regarding wages, also include other 
overhead costs (energies, depreciation, etc.), however these rates do not include the material costs, as 
these costs are not related to the duration of the individual activities and the entire project. 
Overhead costs rates for the given professions: 

- production is 400 CZK/h,  
- fitting 280 CZK/h, 
- project engineers 500 CZK/h  
- other 200 CZK/h. 

Table 1 presents an overview of the individual project activities and their marking, duration of the activities 
and the itemization of professions and the number of workers in the given profession for each project activity. 
M fitters, 
O others (especially drivers bringing in material), 
P project engineers, 
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V workers in production  

Table 1 An example of a form including the workers for the individual activities  

 

The last column of the Table 1 presents a break-down of workers for the individual activities. For example, 
M12/8 + P3/8 + O3/8 participate in S33 activity. This means that the duration of realization of S33 activity is 8 
weeks and 12 fitters, 3 project engineers and 3 employees classified as others participated on this activity 
during that time. 

Given that the data defined this way were not available in the required classification for the purposes of 
planning and optimal allocation of labour force and subsequent cost analysis, they could not be used in that 
form. That is why it was necessary to perform their adjustment, which is further described in detail in the text 
of the article. 

In the first stage, it was necessary to divide the individual activities by weeks (from the 1st to the 44th week. 
The total realization time of the project of 44 weeks was determined in WinQSB program using CPM 
method). Table 2 presents an overview of activities for the 38th week of the project. 

Table 2 An overview of activities for the 38th week of the project 
38th week  B03 P2/2 
 B04 P1/6 
 S06 P3/2 
 S11 V11/2 +P3/2 + O3/2 
 S17 M17/3 + P3/3 + O3/3 
 B11 M4/1 + O3/1 

As shown in the table, the realization of activities B03, B04, B11, S06, S11, S17 and A01 takes place in the 
38th week. According to the allocation of workers, there should be 14 project engineers, 21 fitters and 9 
workers included in the category of the others in this week, which was unrealistic, based on the discussions 
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with the project team. It is not realistic and, above all, economically viable, to have that number of workers 
continuously at the workplace in the 38th week. 

That is why the number of workers, who are selected for the realization of the project in this period, was 
defined within the scope of each week for each employee category, and they was subsequently divided into 
the individual activities according to the demands, so that the sum in the given week represents the defined 
number of allocated workers in the given category. A coefficient, indicating the share of the defined number 
of workers on the sum of participations of the given profession in the individual activities for the individual 
weeks, was established for this purpose. An example for the 38th week is presented in Table 2. 

P - project engineers: the sum of participations of project engineers in the individual activities = 14 
(activities B03, B04, S11, S17, A01) 
The number of project engineers allocated to the realization of all activities in the 38th week: 3  
Schedule coefficient for project engineers = 0.214 (i.e. 3/14). 

V - production workers: the sum of participations of production workers in the individual activities = 11  
(activity S11) 
The number of production workers allocated to the realization of all activities in the 38th week: 11 
Schedule coefficient for production workers = 1 (i.e. 11/11). 

O - other workers: the  sum of participations of other workers in the individual activities = 9  (activities 
S11, S17, B11) 
The number of other workers allocated to the realization of all activities in the 38th week: 3 
Schedule coefficient for other workers = 0.33 (i.e. 3/9). 

M - fitters: the sum of participations of fitters in the individual activities = 21 (activities  S17, B11) 
The number of fitters allocated to the realization of all activities in the 38th week: 17 
Schedule coefficient for fitters = 0.81 (i.e. 17/21). 

Only project engineers are involved in activity B03, the schedule coefficient for project engineers = 0.214. 
The acquired result was multiplied by the number of worker participations in the given activity in the given 
week. B03 includes 2 participations of project engineers. The hourly rate for project engineer is 500 CZK and 
the working week has 40 hours. The employee costs, including the costs of overhead character (cost of the 
project realization without the costs of materials,) are 8, 560 CZK for B03. 

In activity S17, involving not only project engineers, but also fitters and others, the costs calculation is: S17 = 
M17/3 + P3/3 + O3/3, the schedule coefficient for fitters is 17/21 (i.e. 0.81). The result is multiplied by the 
number of workers involved in activity S17, the hourly rate for fitting (280 CZK) and the number of hours in a 
working week (40 hours). S17 for fitting is 0.81*17*280*40, i.e. 154, 224 CZK. The same procedure is 
applied for the category of others, where the coefficient is 3/9, i.e. 0.33 and the calculation is 0.33*3*200*40, 
i.e. 7, 920 CZK and for project engineers, it is - 3/14, i.e. 0.214 and calculation is 0.214*3*500*40, i.e. 12, 
840 CZK. The employee costs, including the costs of overhead character for activity S17 in the 38th week 
are 174, 984 CZK. 

The same method was used to calculate the cost of the individual activities in the individual weeks of the 
project duration. Table 3 shows an example of the calculations. 
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Table 3 Calculations of costs of the individual activities in the individual weeks of the project duration, broken 
down by the given profession 

 

Calculations of costs of the individual activities in the individual weeks of the project duration, broken down 
by the given profession 
Only these costs determined for the individual activities were used for the cost analysis of the project, 
namely the cost of the project realization without the cost of materials, using WinQSB software. 

4. CONCLUSION  
Time and cost optimization of a selected project was carried out within the frame of WinQSB software. The 
basis of the cost analysis was represented by the calculation and allocation of labor force for the individual 
activities within the project and the knowledge of overhead cost rates of the selected professions - project 
engineer, production, fitting and others. 
The calculation and the allocation of labor forces in the individual activities within the scope of the project 
was performed using a new (non-traditional) way - the project was divided into individual weeks and the 
activity that was taking place at that time was allocated to each week. A calculation of the schedule 
coefficient of the given category of workers for the individual weeks was performed after this step, and it was 
multiplied by the number of participations of the employees in the given activity in the given week, the hourly 
rate of the category of employment and the working hours per week. Only these costs determined for the 
individual activities were used for the cost analysis of the project, namely the cost of the project realization 
without the cost of materials. 
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The utilization of WinQSB software made it possible to carry out the cost simulations within the scope of the 
project - a change of the input data (change in activity duration, change of the number of workers, changes 
in the overhead cost rates, etc.), and these were immediately reflected in the outcomes. As a result of that, it 
is possible to respond in time to potential events during the course of the project, which is very beneficial for 
project managers, because such an operational flexibility is indispensable in more complex and time-
consuming projects. [5] 
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Abstract 

The paper deals with logistics flows in metallurgical company. It concerns about heat and mass logistics 
flows in blast furnaces producing pig iron which is further processed in steel works. The paper studies 
logistics flows in the mentioned metallurgical aggregate which are necessary to know and describe for a 
model design of blast furnace operation. At the beginning, the paper deals with history of model development 
for blast furnace operation. In the main part, it describes logistics flows inside blast furnace aggregate. It is 
focused on heat and mass flows which are considered as inputs and out puts of the production process. 
These flows in the process are defined by chemical reactions and equations to determine the limits of blast 
furnace operation. The paper studies mass and heat flows in the view of optimization of blast furnace 
process.  

Keywords: Logistics, heat flows, mass flows, blast furnace 

1. INDRODUCTION  

The numerical and physical models enable to describe industrial processes and optimize it. The optimal 
operation is a key feature for metallurgical industry as it is highly demanding for energy, labor and raw 
materials. Every slump in their consumption presents high savings. At the beginning of conventional 
metallurgical cycle, there is blast furnace producing pig iron which is input for steel works processed fatherly 
into steel products of different kinds and shapes. The blast furnace is a counter flow aggregate where is iron 
ore feedstock reduced by reducing gas generated by coke and other alternative fuels at high temperatures 
into pig iron. The operation of blast furnace has been described by several diagrams and models. The theory 
of counter flow reactors presented a fundamental turning point in chemical engineering. Its application at 
blast furnace process was designed by Rist in Rist’s diagram depicting the dependence between the 
oxidation grade of feedstock and oxidation grade of reductive gas. As it results from the principle of matter 
conservation, the dependence is described by an operative line which location is determined by the 
equilibrium state between iron oxides and reductive gas. [1, 2] 

The numerical model development started in the middle of the 50’s, thanks to the contribution of Michard. He 
proposed the division of the blast furnace into two areas, considering that it was composed by two 
independent reactors. The principle was confirmed by the dissection of the Japanese and Russian blast 
furnaces and by the research activities held by the former IRSID, including the first vertical probings 
performed in some French blast furnaces. The first version of the software was released in 1968. During all 
the decades, the model has been improved and many new features were included, thanks to the activities 
held by IRSID in its laboratories (e.g. BORIS furnace) and in the plants (e.g. vertical probings, coke core 
drillings, etc.) and the development of the calculation capacity of the computers. 
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2. LOGISTICS FLOWS IN BLAST FURNACE OPERATION 

To model blast furnace operation, it is necessary to consider logistics flows in the production process and 
define inputs and outputs flows. There is continuously supplied coke as fuel and blast furnace feedstock 
which is presented by sinter prepared from iron ores, limestone and other process additives and some kind 
of iron bearing waste. Through the tuyeres is blasted air often enriched by oxygen and injected alternative 
fuel as powder coal or oil. The chemical reactions take place through the aggregate as all the feedstock 
material is descending to result into products presented by pig iron and slag tapped in regular period. The 
gas is output escaping from the top of blast furnace which is subsequently cleaned from dust and processed 
again in the cycle production. [3, 4] Fig. 1 presents the scheme of inputs and outputs flows in production 
cycle of blast furnace operation. There is mentioned a production capacity typical of Czech blast furnaces.  

 

Fig. 1 Inputs and outputs of blast furnace operation 

2.1 Reactions of blast furnace operation 

The blast furnace aggregate is possible to divide into two different areas bounded by the reserve zone 
temperature TR. The upper zone is meant as a preparation zone where indirect reduction is activated. The 
feedstock is dried, preheated and pre-reduced due to the contact with the ascending gas without carbon 
consumption. The lower zone is considered as an elaboration zone typical of direct reduction where solution 
loss reaction is activated and performed with consumption of carbon in fuels. There are several reactions of 
blast furnace necessary for the process logistics (Fig. 2). Within the indirect reduction iron oxides are 
reduced according to (1). [5] 

 Fe2O3 -> Fe3O4 -> FeO           (1) 

The solution loss reaction starts at TR and relates with carbon consumption according to (2). It is strongly 
endothermic reaction resulting in high decrease of gas temperature. 

CO2 + C -> 2 CO           (2) 

This main chemical processes are accompanying with chemical reactions of water gas shift (3),  

CO2 + H2 -> CO + H2O           (3) 
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Fig. 2 Logistics flows in blast furnace process 

 

Beside it, reactions of phosphate decomposition, 
direct reduction of non-ferrous oxides such as 
SiO2, MnO, P2O5. There are reactions of 
dissolution Si, Mn, P, C in hot metal, reactions of 
heating and melting of hot metal and slag, sulfur 
transfer from hot metal to slag. In front of tuyeres, 
reducing gas is generated by coke and injected 
powder coal and also cracking of injection and 
moisture reduction. For the process logistics mass 
and heat flows in the aggregate has to be 
considered. The mass is transferred by chemical 
reactions. H2O is reduced by C, oxides by CO and 
H2. Moreover, there is a process of 
desulphurization, burden drying, limestone 
decomposition, dissolution. The mass is 
presented by carbon balance, nitrogen balance, 
oxygen balance transferred from oxide to gas, 
hydrogen balance relating to H2O inputs, H 
content in injected material and coke. For the heat 
flows is necessary to take into account sensible 
heats, calorific values, chemical reactions and 
heat losses in both aggregate areas (preparation 
and elaboration), then tuyere zone which provides 
the adiabatic flame temperature. 

2.2 Mass and heat flows in blast furnace aggregate 

There are defined mass and heat flows in the aggregate. The inputs of H2, O2, C and N2 included in the mass 
are depicted in Fig. 3 - 6. [6] 
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The heat flows are presented in Fig. 7. The scheme include all kinds of heat generated within exothermic 
and endothermic reactions. In the picture there are values of heat balance for typical Czech blast furnace 
aggregate. Total heat exchange for these metallurgical aggregates is about 4000 MJ/THM depending on the 
size of blast furnace.  

 

Fig. 7 Scheme of heat flows 

3. CONCLUSIONS 

The logistics flows of mass and heat in blast furnace aggregate has to be recognized because they are the 
main inputs of process model. Heat and mass balances are the base of operation model for blast furnace 
optimization. The mode analyses the actual operation conditions and predicts some explicit components 
such as coke rate, production and sees the consequences. It enable to find the optimal point of blast furnace 
operation which relates to high productivity and low costs in optimal point of view.  
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Abstract 

The paper presents a model of logistic support for functioning ground handling agents. This model has been 
implemented in FlexSim software. The model assumes deterministic execution times of individual tasks 
handling of the aircraft. Aircraft arrival times are described by random variables. In addition, there is 
possibility of loading to the software expected aircraft landing time, for the purpose of forecasting the 
availability of equipment for handling agent in the short term horizon. Developed software allows to analyze 
the execution time for given operations schedule, but also it is possible to analyze the projected execution 
time of each activity during the handling of any aircraft.   

Keywords: Ground handling agent, modeling, simulation  

1. INTRODUCTION 

Functioning of handling agent has a very large impact on the timely execution the flight schedule carried out 
by air carriers. The main tasks of handling agent are servicing the aircrafts before and after the flight, in 
particular passenger, baggage and aircraft handling. The model allows the analysis and optimization of 
logistic processes associated with ground handling of aircraft, in particular, provides a graphical 
representation of the use of the individual resources (baggage trailers, belt conveyors, etc.). The model also 
allows dynamic allocation of operating equipment for the aircraft. (taking into account the compatibility of 
devices and the type of aircraft). Also takes into account the need for its use at a given moment (for 
example, refueling must not take place between each flight).  

2. GROUND HANDLING OF AIRCRAFT 

The main legislation determining, how to manage civil air transport in Polish airspace, is the Polish Aviation 
Law of 3 July 2002 [12] which also implements Directive of the European Communities. These are the rules 
binding unless ratified international agreements do not provide otherwise. The Polish Republic also applies 
international rules contained in the Chicago Convention [5], which replaced the Paris Convention and is still 
the basic act regulating the international air traffic. 

Ground handling services at the airport includes eleven categories of activities in the area [11]: 

I. Ground administration and supervision services, 

II. Passenger handling, 

III. Baggage handling, 

IV. Cargo and mail handling, 

V. Ramp handling, 

VI. Aircraft cleaning and servicing, 

VII. Fuel and oil handling services, 
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VIII. Aircraft maintenance services, 

IX. Flight operations and crew administration services, 

X. Ground transport services, 

XI. Aircraft catering services. 

Ground handling at the airport is performed by ground handling agents (GHA), with Airport Handling Agent 
Certificate (AHAC), to perform the tasks of the mentioned categories of services. Activities performed by the 
GHA are based on a set of procedures in the Ground Handling Manual (GHM), which has been introduced in 
the company and has been approved by the President of the Civil Aviation Authority. The primary task of 
GHA, inter alia, is to conduct its business in a manner, that insures the correct functioning and to prevent the 
failures at the airport and to assure continuity of ground handling services, in the scope of its license  
(§38, [11]). In order to achieve the main objectives, it is important to predict possible instances of failures 
associated with the reliability of technical objects, forecast of air traffic and the stream of passengers and 
their luggage carried. Also important is the cooperation with the authority of the airport in terms of the ability 
to provide the right amount of technical and human resources to carry out the task on time. 

According to GHM, handling agent shall perform activities related to ground handling of the aircraft. Ground 
handling of the selected aircraft (e.g., Boeing 737-800) for the two carriers can vary widely. The handling is 
subject to the standards and policies of the airline. Some airlines (especially low budget carriers) allow the 
execution of certain tasks independently from each other (e.g., refueling and boarding of passengers, 
passengers boarding and catering service). Fig. 1 shows an example of the process of handling the Boeing 
737-800. 

 

Fig. 1 Example of ground handling for Boeing 737-800 

Fig. 1 indicates by arrows relationships between different processes. Number of devices required for the 
process is also dependent on aircraft equipment. Some of the aircrafts, e.g. Boeing 737-800, can 
automatically spread the front stairs. The ground handling agent must provide only one pair of stairs to this 
type of aircraft while two to another. 

3.  THE SIMULATION MODEL OF LOGISTIC SUPPORT FOR FUNCTIONING GROUND HANDLING 
AGENT, TAKING INTO ACCOUNT THE TIME OF PROBABILISTIC AIRCRAFTS ARRIVAL 

The permanent development of software to support computer modeling led to more frequent of testing 
process simulation in the field of aviation, such as [1, 2, 3, 7, 9]. The presented simulation model was 
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developed using FlexSim. The simulation model takes into account the basic tasks in the field of category (V, 
VII, XI) of ground handling operations at the airside. The model assumes deterministic durations of individual 
activities, selected on the basis of [4] (Fig. 1). The arrival times of the aircraft were asked random variables. 
In case of arrival of the aircraft before the time, it is serviced immediately, if the ground support equipment is 
available. The opportunity to start the next tasks was established according to the scheme operating labeled 
in Fig. 2. Assumed handling of aircraft without crew change and without the assistance of the fire brigade. 
This model is the basis for future expansion of the aspects related to maintenance and reliability (e.g., [6], 
[8], [10], [13]). 

WITH FIRE BRIGADE ASSISTWITH FIRE BRIGADE ASSIST

WITHOUT CREW CHANGE

 

Fig. 2 Example of ground handling scheme. 

The timetable has been adopted in accordance with Table 1. The table contains information on the flight 
number and arrival time. The departure time depends on the end of ground handling process. 

Table 1 Operations timetable in ratio to the starting algorithm time 

Flight No. Arrival time Flight No. Arrival time Flight No. Arrival time 
LO01 0:00 LO06 1:35 LO11 2:55 
LO02 0:18 LO07 2:10 LO12 3:20 
LO03 0:28 LO08 2:20 LO13 3:50 
LO04 1:00 LO09 2:45 LO14 4:10 
LO05 1:25 LO10 2:50 LO15 4:15 

The type and amount of equipment available for handling the aircraft is consistent with Table 2, 

Table 2 Amount of equipment available for handling the aircraft 

Resource/task Amount 
AFT stairs 3 
Service galleys 3 
Service cabin 3 
Service baggage 3 
Fuel airplane 2 
Service vacuum toilets 2 
Service portable water 1 
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Fig. 3 Algorithm of the simulation model of logistic support for functioning ground handling agent. 
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The simulation model algorithm (described in BPMN notification) of logistic support for the functioning 
handling agent is presented in Fig. 3. The order of service performed is based on FIFO strategy. First of all, 
the algorithm loads input data in the form of the planned flight schedule, the number of resources. Then 
generates arrivals of aircraft based on a probability distribution. The next step is performed continuously loop 
the allocation of resources to tasks handling, up to the end of ground handling for each aircraft. The 
algorithm selects the aircraft, located as the first on the apron. Next, examines the step of the service and 
the number of currently available technical resources for the implementation process. If at this moment, 
some task is possible to perform and adequate technical resource is waiting for the task, the process starts, 
the unit goes into the busy state. Once the task is completed the device is released. In case of unavailability 
of equipment at a time, or the start of the task is not possible, because of the serial nature of certain 
operations, the algorithm checks the ability to support another aircraft. The algorithm terminates at the end of 
handling all aircraft. 

The analysis of a simulation scenario has allowed to investigate timeliness of the established timetable for 
ground handling for the projected delay of the aircraft (flight LO04) and other aircraft arrivals, whose arrival 
time has been described by random variables. Established arrival delay of the aircraft No. 2 from 01:00 to 
2:50. The results of the ground handling are presented in Fig. 4. 

 

Fig. 4 Comparison of planned and actual execution time of ground handling for the established schedule, 
assuming delay of flight LO4 

The green color indicates the expected time for the schedule. The blue color indicates a turnaround without 
the delay in ratio to scheduled time of departure. Orange indicates delay in ratio to timetable, but delay is 
due to the fact, that the aircraft arrived late, but has been serviced at the minimum time. Red if to delay 
contributed to the ground handling agent (the service has been performed in a longer time than expected). 
According to the earlier assumptions, ground handling, assuming the delay arrival of the aircraft LO4, 
causing a delay of several subsequent aircraft. Ground handling other aircraft is performed in accordance 
with the previously established schedule. 

A detailed analysis of the process of handling flight LO10 allows you to specify the reasons (lack of 
availability of a specific indication of a technical object) to delay the operation. Fig. 5 presents the 
implementation process for handling LO10. 
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Fig. 5 Comparison of planned and actual time handling of the aircraft marked LO10 

Detailed analysis of a single ground handling of aircraft, allows identification of potential reasons for the 
delay. 

4.  CONCLUSION 

The paper introduced a model of logistic support for functioning ground handling agent. The article pointed 
the possibilities to its use and benefits resulting therefrom. The developed software allows to: 

- analysis the functioning of the ground handling agent for the forecasted traffic flows - flight schedule, 
which will be implemented in the next season - long-term horizon; 

- analysis the functioning of the ground handling agent for the forecasted traffic flows - flight schedule, 
which is implemented in actual season - short-term horizon. 

Further work will be implemented towards the insertion of random variables to the execution of a specific 
task, or dependency of task duration time taking into consideration the number of passengers. The model 
will be enriched by variables characterizing the failure of technical objects (probability density distributions of 
time between the failure and the recovery time). 
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Abstract 

The purpose of this procedure is to research the connection of two innovative methods of processing steel. 
First of all is a method STRAD, which provides grain refinement shear transformations and plastic 
deformation after recrystallization. The resulting steel is characterized by a higher tensile strength combined 
with good ductility. Structure of steel consists of tempered martensite ferritic grain size of several 
micrometres or hundreds of nanometres and ultrafine cementite. Another innovative method is isothermal 
tempering martensite or bainite wire method which can achieve a further increase in strength up to 2000 
MPa at a very good toughness of the steel. 

The combination of these two methods could provide new features or improve existing features drawn 
phosphated wire, thus increasing the competitiveness of the manufacturer. 

Keywords: Martensite wire method, shearing transformation, isothermal tempering 

1. INTRODUCTION 

In the automotive industry meet the ever increasing demands for speed, stability and security, and especially 
by the ever increasing demands for material engineering. Construction materials themselves must constantly 
connect more properties typical for ceramics and plastic. They must have the highest strength and plasticity 
at the same time. These two contradictory phenomena are very difficult to combine in one unit.  

The aim of the research is to find a way to produce steel with the highest possible strength and maintaining 
the highest plasticity. This new feature might be achieved by combining methods STRAD, which works 
on the principle of grain refinement of steel and method of isothermal hardening, which is described below. 
A new characteristic of material ensures technological and economic benefits not only for the automotive 
industry. 

2. RESULTS AND DISCUSSION 

The spring steel can be a problem during martensitic quenching method. When using the method arises after 
martensitic hardening of high internal stresses and may incur unwanted cracks or fissures. These ailments 
can be removed by quenching and isothermal ensure greater resilience in the same conditions. 

Hardening according to CSN 42 0004 defined as heating to hardening temperature, the temperature 
of the battery and other cooling rates greater than critical. The purpose of tempering is to increase the 
hardness of steel, creating partially or completely non-equilibrium structures. [1] 

Heat treatment is hardening march, in order to achieve optimum properties of steel, ie the highest yield 
strength, tensile strength and fatigue limit at the same time the best ductility. Heat treatment is applied in 
particular for structural steels with a carbon content in the range of 0.3 - 0.6 % [3] 

Various cases of hardening of the IRA in the diagram of carbon steel with 0.44 % C, Fig. 3 demonstrates 
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Fig. 1 Different cases of hardening and patenting in the diagram at the IRA carbon steel with 0.44 % C 

3. HARDENING 

For isothermal hardening following heating to quenching temperature, turbidity in salt or metal bath heated 
to the desired temperature (450 °C). This bath is part of the hardened leaves until there is complete 
transformation of austenite.  

There is a bainite structure, which is compared to quenching and tempering the advantage that greatly 
reduce internal stress and thus the risk of deformation and cracks. After the isothermal transformation of the 
object is removed from the bath and cool (usually air). The shape of the diagram, the IRA is usually 
adequate for a sufficiently long incubation period and not too long decay. [2] 

Isothermal quenching can be achieved with the advantage of strength from 1000 to 2000 MPa at a very good 
toughness, which greatly increases the life of the material in difficult conditions and reduces the chance 
of rupture. Especially in spring, this property extremely isothermal tempering needed. 

4. TYPES OF ISOTHERMAL HARDENING 

The above standard defines two basic types of hardening: 

Martensitic and bainitic 

   

 Fig. 2 Martensite structure Fig. 3 Baienite structure 
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Only such a hardenable steel, which occurs at crystallization, austenitic and ferritic steels are therefore 
unhardenable. Hardenability of the steel, while the ability to achieve enhanced quenching hardness. 
Hardening begins at a temperature of austenite transformation in Ms martensite (bainite), which ends at Mf. 
Turbidity formed in steel internal tension, which can lead to cracks or fractures deformation. Internal tensions 
are caused by uneven cooling of different parts of the section, volume changes during transformation and 
changes in the crystal lattice. [4] 

The hardness of steel after hardening has the greatest influence carbon content dissolved in austenite 
at the time of hardening. Alloying elements is additive to increase strength has less influence, but mainly 
reduces the cooling rate, which is necessary to achieve the desired structure of the material. 

The hardness is also affected by temperature and hardening time the steel is maintained at a temperature, 
it is the size and homogeneity of austenite crystals. The austenite crystal is larger, it is easier to hardenable 
steel but steel with a coarse structure has worse properties. 

After the hardening of steel increases hardness and tensile strength but it decreases ductility, impact 
strength and contraction. Turbid steel also has a large area of the magnetization curve. 

Steel is tempered by the type and purpose to a different environment. The most effective is water, then 
oil, tallow, air flow, or a metal salt bath. Turbid steel has always been substantial internal tensions, which are 
trying to reduce the tempering. For high-grade carbon steel coating is also applied. [4] 

Heat treatment is hardening march, in order to achieve optimum properties of steel, i.e. the highest yield 
strength, tensile strength and fatigue limit at the same time the best ductility. Heat treatment is applied in 
particular for structural steels with a carbon content in the range of 0.3 - 0.6 %. 

For isothermal hardening following heating to quenching temperature, turbidity in salt or metal bath heated 
to the desired temperature (450 °C). This bath is part of the hardened leaves until there is complete 
transformation of austenite.  

There is a bainite structure, which is compared to quenching and tempering the advantage that greatly 
reduce internal stress and thus the risk of deformation and cracks. After the isothermal transformation of the 
object is removed from the bath and cool (usually air). The shape of the diagram, the IRA is usually 
adequate for a sufficiently long incubation period and not too long decay.  

5. STRAD 

The purpose of this process is to achieve grain refinement through shearing transformation and plastic 
deformation after recrystallization resulting in ultra-fine-grained (UFG) steels which feature higher tensile 
strength combined with good formability. The structure is composed of tempered martensite, ferritical grain 
with size of several micrometres, or hundreds of nanometres and ultra-fine-grained cementite. The STRAD 
method can easily be used as continuous process in production.[5] 

Deformation refinement, nucleation and growth of grains during heat treatment are the essential steps 
in the STRAD technology. The process is shaped particularly by chemical composition, optimum 
temperatures and heat treatment duration depending on grain size and growth rate linked to the deformation 
level. The technology is fit for steels which have undergone peritectic reaction. 

To ensure an effective processing all the above mentioned process parameters must be harmonized taking 
into account their interactions. 

To accomplish a successful process the following three issues must be handled: 
- diffusion-free shearing transformation, 
- plastic deformation, 
- recrystallization. 
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The experimental verification of the STRAD process showed the described method can be applied to 
improve the qualitative properties of steel and can be classified as an SPD method. The specified 
mechanical properties prove the wire with 0.085 % carbon content processed this way corresponds to 
patented wire with 0.42 % carbon content. The described method can be further developed using induction 
heating significantly reducing the heat treatment times which will enable additional improvement of 
qualitative properties of steel and make it possible to perform the processing as continuous process. If 
magnetic and electrical field is used in the processing then the STRAD method forms a basis for 
development of research of steel with hyperstructure, so called structured carbon steel and enables 
theoretical research of graphen steel where cementite is replaced by graphen. This method opens new 
possibilities in the field of business economics. Significantly reduces the manufacturing cost of the product 
and may significantly increase the firm's competitiveness on the world market. 

6. CONCLUSION 

Isothermal quenching can be achieved with the advantage of strength from 1000 to 2000 MPa at a very good 
toughness, which greatly increases the life of the material in difficult conditions and reduces the chance 
of rupture. Especially in spring, this property extremely isothermal tempering needed. 

The main use of isothermal hardening consists in processing tools and components nitrocementited, medium 
alloyed steels and of medium harden able steels. However, I see the future of isothermal hardening 
in the manufacture of molds for die casting of aluminum and its alloys. The most modern machine designs 
that require high torsional rigidity, while the smallest mass produced using injection molding.  

This method is very technically advanced and interesting in itself, but requires extreme strength for die 
casting molds, while 100 % of the soundness of the material. It is in the production of these forms can be of 
great benefit isothermal hardening. 
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Abstract 

There are many problems concerning decision-making, job scheduling, project management, where it’s 
difficult to propose single evaluation criterium. Usually whole set of criteria needs to be considered. This is 
achieved using multi-criteria optimization. In the paper multi-criteria optimization of scheduling orders in 
parallel systems is analysed. To examine influence of each criteria on multi-criteria objective function, 
Principal Component Analysis has been used. 

Keywords: Scheduling, parallel machine, dispatching rules, Weighted Objectives Method, Principal 
Component Analysis 

1. INTRODUCTION 
Production scheduling can be defined as the task of determining such allocation of the resources available at 
the time of production, which will satisfy the demand for its products, making the best use of these 
resources. In case of the classical job scheduling indivisible task is an ordered set of tasks with given 
execution times. Execution times include not only operating times, but also preparatory times, designated for 
machines changeover. In more general models of task scheduling, these times may be different for each 
machine. It may also be given the size of the order, that is, the number of units of the product to be 
manufactured, but size does not matter for the way to fix the problem. With these data the problem of task 
scheduling is to determine, for each task, moments of its start and end, and the decision on the allocation of 
the machine. 
Selection of optimal criterion of production scheduling is often a compromise between timely execution of 
customer orders and costs of production and frequent changes of production stock, including machines 
changeover. Cost optimality criterion of the schedule obtained by the algorithm represents the cost of 
production scheduling and production changeovers. Time criteria are set for production orders and 
determine the time of execution of the order, the maximum delay, flow time through the system and number 
of late orders. To aid us with this task is multi-criteria optimization. It’s the most natural and understandable 
by man method of inference. It occurs whenever the solution depends on many factors and leads to finding 
an optimal solution that is acceptable from the point of view of each criterion. 
During multi-criteria optimization process, we receive set of solutions that are close to optimum (in practice 
it’s impossible to achieve optimal results, meeting all criteria simultaneously).  
Stages of multi-criteria analysis are as follows. First of all, evaluation criteria of the problem are defined. 
Next, every criterion is given appropriate weight, according to importance it can have to problem evaluation. 
Multi-criteria objective function is created. It’s determined as sum of points granted to every criterion, taking 
its weight into account. Final assessment is, in some way, weighted average of values of every criterion. 
While the optimal solution for single objective optimization is usually clearly defined, it does not apply to 
multi-criteria optimization problems. Instead of a single optimum compromise is a collection of alternative, 
commonly known as the Pareto-optimal solutions. These solutions are optimal in the wider sense, that there 
are no other solutions in the search space are superior to them when all the criteria to be considered. 
Following considerations will focus on problem of multi-criteria scheduling of orders in the production system 
with parallel machines. To test the effect of the size of the weights of the selection criteria, principal 
component analysis method will be used. 
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2. FORMULATION OF THE PROBLEM 

Consider scheduling orders problem in the production system consist of parallel machines. This problem is 
formulated as follows: Given are m machines M1, M2, …, Mm and n independent jobs J1, J2, …, Jn.. The 
number of jobs is larger than machines. Every task must begin in moment zero, immediately after the end of 
previous task or at given release time ri . Operation (service) time of job i at the j machine is tij. For each task 
we know its due date (di). 

The jobs will be scheduled according to selected dispatching rules. The dispatching rules are heuristics 
based on logic sense rather than on mathematical proof. Heuristics do not guarantee an optimal solution, but 
result in good feasible solutions which approach the true optimum. Most of the described dispatching rules 
may be used in the process of production scheduling [1] ,[2], [3]. A few dispatching rules are considered in 
the numerical example described in section 3: 

− First In First Out (FIFO)  − Last In First Out (LIFO) 
− Longest Processing Time (LPT) − Shortest Processing Time (SPT) 
− Earliest Ready Time (ERT) − Earliest Due Date (EDD) 
− Earliest Earliness Date (EED) − Most Work Remaining (MWR) 
− Least Work Remaining (LWR)  

Most of them are based on simple priority rules (constructive methods) and generate one or a few feasible 
solutions. Those solution might be evaluated using various criteria. The chosen solution is the one that is 
best suited for considered problem [4]. In case of many criteria, multi-criteria objective function can be used 
with the help of Weighted Objectives Method. It allows us to reconcile opposing criteria, assigning every one 
of them appropriate weight.  

Below are presented objective functions that are used in this paper: 

• schedule length (makespan) 
 (1) 

• average schedule length  
 

(2) 

• maximum flow time  
 (3) 

• mean flow time 
 

(4) 

• maximum lateness 
 (5) 

• average lateness  
 
 
 

(6) 

• maximum tardiness  
 (7) 

• average tardiness 
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 (8) 

• maximum waiting time 
 (9) 

where: ei - start time of i job 

• average waiting time  
 

(10) 

• machine idle time  
 

(11) 

• maximum machine idle time 
 (12) 

• average machine idle time  
 

(13) 

Using the weighted sum method to solve the problem with few a number of objective functions requires 
selecting scalar weight wq and minimizing the following multi-criteria objective function: 

 
 (14) 

That function is optimized using standard optimalization method with one objective function. Main 
disadvantage of this method is problem of choosing appropriate weight values for each criteria. 
If all of the weights are positive, then minimizing (14) provides a sufficient condition for Pareto optimality, 
which means the minimum of (14) is always Pareto-optimal [5].  

3.  NUMERICAL EXAMPLE 
In this section a numerical example from Table 1. with 25 tasks and 4 homogeneous machines will be 
analyzed. 

Table 1 Input data 
job (j) operation time (pi) release time (ri) due date (di) 

1 4 0 10 
2 5 0 10 
3 6 0 10 
4 5 0 10 
5 4 0 10 
6 3 0 15 
7 7 0 15 
8 8 0 15 
9 9 0 15 
10 7 10 15 
11 6 10 20 
12 5 10 20 
13 6 10 20 
14 7 10 20 
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15 8 10 20 
16 11 10 25 
17 5 10 25 
18 8 10 25 
19 9 10 25 
20 14 10 25 
21 8 20 30 
22 9 20 30 
23 6 20 30 
24 12 20 30 
25 7 20 30 

The Table 2 presents an alignment evaluation set. Grey color indicates the minimum value of individual 
ratings.  

Table 2 The evaluation of an alignment  

Objective FIFO LIFO SPT LPT ERT EDD EED 
makespan 63 58 65 58 63 68 63 

average schedule length 44.75 44.75 44.75 44.75 44.75 44.75 44.75 
maximum flow time 56 57 60 55 56 68 56 

mean flow time 15.28 18.28 14.2 19.36 15.28 15.28 15.28 
maximum lateness 45 53 57 45 45 45 45 
average lateness 3.28 6.28 2.2 7.36 3.28 3.28 3.28 

maximum tardiness -1,72 1,28 -2,8 2,36 -1,72 -1,72 -1,72 
average tardiness 45 53 57 45 45 45 45 

maximum waiting time 32 52 38 50 32 31 32 
average waiting time 8.12 11.12 7.04 12.2 8.12 8.12 8.12 

maximum machine idle time 40 41 36 44 40 40 40 
mean machine idle time 36.25 39.75 33.25 40.25 36.25 36.25 36.25 

machine idle time 145 159 133 161 145 145 145 

Analyzing Table 2 it appears that criteria reach their optimum for different priority rule. The question is: what 
should be the value of dominant criterion weight so that the multi-criteria objective function reaches its 
minimum for this schedule.  

Based on series of conducted experiments it has been found that minimal value dominant criterion weight 
should be 40 % of total value. Other criteria are treated equally, giving them the weight from remaining pool. 
Based on results from those experiments, more experiments have been conducted and results from few of 
them for 3 chosen multi-criteria functions are presented in Table 3 and on Fig 1. 

1. ICFLU ∗+∗+∗+∗=
−

2.02.02.04.0 maxmax1  (13) 

2. IWCFU ∗+∗+∗+∗= 2.02.02.04.0 maxmaxmax2  (14) 

3. ICLTU ∗+∗+∗+∗=
−−

2.02.02.04.0 max3  (15) 

Table 3 Results of experiments 

 FIFO LIFO SPT LPT ERT EDD EED dominant criterion 
U1 54.112 57.317 52.11 57.66 54.112 57.228 54.112 average lateness 
U2 69.9 74.6 70.8 72.9 69.9 75 70.1 maximum flow time 
U3 37.901 38.887 38.92 35.732 37.901 42.984 43.203 maximum tardiness 
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Fig. 1 Final result of scheduling using dispatching rules (FIFO, SPT, LPT, ERT) 
 
After analyzing results from above examples, it has been determined that, in order to achieve best 
scheduling, for dominant criterion a weight needs to be assigned that is at least 40 % of and at least twice as 
high as for other criterions. 

4.  RESEARCH ON THE RELATIONSHIP BETWEEN THE CRITERIA 

Criterion values of scheduling evaluations are not independant. They are evaluated based on the same data 
and differ only in information brought by each of variables. Using PCA method (Principal Component 
Analysis) relations between each scheduling criterion values have been studied. 
Principal Component Analysis [6], [7] is one of the statistical methods of factor analysis. The aim of this 
method is the study the relationship between multi-dimensional sets of variables. PCA, from a number of 
seemingly independent signals, manifesting this same feature, allows creating one signal. This method 
interprets data sets consisting of H variables and K observations as cloud of K points in H-dimensional 
space. PCA constructs new observation space choosing a coordinate system maximizing the variability in 
the data in terms of variance. It is a special case of projection search methods in which the projection is used 
as an index to the variance. 
Using the statistical method of factor analysis (PCA method) an analysis of the data in Table 2 has been 
performed. Table 4 contains eigenvalues for this example, distinguishing five most important criteria. These 
criteria are related to the maximum, average and total downtime of machines and the maximum and average 
waiting time of orders in the system. 

Table 4 Criteria eigenvalues  

objective eigenvalue 
makespan -3,31E-14 

average schedule length -2,66E-14 
maximum flow time -2,57E-15 

mean flow time -1,06E-17 
maximum lateness 1,12E-16 
average lateness 1,01E-14 

maximum tardiness 5,29E-14 
average tardiness 6,36E-14 
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maximum waiting time 1,0177874 
average waiting time 5,2918717 

maximum machine idle time 7.9680072 
mean machine idle time 73,040483 

machine idle time 1213,1279 
 
Fig. 2 shows graphs illustrating waveforms of individual characteristics 

 
Fig. 2 Waveforms of individual characteristics 

4.  CONCLUSIONS  
This paper contains an analysis of the problem of scheduling jobs in a system of parallel machines. 
Simulation studies were conducted regarding the selection of an alignment evaluation criteria included in the 
multi-objective function. The influence of selecting weight values, related to the ranking criteria, to the multi-
criteria objective function has been examined. Principal Component Analysis method has been used to study 
relationships between each scheduling evaluation criteria. The study was conducted for 13 different priority 
rules. 
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Abstract 

The hereby article discusses selected tools and methods for efficiency and effectiveness assessment of 
public logistics projects, which can be realized by local authorities. Firstly, potential advantages of such 
projects are illustrated. Then was made an overview of selected methods and tools to assess the efficiency 
and effectiveness of the projects, in particular the group of impact assessment methods and cost oriented 
method. Next the study shows possibilities for social impact assessment (SIA) and cost effectiveness 
analysis (CEA) application in the assessment of the exemplary logistics project realised by local authorities.  

Keywords: Logistics, project, efficiency, assessment, analysis 

1. INTRODUCTION 

One of the purposes of planning and implementation of public projects by local government is to obtain the 
planned socio-economic results. Public projects, to a certain extent, can disrupts natural market 
mechanisms, however, owing to its impact higher efficiency of economic entities management may be 
accomplished. They may also have a positive influence from the perspective of local community life quality 
improvement and upgrade the territorial unit competitiveness in a long-run perspective. Logistic projects, like 
city logistics projects or transportation project, play a particular role in this area owing to extensive added 
values which may be offered towards particular space development.  

Logistics projects are defined as a single actions, with limited time and budget, to be used to improve the 
efficiency and effectiveness of the product flow and the accompanying information in the enterprise, supply 
chain and spatial systems. Among them can be distinguished: project in the location of production plants and 
warehouses, transport projects, storage projects, city logistic projects, development or modernization of 
linear and point logistical infrastructure, stock management projects, customer service projects [1]. 

That shows that the field of action and object of potential logistics projects is very diverse. This affects 
directly the list of entities that can be the initiators of projects. So you can point to the following projects: 

§ public - initiated and implemented by the local authorities, 

§ quasi-public - carried out by utility companies with the participation of local authorities, 

§ private - planned and implemented by businesses operating in the region and residents of the region 
(civil initiatives implemented through non-governmental organizations, such as associations), 

§ implemented in public-private partnerships, such as using the Build-Operate-Transfer model (BOT). 

Potential advantages of logistics projects realised by local government may also be analyzed from the 
perspective of a given area image improvement. Those projects can support domestic and foreign investors, 
exert impact on their competitiveness at both domestic and foreign market, act as an incentive for other 
entities to invest in a particular region, improve service standards for local community by the implementation 
of the previously best practices and adopt at the regional background these organizational structures which 
are best adjusted to the requirements of competitive environment [2]. 
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If logistics projects are realised by local authorities another positive phenomenon may also take place. It is 
referred to as an economics and social effect (Fig. 1). 

Additionally, based on the already functioning logistics systems and infrastructures, supported by such 
projects, new investors and inhabitants may arrive, who perceive a given region in the category of a location 
favourable for initiating and running business activities or for a life. 

Logistics projects, especially realized by local government, should always be focused on supporting the 
construction of an ongoing competitive position of a given area and also the incentive for its socio-economic 
development. In order to meet such conditions, it is required to planning the projects correctly, and especially 
based on the assessment of its effects impact, as well as their efficiency and effectiveness. 

Fig. 6 The scheme of creating the economic and social effects by public logistics projects 
Source: Author’s compilation 

2. EXEMPLARY METHODS AND TOOLS TO ANALYSE THE EFFICIENCY AND EFFECTIVENESS 
OF PUBLIC LOGISTICS PROJECTS  

In the context of analyzing both efficiency and effectiveness of logistics project which are realised by local 
government, it is possible to apply, approach regarding the assessment of potential effects resulting from 
undertaking different economic decisions, including these referring to public means management (like public 
projects) is represented by the group of methods analyzing their influence/impact on the environment 
(Impact Assessment - IA). 

These evaluations are frequently applied in case of investment projects implementation as well as carrying 
out diversified schemes and policies. They are usually performed at the conceptual stage of potential 
activities and allow for the construction of data and information bases regarding the implementation 
feasibility of particular options as well as their business, social and environmental impact.  

One of the most popular analysis in this group is social impact assessment (SIA) which represents approach 
regarding the identification and evaluation of effects resulting from specific activities, or decisions taken by 
public entities, also including the financing and realization of logistics projects. Initially it represented a 
complementary approach towards economic assessment impact (see Table 1). However, owing to the 
growing importance of social aspects in economy, it was gradually extended and became a separate 
approach referring to complex project assessment [3]. 

Following this method social impact is perceived from the position of all public or private activities effects for 
the society, which in a significant was influence life quality, living standards, work, free time, human relations, 
needs and social functioning. This concept also covers the impact on culture, i.e. changes in standards, 
values and beliefs which shape mutual relations between individuals and particular social groups [4].  

The effects of social impact brought about by the carried out projects are analysed and assessed at 
numerous levels, among others: with reference to impact directions (e.g. positive, negative); in relation to 
impact scale; regarding time and space of impact (e.g. short or long-lasting); with reference to their effects 
intensity (size); regarding the intensity of relations with other impacts [5] (see example in Table 3). 

The existing logistics 
system in the region 

Logistics projects implemented 
by local authorities 

Better perception of investment 
and life conditions in a region 

by external entities and people 

More new investors and 
inhabitants 

Strengthened development 
potential of a given region 
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Generally SIA does not just refer to the identification of a particular project effects, but also specifies the 
probability of their occurrence, social group under their influence, as well as the distribution of costs and 
profits between them as the result of obtaining due project effects. List and brief description of another 
selected impact assessment methods in the Table 1. 

Table 1 Impact assessment methods - selected examples 

Economic 
impact 
assessment 
(EcIA) 

Consists in an attempt to analyze all effects of activities at the product, income or 
employment level, as the result of a specific action or economic decision, also including 
logistics project or group of these projects. The analysis focuses mainly on 
macroeconomic indicators and forecasts of the undertaken activities impact on the size 
or value of these indicators.  
Within the framework of this method a few indicators are important since they 
characterize decisions underlying the particular projects type which influence changes 
regarding economic activities level in their impact area. They are as follows: quality and 
quantity of public transport; communication, accessibility the results of economic 
activities in logistics area; etc. Additionally, the analysis structure covers the division of 
particular impact effects of economic nature on: direct and indirect economic results 
from the realized public logistics projects [6].  

Fiscal impact 
assessment 
(FIA) or Cost 
revenue 
analysis (CRA) 

It is of help for public authorities mainly in defining potential benefits taking the form of 
additional tax revenues resulting from logistics project implementation. It may refer to an 
individual administration unit (e.g. a town), or be prepared in a regional or national 
perspective [7]. 

Environmental 
impact 
assessment 
(EIA) 

It can be use to detecting and defining (also in terms of quantity) the physical or 
biological effects of realizing e.g. logistics project. It covers the preparation of forecasts 
regarding potential pollution emissions, the damage of landscape values etc., and refers 
to particular environment resources and its usage [8]. 
EIA is applied in order to indicate all possible consequences, which a given economic 
decision may incur as early as possible, including these related to projects which are 
realised by local authorities. Therefore it is mainly of ex ante nature, while theses 
included in the document presenting the assessment do influence the decisions made 
regarding a specific intervention [9]. 

Source: Author’s compilation. 

The above presented method may constitute crucial support in the process of decision taking in relation to 
realisation of projects at the stage of ex-ante appraisal and also be applied during ex-post assessment. They 
may play the role of basic or supplementary analysis in relation to other analyses conducted in this 
dimension, e.g. as divided to different groups of stakeholders. 

Apart from the above discussed methods and analyses, cost-effectiveness analysis (CEA) may turn out 
useful in evaluating the efficiency of logistic projects. It is included in the group of cost (expenditure) oriented 
methods, and is applied in case of such activities and decisions for which it is difficult to define potential 
advantages translated into their monetary value. It is true in the following situations: 

§ searching for the most effective (cheapest) method to be used in achieving a particular goal; 

§ the requirement for indicating ways for the best possible application of a limited budget planned for 
the set objective accomplishment;  

§ the need to choose correct activity (project) based on the estimated implementation costs of different 
alternative approaches [10]. 
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In the realisation of logistics projects, the advantages and externalities of such actions may frequently take 
diversified forms and turn out difficult to be defined by means of monetary value. On the other hand, 
however, it is possible to specify financial outlays (investment cost), which refer to a particular project.  

Professional literature quotes two indicators possible to apply while defining cost-effectiveness of the 
decisions taken [11]: 

§ effectiveness-cost ratio - ECR, also referred to as effects-costs coefficient. It may become the basis 
for potential effects (benefits) specification in relation to realised projects, which are quantitatively 
weighted in the defined measure units (e.g. fewer road accidents) against outlays (investment cost) 
presented in monetary value. In such form it becomes the basis for e.g. arranging projects by the 
efficiency, and therefore it is capacity oriented by indicating the type of effect (benefit) which is to be 
obtained by the unit of investment expenditures. 

ECR = 
Benefits (of a unit) 

(1) 
Outlays (investment expenditures) 

§ cost-effectiveness ratio (CER) is inverse to ECR indicator. Therefore it informs about an average 
outlay spent per unit of the potentially obtained benefit. 

CER = 
Outlays  (investment expenditures)  

(2) 
Benefits (of a unit) 

The inference based on CER indicator may occur in the situation when all potential cost limitations have 
been assumed. These decisions may be accepted, in case of projects which costs (cost per unit) do not 
exceed the planned cost. However, when the decision about realising the project could be focused on 
accomplishing a specific goal (effectiveness criteria is present), then it is possible to apply ECR indicator, the 
value of which has to be compared to the intended goal in logistics project. 

Among the potential criteria presenting benefits obtained by a logistic projects, to be used for creating the set 
of cost efficiency indicators, these may be listed which result from better situation of transport and 
communication in the region, e.g., they are as follows: number of road accidents, reduce travel time, lower 
vehicle depreciation costs, number of implemented logistics projects within the framework of research, 
development and innovation (RDI), number of provided advisory services regarding innovation and 
innovation supporting services in logistics, number of jobs opened in managing of logistics project, the area 
of land covered by logistics infrastructure, etc.  

Another crucial problem in the process of CEA analysis application is to define goals and specify methods for 
meeting them. Such analysis, unfortunately, offers doubtful results in the situation when the goals of projects 
are difficult to define, or the effectiveness appraisal regarding methods of their accomplishment turns out 
impossible. 

3. THE EXAMPLE OF IMPLEMENTATION SIA AND CEA ANALYSIS REGARDING HYPOTHETICAL 
LOGISTICS PROJECTS INITIATED BY LOCAL AUTHORITIES. 

In the Author’s opinion, CEA and SIA method may become helpful in the process of investment expenditure 
verification, with reference to the logistics projects, and therefore it has become the subject of further 
discussion. 

The possibility of CEA analysis application for the efficiency appraisal of logistics projects, which are realised 
by local authorities, will be presented for exemplary one - relies on rebuilding of existing city road to multi-
lane traffic artery. In order to list cost effectiveness ratio for the projects two essential indicators were 
compared in the Table 2: the amounts of investment costs (expenditures) of the analyzed projects (in EUR) 
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and the total effects of each project, in the form of reducing the number of road accidents (per year). Table 2 
illustrates values of the above indicators with reference to the presented examples too. 

Table 2 Comparison of data and calculation of CEA ratios regarding for exemplary logistics project realised 
by local authorities 

Project/option 
name 

Investment 
expenditures in 

EUR 

Expected decrease in the 
number  

of road accidents (per year) 

ECR indicator - 
avoided road 
accident/EUR 

CER indicator - 
EUR/avoided road 

accident 

A 3 599 684 70 0,000019 51 424 

B 3 519 045 43 0,000012 81 838 

C 920 763 7 0,000008 131 538 

D 475 924 10 0,000021 47 592 

E 135 480 5 0,000037 27 096 

Mean group value - - 0,000019 67 898 

Source: Author’s compilation. 

The presented data illustrate that mean of investment expenditures per one avoided road accident amounted 
to 67 898 EUR (CEA indicator), while the 1 EUR investment expenditures, on average, contribute to avoiding 
0,000019 of a road accident (EAC indicator). In the second case this indicator constitutes the basis for e.g. 
arranging logistics projects by the effectiveness within the framework of a particular group of goals. 

From the perspective of road accidents avoiding efficiency, in relation to investment expenditures, project E 
turns out to be the most effective. On the other hand, project C has the worst ratio in the studied group. 
Obviously, such conclusions are also identical in case of CER indicator - only their interpretation is different. 

This calculation can be extended to SIA, which is descriptive and thus makes it possible to take into account 
the effects that are difficult to express in any units (e.g., increased attractiveness), and are the result of 
public logistics projects. An example of SIA matrix is presented below (Table 3). 

Table 3 SIA matrix for exemplary logistics project realised by local authorities 

Groups of effects Direction 
of impact 

Magnitu
de of 

impact 

Time  
of 

effect  

Area 
of 

impact 

Relationship between the effects of 
the impact 

Individual 

1. increase the 
employment 
opportunities 

 
positive 

 
high 

short
-term 

 
local 

Growth in employment as a result of 
the project 

Regarding the local community groups 

1. increase of the 
complexities arising 
from project 
implementation 
2. increase the 
possibility of cooperation 
on the principle of sub-
suppliers 

 
negative 

 
 

positive 

 
medium 

 
 

medium 

short
-term  

 
short
-term 

 
local  

 
 

local 

The project will increase street 
obstacles which may temporarily 
extend travel time and reduce the 
safety in this area. 
The project gives the possibility of co-
operation with local businesses 

Regarding the area 
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1. improvement of 
communication 
infrastructure 
2. deterioration of the 
landscape 

positive  
 
 

negative 

high  
 
 

low 

short
-term  

 
midte

rm 

local  
 
 

local 

The project will directly affect the 
improvement of transport 
infrastructure 
The project could have a negative 
impact on the quality of the landscape 
which will reduce the tourist 
attractiveness of the city 

Regarding environmental 

1. increase of 
environmental pollution 
in the vicinity of 
investments 

 
negative 

 
medium 

midte
rm or 
long-
term 

 
local 

The project could have a negative 
impact on the quality of the 
environment, which will negatively 
impact on development of housing in 
the city. 

Regarding whole community of city 

1. increase quality of life 
and safety of inhabitants 

 
positive 

 
medium 

 
midte

rm 

local 
/region

al 

Enhanced transport infrastructure and 
low number of accidents improves 
quality of life of the city's inhabitants 

Source: Author’s compilation. 

4. FINAL REMARKS 

In spite of the existing methods and analyses, which allow to carry out the assessment of public logistics 
projects efficiency and effectiveness, there do occur objective limitations regarding their application. It has to 
be emphasized that in order to perform such efficiency assessment the required data and information sets 
have to be available, especially regarding the accomplished effects (benefits) resulting from the projects. In 
this respect, however, the absence of collective database makes such calculations impossible with reference 
to a more extensive area, as well as making comparisons of the above indicators not only in the 
arrangement by the group of project initiators, but also in a spatial system. 

For this reason it seems that the important direction regarding future activities, while analyzing the 
effectiveness of public logistics projects and having applied the presented methods, is the creation of 
integrated databases where information about the effects obtained by other projects, could be collected 
(good practice database). Successive information gathering could facilitate making comparisons of the public 
logistics projects in both spatial and temporal arrangement. 
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Abstract 

The presentation of network supply chains, proposed in the article, indicates a new exploratory area which is 
the role of flagship enterprises and their strategy in distribution networks with postponed production. In the 
article we selected the key attributes of resources of a distribution enterprise and we studied relationships 
between them. 

Keywords: Flagship firm, distribution network, postponed production, resources  

1. INTRODUCTION 

The complexity of processes in logistic and production systems requires distinguishing subjects which take 
over tasks of their co-ordination. In networks of co-operating enterprises, the role of co-ordinators of 
processes is taken over by flagship firms. A flagship firm combines its own and foreign specialized resources 
and competences for a definite time or in order to realize a definite activity.  

The possibilities of cooperation of enterprises in a distribution sector are varied in individual lines of 
business, however, many recent publications have stressed their role in the growth of innovativeness, 
adaptiveness and even in the realization of the anticipatory strategy. The authors have analysed factors 
characterizing the model of a flagship firm and made an attempt to construct a criterion for distinguishing 
such subjects in the metallurgic products distribution network. It is both a theoretical and practical problem. 
The metallurgic products distribution sector evolves towards decreasing the number of enterprises. At the 
same time, specialization of each subject can be clearly observed. Thus there is a constant evolution of the 
roles of particular participants of the network, their market position and the bargain power in supply chains.  

The research involved three main stages: 

1. selecting the attributes of flagship firms in distribution networks with postponed production  

a) necessary attributes - distinguishing flagship firms from among the group of distributors of metallurgic 
products 

b) sufficient attributes - developing the coefficient of the strength of the flagship firm in the network, 
composed of attributes allowing the enterprise to compete with other flagship distributors 

2. selecting the attributes of material resources and relational resources  

3. investigating the significance of relationships between the integrator's force and the attributes of 
material resources and the network which is shaped by it. 

2. MODELS OF ENTERPRISES IN NETWORKS 

Enterprises cooperating in distribution networks depending on the adopted strategy and the bargaining 
power, take different roles. The special meaning is that of the focal position of the leading enterprise in a 
given network. The flagship unit concentrates on the key competences and the management of relations in 
the network. The idea of a flagship firm was explained in publications by J.R. D′Cruz and A.M. Rugan (1997, 
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2000). These authors defined the central enterprises in a network as leaders of vertically integrated business 
networks. Other authors defining the flagship firm define it as "the heart of the network” [2] or as "taking a 
strategically central position” [3]. With reference to the publications by J.R. D′Cruz and A.M. Rugan, such 
enterprises are predisposed and entitled to: coordinating networks, taking the position of a strategic leader of 
a network in relation to other members of networks (which means formulating a strategy for the network and 
supervising the implementation of the strategy by the remaining members of the network).  

The literature considering the problems of networks of cooperating organizations mentions three strategic 
models of enterprises: the operator, the integrator and the conductor. A characteristic feature of the operator 
model is the concentration of the enterprise on key processes of the business. The operator realizes 
narrowly understood activities in the value chain. The characteristics of this subject is well established on the 
market of logistic enterprises [4]. The integrator takes over the responsibility for the entire value chain. This 
type of a subject is distinguished in mature sectors and is built by enterprises having already a strong 
position in a supply chain. Moreover, numerous publications stress that an essential element of this model is 
the possibility of controlling and intercepting the value added created in the technological string: supply - 
production - distribution [5,6,7]. However, W. Czakon (2010) claims that the integrator shapes the capital ties 
to a greater extent, and the relational and transactional ties to a smaller extent than other models of 
enterprises. Thanks to the position in a supply chain the integrator is not selective as regards the realized 
activities. So, the key discriminant of this model is the quantity of different processes realized in a value 
chain.  

Conductor undertakes a conscious choice of concentration on the role of the coordinator of activities of many 
different operators focusing on the effectivity of the activity of the entire value chain by means of flexible 
selection of mechanisms of co-ordination. Janssen M., Feenstra R. (2010) claim that the orchestration of 
activities included in the business network of an organization comes down to creating temporary chains 
oriented on manufacturing of a product, as a "virtual” pool of resources and competences which are used for 
realization of an order.  

The diversified roles of enterprises characterized with the models of the conductor, the operator, the 
integrator are shown in Table 1. 

Table 1 The characteristics of roles of the operator, the integrator and the conductor in a network  
 Operator  Integrator  Conductor 

(Orchestrator) 
Coordination   +++ +++++ 
Integration + +++++  

Network creation ++ +++++ ++ 
Selection of partners ++ +++++ ++ 

Monitoring  +++ +++++ 
Maintaining the cohesion of the network structure + ++++ +++++ 

Assignment of tasks to partners of the network according to their 
competences 

++ +++++ ++++ 

Creating the identity and the organizational culture + +++++ ++ 
Settling transactions with customers and partners of the network ++++ +++++  

Source: The authors' study  

With reference to the characteristics of business models and the management roles according to Mitzberg, 
certain features of enterprises, defining the flagship firm in distribution networks, were symbolically adopted: 
differentiation of processes in the value added stream, considerable market share according to the flow of 
final goods, diverse segments of recipients, a wide geographical range. 

These attributes ensure a strong dominating position of the distributor in the network, providing it with 
authorizations and competences of the organization of the network (selection of participants, creating the 
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organizational identity and culture, settling transactions with customers and partners in the network, 
allocation of tasks and maintaining the cohesion of the network structure). 

The model of the flagship firm of a distribution network comprises elements of the models of the integrator 
and the conductor [9,11]. The flagship firm of a network is not understood here as an independent 
organization concentrating exclusively on flow steering in the network. The subject defined in this way is the 
coordinator which fulfils its role in regional networks. In business networks the role of the flagship firm gets 
results from its strong market position, translating both into the interpersonal role and the decision-making 
role in the network. The information role is secondary and depends on the manner of organization of the 
network by the central enterprise. The flagship firm of a distribution network, as a leader, chooses its 
cooperators, settles the rules of cooperation and shapes the attitudes of cooperators, as the integrator 
shapes the level of integration (undertakes decisions about the degree of the integration of processes in the 
value added stream) and simultaneously possessing its own material resources essential for the realization 
of production and logistic processes and building network relations in order to gain additional resources from 
cooperators is an originator, a regulator (corrects the course of processes in the environment the moment 
any disturbances occur, and creates conditions for cooperation), a negotiator and at the same time a 
disposer (allocates available internal resources and distributes tasks and assigns authorizations and 
responsibilities to cooperators). 

3. THE ATTRIBUTES OF RESOURCES ENABLING REALIZATION OF THE STRATEGY OF THE 
FLAGSHIP FIRM OF A DISTRIBUTION NETWORK 

The flagship firms of distribution networks, when building their competitive strategy, choose material 
resources and form different types of interorganizational relations. Consequently, analysing the model of a 
flagship firm the authors supplemented the analysis by the configuration of material resources which include 
warehouses together with the infrastructure essential for the realization of tasks of postponed production. At 
the same time, it was assumed that these resources could be the property of the flagship firm or they can be 
gained from partners in the network (Fig. 1). In order to assess the influence of the resources configuration 
on the strength of the flagship firm in a distribution network the authors proposed the attributes of material 
resources and the attributes of a network built for the needs of gaining resources.  

 

 

 

 
 

Fig. 1 Strategic supply decisions of the flagship firm of a distribution network 
Source: The authors' study. 

 
Among the attributes of resources the authors took into account: 

• Rareness [11], 

• complementarity and substitutionality, 

• flexibility (universality) and specialization (dedicatedness) of resources [12,13].  

The features of a resource: 
Flexibility, substitutionality, rareness, 

complementarity 
 

Forecasts 
Fluctuations of 
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The way of 
gaining a 
resource 

Purchasing  

Cooperation  

Flagship distributor: 
Coefficient: unsatisfied demand 

/ diversification 
Decision:       gaining a resource 

The power of the 
flagship firm 

Selecting type of relation 
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The selection of attributes was preceded by an analysis of the literature on management in the supply theory 
of the organization. 

The attributes of a network shaped by the flagship firm were adjusted to the specificity of a distribution 
network. The features characterizing a distribution network include: 

• types of participants forming a distribution network and the number of different types of participants 
(the degree of differentiation of a network)[9] 

• types of interorganizational relations between the flagship firm and other participants of a distribution 
network [9,14] 

• the motives for establishing network relations and the number of different motives for establishing 
network relations (the degree of the complexity network) [9,15]. 

Moreover, extending the attributes of networks built by the flagship distributor in the research model, 
other items taken into account are types of cooperators, substitutability and complementarity of resources 
gained through the cooperation.  

4. THE ATTRIBUTES AND THE STRENGTH OF THE FLAGSHIP DISTRIBUTOR OF METALLURGIC 
PRODUCTS 

The features characterizing a supply chain of metallurgic products, including especially the realization on the 
level of the distribution of the strategy of postponed production, affected the expansion of necessary 
attributes (Proc_sum - realization of logistic processes (warehousing, organization of transport), realization of 
processes of postponed production,  Miejsce_TLR - significant market share in respect of the turnover of 
metallurgic products according to tonnage, estimated according to the ranking list of distributors of 
metallurgic products, Zasięg_dz_P - geographical range of served markets, at least national one, 
Wlasna_siec - possession of the own distribution network (regional warehouses, branches), Miejsce_OLR - 
significant market share in respect of the turnover with metallurgic products in respect of value, according to 
the ranking list of distributors of metallurgic products) and sufficient attributes - strength of the flagship firm 
according to the intensity the features (quantity of different processes realized in the value added stream, 
number of segments, turnovers of products according to tonnage, Sz_asort - the width of the assortment).  

Necessary attributes were used to divide distributional enterprises in a supply network of metallurgic 
products into two groups: flagship firms and other enterprises. At this stage of the research the discriminatory 
function was used. According to the research presented in Chapter 2, the flagship firm in a distribution 
network should be characterized with diverse processes realized in the value added stream (processes 
connected with reserves, organization of transport processes, diversification of processes in the area of 
postponed production), should provide services for diverse groups of recipients, and provide a diverse 
assortment, assuring a large capacity of its own distribution network built through a suitable location of 
warehouses and creation of regional distributional branches increasing the penetration of the market which 
consequently translates into the stream of flowing products from a tonnage perspective as well as assuring 
high turnovers of the enterprise. Simultaneously the authors took into account two looks at the market share 
of distributional enterprises: according to tonnage and according to value. The first approach stresses the 
logistic meaning of the flagship firm in a distribution network whereas the second approach takes into 
account processes of postponed production enabling an increase in  the value added at the distribution 
stage. 

The discriminatory analysis aimed at checking which from the mentioned variables has the greatest power of 
dividing the group into flagship distributors and other enterprises. Consequently, it was determined which 
from the variables has the greatest power of distinguishing flagship units of networks from the group of 
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distributional enterprises. These variable are the range of the activity of an enterprise (Zas_dz_P) and the 
turnovers of metallurgic products (Miejsce_OLR).  

The coefficient of the strength of the flagship distributor (measured with the intensity of the features) consists 
of the following attributes: the width of the assortment, the quantity of different processes realized in the 
value chain, the number of segments to which the products of the flagship distributor were directed, the 
tonnage of the products flowing through a given enterprise quantitatively within a year, turnovers of 
metallurgic products qualitatively, the range of the influence of an enterprise. 

The coefficient of the strength of the flagship firm is formed by the relative values of sufficient attributes. 

 I = (proc_sumar/maximum number of processes in the value stream) + (sz_asor/maximum number of 
assortments in the data base) + (ton_il/maximum tonnage of metallurgic products flowing through distributors 
within a given year) + (seg_sum/maximum number of industries of recipients of metallurgic products).  

The coefficient takes values in the section of (0,4), where 0 means the lack of attributes of the flagship firm, 
and 4 means the maximum values of all the attributes. The coefficient of the strength of flagship distributors 
composed of sufficient attributes indicates further differentiation of enterprises within the class of flagship 
units. In connection with the above, the authors went on//proceeded to the next stage of research, which was 
determination of those attributes of material resources and those features of the network shaped by the 
flagship distributor, which significantly affect its strength. 

5. THE STRENGTH OF THE INTEGRATOR IN THE CONTEXT OF THE POSSESSED RESOURCES 
AND THE SHAPED NETWORK 

The second research stage we analysed the influence of the features of resources: the substitutability of the 
increased potential, the rareness of resources, the flexibility of machines, and the features of networks: types 
of relations, the number of different motives for establishing cooperation, the substitutability of machines 
gained from the cooperation, the number of different types of cooperators, on the strength of the flagship firm 
measured with the coefficient I. Consequently, the research aimed at indicating those elements of the supply 
strategy of the flagship firm which have an essential influence on its strength in the network. 

The research took into account the following groups of variables: 
• The features of resources represented by such attributes as: Sub_ZPP - the coefficient of 

substitutability of resources gained through purchasing (the substitutability of the increased potential), 
Sel_masz - the coefficient of machine flexibility, Wrzad - the coefficient of rareness of machines. 

§ The features of networks: Sr_F1 - the relation form - cooperation contract, Sr_F2 - the relation form -  
informal cooperation, LiczTyp_Mot - the number of motives for establishing cooperation (types of 
networks), LiczTyp_Koop - the number of types of cooperators, SubMasz - the coefficient of 
substitutability of resources gained as a result of cooperation. 

In the regression analysis the authors used 5 elements of the supply strategy of the flagship firm, including 
two attributes of resources: the substitutability of increased potential and the coefficient of machine flexibility 
as well as three attributes of the network shaped by the flagship firm: cooperation F2, the number of different 
motives for establishing cooperation and the substitutability of increased potential through cooperation. 
Because of their strong correlation, other variables were not take into account in the analysis. In 
consideration of all the analysed attributes the regression coefficient (Corrected R2) indicates that in 83 % 
they explain the strength of the flagship firm. The first step of the regression analysis clearly shows two 
components of the supply strategy which most strongly affect the strength of the flagship firm and which in 
79 % explain the intensity the features of the flagship distributor (substitutability of increased potential and 
the number of motives building network relations). 
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The detailed conclusions from this stage of research reveal that the independent variables: the rareness of 
machines and the number of different types of cooperators, the number of different types of cooperators and 
the number of different types of motives are considerably correlated. As results from the carried out 
research, in the metallurgic industry, the more general resources are possessed by the flagship distributor 
the more relations with different cooperators it builds, so the coefficient of the rareness of resources decides 
directly about the network of the flagship distributor. On the other hand, the correlation analysis showed that 
together with the growth of the differentiation of the motives for cooperation, and consequently different types 
networks including, the more different types of participants is included in the network by the flagship 
distributor. 

The correlation analysis also indicated a significant relationship between the variables characterizing 
resources gained from cooperation and the types of relations: the coefficient of substitutability of machines 
gained as a result of cooperation is correlated both with the form of formal and informal cooperation whereas 
a stronger correlation appears in informal than formal cooperation. Therefore it can be stated that flagship 
distributors, wanting to gain resources which are to increase the productive powers and/or the capacity of 
warehouses, would more often build informal relations (the increase of the substitutability of gained 
machines attracts informal cooperation more strongly) with rival enterprises (possessing substitution 
resources compared with the flagship firm). However, as regards the need of gaining complementary 
resources from cooperators, widening the possibilities of creating the value added, flagship distributors 
undertake decisions to formalize their cooperation and conclude different types of cooperation contracts (the 
complementarity of gained machines involves formal cooperation more strongly).  

After reducing the variables due to the correlation between them, the key variables in the regression 
analysis, decisive about the strength of the flagship distributor are the substitutability of increased potential 
whose increase reduces the intensity the features of the flagship firm and the number of various types of 
motives which enlarges the intensity the features of the flagship unit. The coefficient of multiple correlation R 
in the model explaining the strength of the flagship distributor is as high as 0.91, the determination coefficient 
R2 is 0.83, which means that the intensity the features of the integrator in more than 83% is explained by 
given features of networks and attributes of resources. The coefficient of the intensity of features of the 
flagship distributor indicates two variables: the substitutability of increased potential and the number of 
different types of motives which in more than 79 % explain the strength of the flagship firm. The regression 
model has a large predictive value, which is also indicated by the analysis of residues.  

The most important conclusion flowing from this part of the research is stating that the strength of the 
flagship distributor is the greater the more the distributor observes the following rules: it invests in 
complementary resources, substitution resources, gaining more often through cooperation, yet gaining 
resources through cooperation; it creates formal ties in the form of cooperation contracts more often for 
complementary resources than for substitution resources whereas it gains substitution resources more often 
through informal cooperation. The obtained results also confirm the tendencies indicated in the literature 
(Schweizer L. (2005), Czakon W. 2010) for central enterprises to emerge in mature sectors; the prevailing 
features of those enterprises are attributes of the integrator model of the network. 

6. CONCLUSIONS 
The strength of the flagship firm of a distribution network  results from the configuration of resources being 
the property of the enterprise and gained from partners in the network (described by means of the proposed 
attributes of resources and networks) and its competences and skills of formation of interorganizational 
relations and selection of partners. Therefore, the strength of the flagship firm of a distribution network will be 
determined by the rational selection of resources and the skill of their utilization and not maximization of the 
owner's state of resources. 
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The components of the strategy of the flagship firm in a distribution network with postponed production were 
considerably related with the intensity of the features characterizing the model of the flagship firm of a 
distribution network (the strength of the flagship distributor) of metallurgic products. So, the selection of 
material resources and the features of the shaped network allow the flagship distributor to adapt itselves to 
market changes and efficiently compete with other distributors. 

Flagship firms of a distribution network integrate processes in a smaller range than the integrator of the 
supply chain, but they build network relations wider through neutral and mixed networks.  
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Abstract 

Order picking process (OPP) is one of the key factors for efficiency of many logistics facilities and even 
supply chains. Therefore, improving OPP is a crucial problem of many industrial and logistics enterprises. 
This paper presents selected aspects of improving order picking process. Authors paid attention on 
complexity of that process and suggested where could be found solutions for its improvement. Presented 
problems were classifies according to methodologies of designing order picking systems (OPS), planning 
and preparing order picking process and its controlling and steering. For each of them were selected 
relevant references. 

Keywords: Order picking, improving, designing, planning, issues  

1. INTRODUCTION 

The success of Supply Chain Management depends on coordination, cooperation, and efforts of all logistic 
facilities along supply chain. They are used for storage, buffering, and transformation of cargo streams, 
associated information and financial streams. Every facility must improve and optimize its operation so that 
goods or services can be promptly and reliably delivered to its customers at the least cost. Due to the 
diversity of customer needs and well-developed retail market, operating mixed unit loads takes a larger and 
larger role in the supply chains. That in turn, causes more time to be devoted to issues of improvement and 
efficiency increasing of the order picking processes implemented in logistics facilities. 

According to research of Coyle J., Bardi E. J., Langley C. J [1] order picking process can generate roughly 
65 % of total operating costs of a logistics facility (warehouse). That process is also labour-intensive and may 
consume as much as 60% of all labour activities in a warehouse [2]. In the other words, the operational 
efficiency of many logistics facilities and thereby supply chains relies on the efficiency of its OPP. Therefore, 
improving order picking process is a crucial problem of many industrial and logistics enterprises. Improving 
can be done by designing new efficient order picking systems or by appropriate controlling and steering of 
order picking processes in existing order picking systems.  

2. METHODOLOGIES OF DESIGNING ORDER PICKING SYSTEMS 

Designing, planning and analysing of order picking systems is a very complicated and time-consuming 
process. It requires consideration of many aspects, factors and resolving many problems. According to [3] 
designing of OPS can be divided into two main levels (strategic level and policy level). The first one 
characterizes system (dimensionality of order picking area - OPA, information availability in OPS and 
mechanization of OPP) and the second includes mainly organization and operational policies (order release 
mode, zoning, batching, storage assignment and pickers routing). 

Issues in design and planning of OPS has been reviewed and discussed also in other publications. In [4] 
[4]Yoon and Sharp presented three-stage procedure for designing and analysing OPS. This procedure 
considered interdependent relationships between functional areas of these systems (picking, replenishing, 
receiving, sorting, etc.). The first stage of it included managerial considerations, determined necessary data 
and operational and organizational constraints. Second stage indicated functions and aims of subsystems of 
OPS. In this case storage capacities, number of pickers were calculated, and appropriate operating 
strategies, information transformation requirements, equipment of OPS (e.g. types of forklifts or racks), etc., 
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were specified. At the last (final) stage variants of OPSs were compared and evaluated according to various 
criteria (e.g. throughput, cost, space, etc.). Besides, in [5] Yoon and Sharp presented example of their 
approach what showed that identification and designing of alternative variants of OPS is one of the hardest 
stages at whole procedure. Cause it should be achieved some compromise between completeness and the 
"cost" of analysis. The main limitation of the procedure presented in [4] and [5] is that, it is deterministic in 
nature, while OPSs consists of many stochastic aspects. 

Other approach to designing OPS was presented in [6], where authors used so-called zero-based analysis 
methodology. This method used evaluation of OPS as a base for designing this system and making 
managerial decisions related to its reorganization. Its basis idea is to divide the resource consumption in an 
OPS into three parts. The first concerns the work and time needed for picking articles (units) from pick 
locations and accumulating them at mixed unit loads. The second include time losses incurred due to 
reading pick lists, identification of article localization, travelling, and waiting. And finally the third part refers to 
the costs incurred in the preparation and finishing of the OPP, checking the accuracy of the OPP, maintain 
the quality and other administrative activities. Appropriate measurements of resource consumption according 
to all three groups allows to compare different variants of the OPS and select the best one. Disadvantage of 
this approach is that it allows only to analysing a part to picker OPS. Other types of OPS, such us parts to 
picker OPS or automated systems may exhibit different resource consumption factors and parameters, for 
which the zero-based analysis is not applicable. 

Quite different approach to designing OPS showed Kłodawski and Jachimowski in [7]. Their research 
presents suggestion of using the ant algorithms for designing optimal variants of order picking system. They 
discussed principles of operation and possibility of using ant algorithms for that kind of research problems. 
As an optimality criterion of OPS variants adopted time of order picking process, which is also basis for 
determining other characteristics of that process, such as efficiency or productivity.  

3. PLANNING AND PREPARING ORDER PICKING 

3.1  Concept of the order picking area layout 

Order picking process could be improved also thanks to the appropriate design of the order picking area 
layout. This so-called order picking area layout problem concerns the selection of number, length and width 
of pick aisles and cross aisles, number of storage blocks, storage levels and localization of depot (place 
where starts and finishes OPP). 

Order picking area layout problem was analysed as early as the 80's of last century. Bassan, Roll and 
Rosenblat [8] presented comparison two different OPA layouts with parallel pick aisles. Analysis were carried 
out for low-level OPS. Into consideration were taken handling costs as well as other costs associated with 
OPA. Furthermore, expressions for optimal design parameters were developed and it was shown that, 
depending for ratios between the relevant costs, some general preference rules for two examined layouts 
can be laid down. 

In [9], [10] Roodbergen proposed non-linear function, which was used to determine optimal layout of OPA. 
The values of the function mapped the length of a route travelled to fulfil pick lists whose included specified 
number of pick locations (needed to be visited) and well-known total length of all pick aisles. Determining 
OPA layout consisted in minimizing values of developed function what resulted in finding specified number 
and length of pick aisles as well as localization of depot. Roodbergen in his research assumed random 
storage assignment in OPA.  

A similar approach to the problem of determining order picking area layout to encourage improvements in 
OPP was presented in [11]. Roodbergen and Vis developed mathematical formulas describing relationship 
between the OPA layout and the average length of the route travelled in OPP. Research included various 
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routing methods as well as finding the best localization of depot. In this case, similar to [9], [10] random 
storage assignment was used in one-block (with one storage block) area layouts.  

In [12] Petersen examined the configuration or shape of picking zones by simulating a bin-shelving 
warehouse to measure picker travel, where SKUs were assigned to storage locations either using random or 
volume-based storage. Their results showed that the layout, size or storage capacity of the zones in OPA, 
the number of items on the pick list, and the storage policy have a significant effect on order picking area 
layout. In addition, authors founded that the absence of a back cross aisle also affected OPA configuration. 
These results offered solutions to managers looking to implement improvements OPS. 

3.2  Solving forward-reserve problem 

A popular strategy to reduce labour intensiveness of order picking process is to divide order picking area into 
a forward area and a reserve area (bulk area). The first one is used for so-called efficient order picking (or 
fast picking). There are located the most popular SKUs with the highest turnover. Reserve area is used to 
storage SKUs not allocated to the forward area and destined for replenishment. 

In order to reducing path lengths and OPP's time as well as reducing operating costs of the process, space 
and capacity of forward picking area is usually also reduced. Should therefore be strictly determined types 
and number of articles, whose offering in fast picking area will resulting in increasing throughput of whole 
OPP. This problem is known as a forward-reserve problem (FRP). 

The first one who analysed FRP in a literature was Bozer in 1985. In his research [13] he proposed dividing 
storage racks into two subareas. Higher located storage levels was described as reserve area, from whose 
had been made replenishments for lower levels (forward area). More holistic approach to this problem 
presented Hackman and Rosenblatt [14]. They formulated a model for forward-reserve problem where were 
included issues of choosing which SKUs will be assigned to which area as well as in what amount. Their 
goal was to reduce material handling costs in OPS and as a result they prepared their own heuristic 
procedure based on knapsack problem. Few years later that problem and suggestion of its resolving was 
analysed and expanded in [15]. In paper authors developed optimization task. As a decision variable they 
used capacity of fast pick area. Mathematical model included investments and maintenance costs of forward 
picking area equipment (mapped as a linear function depended on area capacity) as well as operational 
costs of OPP and replenishment. 

In contrast to papers mentioned above in [16] van den Berg and others analysed FRP with assumption that 
for replenishing were used only uniform unit loads. What means that in one replenishment cycle could be 
replenished only one type of SKU. Authors' objective was to determine which replenishments minimize the 
expected amount of labour during the picking period. They modelled the forward-reserve problem as a binary 
programming problem and presented efficient heuristics that provide tight performance guarantees. Further, 
heuristics developed in [16] were compared with procedures used in practice as well as authors showed that 
significant labour-savings are possible. 

3.3  Choosing storage assignment policy 

For improving OPP can also be used storage assignment policies (SAP). SAP is a set of rules which can be 
used to assign units (SKUs) to storage locations before they can be picked to fulfil customer orders (in other 
words before OPP). Choosing the right SAP in OPS can reduce lengths of travelled roads, time of travelling 
as well as time of whole OPP. In practice are used such storage assignment methods as i.e.: random, 
closest open location storage, dedicated (COI, volume-based), class-based, family grouping, etc.. 

In random storage policy, each unit load (pallet, box with articles, etc.) is randomly assigned a storage 
location in the OPA that is arbitrarily selected from all empty and available locations with equal probability 
[17]. In situations when pickers can select storage locations by themselves they will usually chose first 
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encountered locations (in practice the closest to depot). That method in literature is known as closest open 
location storage policy (see [18]). Main disadvantage of random SAPs is that, they need a computer system 
to manage SKUs located in storage locations.  

Dedicated storage policies assigning each SKU to specific, fixed storage location and no other SKU can be 
stored in that location, even if it is empty. The most popular dedicated SAPs are COI and Volume-Based. 
COI method (cube-per-order index) first time was introduced in [19] (1963). It is policy aimed to store items 
according to COI index, which is the ratio of SKU storage space requirement and its requesting frequency. 
SKUs with the lowest COI are given prime locations closest to the depot. In Volume-Based SAP SKUs are 
assigned to storage locations according to the established parameter i.e. number of requests per unit time. 
Hence, the more often items are requested the closer to the depot are located. The main advantage of 
dedicated SAPs is that, order pickers become familiar with product locations as well as they can be used to 
obtain a good stacking sequence by storing products in order of weight. 

Class-Based SAPs are combination of random and dedicated methods. The most common are ABC, XYZ 
and their combination ABC/XYZ. That policies are easy to use and simple to understand. SKUs are 
categorized in classes based to particular parameters i.e. number of times they appeared in pick lists, 
regularity of demand on them, etc.. Next, all groups are assigned to dedicated area of OPA. Within particular 
areas (groups) items are storage randomly. Class-Based SAPs were researched and used to improve OPP 
in literature (see i.e.: [20], [21][21], [22], [23]). 

Alternative to the previously mentioned SAPs is family grouping. Family grouping involves the possible 
relations between products. To apply that policy statistical correlation between SKUs is required. Thus, 
products can be stored close to each other if they i.e. often appear together in an order [24]. For example in 
[25] was presented the approach called order oriented slotting policy, which allocates pairs of items 
appearing in multiple orders in adjacent locations. To implement that policy several methods are available.  

4. CONTROLLING AND STEERING ORDER PICKING 

4.1  Choosing picking strategy 

A picking strategy defines the manner in which pickers navigate the OPA to pick items from storage 
locations. The primary objective of it is to maximize throughput or minimize cost or response time. Thus, 
selecting appropriate picking strategy may lead to improving OPP. Basic picking strategies are: discrete, 
batch and zone. 

Discrete (single picking) is a strategy in which picker picks all items from a single order at time. So, every 
order is processed separately. This policy is very often preferred because it is easily implemented and order 
integrity is always maintained. Single picking works well in OPS with a small number of orders and a high 
number of picks per order. In batch picking several orders are batched (grouped) together and all items from 
a given batch are picked in one pick-tour. Batch size is usually from few to several orders, depending on the 
average number of picks per order and items size. According to availability of order information order 
batching problem may be classified as static batching or dynamic (online) batching. Irrespective of that order 
batching is an NP - hard problem, thus many researchers focus on developing heuristic methods for solving 
it (i.e. see: [26], [27], [28], [29]). Batching is popular strategy to improve productivity due to the reduction in 
OPP travel time but it can also cause congestion problems in OPA. 

Zone picking is policy that divides order picking area into zones. Each SKUs belonging to the same product 
group are then stored close to each other. The order picker is assigned to pick parts of the orders that 
include items located in his zone. Advantages of that strategy is that each order picker needs to traverse a 
smaller area, may reduce aisle congestion and also order pickers become familiar with the item locations in 
the zone. But this strategy requires additional operations to consolidate orders from different zones.  
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Alternative to presented basic picking strategies is strategy called bucked brigades, which was proposed by 
Bartholdi [30]. It is a strategy which was developed as a way of coordinating workers who progressively 
assemble a product along a line and next applied to an OPS. According to it, each picker fallows the rule: 
"pick forward until someone takes over your work, then go back for more". Thus, picker fulfil his pick list up to 
the moment that his successor takes it over and then he walks back to the depot or his predecessor and 
takes new pick list or list fulfilled by his predecessor and so on. For more details see [30]. 

4.2  Choosing routing policy 

A routing policy defines the route that each picker will follow to retrieve products from storage locations in 
OPA. The goal of it is to reduce the travel time (as a parameter depended on distance) by determining the 
sequence of picks and the road to be followed so it could be successfully used to improve OPP. Routing 
policies range from simple heuristics to optimal procedures. Example of optimal routing policy was presented 
in [31]. Authors to obtain a optimal solution used approach based on travelling salesman problem, graph 
theory and dynamic programming. Their algorithm can solve the problem with run times that are linear in the 
number of aisles and the number of pick locations. But it should be noted that many warehouses have 
different layout and an optimal algorithm could not be available for them as well as optimal routes may seem 
illogical to order pickers. Because of that, in practice, mostly heuristics are used for solving the problem of 
routing order pickers and what important they yield nearly optimal solutions. The most common heuristic 
routing policies are: S-shape (traversal), return, mid-point, largest gap, composite (combined) and optimal. 
These methods were summarized in [18]. Originally they were developed for single-block warehouses but in 
[10] and [9] were modified that they can be used for multiple block warehouses. Solving routing problem in 
OPS is widely available in literature. 

5. CONCLUSION 

The paper presents various approaches to improving order picking process which is featured as a very 
complex process and dependent on many factors. It suggests that for the reliable and authoritative 
assessment of order picking it is necessary to analyze a whole system in which order picking process is 
implemented (whole OPS). In other words for improving order picking parameters (characteristics) i.e. length 
of travelled distances, time of fulfilling pick lists, efficiency, throughput, etc., an holistic approach is very 
useful (or even necessary). Thus, issues of improving order picking were classified according to: 
methodologies of designing order picking systems (as a way for improving OPP already at the stage of 
creating new efficient OPSs), planning and preparing order picking process (selecting appropriate order 
picking area layout, solving forward-reserve problem, assigning SKUs to pick locations) and its controlling 
and steering (choosing picking strategy and routing policy). For each of them authors selected relevant 
references, which provide more details and present research results of others researchers. 
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Abstract 

The paper deals with application of selected analytical methods for analysing field data from heavy off-road 
military vehicles. The information from the engine oil are interpreted in form of polluting particles like particles 
from wear process (e.g. Fe, Pb, Cu, etc.) and particles from oil deterioration itself (like Mn, Si, Zn, etc.). 
These pieces of information have good technical and analytical potential which has not been explored well 
yet. There is available reasonable set of vehicles and their oil data from in-field-operation. Based on the data 
we assume it will be possible to determine some changes in the system. This may help to change e.g. the 
system maintenance policy, may estimate system operation and help in mission planning. Therefore we 
decided to study these co-relations of oil diagnostic characteristics and apply selected regression models. 

Keywords: Regression function, technical system, operation assessment 

1.  INTRODUCTION  

Growing dependability and operation safety requirements for modern equipment together with increasing 
complexity and continuous attempts to reduce operation and maintenance costs might be satisfied among 
others by the consistent use of modern diagnostic systems. The main task of object technical state 
diagnostics is not only to find out incurred failures, but also to prevent from failure occurrence with the help of 
sensible detection and changes localization in the object structure and in its behaviour changes. Many 
various approaches have been published on system diagnostics and CBM (Condition Based Maintenance) 
so far. 

A tribotechnical system (TTS), friction in it, wear and lubrication, and especially the outcomes of it are the 
subjects of our major concern. We would like to analyse the outcomes of TTS technical diagnostics. There is 
a wide range of TTS data which has not been analysed further, and that is a pity. Our main objective is to 
extract maximum information from the diagnostic of TTS in order to gain tools for optimising maintenance, 
cost-benefit processes, operation and mission planning. The authors will apply selected mathematical tools 
to get some inputs into previously mentioned areas. Regarding the tribotechnical system, the basic 
information about tribological process, operating and loss variables are provided [1], [2], [5]. 

The assumed object of diagnostics is in our case a medium lorry vehicle - its engine respectively. This sort of 
vehicle has not been ready in terms of its design to use the ON-LINE system, though, in practice, similar 
possibilities of other applications have already existed. It results from the information stated above that we 
are still supposed to use OFF-LINE engine diagnostics system when sampling lubrication fluid at certain 
intervals, and using known and optimised special tribodiagnostic methods [3], [4], [6-15]. Diagnostic data 
have the same form as in Table 1 below. 

 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

501 

Table 1 Selected example of Fe particles oil contents as indicated by diagnostic methods 

Sample nr. Nr of Mh Fe ppm Sample nr. Nr of Mh Fe ppm 

1 0 17.57 6 35 12.73 

2 8 20.88 7 46 15.84 

3 11 15.77 8 57 16.41 

4 22 19.58 9 64 23.15 

5 26 20.53 10 72 23.94 

2. USING TWO REGRESSION FUNCTIONS ON TWO AREAS 

When analysing diagnostic data there arises the question whether the data is described by only one 
regression function across all measurement interval, or there are areas of different regression function in the 
data record. Theoretically, the area of an independent variable (motohour) can cover the infinite number of 
areas. Since the number of the measured values is finite, we are going to take into account the finite number 
of these areas. Each area presents the behaviour of a system in a given state.  While analysing diagnostic 
data we assume that the system will be in the finite and the small number of states. To begin with, the 
system will be presumed to be in two states. The diagnostic data will be divided into two parts and in each of 
them an appropriate regression function will be looked for. 

Owing to its random character, the independent variable is presented by a random variable X (of a 
motohour) and then the dependent variable is presented by a random variable Y (the number of Fe 
particles). These two parts are defined by the value x0. In the first area we are looking for a regression 
function:  

))(),(1 xXYExy === 1βϕ
, for the data for which it applies: 0xx <  . 

In the second area we are searching for a regression function: 

))(),(2 xXYExy === 2βϕ
, for the data for which it applies: 0xx > . 

In each area we are looking for a regression function separately. For our data we are going to search for 
regression functions in a linear form and apply a linear regression model: 

)(
1

xfy
m

j
jj∑

=

= β
,                                                                                                                          (1) 
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)(xf j  are known functions not containing ,,1 ..., mββ
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This model is based on the following assumptions: 

The values x are non-random, so functions 
)(xf j  get non-random values 
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Random variable iY , where 
∑

=

=
m

j
jiji fYE

1

)( β
 and 0)( 2 >= σiYD   for  1,...,i n= .  

Random variables iY  are non-correlated and have a regular probability distribution for 1,...,i n= . 

In these areas we have chosen the following regression functions: 

For the first area there is: m=2, f1(x)=1, f2(x)=x, regression function: xy 1
2

1
1 ββ +=  

For the second area there is: m=2, f1(x)=1, f2(x)=x, regression function: xy 2
2

2
1 ββ +=  

For the sought after dependency we select the model which will fit the data and at the same time will be as 
simple as possible. We will proceed in the following manner: 

- we will gradually select value x0 and find regression functions for both areas.   

- to these functions we express 
*
min

1S , 
*
min

2S  and calculate 
*
min

2*
min

1*
min SSS += . 

- of values  x0 we select the one for which the value 
*
minS   is as small as possible.  

Limitation:  In order to keep the model simple we have selected in both areas a linear dependency in the 
shape of a line. 

Owing to a large data spread for small motohour values we have chosen the value x0 starting  
from 20.  

The smallest value 
*
minS  has been obtained for x0 =210 (motohours). 

*
minS  = 2795,69446. 

The graph in Fig. 1 below shows the dependency of 
*
minS  on value x0. 

 

Fig. 1 Dependency of 
*
minS  on value x0 

 

For the value for x0 =210 we have obtained the following values of regression coefficients: 
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The first area: The point estimation of parameter 
1
1β : b1 = 12,9920812 and 

1
2β  : b2 = 0,044265625 

Interval estimations - 95% confidence interval for  

1
1β : 12,32435348, 13,65980891 

1
2β : 0,034119132, 0,054412117 

p-value for hypothesis H:
1
2β  = 2,22053E-15 

The second area: The point estimation of parameter 
2

1β : b1 = 16,77919086 and 
2
2β : b2 = 0,013769643 

Interval estimations:  95 % confidence interval for 

2
1β : 10,69846707, 22,85991465 

2
2β : -0,007320149, 0,034859436 

p-value for the hypothesis H: 
2
2β  = 0,189895724 

The thing that is important for the values of regression lines is the estimation of 2β . We are testing the 

hypothesis H: 02 =β  It follows from the p-values that in the first area the hypothesis H: 01
2 =β  is rejected at 

the confidence level 0,05 (p-value 2,22053E-15). As for the second area, the hypothesis H: 02
2 =β  is not 

rejected at the confidence level 0,05 (p-value 0,189895724). The data in the second area then might be 
approximated with an invariable without violating the universality. However, the graph in Figure 2 shows that 
the second (right) course of a regression line is not constant.   

 

Fig. 2 Two applied courses of linear regression function 

In the relevant areas the confidence intervals might be drawn for both an individual value y (see Fig. 3) and 
a mean value y (see Fig. 4). 
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Fig. 3 Confidence intervals of two applied courses of linear regression function for individual value 

 

Fig. 4 Confidence intervals of two applied courses of linear regression function for mean value 

It is obvious that if we divide the area of independent variables into parts and calculate the common value 
*
minS , this value will be decreasing along with  the growing number of areas. For these two areas we have 

obtained 
*
minS  = 2795,694467 for x0 =210. If the data is approximated with one line, then  

*
minS  = 2974,261342. 

4.  CONCLUSION 

We have introduced in this paper the possibility of using a regression function for more data areas. The 
reason for applying this was based on a few aspects. One of them was the assumption of initial conditions 
existence - burn in - when putting a new system into operation. Another aspect was the effort to record the 
consequent course of data in the best possible way. As we can not always only one form in the whole range 
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of the data. The results will serve to derive and predict other system characteristics. Other possibilities of 
future work in terms of following procedures are introduced below. 

One of the procedures when analysing data is to approximate the two areas with different shapes of 
regression functions - e.g. exponential, polynomial, etc., or to suggest dividing into more areas. 

We could keep the division into two areas, but modify regression functions so that they could have the same 
functional value in the value for x0. Thus, we would like to look for a “broken form of the regression function”. 
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Abstract 

Increased demands on strong economic performance of these supply chains, organizations are now held 
responsible for the environmental and social performance of their suppliers and partners. The concept of 
sustainability started to incrementally enter the corporate environmental management system and strength 
over collaborative connections between enterprises. There are more end more new concepts that includes 
environmental requirements. This trend can be also observed in logistic and supply chain management. The 
main objective of this paper is to contribute to a further understanding of reverse logistics and green activities 
that take place in the supply chain, how reverse logistics and green contributes to improve the supply chain. 
A theoretical frame work is made so as to have a good understanding about the concepts and research work 
in the relevant area. The main idea area was the presentation how similar this process can be no matter in 
which industry it will be analyzed.   

Keywords: Supply chain, green logistics, reverse logistic 

1. INTRODUCTION 

Common knowledge is that the public becomes more aware of environmental issues and global warming; 
consumers will be asking more questions about the products they are purchasing. Companies will have to 
expect questions about how green their manufacturing processes and supply chain are, their carbon footprint 
and how they recycle. However some companies have seen that this is not a bad thing and indeed have 
been able to convert the public’s interest in all things green into increased profits. A number of companies 
have shown that there is a proof of the link between improved environmental performance and financial 
gains. Companies have looked to their supply chain and seen areas where improvements in the way they 
operate can produce profits. Development can badly affect the environment; however under the phrase 
Green Supply Chain Management a new direction can be find, but not only toward safetyness for the 
environment but also opportunity to gain new sources of financial flow. Currently companies are doing their 
best to come up with new ideas, machines which could help them introduce savings and earn but also 
preserve the environment in good condition due to the change of customers’ attitude.  

This paper show the development of Green Supply Chain Management (GSCM) approach in logistic 
concepts. The functions of GSCM and which areas are the most vulnerable and tractable for changes ware 
also shown. Companies can find cost savings by reducing the environmental impact of their business 
processes by re-evaluating the company's supply chain, from purchasing, planning, and managing the use of 
materials to shipping and distributing final products, savings are often identified as a benefit of implementing 
green policies. No matter how hard it seems to be way of people perceiving this opportunity prompted to 
come up with new ideas and innovations. This reorganization however requires big amounts of money and 
highly qualified workers, who understand the process and are aware of benefits which can be gained thanks 
to this.  

2. GREEN SUPPLY CHAIN AS A CATEGORY OF GREEN LOGISTICS 

Green Logistics describes all attempts to measure and minimize the ecological impact of logistics activities. 
This includes all activities of the forward and reverse flows of products, information and services between the 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

507 

point of origin and the point of consumption. It is the aim to create a sustainable company value using a 
balance of economic and environmental efficiency. McKinnon [11] has created categories which divide green 
logistics research into five different fields;  

• Reducing freight transport externalities  

• City logistics  

• Reverse logistics  

• Logistics in corporate environmental strategies  

• Green supply chain management.  

The research area of reduction of freight transport externalities is responsible for decreasing transports’ 
effects on the environment. This research is focusing on improving vehicle technology has been established 
to take in logistics systems of firms, since these are said to be closely linked to the expansion of transport 
growth [10]. Studies that consider the design of companies’ logistics systems have been led by [2] for 
instance, who notice a complicated relationship between companies’ logistics decisions and environmental 
influence from logistics. What is more, choice of transport mode is chiefly related to the reduction of freight 
transport externalities since it is recognized that road, air, rail and water-borne modes have different 
influence on the ambience [12]. Within this area of research, there appears to be little connection to the 
interface between LSPs and shippers and how this situation can provide chances, as well as barriers, for the 
reduction of freight transport externalities. Added to this, second research field distinguished by McKinnon 
[10] is the area of city logistics, which focuses on freight transports in urban areas. In such places, there has 
traditionally been a difficulty with low fill-rates in lorries, causing not only high financial costs but also as 
environmental impact. McKinnon [10] recognizes that a recent establishment within this field is the increase 
of home-deliveries as a part of companies’ service offerings, and this obviously changes the conditions for 
city logistics. As mentioned above, service offerings from both shippers and LSPs can have an effect on the 
research field of city logistics. Reverse logistics is concerned with the return of waste product and packaging 
for reuse, recycling and disposal [10, 15]. Within this field, Sarkis et al. [17] implicitly mention the service 
offering of LSPs when they write that e-commerce gives LSPs a business opportunity. Products sold via the 
internet will inevitably cause product returns, and the LSPs can offer to pick up these returns and thus 
increase efficiency in their transport and distribution systems. Thus, even though the focus within the field of 
reverse logistics may not be on the logistics market’s green supply and demand, there are aspects of the 
field that can be of interest in such a market. The field of corporate environmental strategies deals with how 
companies address environmental impact that their logistics operations may cause, and this work is often 
linked to strategic business considerations [11]. One such practice is environmental management systems, 
such as ISO 14001, which can be applied to shippers, as well as to LSPs. Nawrocka et al. [14] investigate 
the role of ISO 14001 in supply chains practices and note that companies commonly use ISO 14001 as a 
requirement for suppliers. As a matter of fact, it is noted that ambience adjustments within logistics often is 
interconnected with cost savings [2, 20] and this is inevitably a stimulus for companies to put a green focus 
on their logistics operations. Rao and Holt [16] even state that “[if companies] green their supply chains not 
only would firms achieve substantial cost savings, but they would also enhance sales, market share, and 
exploit new market opportunities to lead to greater profit margins, all of which contribute to the economic 
performance of the firm.”  

Green supply chain management recognizes that a company’s ambience influence is not limited to the 
corporate boundaries, but is instead affected by several dimensions outside these borders [10]. Companies 
can for instant influence environmental impact by choosing who to cooperate with or which new technology 
to introduce in the supply chain [17]. The greening of purchasing activities is also involved in this field of 
research [5, 11]. 
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3. GREEN SUPPLY CHAIN MANAGEMENT CONCEPT 

The conceptions of Green Supply Chain Management is based on the sustainable development approach 
which comprehends many components for instant that the needs of the present society are to realize without 
compromising the ability of future generations to meet their own ones. As the implementation of this 
approach within a company influences nearly all the company’s functions, it has a major impact on a 
company’s supply chain. The reason is that SCM encompasses all functions of a corporation as it aims to 
optimize the management of all flows of material, funds and information between the various companies and 
departments which make the product or service available to end-consumers. L. Jingjing and Z. Yingchao 
came out with a definition that „supply chain refers to focus on core business, through the logistics, 
information flow and capital flow control, from procurement of raw materials, intermediate goods and even 
the final product, finally from the sales network to the hands of the consumer, products will be sent to 
suppliers, manufacturers, distributors, retailers, end-users, and will connect the functions of a whole network 
structure.” [22]. Scott and Westbrook [18] pointed out that SCM stands for the chain connecting each 
element of the manufacturing and supply process from raw materials through to the end users, and handling 
integration of all participating firms’ contributions in the supply chain. Over the past decade, SCM has played 
an important role for organizations’ success and subsequently the green supply chain (GSC) has emerged 
as an important component of the environmental and supply chain strategies of a large number of 
companies. Although the term “environment” or “greening” has an ambiguous meaning in various fields, the 
term indicates not only harmonizing corporate environmental performance with stockholders’ expectations 
but also developing a critical new source of competitive advantage in terms of management perspective [7]. 
As Gupta [8] viewed environmental management relieves environmental destruction and improves 
environmental performance by institutionalizing various greening practices and initiating new measures and 
developing technologies, processes and products. In recent years, numerous studies have attempted to find 
and explore GSCM. Green supply refers to the way in which innovations in supply chain management and 
industrial purchasing may be considered in the context of the environment. Narasimhan and Carter [3] define 
GSCM as the purchasing function including reduction, recycling, reuse, and the substitution of materials. The 
GSC covers wide areas of GSCM practices and SCM’s participants and practices from green purchasing to 
integrated supply chains flowing from suppliers, to manufacturers, to customers, and to the reverse supply 
chain (16, 22). Brown et al. [13] suggests two main types of green supply management process: greening 
the supply process and product-based green supply. Greening the supply process stands for 
accommodations made to the firm’s supplier management activities for considering environmental 
perspectives. In addition, product-based green supply focuses on changes to the product supplied and 
attempts to manage the by-products of supplied inputs.      

Leaders of the logistics and supply chain department should balance low cost and innovation process while 
maintaining good environmental performance [2, 9]. Through supply chain analysis, organizations are able to 
check whether environmental issues can be incorporated into industrial transformation processes [5]. Green 
supply commitment through the corporate environmental approach and management commitment to 
environmental issues improve the possibility of green supply implementation [5]. However the motivation for 
implementing GSCM process may come entirely outside the firm’s normal supply management process if the 
companies capabilities are insufficient to launch green supply chain on its own. The literature strategy 
stresses that environmental management can play a critical role as both social responsibility and important 
corporate duty [1]. The social and political interest in green issues has promoted implementing GSCM. In 
addition, the response to environmental issues in socially responsible manner still remains as a social and 
business matter [13].  
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Fig. 1 Green supply chain area of inters 
Source: Adopted from: [22] 

Fig. 1 presents main area of interes in GSCM . Each phase comprise of subsystems. Manufacturing mean 
reducing energy consumptions using new technologies and reducing production waste. Product recovery 
puts an effort into reusing used products and recycling the rest. In terms of distribution comes to proper 
choice of the form of the transport. Each process has its own action to perform. They mutually influence each 
other and conduct their task. All blends together present a new approach and idea of green chain 
management which implementation brings benefits. There are many factors which can initiate the adoption 
of Green Supply Chain Management by companies, but mostly there are:  
• Customer Requirement: Customer requirements play an important role in SC design and 

specifications, and suppliers usually comply with these requirements. Green thinking lets the 
customers, especially major customers, use their influence on suppliers to adopt green practices. This 
demand has cascade effect and goes through the entire supply chain. Also, major customers should 
help suppliers achieve this goal by partnering in product and process design.  

• Governmental and International Laws and Regulations: Governments, national standard institutes, 
industrial development bureaus, and local authorities have a great impact on industries by passing 
laws and regulations and controlling the industries to implement these regulations. International 
unions, such as UN and EU, also pass laws and regulations which make countries conform to GSCM 
practices.  

• Organizational Green Awareness: The economic impacts of using old and worn products for 
purposes such as repairing, reusing, reassembly, refurbishing and recycling on organizational 
productivity and cost reduction is another important initiative for companies to develop GSCM 
practices.  

• Environmental Activists and Non-Governmental Organizations (NGOs): These groups can create 
green awareness within both societies and industries as well. First, they can encourage people to buy 
green products instead of their non-green counterparts. Despite the lack of expertise in technical 
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fields, environmental activists, and NGOs can still have impact on industries by promoting green 
awareness among people and requiring industries to adopt green practices.  

4. THE DESIGN OF THE GREEN SUPPLY CHAIN 

The design of effective supply chain supply chain is a necessary prerequisite to the successful operation, it 
can improve customer service, achieve effective balance between cost and service, enhance corporation’s 
competition power, increase flexibility, develop new markets and increase work efficiency. In the design of 
the supply chain, based on the successful supply chain in manufacturing, construction supply chain should 
be designed in terms of different construction corporations. Different types of products require different 
supply chain design. Generally, from the broad sense, basic products can be divided into two basic types: 
functional products and innovative products. The so-called functional products, which refer to a lower profit 
margin, the demand for the products is more stable; so-called innovative products refer to higher profit 
margins and unstable demand products. It is easy to forecast future demand for the functional products due 
to their tiny changes and stable demand. In addition, these products have long life cycle and can be used to 
meet consumers’ basic requirements. Construction products are functional products, in order to avoid fewer 
profit margins, construction corporations should improve current product and management mode to achieve 
higher profit margins by researching customer psychology and considering market demand, the existing 
production and management methods need to be improved. The processes of green products supply chain 
design of construction products are showed as follows: the construction market analysis, in order to 
understand the current market demand for construction products and the situation of construction products, 
features and development trends, while summing up the status of construction enterprises, researching 
direction of the supply chain development, analyzing the problems may affect the supply chain design, 
analyzing the necessity set a study of Enterprise Green Supply Chain Management in cyclic economy model 
up supply chain design goals, and the access to lower unit costs, higher customer service levels and 
environmental benefits, analyzing the balance between objectives; analyzing the construction of the supply 
chain, and form the basic framework of the supply chain [7]. The supply chain analysis of the composition of 
materials, including the main equipment suppliers, construction, engineers and contractors and the choice of 
location, if it is feasible, the programmed can be carried out following the design, otherwise, they should re-
design, the main issues to be addressed include: the composition of the supply chain members, the source 
of raw materials, production planning, information management system design, logistics management 
systems design. After green supply chain design has completed, testing through certain techniques methods 
is necessary. 

5. CONCLUSION  

The main objective of this paper has been to contribute to a further understanding of conception and 
activities that take place in the supply chain while it’s become greener. A theoretical frame work is made so 
as to have a good understanding about the concepts and research work in the relevant area.  Greening the 
supply chain means much more than just a mere reducing usage and pollution. The GSCM principle can be 
applied to all departments in the organization and links in supply chain. The effects of GSCM expand to all 
area, both tangibly and intangibly. Some studies mentioned benefits of adopting GSCM. The benefits of 
GSCM concerning different roles of supply chain including environment and society and dividing them into 
terms of different categories: material, immaterial, and emotion. For material, GSCM helps lower 
environmental load for environment, lower cost prices for supplier, lower cost for producer, lower cost of 
ownership for customer, and less consumption of resources for society. In terms of immaterial, GSCM helps 
overcoming prejudice and cynicism for environment, less rejects for supplier, easier to manufacture for 
producer, convenience and fun for customer, and better compliance for society. For emotion, GSCM helps 
motivation of stakeholder for environment, better image for supplier and producer, feel good and quality of 
life for customer, and make industry on the right track for society. Companies are successfully in adoption of 
GSCM. Duber-Smith [4] identified ten reasons that the company should adopt the green: target marketing, 
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sustainability of resources, lowered costs/increased efficiency, product differentiation and competitive 
advantage, competitive and supply chain pressures, adapting to regulation and reducing risk, brand 
reputation, return on investment, employee morale, and the ethical imperative. Further proceeding with this 
project work could test the model to a specific case company and develop an industrial integration model for 
Green based on company specific scenarios, potentials, drivers, barriers etc., Such a further study could 
encourage the companies to consider and concentrate on Green Supply Chain Management to establish a 
sustainable and responsible development.  
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Abstract 

Air transport should be considered in a multi-threaded approach, since it is a complex process of 
relationships between participants of the air traffic. It is necessary to work on unequivocal improvement in 
the functioning of airports through reducing delays as well as increasing capacity without the need for capital 
expenditures, improvement of resource utilization and quality of handling passengers [11][11].  

The use of scheduling jobs can be one way to solve actual problems. There are no effective solutions 
currently, particularly in relation to the recognition of the overall combining different criteria for evaluating the 
quality of the air traffic in the vicinity of airports. The paper considered a multicriteria scheduling problems [7]. 
There are considered the criteria concerning minimizing the makespan of schedule aircraft waiting for 
departure operation, minimizing lateness and maximizing aircraft capacity on the runway. In paper was 
characterized the scheduling algorithm which can be used to pre-departure sequencing of aircraft. The 
scheduling problems are the object of interest in world of science and technology for many years.  

Many of the scheduling problems the efficiency of processes of movement from which of solution depends 
can be simulated using just scheduling problems. The scheduling theory concerning on scheduling jobs, 
planning and control of production, but more often are used in other problems [17].  

Keywords: Sequencing of aircraft, air traffic, traffic management 

1. INTRODUCTION  

Air traffic is the movement of aircraft in the entire airspace. Airport surface movement of an aircraft begins at 
the moment of touchdown, following completion of landing operations. From the moment an aircraft leaves 
the runway using one of rapid exit ways or exit taxiways, it becomes to be involved in airport surface 
movement. Moving in accordance with the current layout of airport taxiways, the aircraft reaches its 
designated parking position. Upon setting the aircraft in the parking position, ground handling crew begins 
performing handling operations. Once this is done, readiness for take-off is declared. The aircraft crew 
awaits permission to taxi and the take-off operation, related to the occupancy of the runway, begins. 
Identified air operations interact with each other. The analysis of all these operations provides a competent 
and reliable view of the situation and planning of aircraft traffic [13][13]. 

The dynamics of the development of air transportation was observed in recent decades and it has 
contributed to the interest of researchers who try to solve the existing problems. Important issues in air 
transport are mainly to increase airport capacity, providing conditions for the effective development of air 
transport in regional airports, increasing the share of air transport in intermodal transport and provide 
environmentally sustainable development of the aviation transport. All presented aspects require detailed 
and scientific analysis to know the relationship between the participants in the movement.  

Considering the situation in the air traffic, one will find it difficult to solve problems using just a single 
criterion, although policy makers, when solving problems, will immediately try to express themselves using 
only one criterion that aggregates all relevant consequences of a problem. Problems presented in this way 
can be solved using a variety of methods, such as linear programming, parametric programming, targeted 
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programming, marginal analysis, stochastic programming, nonlinear programming, econometric methods, 
game theory or many other methods. Such approach is justified only in some simple cases. Single criterion 
analysis brings only slight reduction in the workload and ostensible satisfaction to some supporters of 
savings. Such single criterion cannot be fully reliable, acceptable and exhaustible. It is therefore essential 
that the problem is dealt with using multiple criteria, considering that streams aircraft calls in air traffic are the 
implementation of a stochastic process [16]. 

Support for a decision making process based on multiple criteria requires participation in that process of 
many participants. Behaviours and positions of the various participants result from different perceptions of 
reality and of the processes taking place in it. In terms of problem solving based on multiple criteria, literature 
can provide many different methods or techniques. Best known methods include, among others: multi - 
criteria programming, ELECTRE (Elimination et Choice Translating Reality), PROMETHEE, MAPPACC, 
PRAGMA [15]. Each of these methods has its advantages, but also some limitations. Air traffic is very 
dynamic. A great number of methods fits perfectly in this field of transportation, and all these methods are 
used to determine throughput capacity and test certain processes in airport traffic. However, comprehensive 
methods that could be used to determine effectiveness or other performance indicators of air traffic are not 
available. 

Considering the problem of scheduling in air transport, one should adopt assumptions that will bring this 
problem closer to the actual conditions [17]. Extensive system of air transportation gives rise to many 
conflicting criteria. Therefore, the problem of scheduling becomes a part of the multi - criteria optimization 
problem. The most common objective function of job scheduling is to minimize schedule execution 
(completion) time. The actual air traffic features a number of random processes, in respect of which 
schedules should be developed in many different ways (different sequence of jobs) with many different 
consequences that it may bring, such as financial consequences, i.e. not only the execution time. Another 
important criterion is the degree of matching the job execution time to that set out in the contract with the 
carrier. Implementation of the project involves construction of criteria that best reflect stochastic processes 
occurring in the air traffic. To this end, methods and algorithms must be developed that will be suitable for 
computer implementation. These processes require high computational complexity.  

The development of air transport makes it necessary to conduct studies on airport throughput capacity, in 
particular having regard to the procedures for sharing information with implementation of more advanced IT 
modules. The greatest concentration of air traffic takes place at airports, hence the extensive efforts with the 
objective to develop new solutions seem to be most appropriate, and in particular the consideration of new 
methods that will give answers to questions and problems which still remain unsolved. 

In order to obtain solutions to the problems as well as test the application of proposed methods, a thorough 
analysis of the study area is required, including the following [11]: 
- operations of aircraft take-offs and landings at the operational level in a short “actual" time horizon, 
- taxiing operations, including dynamic calculation of taxiing duration, 
- notifying readiness of aircraft at parking positions for ground handling operations, 
- de-icing operations and allocation of de-icing equipment to carry out these jobs, 
- operations carried out during aircraft ground handling, 
- procedures for information flow. 

The proposed multiple criteria scheduling concerning pre-departure sequencing will allow for an innovative 
approach to the management of air transport. This solution can be used to develop realistic models and 
concepts of phenomena important in the air traffic, in order to achieve full coordination of air traffic in terms 
of increasing airport capacity. 
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2. SCHEDULING PROBLEM IN AIR TRANSPORT  

Optimization of the sequence of aircraft take-off in accordance with the priorities of airlines and airport, as 
well as air traffic controllers, gives the possibility to precisely estimate the time of leaving the aircraft stand. 
At present, in management of air traffic the method of FIFO (”first in - first out”) is mainly used [2].  

This results in the sequence of starting push-back/power-back procedures which may not be best in terms of 
the traffic situation. It often leads to crowded taxiways, long waiting before the threshold for the permission to 
line up the runway, which in turn leads to prolonged time of aircraft taxiing in ground traffic and greater fuel 
consumption [1]. Services of air traffic control may change the order of take-off to increase capacity 
Implementation of the rule of giving information earlier on the planned time of pushing aircraft from aircraft 
stands will bring clear benefits and decrease uncertainty. 

Pre-departure sequencing enables air traffic control to prepare the order of taxiing which would ensure take-
off in a more efficient way. Thanks to the knowledge of the stages at which service processes of an aircraft 
are at a given moment, the air traffic controller who knows the traffic situation on aprons, taxiways and 
runways may provide aircraft with optimal take-off times. Due to allocation of the time, the procedure of 
sequencing before take-off is realized. This brings benefits in the form of increased transparency of aircraft 
service, greater predictability of the times of particular stages and more punctuality. Pre-departure 
sequencing will enable increasing the efficiency of operation of all participants at an airport.  

Implementation of pre-departure sequencing requires that there is information exchange among traffic 
participants (creation of an information platform), the service process of aircraft is prepared and variable 
taxiing times are calculated [10].  
The sequencing of pre-departure of aircraft can adequately use Target Off-Block Time by Air Traffic Control 
in such a way that the flight was checked from apron in an optimal way. Air Traffic Control knowing Target 
Off-Block Time can determine the Target Start-Up Approval Time based on the actual situation on the apron, 
taxiways and on nearby runways [1].  
The exact determination of the time can set the aircraft in the pre-effective sequence. It is possible to obtain 
a more orderly and smooth flow of aircraft traffic in the direction of the runway than the regulations "first in, 
first served".  
The method of sequencing of pre-departure of aircraft has the following objectives: 
- increasing the transparency of sequencing, 
- improving the predictability of events by specifying the Target Start-Up Approval Time and Target Off-Block 
Time, 
- improving the timeliness (slots, airlines plans), 
- optimizing the use of resources other than runways (gates , taxiways , etc.) [8].  
The pre-departure sequencing of aircraft allows obtain scheduling of aircraft off-block which ensures 
departure of aircraft in a more efficient way [12]. The Air Traffic Controller on basic the movement situation 
on the apron, taxiways and runways around, can provide the optimal aircraft departure times when he knows 
the exact the current aircraft servicing operations.  
With the allocation of this particular time sequencing procedure is performed prior to departure. This brings 
with it the benefits of greater transparency in the handling of aircraft, increased predictability and time of the 
next steps to improve punctuality.  
Sequencing of the pre-departure will provide more efficient operation of all participants at the airport. The 
pre-departure sequencing procedure is performed on the basis of this particular allocation of time. Such 
sequencing allows to obtain the following benefits: greater transparency in ground service of aircraft, 
increased predictability time in the next steps and improve the timeliness of airport operations. The pre-
departure sequencing provides more efficient operation of all participants at the airport. 
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3.  METHOD OF PRE-DEPARTURE SEQUENCING  

The beginning of scheduling problems are related to the production systems just- in-time (JIT) [17]. It is a 
management philosophy, which seeks to eliminate the sources of losses by producing the right product at 
the right time and place. Some aspects of JIT philosophy reflected in the scheduling problems with the 
desired moments of complete jobs. In such problems, the job is defined by desired end point of its execution. 
The job before the desired moment of completion, resulting in the assignment of penalties for premature job. 
On the other hand, the desired job at the end of the exercise, the effect of the penalty for late execution of 
the job. Early time job (job acceleration) and later time for the job (job delay) is determined untimely job. 
Specific practical importance is a group of problems in which the end of the desired range of jobs is not pre- 
given, but chosen in the optimization process.  

A scheduling problem is defined by three separate elements: the machine environment, the optimality 
criterion and a set of side constraints and characteristics. There are two basic factors in scheduling theory: 
the task (job) and processor (machine). A task is a set of operations (actions) to be performed in order to 
obtain a final product. The processor is the object that executes the operations that make up the task. Often 
the processor is understood a man performing a task [17]. 

The job scheduling problem is defined as assign the tasks in the system on machines (processors), to obtain 
minimize (or maximize) the value of the objective function. The most frequent criteria concerning minimize 
makespan of a schedule, minimize middle flow time and scheduling jobs with request end time. In general, it 
is assumed the existence of a set of resources or support positions and established system of tasks to be 
performed or handled using these resources. Adopted properties of functions of the system and a collection 
of resources and existing constraints, allow to construct an efficient algorithm to get ranked tasks to optimize 
the criterion. It is easy to show that the typical criteria optimization of scheduling tasks also apply in relation 
to air traffic. For example, minimizing middle flow time for processing a traffic flow of landing aircraft is the 
same as minimize the average execution time landing operations, as is typical criterion used by the airlines. 
Similar the criterion of required time can be identified with both the following criterions as the assurance of 
punctuality of traffic and the safety criterion associated with the supply of fuel in the aircraft. The criterion of 
minimizing the makespan of schedule is suited to minimizing length of queue of take off aircraft, especially in 
cases where the airport infrastructure makes it difficult to safety the organization of the process of the 
expectations of many aircraft for takeoff having regard to a specific configuration of the runways and 
taxiways. 

This paper describes the possibility of applying the greedy algorithm scheduling to identify queue scheduling 
aircraft to take off. It seems, however, that finding time reserves for the efficient use of airport resources, and 
to increase air traffic safety in the area of airports, it is possible to use general methods of scheduling. It is be 
necessary to make the modification of existing algorithms to take into account the specificity of issues. Take 
into account the specific author and adopted the concept of sequencing aircraft, as a matter a little different 
from the scheduling, because taking into account the next order of operations to determine the time of their 
launch as one of the decision variables. This article included the specific characteristics and assumed the 
concept of sequencing aircraft, which seems to be different from the issue of scheduling. Sequencing tasks 
include the start time of a task as one of the decision variables in addition to determine the order of 
operations. 

The scheduling problem is defined using set n jobs Z={Z1, Z2 ,…, Zn}, which is set of departure aircraft, set s 
apron S = {S1, S2, …, Ss} and set m types od additional recourses P={P1, P2, ..., Pm}. Scheduling jobs is 
process of allocation jobs from the set Z to apron from set S using recourses form set P.  

The resulting sequencing describes how to perform the operation, taking into account all other restrictions. 
The following criteria for the issue of sequencing aircraft: minimizing the length of alignment, minimizing the 
average flow time related to the time needed to run operations on a runway which has a direct influence on 
the determination of runway capacity and to minimize delays of aircraft operations [5]. 
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The optimal sequencing is scheduled jobs using the following criteria:  
The makespan of schedule (or time to make set of jobs) 

max jmax{C }C =                                                                                                                                              (1) 

Middle flow time (or middle time or the average residence time in the system job)  

Min(
1

1 n

j
j

F F
n =

= ∑ )                                                                                                                                           (2) 

Maximum lateness (the difference between the required and actual time of completion of the processing of 
the job) 

Min( max max{ }jL L= )                                                                                                                                    (3) 

One of the aspects considered the problem is finding the sequencing of take-off aircraft on a single runway 
between two landings aircraft, using the minimum separation, in that way to find minimizing the maximum 
delay Lmax. Each task in set Z is undivided task. Each task zj ∈ Z is the responsibility of subsidiaries with 
certain queue constraints Zi <Zj, it means that the task Zi must be completed before the task Zj.  

Analyzed problem of scheduling tasks was defined as problem 1||Lmax. To solve this problem, according to 
the criterion of maximum lateness Lmax, used the method of adjusting a location couples. The method using 
step by step the scheduling jobs using a local movement of the tasks is an optimal solution. Therefore, in 
order to determine the sequence of the pre-decided to schedule the aircraft before take-off in order of 
earliest start times required.  

The problem of sequencing pre-departure was solved using the greedy algorithm. A greedy algorithm is any 
algorithm that follows the problem solving metaheuristic of making the locally optimal choice at each stage 
with the hope of finding the global optimum [4]. Greedy algorithms can be characterized as being 'short 
sighted', and as 'non-recoverable'. They are ideal only for problems which have 'optimal substructure'. 
Despite this, greedy algorithms are best suited for simple problems (e.g. giving change). It is important, 
however, to note that the greedy algorithm can be used as a selection algorithm to prioritize options within a 
search, or branch and bound algorithm. The results (airport capacity) using method of pre-departure 
sequencing is presented on Fig. 1. In Table 1 is presented value of delay in different situation, without using 
method and after using presented.  

 
Fig. 1 Airport capacity - results of using method pre-departure sequencing  

Table 1 Results in diferent situation in airport 
Situation Flight sequencing EOBT TSAT TTOT Delay [min] 
Real time FR100 1 10:00 10:00 10:20 0 

LT101 2 10:11 10:11 10:23 2 
H102 3 10:12 10:12 10:25 3 

Using pre-
departure 

sequencing 

FR100 2 10:00 10:12 10:22 2 
LT101 1 10:11 10:11 10:21 0 
H102 3 10:12 10:13 10:23 1 
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In the case of pre-departure sequencing of aircraft very important is currently the situation to be resolved, 
because it was designed for this situation optimal solution. Therefore, in this situation choose an greedy 
algorithm. In the greedy algorithm decision is made by small steps, incrementally in without backtracking. 
Decision at each step is based on improving local or current state in a myopic fashion without paying 
attention to the global situation. Decisions often based on simple priority rules. 

CONCLUSION   

The development of air transport causes necessary to lead research in the field of optimal planning of aircraft 
traffic at the airport. The problem is increasingly being taken because of the expectation of significant 
improvement in airport capacity, using minimal financial and organizational investments [2]. The proposed 
solution allows to obtain in each step the best at the moment (greedy) to choose the order of tasks to be 
performed. The result is an clear aircraft sequencing preparing to make take off operation. The sequencing is 
assigned numbers of aircraft in the queue by time-decreasing take off of aircraft. This helps reduce the total 
time delay and translates into the possibility of more frequent take offs. This method can facilitate the work of 
the controller, by identifying taxing time before takeoff, runway occupancy times for landing aircraft and 
changes in the pre-departure sequence which can reduce time allocated to maintain a minimum separation 
of the wake turbulence. Extension of the method of administration of the variable taxi time aircraft will help to 
determine the exact pre-departure sequence. It is necessary to research in the area of airport capacity [3].  
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Abstract 

The article discusses the use of computer-aided logistics controlling in SME. Selected computer tools were 
described based on ERP (Enterprise Resource Planning) systems in relation to the present framework of 
their application. Against this background, an attempt has been made to evaluate profitability of computer 
aided logistics controlling in the context of dependence of benefits and costs on the size of the contemplated 
class of enterprises. 

Keywords: Logistics controlling, ERP, data quality 

1. INTRODUCTION 
The analysis of application of IT management systems aiding logistics controlling leads to a “vicious circle”: 
on the one hand, only a small number of enterprises use the capabilities of the systems - for alleged 
unprofitability; on the other hand, lack of general interest in these systems limits the possibility to reduce their 
prices. A frequent solution to this dilemma is the selection of significantly limited standard versions of the 
solutions, which in the long run turns out to be unprofitable [4]. 
The purpose of the article is to identify reasons for the unprofitability and formulate ways of their 
elimination. The writers focused on creating logistics controlling IT systems in the context of computer-aided 
solutions using standard ERP (Enterprise Resource Planning) software. ERP systems derive from MRP 
(Material Requirements Planning) and MRP II (Manufacturing Resource Planning) standard. Compared to 
their predecessors, they feature more comprehensive enterprise resource management support (and also a 
better financial perspective). 

2. COMPUTER AIDED LOGISTICS CONTROLLING 
„Controlling” modules applied in economic theory and practice combined with ERP modules and 
functionalities have various functionalities in various solutions (cf. [1], [2]). There are also many controlling 
functionalities that are called differently. The reasons for this are various theoretical definitions. On the other 
hand, each ERP solution is dedicated to a specific target user group, whose problems and thinking impact 
the form of software. 

2.1  The historical background of controlling 
In the context of economics of an enterprise, controlling was first mentioned ca. 80 years ago in the US. The 
key goals of controlling were to increase the transparency of activity of the continuously evolving enterprises 
and create an opportunity to develop economic knowledge in view of growing requirements set for enterprise 
management (sparked by global economic crisis) [3] [6]. 
Through the implementation of the above goals, controlling was associated only with the issues and tools 
supporting large enterprise management. In this case, planning based on the „accounting-oriented thinking” 
was as important as reporting. The role of organizational structures, in particular income and cost centres, 
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was gaining significance. This is why the controlling modules of ERP systems addressed to large enterprises 
have such functions. The management does not normally have any problems with the understanding of the 
economic knowledge applied here. For SME, whose ERP systems have been offered only for several years, 
the situation is rather different. Limited human resources and often patriarchal management style imply 
difficulty in understanding the philosophy of operation of those systems. The difficulty often results from the 
domination of the “engineering-like” thinking of the management (cf. [3]), for whom accounting is a kind of „a 
closed book”. The accounting system covers only financial accounting here, which boils down to proper 
recording of accounting documents in order to prepare relevant tax reports etc. In practice, the above 
conditions exclude the application of controlling functions in the form of specialist software. Hence, 
integrated ERP systems are becoming ever more popular. 

2.2  Main definitions 
The main advantage of ERP systems is integration of all business processes in an enterprise. Their 
application requires the combination of engineering and economic expertise. The logistics controlling 
definition incorporating such conditions cannot comprise just the accounting aspects (and in particular 
bookkeeping). In this context: 
Logistics controlling supported by ERP involves an overall end-to-end approach to an enterprise, in order 
to [6]: 
- detect bottlenecks in time, 
- work out solutions to eliminate them, 
- and in the case of deviations from planned values, propose corrective actions and guarantee profitability. 
An important element of controlling is to prepare information for the recipient, and the condition of execution - 
its profitability. Logistics controlling therefore requires [6]: 
- data and information about all areas of an enterprise and its surroundings, 
- tools (computer-aided), 
- knowledge (at least access to it) about basic processes in an enterprise, 
- a substantial portion of ingenuity and inventiveness in transforming the acquired controlling knowledge into 
“early warning" information and information about proposed solutions for the recipient. 
Logistics controlling defined in this way uses accounting data and methods (especially management 
accounting). It is however not implemented by the “accountant” or the budgeting department. Management 
seems to be more appropriate for the task since it uses controlling in various areas. 

3. AREAS OF APPLICATION OF LOGISTICS CONTROLLING 

3.1 The controlling support tools in logistics 
In the context of decision support, there are two types of ERP systems tools for logistics controlling: tools 
used in many modules that have to be adapted for logistics, and specialist logistics tools available in 
separate modules. 
Tools adapted for logistics include in particular logistics cost accounting. Main tasks of the logistics cost 
accounting in trade of goods include allocation and accounting of logistics costs to goods and centres in 
order to enable, for example, control of effectiveness of operation and make informed decisions. An in-depth 
analysis of logistics costs calls for consideration of mutual relationships between individual cost elements in 
the entire logistics system and mutual cost-driving activities scattered across many various spheres of 
enterprise operation. It is therefore necessary to include each cost centre for each cost element. The 
analysis of logistics costs relies on the actual and reliable information, materialized e.g. through a systemic 
analysis of logistics operations. Also, an important issue is to strive for creating a well-functioning recording 
and information system and cost accounting including basic detailed cost type analyses, supported by 
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adequate methods of cost allocation on the basis of primary source information that characterizes the 
analyzed logistics processes (cf. [8], p. 130). 
Specialist logistics tools include mostly MRP functions, i.e. materials and materials management using 
“MRP II philosophy”, and operational test models. The MRP functions (especially in combination with 
warehouse operations and batch management) do not usually cause problems with acceptance and quality 
of data. The material requirements planning method (MRP I), which is one of the necessary ERP functions, 
is also widely accepted since it is easier to understand. It is often used in “manual” planning. Since, however, 
compared to the functionality of MRP I, it is more demanding as to data quality, it may cause problems with 
application [6]. 
Optimization models of operational tests may be divided by optimization object. Therefore, there are the 
following optimization models: order value, storage cost, sequence of operation and transportation. In view of 
growing computing power of computers, the offered solutions are becoming ever more complex. They are 
however available most often only as specialist packages. Practice has shown that operational test models 
(unlike the resource management and planning MRP II) in SME, was hardly used before [6]. The reasons 
are: no data or wrong data, frequent changes, too expensive software (incl. its use), a large number of 
specialist modules with insufficient test interpretation capabilities, and concerns about the decrease in value 
of own knowledge. 

3.2 Framework conditions for computer assistance 
The effectiveness of computer-aided logistics controlling is dictated by the quality of real and planned data. It 
comes from the following framework conditions [6]: 

- only a few employee (often only one employee) are skilled to operate the basic ERP modules (e.g. 
purchasing, manufacturing, sales and accounting); 
- in case of absence (sickness or leave), work is not done or the person standing in performs only the most 
urgent processes (often outside ERP); 
- work associated with data processing is done "alongside” standard work - with minor exceptions (e.g. 
feedback from manufacturing where there is no electronic data recording system), which increases the risk of 
operational error; 
- employees are usually not well paid, hence one cannot rely on their “economic insight” (for large workloads, 
the most rational techniques for a given position are used, which in consequence of data integration may 
cause serious errors). Such insight is most often seen in accounting where all errors accumulate (especially 
using integrated solutions, e.g. automatic generation of accounting orders in warehouse transactions). Error 
rectification in such case is very labor-intensive, and often impossible. 
The above conditions imply the following main consequences for the quality of the real data recording: 
- compared to large enterprises, there is a greater defectiveness of wrong data input since such work is often 
interrupted by other jobs (and the lack of concentration is simply “programmed”); 
- errors in operation result from insufficient preparation for replacement or poorer knowledge about economic 
interdependencies such as wrong assignment of routes to manufacturing orders, wrong assignment of 
differences in value during account control, wrong selection of the calculation scheme, wrong assignment of 
accounting prices or rates when entering the calculation scheme, wrong date postings (which can entail dire 
consequences in warehouse inventory accounting), overlooking warnings; 
- depending on the type of enterprise, there are errors in the sequence of process operations, e.g. shipping 
document input (and also de-recognition of dispatched goods before recognition of receipt) before the end 
and reporting of manufacturing, admittance to manufacturing and de-recognition of inventory before 
recognizing the warehouse receipt. Such events caused by lack of personnel are so frequent that various 
warnings and locks generated by the system must be off to prevent the system from being halted; 
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- in addition, the quality of data is impacted by the forgotten “care” of master data (most often for lack of 
time). 
Main consequences of the above described conditions for the quality of planned data are the following: 
- the data which is “cared-for” first is the data which, if not updated, could immediately cause tangible errors 
(such as planned product structures and routes where these are a basis for creating and recording 
manufacturing documents; planned accounting prices and rates where these are a basis for important 
planned calculations). Those examples are however rare if there is a possibility to work outside ERP; 
- generally speaking, the “care” for additional planned data and (actually more necessary) the plan-
implementation analysis are treated as work, whose benefits are almost invisible in individual positions. In 
many case, work associated with planning is left to the management. The management, however, uses its 
own tools first or often ERP-unfamiliar advisors, and has no time to get to know (often difficult) operation of 
the planning function. 
Therefore, it has to be stated that, in such enterprises, there are large quantities of wrong real data (in 
specialist areas) and also data that is outdated or not integrated with ERP. This hinders the plan-
implementation comparison. In addition, this also limits the use of the facility data archive for statistical 
analysis (cf. [7], pp. 37-44). Therefore, insufficient quality of data has different, most often negative, impact 
on the use of support functions in the contemplated enterprise class. This has major impact on the 
profitability of such investment. 

4. PROFITABILITY OF COMPUTER-AIDED LOGISTICS CONTROLLING 
The profitability aspects of the computer aided logistics controlling will be discussed using the benefit-cost 
relation. The project is economically justified if its resultant (periodic) benefits exceed (periodic) costs. The 
factors impacting the achievement of such relation using ERP solutions in medium-sized manufacturing, 
commercial and logistics enterprises will be discussed later in the document. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 A typical relation of costs and benefits of ERP [6]  
 
The first essential factor impacting profitability is the size of an enterprise. Since we are discussing the cost-
effectiveness of the computer IT systems, the size of an enterprise should be measured by number of data 
to be processed over a certain period. Fig. 1 demonstrates the impact of this factor on cost-effectiveness of 
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ERP implementation. The assessment of profitability boils down to the balance of anticipated benefits and 
costs. 

4.1 Benefits 
The anticipated benefits may be generally divided into benefits of rationalization and benefits of decision 
support. The benefits of rationalization come mostly from more (compared to the previous solution) 
rational development of necessary business processes (operations). This concerns in particular accounting 
(incl. sales invoicing), payroll and stocktaking. The benefits also depend on the size of an enterprise. They, 
however, occur only in enterprises that had no access to the discussed functions within the previous 
solution. The benefits of decision support, being in particular the result of functions, which could not be at 
all or could not be rationally performed within the existing solution, are mostly the material requirements 
planning (MRP) functions (e.g. resource, manufacturing and calculation), planning (e.g. manufacturing and 
sales plan including resource planning, financial planning) and statistical (relying on facility data archives). 
The benefits feature the following: 
- depend “markedly” on the size of enterprises: for a “fuzzy” size, traditional MRP methods relying on 
empirical knowledge of staff can no longer be applied; 
- quantifiable savings potential (e.g. stock, downtime in manufacturing) depend on the size of an enterprise; 
- worth noting is the strong impact of an enterprise condition (e.g. the value of integrated planning depends 
on the difference between the supply and manufacturing time on the one hand - and sometimes supplies for 
clients on the other). Worth noting are also information needs of external lenders with respect to plans and 
analyses of deviations in plan-implementation. The necessity to perform the manufacturing order depends on 
the manufacturing process structure and the current load. This means that the detailed initial and final 
calculations are reasonable where only small margins are attainable on the market; 
- benefits of decision support (in particular related to the use of statistical functions) are closely related to the 
enterprise management’s level of economic knowledge. 

4.2 Costs 
In the assessment of the contemplated profitability, fixed and variable costs are differentiated. Fixed costs 
of the computer-aided logistics controlling based on ERP systems are chiefly related to the investment in 
hardware and software (incl. maintenance cost). In principle, their value depends on the functionality of the 
software and number of users. The latter, in particular, relies on the size of an enterprise and causes a sharp 
change in costs. Outlays on the system implementation are mostly mixed. The variable portion (i.e. relying 
on the size of an enterprise) of costs relates to the “care” of master data and outlays on on-boarding of staff, 
while the fixed portion includes mostly the cost of training. Variable costs are mostly outlays on daily “care” 
of the facility (company) data and master data. It was assumed that the sum of variable costs is a linear 
function of the enterprise size - measured by the quantity of annually processed data. The resultant 
inaccuracies should not exceed the errors of estimating all data necessary to guarantee profitability of the 
contemplated solution. 
The above discussion of benefits and costs of the computer-aided logistics controlling on the basis of ERP 
leads to the following conclusion: it may only be profitable if the use of the rationalization potential goes hand 
in hand with the decision support potential, and the enterprise has a growth potential. 

CONCLUSION 
The computer-aided logistics controlling implemented in enterprises on the basis of an ERP system requires 
consideration of opportunities (benefits) and threats. SMEs have a very small rationalization potential. 
Therefore, good (yet expensive) ERP solutions cannot be used economically only for their rationalization 
potential. Good ERP solutions offer functions that enable rational application of modern economic 
knowledge. Such functions, however, have rarely been used (also in large enterprises) e.g. for lack of staff 
with adequate economic and IT expertise. 
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For large implementation outlays, ERP solutions will have to be used for many years. Making a decision 
about implementation of such a system calls for special attention to maintain a proper quality data. This is 
important for the profitability of the system. It also calls for consideration of the requirements in the material 
requirements planning (MRP) area and decision support. 
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Abstract 

The Theory of Constraints (TOC) presupposes that every enterprise has one constraint (bottleneck) limiting 
its profit, at least. The first step in the application of principles and methods of TOC is identification of 
bottleneck and critical sourses. In order to attain a higher profit by earning more money and to reach a higher 
degree of efficiency, such an enterprise has to find its constraint and take necessary measures, how to put it 
in best use.  

A case study is solved in Komercni slevarna sede a tvarne litiny Turnov a.s. during year 2013. By capacity 
calculations were identified five critical sources. It is necessary to check these critical resources one by one 
to eliminate individual constraints. 

Article introduces possible measures aiming to the elimination of critical sources and proposals for increasing 
the efficiency of a constraint (bottleneck) and elimination the mobility of constraints depending on the 
assortment to be produced. 

Keywords: TOC, bottleneck, constraint, critical source, ironfoundry 

1. INTRODUCTION 

The Theory of Constraints was developed and popularized by Eliyahu Goldratt. Most people are first 
exposed to the concepts through his book, The Goal [1]. TOC, as it is commonly called, recognizes that 
organizations exist to achieve a goal. A factor that limits a company's ability to achieve more of its goal is 
referred to as a "constraint". 

It is imperative for businesses to identify and manage constraints. "Because a constraint is a factor that limits 
the system from getting more of whatever it strives for, then a business manager who wants more profits 
must manage the constraints. There really is no choice in the matter. Either you manage constraints or they 
manage you." [2] 

Following article contains case study in Komercni slevarna sede a tvarne litiny Turnov a.s. (in futher text 
Komercni slevarna). This iron foundry is a traditional producer of glass moulds, grey-cast iron and ductile-
cast iron castings. Over 120 employees produce almost 2000 tons per year. As many other iron foundries 
has Komercni slevarna problems with keeping of confirmed terms, lot of defects during producing process 
and frequent changes in a production plan.  

By capacity calculations were identified several critical sources. The purpose of this article is to show 
possibilities which measures lead to a higher utilization of these overloaded workplaces and decrease the 
number of critical sources and eliminate the mobility of constraints depending on the assortment to be 
produced. 

2. THEORETICAL BASIS  

A constraint in a system is anything that limits the system from achieving its objective. Any real system must 
have at least one constraint that prevents it from making more profits. If a system did not have a constraint, 
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its output would be unlimited. Ironfoundries and industrial enterprises at all have their primary constraints in 
production. The source with the least capacity ordinarily will be the bottleneck. 

The term bottleneck is taken from the 'assets are water' metaphor. As water is poured out of a bottle, the rate 
of outflow is limited by the width of the conduit of exit — that is, bottleneck. By increasing the width of the 
bottleneck one can increase the rate at which the water flows out of the neck at different frequencies [3]. 

The identification of a bottleneck limiting the production process as a whole can be carried out in three 
possible ways [4]: 

• by keeping under observation and on the base of one´s own experience - looking for the place of 
inventories accumulation 

• capacity calculations - determination of capacity requirements for the given assortment and 
comparison with the capacity being available 

• simulation 

To manage constraints (rather than be managed by them), Goldratt in [1] proposes a Five-step Process Of 
On Going Improvement. The steps in this process are: 

1. Identify the system’s constraint (bottleneck) 

2. Decide, how to exploit the system’s constraint(s)  

3. Anything else must be subordinated to this decision 

4. Elevating the constraint (if steps 2 and 3 do not help to remove the bottleneck, increase the output of 
the bottleneck by means of more decisive measures) 

5. After elimination of the bottleneck, go back to the step No. 1 

3. CASE STUDY 

In a well-run factory, the constraint can be identified easily by the location of work-in-process inventories. If 
the factory is well managed, they will be concentrated in front of the constraint. In a poorly run factory, work-
in-process inventories will be scattered all over, and identification of the real constraint is initially more 
difficult. Some managers are unable to figure out where the bottleneck is because of the chaos that has 
resulted from applying conventional shop control techniques over the years [5]. And this is exactly the case 
of non-transparent production in mentioned company. 

3.1  Foundry introduction 

Ing. Henry Kyncl - Komercni slevarna Turnov after privatisation in 1997 has been focused on production of 
commercial castings deliveries (from one piece to small or middle series). Most common materials are 
castings from gray iron, ductile iron and cast iron as: Ni-Resist, Ni-Hard, ADI and Ti, Mo, V alloyed cast iron 
for glass mould. Raw material is melted in induction furnaces (1x 1000 kg, 2x 500 kg, 1x 9000 kg foreheart) 
and gravity casted in sand forms. The most of cores are manufactured in two automatic shooting machines 
by COLD-BOX technology. Production equipment consist of forming unit FORMTEC Air Impec, mechanical 
moulding FOROMAT 20, 40 and manual moulding. Final operations by grit blasts, grinders and annealing 
furnace.  

Komercni slevarna uses the information system OPTI v.7 from the German company RGU GmbH. This 
information system cover entire production process, order management, marketing, purchase, stock control, 
technology and quality management. In the system are defined twenty two production operations, i. e. 
production sources (Table 1). The production operations are registered in production process of the casting 
together with the delivery date. The information and scheduling system OPTI plans „from behind“. A required 
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delivery term is put into the system; the system will then calculate the source capacities step by step, starting 
from the last production operation and taking into account the possible time reserve. As soon as it hits the 
overrun available capacity of a certain source, it will shift the delivery term by 1 day and start to calculate 
again. And it goes in such a way as long as it plans all production operations of the production procedure. 
Thus the production of all individual orders is planned in such a way so that the production operations follow 
immediately one after the other and with respect to the production technology.   

3.2  Five-step Process Of On Going Improvement in Practise 

1. Identify 

In order to manage a constraint, it is first necessary to identify it. This knowledge helped the company 
determine where an increase in "productivity" would lead to increased profits. Concentrating on a non-
constraint resource would not increase the throughput (the rate at which money comes into the system 
through sales) because there would not be an increase in the number of products produced. There might be 
local gains  such as a reduction or elimination of the queue of work-inprocess waiting in front of the source. 
But if that material ends up waiting longer somewhere else, there will be no global benefit. To increase 
throughput, flow through the constraint must be increased [6]. 

2. Exploit 

Once the constraint is identified, the next step is to focus on how to get more production within the existing 
capacity limitations. For example could the company and the labor union agreed to stagger lunches, breaks, 
and shift changes so the machine could produce during times it previously sat idle. This added significantly 
to the output of the constraint, and therefore to the output of the entire plant.  

3. Subordinate 

Exploiting the constraint does not ensure that the materials needed next by the constraint will always show 
up on time. This is often because these materials are waiting in queue at a non-constraint resource that is 
running a job that the constraint doesn't need yet. Subordination, which is Step 3, is necessary to prevent 
this from happening. Subordination involves significant changes to current (and generally long-established) 
ways of doing things at the non-constraint resources. 

4. Elevate 

After the constraint is identified, the available capacity is exploited, and the non-constraint resources have 
been subordinated, the next step is to determine if the output of the constraint is enough to supply market 
demand. If not, it is necessary to find more capacity by "elevating" the constraint. Schedulers could be able 
to remove some of the load from the constraint by rerouting it across two other machines. They also could 
outsource some work and brought in an older machine that could process some of the parts made on the 
bottleneck. These were all ways of adding capacity, or elevating the constraint.  

5. Go Back to Step 1 

Once the output of the constraint is no longer the factor that limits the rate of fulfilling orders, it is no longer a 
constraint. Step 5 is to go back to Step 1 and identify a new constraint - because there always is one. The 
five-step process is then repeated.  

It may appear that implementing TOC involves a never-ending series of trips through the five-step process - 
a kind of tool to assist in more perfectly balancing a production system. This is not the case. A fundamental 
principle of the Theory Of Constraints is that the combination of dependent events (such as the steps in a 
production system) and normal variation (which is always present) makes it literally impossible to ever fully 
balance a line. There will always be a constraint in the system. What creates chaos is allowing the constraint 
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to move around. Companies should make a strategic choice of where they want the constraint to be. They 
then manage their entire operation (marketing, capital investment, hiring, etc.) accordingly. This allows the 
company to manage the constraint to their advantage rather than allowing the constraint to manage them [6]. 

3.3  Phase 1 - Calculation of the Current Capacity Utilization 

Diverse production - various materials, dimensions, weights and quantity complicate scheduling and 
managing of production process. In this case is impossible to identify constraint by observation. Capacity 
calculations for calendar week 45 year 2013 expose five overloaded workplaces - critical sources - 
candidates for the system constraints (in bold in the Table 1). Sheduled production for following weeks only 
confirmed that suspicion. Current system of sheduling generates five constraints: automatic shooting 
machine for production of core Cold Box 1 (cores 25 lit), forming unit FORMTEC Air Impec ( moulding FA), 
furnaces (casting operation), grit blaster and grindery. For current capacity utilization see Figure 1. 

Table 1 Production sources          Fig. 1 Phase 1              Fig. 2 Phase 2               Fig. 3 Phase 3 
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If identification of bottleneck by capacity calculations expose more than one constraint in the foundry, it is 
necessary to check these critical sources one by one to eliminate individual constraints.  
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Hand moulding 
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Moulding FA 
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Handed discharge 
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3.4  Phase 2 - Measures to the Elimination of Constraints 

Cold Box 1 

Core shooting machine Cold Box 1 is dimensioned for large cores, so we can not move them to a smaller 
Cold Box 2, which is dimensioned for cores to 15 liters. In order to relieve the Cold Box 1, OPTI will 
reschedule orders with 5 or less cores to hand made cores. This operation will dicrease utilization of 
overloaded Cold Box 1.  

Moulding FA 

Currently, the molding automatic line has maximum capacity utilization - it has been taken measures to 
eliminate idles - cores are assembled before placing in the mold, workers on breaks alternated so that the 
line is working nonstop on 3 shifts, is performed regular maintenance to eliminate disturbances. 

Casting 

We found an error in the calculation of available capacity, in the information system OPTI was incorrectly set 
capacity of furnaces. This constraint was a mistake in the system. Available capacity was corrected. 

Grit blasting 

On the spot, we found that workers hang on blaster’s hinge castings very messily. As soon as they will use 
the hinge as much as possible, capacity utilization of blaster rises by at least 10%. In order cast blasting not 
limit the entire production process in the future will be fixed old grit blaster that will add missing capacity. 

Finish grounding 

To grindery were moved three workers to enhance three-shift operation, to complement existing team. In the 
future is planned piece rate, which will increase staff motivation and productivity of grounded castings. After 
accomplishment of capacity improvements on critical resources software OPTI check exploitation again. For 
capacity utilization after acceptation of measures lead to increase available capacity see Fig. 2. 

3.5  Phase 3 - Identification of system constraint 

When we look at Fig. 2 - furnaces (casting operation), grit blaster and grindery are no longer constraints. But 
moving the orders of small pieces series from the Cold Box 1 caused new constraint. Instead of Cold Box 1 
is now system constraint workplace of hand made cores. Measure in Phase 2 did not produce desired effect. 
We did not expect that there will be so many small series orders.  

New measure - Cold Box 1 

Technologists review the scheduled orders and found some cores that can fit into a smaller Cold Box 2. After 
this filter, we let again OPTI move small series orders to hand made cores.  

Result 

On Fig. 3 is capacity utilization in iron foundry after acceptation of measure in Phase 3. Finally, we have 
identified real system constraints - automatic forming unit FORMTEC Air Impec (moulding FA). 

4.  CONCLUSION BY USING FIVE-STEPS 

Article introduced possible measures aiming to the elimination of critical sources and proposals for 
increasing the efficiency of a constraint and elimination the mobility of constraints depending on the 
assortment to be produced. 



Dec 9th - 11th 2013, Cracow, Poland, EU 
 
 

529 

By capacity calculations were in Komercni slevarna identified five critical sources (Phase 1). In the article 
had been described methods how to decrease the number of critical overloaded production operation and 
increse utilizations of production sources (Phase 2 and 3).  
After creating and implementation of measures lead to reduction number of the constraints and elimination 
the mobility of constraints depending on the assortment to be produced was identified the bottleneck of the 
foundry - automatic moulding line. Over 88 % of the produced assortment pass through this line. This 
workplace limits entire production process in ironfoundry. This is also strategic decision, becouse for 
machinery workplaces at all is not possible to increase the capacity in such an easy way. In this case is 
currently not possible to increase exploitation of moulding line. It would require a huge investment costs, 
currently unrealistic. 
To manage the output of the plant, a schedule should be created for the constraint - automatic moulding line 
FA. Everything else have to be subordinated to this plan. We can not fail to notice the several operations with 
a small capacity reserve like Hand made core, Cold Box 1, Handed discharge, machined discharge, Finish 
grounding and Grit blasting before fixation of old blaster. These workplaces are necessary to check and little 
bit increase their capacity or they can become constraints in the production process of different product mix 
than in the selected calendar week 45 of 2013. It is necessary to schedule production in advance that these 
busy workplaces will be able to adapt their production to continuously supplied the bottleneck or finishing the 
final operation and thus do not create additional constraints in the production process. This is important 
measure to eliminate the mobility of constraints depending on the assortment to be produced. 
The most important component of subordination is to control the way material is fed to the nonconstraint 
resources. Conventional wisdom says that if a resource is idle it is losing money. Conventional practice, 
then, is to keep efficiencies high by releasing enough material to keep everyone busy - regardless of whether 
the constraint can process that much material. TOC wisdom says that non-constraint resources should only 
be allowed to process enough materials to match the output of the constraint. The release of materials is 
closely controlled and synchronized to the constraint schedule. In contrast to the constraint, non-constraint 
resources do not have a schedule. Workers are instructed to begin immediately when work arrives at their 
stations, to work at normal speed (i.e. do not slow down so that work expands to fill the available time), and 
immediately pass the finished parts on to the next operation. If there is no material waiting to be processed, 
the nonconstraint resources will be idle, and that is OK. In fact, preventing non-constraint resources from 
overproducing is necessary to reach the goal of making more money, now and in the future [7].   
Currently there is no so strong demand that needed elevating the system constraint. In this phase it is 
necessary to adjust the production within the company to avoid wasting work-in-process inventory, material 
and energy and the existing capacity utilize to the maximum throughput. It is not necessary to go back to step 
Nr.1. Managers in ironfoundry will manage their entire operation accordingly. This allows the company to 
manage the constraint to their advantage rather than allowing the constraint to manage them… 
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Abstract 

In today’s world flooded with information, a great attention must be paid to the extent of information that will 
be necessary to solve a specific problem. It needs to be considered what volume of information will be 
necessary to make a decision, in other words how to use the smallest amount of information to make the 
best possible decision. The aim of the article is to describe and analyze the input data of an industrial 
enterprise in the logistics chain, which will improve the quality of the decision-making process. 

Keywords: Data, Information, Quality, Management  

1. INTRODUCTION 

The amount of processed data, where a manager finds it difficult to know what´s what nowadays, has been 
increasing rapidly. Their analysis is very important and it serves as the basis for important decisions at all 
levels of managerial decision-making that fundamentally affects the operation of the whole company. What 
can be done to have correct data available and to prevent their impairment or duplication during their 
processing?  

2. WORK WITH DATA 

Many managers working with systems used to support managerial decision-making leave aside the issue of 
purity and quality of the data. However, even the best system used to support managerial decision-making is 
not able to present correct information if the input data are distorted. In the last few years, managers have 
recognized the importance of data quality and they have been looking for appropriate solutions. The 
utilization of suitable data refinement instruments is one of the possible and most common ways. 

3. DATA REFINEMENT 

Data refining can be divided into 4 stages, which are presented in Fig. 1. 

 

 

Fig. 1 Stages of data refinement 

Analysis examines the input data in terms of their nature, type and format of the individual records. It usually 
reveals details that were hidden due to data inconsistency, errors or non-standard formats. Analysis includes 
particularly: 
§ Identification of the type of record (product type), 
§ Identification of titles, abbreviations and links, 
§ Identification of general data in the records (date) and instruction stages (send or forward), 

Analysis Standardization Enhancement Integration 
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§ Execution of frequency analysis, which deals with the search of similar data (Warehouse number S1, 
Warehouse No. S1, Warehouse S1), 

§ Reporting the results of the data inspection. 
Standardization ensures a uniform representation of information for further processing, because data 
usually come from more different systems and it is necessary to carry out their integration. Standardization 
includes: 
§ Transformation of data items according to predefined rules, 
§ Identification of the individual items in the record, 
§ Formatting items into a consistent and desired shape, 
§ Standardization of data elements with regard to linguistic and national specifications, 
§ Conversion of data types. 
The result is a consistent record in a uniform format and shape, whatever source it may come from. 

Enhancement is focused on the expansion of data by incorporating other data from internal or external 
sources (product code list, list of carriers). If it is a company with international operation, each record uses 
code lists for the given country. This data enhancement takes advantage of methods and algorithms based 
on many years of experience in this field. 

The enhancement process includes the linking of the individual data, where the links between the individual 
records are identified. The identification of these links represents a new type of information that can 
significantly streamline communication with the subjects in question. Linking data includes: 
§ Identification and aggregation of data that represent one item (customer, product and location), 
§ Removing duplicates, 
§ Identification of the relations among subjects, 
§ Information sharing within a group of items. 
Integration allows you to implement a uniform controlling process and data enhancement within the scope 
of the whole company. This stage provides a standard for data quality and ensures that all data entering the 
managerial decision-making process will meet this standard. The features of integration include: 
§ Process consistency - once it's done and it is possible to implement it multiple times, 
§ Global data - support of multinational data, 
§ Flexibility - adapting the applications to changing conditions 
Data refinement can be used not only in managerial decision-making, but also in other areas of business. In 
the corporate sector, the quality of information has a major impact on the quality of the services provided. 
This helps us to achieve maximum data integrity on the basis of which we may make quality decisions at all 
levels of managerial decision-making from the very beginning. [1] 

4. QUALITY OF INFORMATION IN A CONTROLLED LOGISTICS UNIT 

The efficiency of a controlled process is influenced by the quality of the formulated objective, but also by 
correct information diagnostics. "Diagnostics means not only gaining information and their processing, but it 
also means its interpretation, further development and transfer into internal processes". [2] 

Support mathematical programs and computer models are used to control management activities [3]. Such 
models can be used for planning, calculations, checks, marketing, financial management, for human 
resources management, etc. At the beginning, it is necessary to assess the current situation and, in 
particular, to evaluate the conditions for their future development in terms of the company objectives in all 
these areas [4]. 

Efficient management also depends on the definition of information flow, on the setting of control processes 
and the correctness of the defined standards. Sometimes it can happen that many different types of 
information are monitored, but not the important ones. The company manager should not be satisfied only 
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with the information provided by conventional accounting, especially when there is an opportunity to use 
other management systems, respectively own programming skills. [5] 

In most companies, there are generally two types of management systems: Either the company has 
procured a comprehensive management system externally, and it affects the areas the management wants 
to monitor, or there are several small models (mostly Excel), whose creators are the employees themselves 
and they cover only the activities closest to them, which they are responsible or evaluated for. 

When there are several small models, the similarity of solutions in the given area is guaranteed thanks to 
their individual creators, because the problem is monitored in the most detailed way. The typical downside is 
that these small models are not aware of each other, which is why there is no cooperation, data sharing, 
supreme view, etc. It may also lead to a situation where important information appears, but does not get to 
the person who is making a decision based on the information. [6]  

It is quite frequent that in an externally procured large supreme system, which is usually standardized in 
some way (general pattern), the information from the individual sections can cooperate together very well 
and there is a supreme view existing in such a case. However, the question is whether this (general) 
information is necessary, or just how detailed it is. This standard system tends to be gradually adjusted and 
further deepened, according to the specific customer requirements (custom made for an additional fee), but 
these are further additional expenditures. If such a system should serve its purpose well, it must be 
constantly improved and developed. Another problem is that all the key persons are not involved in the 
creation and implementation of such an externally purchased system (the creators of small partial concrete 
detailed models), but only one, two or three people whose task is to implement such a system in the 
company. That is why the desired detailed character of the system is especially affected, because the 
development is not consulted with all the participants. [7] 

In companies whose production process is technologically more demanding, there are internal IT employees 
who create and develop such systems. Based on these systems, the individual employees are able to 
effectively manage the production process [8]. Consequently, these systems should allow the possibility of 
reverse analysis, which should provide information for the improvement of the system. It means that such 
systems are not final, they are constantly improving and it is typical to speak about the systems of the n-th 
generation. 

If the systems do not control a complex production process, the quality of information may be blurred by 
reluctance or misrepresentation of the information caused by the affected employees in the input stage [9]. 
First, the operation takes some (mostly very little) time, but, above all, their evaluation could have a negative 
impact of some kind. 

4. EXAMPLE OF IMPROVING THE QUALITY OF INPUT INFORMATION 

The example is related to the input information accuracy verification in a concrete company. It is an 
engineering company engaged in production of specialized stainless steel products for food industry. The 
company has managed to optimize its costs during the crisis. The sales revenues represent the most 
sensitive parameter that affects the operation of the company. That is why the management of the company 
was given a clearly defined task that involved a planned cash flow for the next six weeks prepared on a 
weekly basis. The owners of the company want to know in advance when it will be necessary to invest into 
the company, e.g. in case of a drop in sales, and when these funds will be returned. Following a consultation 
with the company management, the following structure of the required cash flow was created, see Figure 2. 
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Fig. 2 Sample statement of planned cash flow 

Such a statement is an exactly planned state and the manager has a chance to correct it every week. The 
purpose of this plan is to present the most accurate situation regarding the planned cash flows in the near 
future. During the preparation of this statement, the manager uses both historical information and he should 
also be able to include further information and use his skills to outline the planned cash flows. The completed 
plan should be a combination of his intuition and clearly determined facts (e.g. maturity of invoices). 

When the weekly plan was checked, there was a feeling that there are often good results at the end of the 
period, which are rarely actually achieved. It could be a sign that the quality of the information in this 
statement is not at the required level. A decision to do a simple test using 32 consecutive statements in 2011 
was taken as a result of that. Knowing that the company is stabilized in terms of costs, the attention was 
focused on the indicator of "revenues from sales", which is the decisive factor. Weekly sales revenues are 
also very volatile, and they really play a crucial role in this situation. 

Each such weekly statement was examined separately and the week that was promising the highest volume 
of money earned from sales revenues according to the plan was chosen. The result was a table of the 
individual weeks with the number of frequencies when the highest planned income from sales was recorded 
during this week. If the manager sent the same plan (without the already planned adjustments) and just 
added another week, the measured amount of frequencies could be expected approximately at the same 
level in each planned week. However, the manager usually corrects his estimates and recalculates his plans 
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according to the new facts. The question to be answered is how and why he is doing so. Is it then possible to 
determine how the manager plans by observing the frequency of planned highest sales revenues in the 
individual weeks? 

For a better understanding, week 1 can be presented as the fact, and any other number is a more distant 
planned week. The manager planned to achieve the best economic result in 6 weeks, in the total of 12 
completed reports. The best results matched the actual situation (week 1) only in one case. By turning the 
chart, we can see a growth curve. In fact, the most common statement is the one where the managers try to 
escape responsibility by planning the highest sales revenues in 6 weeks. In reality, it was discovered that 
every third statement on average informed the owner that the highest sales revenues can be expected just in 
6 weeks. There were meetings with the company management focused on the issue of the balance of 
planning and the accuracy of the information provided. 

Similar test was repeated in 2012 with a sequence of 33 consecutive planned cash flow statements.        

It was found that a significant number of planned highest sales revenues was actually achieved (1 = reality). 
Particularly the distribution of the frequency of occurrence of the highest sales revenues is more balanced. 
Moreover, it can be observed that the highest frequencies are no longer recorded in the most distant planned 
weeks in such a prevailing majority of cases. Figure 3 shows some auxiliary calculations. 

 

Fig. 3 Auxiliary calculations in frequency monitoring in 2011 and 2012 

Field F11 respectively M11 is the expected value of frequency of the highest sales revenues in each week, 
on condition of balanced planning. Field H10 respectively O10 is the sum of squares of the individual 
differences between the expected and measured values. Apart from an apparent approximation to the mean 
value of 3.5 in 2012 and the decrease in the deviation from the expected occurrence of frequency, it is still 
planning that relies on the highest sales revenues mostly in the last weeks of the plan (field F10, respectively 
M10). The opposite distribution, i.e. the weighted average of frequencies below 3.5, would indicate the 
opposite trend, where the highest sales revenues are planned in the nearest weeks. It means that favourable 
sales revenues are not promised in distant weeks, but the favorable sales revenues are confirmed only when 
the manager is sure they will actually be achieved. 

An interview at the end of 2011 increased the quality of input information and the completed plan, which was 
confirmed by an analysis performed in the following year 2012. In addition to that, however, the managers in 
the monitored subject must be constantly warned, because their own will to fill in such statements is missing 
again. 

5. CONCLUSION 

In situations where the task is important and requires a specific measure, it is good to have sufficient amount 
of "quality information", and there is an effort to analyze the information well and to take adequate action. 
Information of non-numeric nature (soft information) is more often solved by judgment, experience, and 
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intuition. The processing of hard information (of numeric nature) of high number uses intuition less often and 
it is suitable to use mathematical models. They may include simple or multi-criteria decision-making models, 
simulations of different scenarios, analytical studies, etc. A sensitivity analysis can provide a good overview 
of how the change of partial input information affects the measured result. Opinions on the utilization of the 
degree of own intuition in comparison with the results of support models vary, but it is necessary to take into 
account the fact that using only your own judgment is very risky and unreliable. In this time flooded with 
information, one must pay attention to the scope of information that will be required to solve the problem also 
because any additionally acquired information in the input stage comes at a cost. The question under 
consideration is what volume of information will be required to make a decision, or how to make the best 
possible decision with the smallest amount of information. 
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Abstract 
The paper presents the possibilities of queueing theory utilization in modelling of logistics processes in 
industrial environment. Main attention is applied to multiphase queueing systems and analytical approach. 
Advantages, disadvantages, benefits and risks are illustrated on simplified model of order processing. 
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1. INTRODUCTION 
The basic features of the queueing theory were laid by a Danish mathematician A.K. Erlang, who described 
the application of the probability theory in the problems of telephone operation in 1909. The classification of 
the queueing systems was introduced in the 1950s by an English mathematician D.G. Kendall. Today, it is a 
typical part of the operation research and logistics [1]. 
The queueing theory tries to analyze and solve the processes in which there are flows of object passing 
through certain devices, from which they require control. For example, the materials must be transported by 
transport equipment to places of further processing, semi-finished products pass through manufacturing 
operations on devices of various types, finished products are distributed to the place of consumption, 
information must be sorted, processed and recorded in the information-processing devices, tools, machinery 
and equipment pass through maintenance and renovation workplaces, etc [2]. 
The multiphase queueing models have so far been used especially in telecommunications, data 
administration and information technologies [3],[4]. The use of queueing models is standard in these 
sectors [5]. The application of the models of multiphase queueing systems can also be found in 
transportation, for example in the solution of throughput of crossroads, public transport, and the solutions of 
turnstiles or similar problems [6], [7]. In industrial logistics, the utilization of analytical approach is at its early 
stage for the time being and simulation remains the most common one method [8]. 
The objective of this article is to define the possibilities and limits of the utilization of multiphase queueing 
systems in the logistics of industrial companies. It discusses the main advantages of analytical approach to 
the solution of problems of multiphase queueing. It also presents the main shortcomings and limits of the 
utilization of analytical approach in the solution of multiphase queueing issues in industrial logistics. 

2. MULTIPHASE QUEUEING SYSTEMS 

Multiphase queueing systems are such systems that consist of a higher number of individual queueing 
systems (phases) arranged in series. Each phase may contain more parallel located service mechanisms. 
There are two basic approaches to the solution of such systems - analytical and simulation. In the case of 
analytical solutions, derived formulas can be used to obtain characteristics describing the operation of the 
given system. A number of systems require solution by simulation due to their complexity. 
The following requirements must be met in order to solve multiphase queueing systems using the analytical 
approach: 

• Unlimited source of requirements. 

• Poisson’s input of requirements into the first stage. 
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• Unlimited queue length in the individual phases. 

• A system without the so-called explosive queues, where the intensity of inputs is higher than the 
intensity of service. 

• FIFO queue mode. 

• Exponential division of service times in the individual phases. 

• The same service devices (characterized by the same exponential division) within the scope of one 
phase. 

• System without blocking, i.e. such a system, where previous phase does not have to hold a finished 
request until the service of request in the following phase is finished. 

When the conditions are respected, the output of each phase will also be Poisson’s with the same input 
intensity, which makes it possible to understand each phase and to solve it as a separate and independent 
queueing system of M/M/1 type (in case of a single service channel) or M/M/K (if there are more service 

channels in the given stage). The 
resulting characteristics of the 
multiphase queueing system then 
consist of the sum of the 
characteristics of the individual phases. 
The described multiphase queueing 
system is schematically shown  
in Fig. 1. 

Fig. 1 Multiphase queueing system 

The input parameters of multiphase queueing systems are: 
• λ - mean intensity of the input of requests into the system 

• iµ - mean intensity of request service in the −i th phase of the system 

• iK - number of service channels in the −i th phase of the system 

• i = 1, 2, …, n  
• n - number of phases in the system 

The main output parameters that can be acquired by queueing system modelling include: 
• iW - average request persistence time in the −i th phase 

• qiW - average request waiting time to be served (in the queue) in the −i th phase 

• siW - average request service time in the −i th phase 

• iL - average number of requests in the −i th phase 

• qiL - average number of requests waiting to be served (in the queue) in the −i th phase 

• siL - average number of served requests in the −i th phase 

• ( )iP 0 - probability of inactivity of the −i th phase (probability that no request will be served in the 

−i th phase) 

• ( )iXP - probability of activity of the −i th phase (probability that at least one request will be served in 

the −i th phase)  
• W - average request persistence time in the entire system 
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• qW - average request waiting time to be served in the entire system 

• sW - average request service time in the entire system 

• qSW - share of request waiting time to be served in the entire system 

• sSW - share of request service time in the entire system 

• L - average number of requests in the system 
• qL - average number of requests waiting to be served in the system 

• sL - average number of served requests in the system 

• qSL - share of the number of requests waiting to be served in the system 

• sSL - share of the number of served requests in the entire system 

• ( )0P - probability of inactivity of the system (probability that no request will be served in any phase) 

• ( )XP - probability of activity of the system (probability that at least one request will be served in all 
phases) 

Formulas (1-8) used for the calculation of output parameters in the −i th phase in case of M/M/1 system 
( 1=K ) [9]:  
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Formulas (9-18) used for the calculation of output parameters in the −i th phase in case of 1>K  [9]: 
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Formulas (19-30) used for the calculation of output parameters for the entire system [9]:
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3. AN EXAMPLE OF THE APPLICATION OF MULTIPHASE QUEUEING MODEL IN INDUSTRIAL 
LOGISTICS 

This section will show an example of an analytical solution of a multiphase queueing system. Its purpose is 
to show which input data are required, what final information it provides, or what all the features that can be 
tested in the system are. The model is used to demonstrate both the benefits of the analytical approach 
during modelling of logistics processes and its limitations and boundaries of use. The input data for this 
example were determined by a rough expert estimate. 

Order processing system in a metallurgical company was chosen as an illustrative application that includes 
a passage of order through five phases, from its acceptance to its execution ( 5=n ): 

1st phase: acceptance of order, verification of the capacity of completion, order conformation, the 
phase is modelled as M/M/1 system, i.e. 11 =K , medium intensity of service in this phase 

is 61 =µ orders/day. 

2nd phase: production and steel casting in two furnaces and two follow-up continuous casting devices, 
the phase is modelled as M/M/2 system, i.e. 22 =K , 42 =µ  orders/day. 

3rd phase: main production process - rolling, 13 =K , 73 =µ  orders/day. 

4th phase: treatment operations, quality check, release to stock, 14 =K , 5.54 =µ orders/day. 

5th phase: storage and dispatch, 15 =K , 8.55 =µ . 

The mean intensity of incoming orders into the company is 5=λ orders/day. 

The results of calculations of the output parameters in the individual phases and for the whole system are 
presented in Table 1 and Table 2. An analysis of the input data determined the average order persistence 
time in the entire system of order execution W = 5.160 days, average order waiting time for execution 

qW = 4.246 days, average order execution time sW = 0.914 days, average number of orders in the system 

L = 25.800, average number of orders waiting to be executed qL = 21.230, average number of orders in 
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the process of execution sL  = 4.570, probability of inactivity of the system ( )0P = 0.000 (probability that 

no order will be executed in any phase) and probability of activity in the system ( )XP = 0.358 (probability 
that at least one order will be executed in all phases). 

Table 1 Outputs of phases 1 - 5 

Phase 1=i  2=i  3=i  4=i  5=i  

iW  (days) 1.000 0.410 0.500 2.000 1.250 

qiW  (days) 0.833 0.160 0.357 1.818 1.078 

siW  (days) 0.167 0.250 0.143 0.182 0.172 

iL  (orders) 5.000 2.051 2.500 10.000 6.250 

qiL  (orders) 4.165 0.801 1.785 9.090 5.390 

siL  (orders) 0.835 1.250 0.715 0.910 0.860 

( )iP 0  0.167 0.231 0.286 0.091 0.138 

( )iXP  0.833 0.769 0.714 0.909 0.862 

Table 2 Outputs of the whole system 

Outputs of the whole system 

W  (days) 5.160 qL  (pcs) 21.230 

qW  (days) 4.246 sL  (pcs) 4.570 

sW  (days) 0.914 ( )0P  0.000 

L  (orders) 25.800 ( )XP  0.358 

4. UTILIZATION OF MULTIPHASE QUEUEING SYSTEMS IN INDUSTRIAL LOGISTICS 
The main problems of practical application of multiphase queueing systems in industrial logistics are 
difficult to meet initial requirements: 
• Requirements (e.g. production orders) may be very different in terms of volume as well as 

technological methods of production. 
• Especially in process type of production, there is only a limited possibility of storing semi-finished 

products, which does not make it possible to meet the requirement for unlimited long queues during 
the individual phases. For example, liquid metal in foundries can´t be stored indefinitely. 

• It is very difficult to keep the prerequisite of FIFO queue mode. In practice, the sequence of orders is 
often decided on the basis of technological limits and system priorities. For example, in metallurgical 
logistics, such restrictions may be found in the necessity of gathering production orders into batches 
(sequences of continuous casting of steel, rolling campaigns). 

• It is also difficult to keep the prerequisite of the same devices within the scope of one phase, which 
are characterized by the same exponential distribution. In practice, this prerequisite is unattainable, 
mainly due to the innovation of machinery equipment, which is usually carried out on an ongoing 
basis. That is why devices with different capacity or even technology work within the frame of one 
phase. 
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• The fact that almost none of the random variables that enter the model can’t be described by the 
required theoretical probability distribution is another problem. 

The prerequisites that can be fulfilled in practice include unlimited source of requirements and a system 
without explosive queues, where the intensity of inputs is higher than the intensity of the service. 

5. CONCLUSION 
Even this very simplified example confirms how difficult it is to balance the follow-up stochastic processes, 
which leads to the fact that the idle time has the highest share on the transit time. The main advantage of 
analytical approach to multiphase queueing systems is that, unlike simulation, it practically does not 
required financial resources associated with the creation of a simulation model using specialized software 
and the realization of computer experiments. The fundamental disadvantage of the analytical approach 
application in logistics practice, however, is very difficult fulfilment of the input prerequisites of the model. 
The application of a multiphase model of queueing is feasible particularly in industrial branches, where the 
process and material flows are standardized. The more stable and standardized the process and material 
flows are, the more accurate results can be achieved by applying the multiphase model and the more the 
model reflects the real situation. The higher the variability of requests, complexity and the variability of 
material flows and the liability of the system to disruptions (equipment breakdowns, occurrence of wasters 
or organizational problems), the lower the information value of the model. Multiphase model and analytical 
solution can be recommended especially for the analysis of logistic processes in automotive industry and 
similar types of highly harmonized productions. On the contrary, it is very difficult to apply this approach in 
metallurgical or engineering industries, where it is practically impossible to achieve the fulfilment of the 
input prerequisites. That is why in these industries we witness the increasing importance of the application 
of simulation. Further research work will be focused on the possible application of queueing networks in 
modelling of industrial logistics processes. Queueing networks are such systems that consist of individual 
queueing systems, while the probabilities jiP  of the fact that a request coming out of the −i th system will 

enter into the −j th system is known. Each subsystem can consist of one or more service channels 
again [9]. 
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Abstract 

The productivity of warehousing processes is a key factor in effectiveness of supply chain execution. It 
consists of a sequence of transformations performed on material flow by equipment and personnel. Special 
features of warehousing process allow implementing the nets of process phases (NPP) for its modelling. 
The paper presents a model of dynamic allocation of equipment and employees (resources) to 
warehousing tasks with specific constraints imposed by the warehouse operations. Using queuing theory to 
describe the process phases allows dynamic planning, which can be used for design or in the current 
process control. 

Keywords: Warehousing, modelling, net of phases 

1. INTRODUCTION 

1.1 Warehousing process 

Warehouses are flow-through buffering systems integrating supply chains. Warehousing processes merge 
external transport processes, and are crucial for progressive order realization. Warehousing process 
transforms material flow on entrance into material flow on exit by handling, storing, and processing units of 
material according to clients’ orders. These operations consume time and resources. Material flows in 
supply chains are non-stationary, what makes difficult to plan them. Minimizing material handling cost can 
be achieved through proper organization of warehousing process. It means dynamic assigning resources 
like various equipment and differently skilled employees to the warehousing tasks during daily work-time. 

Warehousing tasks are defined as simple transportation cycles or activities performed on material units 
([1]). Each task consists of a number of repetitions. Equipment and/or employee are attributed to the tasks. 
Variety of combinations of resources and task creates opportunity of improvement. Warehousing processes 
are non-stationary - material flow density changes during work day according to stochastic disturbances of 
material flows. The paper aims in presenting a method of warehouse process organization through 
modelling it by net of process phases (NPP) with regard to warehouse resources and process 
nonstationarity. 

Organizing a warehousing process is not present in the literature in a proposed way. A plenty of methods of 
organization and evaluation of warehousing is proposed (i.e. handbooks like Frazelle [2], or detailed 
researches like [3]). Bard et al. ([4]) propose a model to plan the workload and number of employees 
according to demand distribution in light of historical data. The model doesn’t cover equipment planning. 
Kim at al. [5] present hybrid control framework for scheduling industrial warehouse order picking problem 
for process automation. These approaches are representative for the area of research. Ambroziak and 
Lewczuk ([1], [6], [7]) present a method of organizing stationary warehousing process by scheduling. 
Lewczuk [1] presents and discusses the stationary version of allocation of resources to the tasks in 
distributional warehouse, as a base for proposed research. 
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1.2 Net of process phases 

Dynamics of warehousing process can be represented by relations between states in which warehousing 
system and its tasks can be, and time as an independent variable. Current states of warehousing tasks are 
determined by states of handled material units and conversely. Each stage (task) of warehousing process 
can be characterized by a set of feasible states it can be within a daily work time. These states result from 
technological conditions of particular task (like disposed time, realization time, or assigned resource). The 
state of each stage of warehousing process is determined by number of units currently submitted for that 
stage, so for each stage of the warehousing process exists many potential states. 

Assuming that the state of the system is a phase of a process (Leszczyński [8] and Żak [9]) characterized 
by duration time, and change of this state (transition to the next phase of the process) is characterized by 
moment of occurrence, dependences between system states can be mapped as a net of process phases 
(NPP). 

Networks of all types are represented by graphs. Graph theory finds that nodes and/or edges of graphs are 
described by appropriate functions. According to that the net of process phases is defined as ordered 
threesome NPP = <GNPP, FW, FL>, where GNPP is a graph of NPP, FW is a set of functions attributed to the 
set of phases (nodes of GNPP), and FL is a set of functions attributed to the edges of GNPP. 

GNPP = <V, LV> is a graph representing NPP constructed by transforming graph G = <W, L> depicting 
original process. Transformation changes set L of edges into nodes of graph GNPP. These nodes summed 
with nodes of graph G from set W constitute set V of nodes of GNPP. LV is a set of edges of graph GNPP 
connecting its nodes, and is used to construct trajectories of plausible process realization. 

FV is a set of functions attributed to the set V of nodes of graph GNPP (set of process phases). Process 
phase is characterized by duration time. Other characteristics describing it result from delays in material 
flow, phase change, and accessibility of resources.  

FL is a set of functions attributed to the set LV of edges of graph GNPP (transitions between phases). 
Transition is realized when phase changes, and is described by moment of occurrence. Other 
characteristics describing edges result from strategies of unit movement (directing material flow). 

Net of process phases represents relations between phases, while structure of that net represents 
warehousing process. Each phase is a node of the structure, and occurrence is an edge. The node of NPP 
can represent warehousing task, or material unit assigned to particular task - according to the approach. 
The structure of NPP maps both, warehousing process and material flow in that process. 

To describe elements (nodes) of NPP the queuing theory is adapted ([9], [10], [11]). QT requires 
determining arrival distributions, arrival rates to nodes (to next process phases), waiting areas capacities, 
number of servers, and servicing time distributions. For a warehousing process capacity of waiting areas is 
representation of loading capacity of internal transport equipment, while number of servers is 
representation of number of resources performing warehousing task. Additionally strategies of servicing 
units of material in a servers, conditions of starting and finishing service (system control), and conditions of 
selecting the next phase (next node in NPP) with regard to the type of the unit must be defined. 

Classic Jackson network consists of a number of nodes representing a queue in which the service rate can 
be both node-dependent and state-dependent. Units move between the nodes following a fixed routing 
matrix. All units at each node belong to a single class and units follow the same service-time distribution 
and the same routing mechanism. Consequently, there is no notion of priority in serving the units, so the 
first unit in, is first unit out. Jackson system in most cases is composed of queues representing nodes of 
graph of structure, while the net of phases includes also queues representing edges of graph of structure. 
Petri net is a modelling tool related to the NPP, but difference is in the mechanism of transitions and 
decision making. Single transition point can have many inputs and outputs, while NPP’s node has only one. 
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2. NET OF PROCESS PHASES FOR MODELLING WAREHOUSE PROCESS 

2.1 The methodology 

The methodology of modelling warehousing process as a net of process phases includes: 

1. Identification of warehousing process - specifying tasks, equipment and labour categories 
(resources). 

2. Transforming warehousing process into net of process phases (simplified structure of NPP). 

3. Identifying the nodes of NPP (full structure of NPP). 

4. Parameterization of NPP elements. 

5. Identification of arrivals into NPP. 

6. Identification of trajectories of warehousing process realization. 

7. Identification of the boundary conditions and constrains of warehousing process. 

8. Identification of the evaluation criteria. 

9. Development of models of warehousing process for different decision-making situations. 

Key features of net of process phases applied to modelling warehousing process are then: 

– Servers in nodes are representations of disposed resources: pairs of pieces of equipment and 
employees (some activities are naturally performed automatically or manually only). 

– Wait areas in servers represent loading capacities of processors performing warehousing tasks. 

– The total time of transition of all units through the network is not minimized - its value is known and is 
equal to daily work-time. Minimization concerns the resources and/or cost of tasks realization 
according to used equipment and engaged employees. 

– Resources - employees and equipment can be freely moved between warehousing tasks (the nodes 
of NPP) if only are able to perform that task. The number of resources is limited. 

– Transition conditions must reflect constrains characteristic for warehousing process (as defined in 
[7]). 

– Special NPP nodes must be added to represent buffering areas of warehouse - queues with servers 
representing flow delay (but this delay is a result of next process phases!). 

– Not all material units must be processed through the system. Special internal sources and mouths 
are implemented to balance the system. 

Warehousing process should be modelled with a single unit of material accuracy. The material flow 
transformation must be mapped as a sequence of time-varying inputs and outputs from the system. In that 
condition the research on dependences between warehousing tasks, disposed resources, and organization 
will be possible, and accuracy will be similar to real systems. 

2.2 Graph of the net of process phases 
Warehousing process consists of operations that move, delay, and transform material flow. It is mapped by 
a graph G = <W, L>. Set W of nodes represents places where units of material wait for another stage of 
transport (i.e. by different forklift truck), where are processed (i.e. packaging), where wait for further 
handling (buffering), or are identified (control). Selected nodes represent external sources and mouths of 
material flows (i.e. loading docks, production passages) or internal sources and mouths (i.e. storage area, 
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order-picking area). Set L of edges represents material handling tasks. Appropriate resources are 
attributed to nodes and edges. 
Graph G is converted into graph representing the structure of net of phases GNPP = <V, LV>. The set of 
nodes V is composed of set W, and set WL representing edges from set L transformed into new nodes, so 
V = W∪ WL (Fig. 1). Sources and mouths are included in a set of nodes: A, B ⊂ V. 

The set LV of edges of GNPP connecting particular phases is defined as: LV ⊂ (W × WL) ∪ (WL × W) and 
LV = {(v,v’): (v,v’) ∈  (W × WL) ∪ (WL × W)}. 

 

Fig. 1 Conversion of warehousing process into net of process phases 

2.3 The model of dynamic assignment of resources to the warehousing tasks 
The NPP for a given warehousing process can be used to formulate a model describing dynamic 
assignment of resources to the warehousing tasks, and investigate the model to satisfy criteria functions, 
so: 
For a given structure of net of phases GNPP and: 
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∈
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– distribution of units arrival time {TZ(a,τ,m),  P(TZ(a,τ,m))}, a∈A, 

– strategies of servicing unit of material in a node of NPP rk(m,m’, ko(v,τ,u,l)), 
– strategies of joining other nodes in NPP rv(m,v,v’), 
one must set a values of variables: 

− XK matrix attributing units of materials to the servers in a nodes:   

( ) ( ) { }, ,
, , , , , , , ,: 0,1τ τ

 = ∈ 
n nt m t m

v ko v u l v ko v u lxk xkXK , ∈v V , ∈t T , ( ) ( ), , , ,τ τ∈ko v u l vK , ∈m M , ( )∈nm mN  (1) 

− XP matrix attributing units of materials to the waiting areas in a nodes: 

{ }, ,: 0,1 = ∈ 
n nt m t m

v vxp xpXP , ∈v V , ∈t T , ∈m M , ( )∈nm mN  (2) 

− ZS(v) vector of a process states: 

( ) ( ){ }: 0,1,..., = ∈ 
m m
v vv ZS ZS N mZS , ∈ −v V A , ∈m M  (3) 

– ZP matrix of a real variables - the moments of units arrivals to the net of phases: 

: = ∈ 
n nm m

v vZP ZPZP T  ∈v V , ∈m M , ( )∈nm mN  (4) 

– ZK matrix of a real variables - the moments of leaving the net of phases: 

: = ∈ 
n nm m

v vZK ZKZK T  ∈v V , ∈m M , ( )∈nm mN  (5) 

under constrains: 
– any unit of material can’t be in a given state more than once: 

( )
,
, , , , 1τ ≤nt m

v ko v u lxk ,  ∈v V , ∈t T , ( ) ( ), , , ,τ τ∈ko v u l vK , ∈m M , ( )∈nm mN  (6) 

– probability of leaving v-th node and joining v‘-th node by m-th unit of material i t-th moment 
(represents eligible direction of material flows): 

( ), ', , 1
∈

=∑
v

p v v t m
V

, ( ) [ ], ', , 0,1∈p v v t m , ∈v V , ∈t T , ∈m M . (7) 

– ensuring task realization within a warehouse daily work-time 

∈t T , ∈ −v V B , ∈m M , ( )∈nm mN , ! '∃ ∈ −v V A ,  ( ) ( )'0 E E< = ≤n nm m
v v kZK ZP t  (8) 

– the number of servers (can’t be greater than fixed number of equipment and employees): 

∈v V , ∈t T , ( )
( )

( )( ),
, , , , card ,τ τ

∈ ∈ ∈ ∈

≤∑ ∑ ∑∑ n

n

t m
v ko v u l

m m m u l

xk v
M N U L

K  (9) 

– dynamic assignment of equipment to the servers (warehouse resources): 

∀ ∈ huu U , τ∀ ∈t ( )
( )

( ),
, , , , cardτ

∈ ∈ ∈ ∈

≤∑ ∑ ∑∑ n

n

t m
huv ko v u l

m m m l v
xk

M N L V
U  (10) 

– dynamic assignment of employees to the servers (warehouse resources): 

∀ ∈ hul L , τ∀ ∈t ( )
( )

( ),
, , , , cardτ

∈ ∈ ∈ ∈

≤∑ ∑ ∑∑ n

n

t m
huv ko v u l

m m m u v
xk

M N U V
L  (11) 

– usage of proper equipment on the each stage of warehousing process: 

∈v V , ∈t T , ( ) ( ),
, , , ,τ λ≤nt m

vv ko v u lxk u  (12) 

– engaging proper labour categories on the each stage of warehousing process: 

( ) ( ),
, , , ,τ λ≤nt m

vv ko v u lxk l  (13) 
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– uninterrupted server work time can‘t be shorter than given value: 

∈v V , ( ) ( ), , , ,τ τ∈ko v u l vK , τ ∈ dT  ( )
( )[ ]

( )
1

,
1, , , ,τ θ

+

+
∈ + ∈ ∈ ∈ ∈

≥ −∑ ∑∑ ∑ ∑ n

i i n

t m
i iv ko v u l

t t t u l m m m
xk t t

U L M N
 (14) 

to minimize criteria function representing total cost of resources usage: 

( ), =ZP ZKT XK, XP,   

( ) ( )( )
( )

( ), ,
( , , , ) ( , , , ) ( , , , )

( , , , ) ( , )

E E ,τ τ τ
∈ τ ∈ τ ∈ ∈

= −∑ ∑ ∑ ∑
nK M m N

n n n nm t m m t m
ko v u l ko v u l ko v u l v

v ko v u l v m m

ZK xk ZP xp c u l
V

 (16) 

3.  CONCLUSIONS 

The idea of representing warehousing process as a net of process phases was pre-outlined in the paper. 
Presented approach to organization of industrial processes is a way of improving services quality thorough 
taking into account nonstationarity of the processes - especially in logistics. The stochastic character of 
material flows in logistics systems always leads to system oversizing counteracting the randomness. This 
can be partially decreased by applying methods of dynamic planning. 

Resources like equipment and labour are most capital elements of logistics processes. These elements 
generate most of the material handling costs, which always can be potentially reduced by proper work 
organization supported by adequate tools and methods, like the method presented in the paper. 

The idea requires detailing on following steps of implementation. Especially the technical constrains of 
warehouse process must be investigated and included into model, what can be done successfully when 
analysing real cases of warehousing processes. The second thing is parameterization of the model, which 
requires high quality sophisticated data, what might cause difficulties.  

The method can be potentially used in designing of logistics facilities like distribution warehouses. Other 
areas of implementation - especially within “what if” analyse functionality are Warehouse Management 
Systems or modules of Enterprise Resource Planning systems. The advantages of proposed method are 
accuracy, ability to include process dynamics, and software applicability. 
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Abstract 

The authors of this paper characterise the market of hybrid electric locomotives of the “last mile” type. The 
paper presents the technical analysis of possible applications of these vehicles in railway cargo transport. It 
also presents the construction and properties of a chosen hybrid electric locomotive. 

Keywords: Railway transport, locomotives, hybrid traction 

1. INTRODUCTION 

The tendency of railway cargo transport operators to carry out full service of the management supply chain 
and dynamic changes in the structure of demand for transport services require a well-thought-out approach 
to the issues connected with the organization and management of a railway vehicle fleet. It especially 
applies to solving such problems as the specialization or versatility of a locomotive and freight carriage 
fleet. 

Owning reliable traction vehicles is one of the conditions that ensure effective competitiveness between 
railway operators in railway freight transport. The traction vehicles are characterised by low LCC costs 
level. The costs comprise the expenditure of the locomotive purchasing, operation, and scrapping [1]. A 
decision about purchasing a traction vehicle destined to perform certain transport tasks requires the 
analysis of numerous variants and scenarios involving the range and specifications of traffic, technical 
backup support equipment, railway line parameters, etc. An evaluation of the usefulness of a given 
locomotive to perform transport work in certain conditions is very important as far as the effectiveness of 
operation and the transport itself are concerned [2]. 

An innovative solution that allows for both increasing the operational flexibility of railway operators and 
limiting operational costs of locomotives involves usage of hybrid vehicles called “last mile” in transport 
tasks. Locomotives of this type combine the features of a line locomotive with the features of a shunting 
locomotive. During line operation, the locomotive works as an electric vehicle powered from the traction 
network whereas during marshalling and branch line operations, electric traction motors are powered by 
the energy generated by a small generator located in an engine room. 

2. RAILWAY FREIGHT TRANSPORT IN POLAND 

With Poland joining the European Union, domestic railway transport became part of the European 
transportation net. Therefore, it was necessary to make up for backwardness and do away with technical 
and organisational differences in Polish railways. Transformations in European and Polish railways began 
thanks to the Directive 91/440/EEC of 29 July 1991 on the development of the Community’s railways. The 
directive imposed a separation of transport operators and infrastructure management, which was a 
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milestone in both opening up the railway transport market and limiting a national transport operators’ 
monopoly. 

According to the data published by the Office of Rail Transportation [3], in the year 2012 in Poland railway 
freight transport operations were carried out by 49 licensed enterprises: 48 of them on regular gauge tracks 
and 1 operator on wide gauge tracks. In 2012, the railway operators transported 231.3 million tons of 
goods, which equals 49,039 million tonne-kilometre of freight hauling work. In comparison to the year 2011, 
the transported freight mass decreased by 7.22 % and the freight hauling work represented in a tonne-
kilometre decreased by 9.14 %. 

As in previous years, Polish railway transport relied on transporting mass goods, especially raw materials. 
Transport of coal, metal ores, and the mining goods in 2012 constituted 68 % of the total mass volume and 
56.3% of the transport hauling work. Coal had the biggest share in the market of transported products [4]. 

  

 

Fig. 1 Participation of the biggest transport operators in the market  
according to the transport/hauling work in 2012 

The domestic transport operator PKP Cargo S.A. is the main participant in the freight transport in Poland. It 
is the third in Europe and the second in the European Union freight transport operator. Other operators 
(excluding the PKP Linia Hutnicza Szerokotorowa) are private railways operators. About eight of them play 
a role on the transport market. 

The current situation on the railway freight transport market requires that the railway operators provide 
complex transport service. Railway transport of goods is an element of intermodal logistics chains whose 
first and/or last link is frequently a non-electrified line or a branch line. It means that the railway operator is 
responsible not only for providing a train set to the junction station (transport work) but also for the train set 
marshalling and supplying proper carriages to a given branch (shunting operations). The above-mentioned 
operations have a diverse characteristic. Besides, different traction vehicles are required to carry out these 
operations. The transport operations are carried out first of all with the use of electric shunting locomotives. 
The manoeuvring operations require first of all the use of diesel locomotives due to the fact that the 
majority of branch lines, humps, and storage sidings are non-electrified. As a result, the railway operator 
that wants to provide complex transport service has to possess an adequate number of vehicles adapted to 
perform both types of the operations in such a way that it would be possible to add an additional diesel 
locomotive to a train set in specific situations. This locomotive would enable the entrance or the exit from a 
non-electrified branch line. 
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3. A TECHNICAL CHARACTERISTIC OF THE “LAST MILE” LOCOMOTIVES 

A current traction vehicles market offer, including electric locomotives, is constantly growing. The increase 
in the number of available solutions which are adjusted to the individual client’s needs is noticeable. The 
appearance of hybrid locomotives in a wide range of available vehicles should be definitely highlighted. The 
idea of a hybrid vehicle is not new. It has been discussed many a time, but the so-far applied technical 
solutions have not provided satisfactory operational parameters. Hybrid locomotives to date obtained 
mediocre traction qualities and were characterised as having great mass. It has to be noticed that the 
moment the railway operator provides complex transport service the-above solution does not have a 
justified usage because of operational costs and fees paid for using the railway infrastructure [5]. 

3.1 A TRAXX F140AC Last Mile Bombardier 

In May 2011, the Canadian firm Bombardier presented a different concept of a hybrid locomotive under the 
name of the TRAXX F140AC Last Mile. The engineers based the construction of the vehicle on the 
technical solutions used in the platform of TRAXX locomotives. The vehicle has a module construction 
which is characterised by such a distribution of the individual equipment elements as used in all TRAXX 
locomotive platforms. The body of the locomotive was designed as a self-supporting construction. This 
construction includes a frame, side walls, two driver’s cabs which constitute separate modules, and a three-
part removable roof. Four asynchronous motors were used as a locomotive drive. They allow for obtaining 
continuous power of 5,600 kW provided that the supply is from a traction network. The vehicle combines 
the features of a line locomotive and a shunting locomotive. The application of a small electricity generating 
set together with a set of traction batteries is a novelty regarding other vehicles belonging to the TRAXX 
platform. Due to these sets, the “Last Mile” locomotive can do manoeuvring work on non-electrified track 
sections because it is then powered by a generating set, or it can do this work in halls and store-rooms 
being powered by a set of batteries. In case of operating a heavy railway set, there is a possibility of work 
with parallel powering of traction motors from the electricity generating set and from the batteries. The 
TRAXX F140AC Last Mile locomotive is shown in Fig. 2. 

 

Fig. 2 The Bombardier TRAXX F140AC Last Mile Locomotive [6] 
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Fig. 3 A scheme of power supply to the traction motors of the TRAXX F140AC Last Mile locomotive 
depending on the type of performed work 

A scheme of power supply to the traction motors of the Bombardier TRAXX F140AC Last Mile hybrid 
locomotive is shown in Fig. 3. The system of energy conversion is the main element of this scheme. 
Depending on the type of performed work, traction motors can be powered from a contact line, a 
generating set, or a set of batteries. In case of operating on electrified lines, the electric energy which is 
drawn from the contact line and then properly processed is passed to the traction motors and to the set of 
traction batteries in order to charge them. When the manoeuvring work is done on non-electrified track 
sections, the traction motors are powered by the electric energy from the generating set.  

 

Fig. 4 Traction characteristics of the TRAXX F140AC Last Mile locomotive for contact line powering  
and parallel power supply of the traction motors [6] 

a set of 
batteries 

the conversion 
system 
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The generating set is also responsible for maintaining traction batteries fully charged. In case of work in 
closed spaces, e.g. halls or store-rooms, the traction motors are powered by a set of batteries. Parallel 
powering of the traction motors is also possible from a generating set and batteries. Switching from one 
power supply mode to another is accomplished without stopping a railway vehicle.  
The generating set of the Bombardier TRAXX F140AC Last Mile locomotive was constructed on the basis 
of a standard diesel Deutz BR 2013 4V engine and a synchronous generator. While choosing devices 
building a generating set, it was assumed that the tractive effort for the locomotive during starting should be 
equal to 300kN (Fig.4). On the basis of this, the minimal power of the combustion engine equal to 230 kW 
was determined. In case of the locomotive starting with the use of the combustion engine only, the 
locomotive has the tractive force of 260 kN. When the parallel powering of traction motors is used, the 
tractive force reaches the value of 300 kN. The vehicle is equipped with a fuel tank which contains 400 
litres of diesel oil. It enables 8 hours of locomotive work at the average locomotive load. Using the energy 
collected in the batteries for driving allows for about 40 minutes of vehicle work. The traction characteristics 
of the  Bombardier TRAXX F140AC Last Mile are shown in Fig. 4. 
Tests which have been carried out so far prove that the locomotive of the TRAXX F140AC Last Mile series 
that uses a generating set or/and a set of traction batteries is capable of hauling a train set of 2,000 tons at 
a speed up to 40 km/h. 

3.2 PESA Gama 111Ed Marathon 
The Gama 111Ed Marathon locomotive is the first model of the Gama locomotive family offered by the 
Polish railway vehicle producer PESA Bydgoszcz S.A. The construction of the locomotive started at the 
beginning of 2012 and its premiere took place on 18 September 2012 at the InnoTrans 2012 Fair in Berlin. 
A 4-axle locomotive Gama 111Ed Marathon is powered with the 3 kVDC from the traction network. The 
power of the locomotive equals 5,600 kW. An auxiliary Caterpillar C15 ACERT combustion engine of 403 
kW coupled with an AC generator of 420 kW were additionally mounted on the locomotive. The maximum 
operational speed when the locomotive runs on the combustion engine equals 40 km/h. The locomotive’s 
power system allows for aerodynamic braking with energy recovering to the traction network or its losing in 
resistors [8]. 
 

 
Fig. 5 The PESA Gama 111Ed Marathon locomotive [7] 
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In Table 2, the basic technical data of chosen electric locomotives powered with 3kV DC are compared. 
The locomotives are a potential offer for Polish railway operators. 

Table 2 Technical parameters of locomotives 

Item 
number Parameter 

Locomotive 
F140AC Last Mile 111Ed Marathon 

1 Producer Bombardier Pesa Bydgoszcz S.A. 
2 Platform TRAXX GAMA 
3 Power supply 15 kV/16.7 Hz,  25 kV/50 Hz 3 kV DC  
4 Axle arrangement Bo’Bo’ Bo’Bo’ 
5 Maximum speed 160 km/h 160 km/h 
6 Moc ciągła 5600 kW 5600 kW 
7 Mass ≈87 t 82 t 
8 Max. hauling power 300 kN 300 kN 
9 Total length 18 900 mm 19 800 mm 
10 Width 2977 mm 3000 mm 
11 Height 4283 mm 4232 mm 
12 Generator Deutz BR 2013 4V Caterpillar C15 ACERT 
13 Power of generator  230 kw 403 kW 
14 Fuel tank capacity 400 l 900 l 

The above comparison shows that both locomotives are characterised by roughly similar traction 
parameters. The TRAXX F140AC Last Mile locomotive has almost twice less power of the combustion 
engine and a smaller fuel tank in comparison with the 111Ed Marathon locomotive. 

CONCLUSIONS 

Hybrid locomotives destined mainly for freight transport are a further step towards the improvement of 
competitiveness of railway transport in freight hauling in Europe. It is one of many priorities of the White 
Paper on Transport [9]. Innovative technical solutions used in these vehicles allow for the overcoming of 
complex difficulties while creating flexible supply chains corresponding with the clients’ demands. In the 
future, freight transport service will be performed with the use of a new generation of hybrid multi-system 
locomotives. Thus the need for changing locomotives in branch yards and on borders between countries 
will be eliminated. Low operational costs and modern solutions allow for a significant reduction in 
operational costs when compared to the currently used electric traction vehicles. 
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Abstract 

Dependability is an area that has been developing for decades and has been gaining more and more 
importance also in logistics. One of the main indicators of dependability is reliability, i.e. the probability that 
the item or system can perform a required function under given conditions for a given time interval. The 
paper presents reliability analysis of the internal transport system of the enterprise manufacturing 
equipment among others for petroleum extraction. On the basis of the operating data set the mean 
operating time between failures of transport system components and their dependence on the year of 
production will be presented. The reliability structure of the system will be defined and reliability index of the 
system for specific time will be evaluated in regard to the reliability block diagram. The components 
reliability importance will be determined and the reliability allocation for certain assumption will be 
performed. On the basis of that analysis some suggestions of changes in machinery will be made. 

Keywords: Reliability, internal transport system, reliability importance, reliability allocation 

1. INTRODUCTION 

At a time when technological development is rapid, the role of the machines is growing and consumer 
expectations are increasing, the reliability engineering becomes very important [1], [2]. Technical 
dependability determines many aspects of the logistics [3], [4], where technical object ability to perform its 
designed function at a given time has an impact on the quality and task duration of the superior logistics 
system. This, in turn, indicates the parameters of production which must be continuously improved in order 
to stay in business. 
Maintenance departments of companies often do not conduct specialized research in the field of reliability 
and rely only on the experience of workers and data given by the producers of machinery. The 
maintenance policy is duplicated from generation to generation, however, the use of simple reliability 
analysis of designed or already operated system can provide guidance on how to improve dependability 
indices of the logistics system. 
The paper presents the basic reliability analysis of internal transport system of a large company producing 
equipment for the oil industry. In this system, machines with different load and run are used. The reliability 
indices as the Mean Operating Time Between Failures MTBF and Reliability function R, as well as the 
method of Reliability Block Diagram RBD [1], [2], [5] are applied. The influence of age of the devices on 
their mean operating time between failures and as a result of their reliability and the impact of the reliability 
of various components on transport system reliability is presented. 
The proposal of improvements based on the analysis of the components importance [7], [8], [9] and the 
reliability allocation [10], [11], [12] is given. It should be mentioned that at the present time dependability 
analysis even of very complex systems is facilitated by the possibility of using dedicated software [6], [13]. 
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2. INTERNAL TRANSPORT SYSTEM STRUCTURE  
The internal transport system of the studied enterprise consists of several devices and their types and 
location in the system are shown in Fig. 1.  

 
Fig. 1 Components of studied internal transport system, source: [14]  

Legend for Fig. 1 and Fig. 2: zakład - enterprise, wydział - department, magazyn - storage, pozostałe 
obiekty - other items of equipment , suwnica pomostowa - bridge crane, suwnica bramowa - gantry crane, 
żuraw - crane, podnośnik - lift, dźwig osobowy - passenger  lift, dźwig towarowo-osobowy - cargo and 
passenger lift, wózek podnośnikowy -  forklift.  
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Fig. 2 Reliability block diagram of studied internal transport system, source: own materials on the basis of 

[14] 
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The main components of the system are: bridge cranes with a lifting capacity of 1.5 to 12.5 tons, a gantry 
crane with a lifting capacity of 8 tons, cranes with a lifting capacity of 0.5, 1 and 16 tons and forklifts with a 
capacity of 1.5, 2, and 3.5 tons. In addition to these objects, you can also find a PMH lift, a passenger lift 
with a capacity of 0.45 tons and cargo and passenger lifts with a capacity of 1 ton. Some of these devices 
have been working since the 50's of the last century, and only few were bought after 2000. 
The reliability structure [1] of the system (for condition arising from production requirements) is shown in 
Fig. 2. The configuration  presented is a mixed structure - parallel connections occur within a single 
department, where often identical devices serve the same functions in the system, and serial connections 
between departments and between devices with different functions exist within a single department. 

Table 1 Values of MTBFc i Rc(t=7) for chosen devices, source: own calculations on the base of [14]. 

Lp
. Device 

Lifting 
Capacity 

(kg) 
Year of 

production 

Scale 
parameter 

A 
 

Shape 
parameter 

B 
 

MTBFc 
(in days) Rc(t=7) 

1  Bridge crane 1500 1953 1,25 85 79,2 95,7% 

2  Bridge crane 3000 1957 1,2 65 61,1 91,9% 

3  Bridge crane 5000 1967 1,2 91 85,6 95,5% 

4  Bridge crane 3200 1973 1,2 131 123,3 97,1% 

5  Bridge crane 12500 1981 1,15 140 133,2 96,9% 

6  Bridge crane 5000 1982 1,2 175 164,6 97,9% 

7  Bridge crane 8000 1987 1,15 209 198,9 98,0% 

8  Bridge crane 3200 1992 1,15 250 237,9 98,4% 

9  Bridge crane 10000 2008 1,05 324 317,8 98,2% 

10  Crane  500 1952 1,2 84 78,0 95,1% 

11  Crane 500 1979 1,2 161 151,4 97,7% 

12  Crane 1000 1980 1,15 177 168,5 97,6% 

13  Crane POLAM  16000 1985 1,15 156 148,5 97,2% 

14  Crane 1000 1986 1,15 195 185,6 97,8% 

15  Crane 500 1989 1,15 191 181,7 97,8% 

16  Cargo nad passenger lift 1000 1974 1,2 112 105,4 96,5% 

17  Cargo nad passenger lift 1000 1974 1,2 118 110,1 96,7% 

18  Passenger lift 450 1999 1,1 256 247,0 98,1% 

19  Forklift  2000 2007 1,1 293 282,7 98,4% 

20  Forklift 3500 2007 1,05 281 275,6 98,0% 

21  Forklift 1500 2007 1,05 283 277,6 98,0% 

22  Lift PMH 
 

 1973 1,2 118 111 96,7% 

3. RELIABILITY ANALYSIS OF INTERNAL TRANSPORT SYSTEM  
According to Commission Electrotechnique International dependability is the collective term used to 
describe the availability performance and its influencing factors: reliability performance, maintainability 
performance and maintenance support performance. Reliability as the dependability indicator is the 
probability that an item can perform a required function under given conditions for a given time interval (t1, 
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t2).Mean Operating Time Between Failures MTBF, i.e.  the expectation of the operating time between 
failures is often used as an independability indicator. 
 
3.1 Dependability indices of system components  
Weibull distribution parameters for the lifetimes of individual elements of the internal transport system were 
specified on the base of operating data [14]. Table 1 shows estimated parameters and values of MTBFc for 
the selected devices. Fig. 3 presents MTBFc as a function of the year of production for the most numerous 
items, i. e. the bridge cranes and cranes. MTBF for both types of devices increases with the year of 
production. 
However, it is not obvious that the improvement of MTBF of the device with the lowest value will result in a 
significant improvement of system reliability. The location of the item in the reliability structure should also 
be taken into account - elements that occur in series tend to be more important than appearing in parallel. 
In order to answer the question of which elements have the greatest impact on system reliability the 
components reliability importance should be examined. 
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Fig. 3 MTBFc (in days) vs. the year of production for bridge cranes (blue line with ‘o’) and cranes (red line 
with ‘*’), source: own materials 

3.2 Evaluation of components reliability importance 
In Table 2 the results of reliability importance analysis for t = 7 days with Birnbaum measure [7], [8] are 
presented. They show that two bridge cranes with a capacity of 1.5 T and PMH lift have the greatest impact 
on the reliability of the system. These are the items purchased before 1980 and characterized by small but 
not the smallest MTBF values. Their high importance in large part arises from their location in the main 
branch of the serial structure. Failure of any of these devices causes the fault of the system and the value 
of their MTBFc prejudge the indices of the system reliability for which MTBFs is almost 15 days, and the 
value of the reliability function for 7 days is 69 %. To increase system dependability indicators one should 
first think of replacing these components with newer. 
Table 3 shows the changes in the values of the system reliability Rs and system mean operating time 
between failure MTBFs as a result of about double increase in MTBF for the three most important elements 
of the system, the three oldest elements and the three devices with the lowest MTBF values. As one can 
see the best results, which is the increase of Rs from 69 % to 74 % are in the case of the most important 
elements. In other cases, the change is almost imperceptible. The same is true for the MTBFs of the 
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system, i.e. in the case of changes of the most important elements system MTBFs increases from 14.8 
days to 17.7 days. 

Table 2 Components reliability importance (10 most essential devices), source: own calculations 

Device Reliability ImportanceIB 

[%] 
Bridge crane 1,5T 15,3% 
Bridge crane 1,5T 13,5% 

PMH lift 10,5% 
Crane 1T 8,7% 

Crane 0,5T 8,7% 
Crane 1T 7,2% 

Bridge crane 5T 6,9% 
Gantry crane 8T 9,7% 

POLAM crane 16T 6,5% 
Crane 0,5T 2,1% 

Table 3 Influence of MTBFc changes on system reliability Rs and MTBFs, source: own calculations 

Devices replaced with the newer ones Rs(t=7)  
[%] 

MTBFs  
[days] 

The 3 most important components (bridge cranes 1,5T 
and PMH lift) 74% 17,7 

The 3 oldest components (bridge crane 3,2T, crane 0,5T 
and bridge crane 1,5T) 

70% 15,8 

The 3 components with the lowest value of MTBFc 
(bridge crane 3,2T, bridge crane 3T, crane 0,5T) 

69% 14,9 

Table 4 Results of the reliability allocation, source: own calculation 
Devices to be optimized Rc(t=7)  Goal(t=7) 

Bridge crane 1,5T 95,7% 99,5% 
Bridge crane 1,5T 95,7% 99,5% 

PMH lift 96,7% 99,6% 
Crane 0,5T 95,1% 95,3% 

Crane POLAM 16T 97,1% 99,6% 
Bridge crane 3,2T 95,4% 98,2% 
Bridge crane 3T 96,0% 93,9% 
Bridge crane 3T 96,0% 96,1% 
Bridge crane 5T 95,6% 95,7% 
Bridge crane 5T 97,7% 99,6% 

System Reliability 68,5% 80% 

3.2 Reliability allocation 
This section presents the results of reliability allocation with the use of Mettasa function for the selected 
elements of internal transport system. This method allows the reliability allocation in the mixed structure 
composed of elements of any lifetimes distribution [10], [11]. For optimization the three most critical 
elements of the system, crane POLAM and equipment purchased before 1970 were chosen. The aim of the 
optimization was the increase in the system reliability for 7 days from 69 % to 80 %. Calculations (Tab. 4) 
provide information how to choose values of individual elements reliability to reach the given goal. The 
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required values can be achieved by replacing the equipment with the newer or by implementing more 
adequate maintenance policy. Both solutions involve significant expenditures and an additional analysis 
should be based not only on reliability indices but also an availability indices. 

4. CONCLUSIONS  

The analysis of the internal transport system reliability can conclude that deprecated machinery should be 
gradually upgraded. Due to financial constraints, the changes should start with the most important, from the 
reliability point of view, elements, i. e. the bridge cranes 1.5 T and PMH lift. Replacement of these devices 
with some produced in the recent years can increase system reliability for 7 days from 69% to 74%. 

This means less frequent downtime, less frequent maintenance tasks and thus less use of manpower and 
spare parts. When greater increase in the system reliability is required one should pay attention to a bigger 
number of important elements and in order to determine the required values of its reliability, the allocation 
method with Mettasa function could be used. 
Reliability engineering plays an important role in the functioning of logistics systems. It contributes to better 
use of the equipment, extends times between failures and what is important for companies reduces the 
cost of operating these devices. 
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Abstract 

This paper focuses on a survey of the new integrated transport system (ITS) which is being implemented in 
the city Košice and Košice region. The main part of this contribution evaluates the usability of ITS on the 
route Hutníky - Košice. A transport survey was conducted among the employees of U. S. Steel Košice, 
s.r.o. The conclusions section of the paper summarizes the obtained results. 
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1. INTRODUCTION 

The ever increasing tendency of car use can be observed in cities and surrounding regions. The orientation 
on the individual car transport is often caused by a non-satisfactory services and preconditions of public 
transport providers. The goal of transport companies is to create optimal conditions suitable for providing 
public transport services and in the same time meet standards required by users. Public transport has to be 
comparable with individual car transport in terms of price, travel time and comfort. One the possible 
solutions is an integrated transport system (ITS). 

2. INTEGRATED TRANSPORT SYSTEM 

“The aim of ITS is to create an effective alternative to individual car transport. Within the ITS, passengers 
can travel by more than one connecting transport modes - train, bus, suburban lines with only one ticket 
and same conditions of travel.“[1] 

“The main goal of such system of interconnected various means of public transport is to stop rapid increase 
in individual car transport and decrease its negative effects on health and environment (emissions, noise, 
accidents, etc.). Currently, many people are moving into suburban estates in the vicinity of large cities. This 
creates daily transportation needs to work or schools which in practice means an enormous numbers of 
cars on roads in approximately the same time. Integrated transport has to offer quality, comfortable, fast 
public transport in adequate intervals which could substitute individual transport e.g. by car.“[1] 

“The share of car transport should decrease after the full completion and synchronisation of the system. 
The roads to the city centre will have less traffic and traffic congestions. The impact on the environment will 
improve because a transport system which incorporates rail is environmentally more acceptable.“[1] 

Means of reaching the goal: 

coordination of routes, timetables and tariffs of various forms of public transport (rail, city-wide transport, 
regional bus transport). 

Benefits to society: 

elimination of negative traffic situation in large urban agglomerations created by increase in individual car 
transport, decrease in number of traffic accidents, time losses in transport and environmental impact. 

ITS in Slovakia prior 2007 
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Classic fully operational ITS in Slovakia is non-existent. Effort was made to unite different tariffs in 
Bratislava, Žilina, Banská Bystrica and Košice which enabled on certain routes to use prepaid tickets or 
chip cards of another transport providers.[2] 

Main reasons why ITS has not been implemented: 

• missing plan and strategy of implementing ITS on the national and regional level and within transport 
providers, 

• unsuitable railway infrastructure and urban railway (tramway) infrastructure in Bratislava and Košice, 

• unsuitable railway vehicles, 

• lack of finances for preparing projects and realization of the ITS, 

• lack of communication and missing agreements between key subjects of the ITS [3]. 

2.1 ITS in Košice (KORID) 

KORID - integrated regional transportation in Košice 

The main concept of KORID is to connect tramway and railway lines which is possible due to the same 
gauge (1 435mm). 

Main tasks and activities of KORID: 

• optimization of transportation systems 

• design of timetable proposals 

• prognosis of development, marketing, projects of gradual integration of public transport in specific 
area 

• transport information service 

• management of ITS operation [4]. 

The social aim of the project is: 

• increase of competitiveness of the region, 

• support of employment through increased efficiency, speed and quality of transportation to work, 

• decrease of environmental impact through the use of ecological means of transport with preference 
to rail transport, 

• support of tourism development by connecting rail and bus transport in transfer nodes which 
enables easier transportation of passengers to tourist centres Slovenský raj, Slovenský kras, 
Vysoké Tatry by connecting the airport and railway with tramway. [4] 

Development of ITS in Košice and Košice region: 

• 1992 - Development of transportation and tourism.  

• 1997 - Preconditions of ITS implementation - vision. 

• 2002 - 2005 - ITS in Košice (KIDS).  

• 2006 - Agreement on creation of ITS - Ministry of transportation, post and telecommunications of 
Slovak Republic, Košice self-governing region, Slovak railways and city of Košice. 
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• 2007 - KORID - Pilot project in Slovakia for Košice self-governing region. 

• 2008 - Study of institutionalization.  

• 2009 - Agreement on cooperation between Košice self-governing region and city of Košice for 
creation of ITS. 

• 2010 - foundation of the company Organizer of regional integrated transport (ORID, s.r.o.). 

3. U. S. STEEL KOŠICE, S.R.O. (USSK) 

U. S. Steel Košice, s.r.o. is one of the largest integrated producers of flat rolled steel products in Central 
Europe, providing a wide assortment of hot rolled, cold rolled and coated products including hot dip 
galvanized, colour coated, tinplate and non grain-oriented sheets. [5] 

In addition, USSK has a research laboratory which, in conjunction with U. S. Steel’s Research and 
Technology Centre, supports efforts in coke-making, electrical steels, design and instrumentation, and 

ecology. 

According to the yearly statement from 2011 USSK employs 11 050 employees who commute daily to the 
factory and are transported by internal transportation to their workplace. Fig. 1 depicts the divisions of 
USSK. 

 

Fig. 1 Scheme of USSK factory 

3.1 Transport survey of USSK employees 

The first step in conducting the transport survey was taken on 19th December 2012 when company 
newspaper Steel featured an article about ITS. It was important to inform people about intended changes, 
advantages and news in case of ITS implementation in order to properly fill survey forms. 

The second step was the creation of the survey forms and their filling in by USSK employees. The best way 
in our opinion was to distribute the forms by HR in their respective divisions. This solution was very 
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effective as a high return rate of survey forms was observed. From 10 050 employees 8052 people 
returned the form which represents 80,1% of all USSK employees. Detailed analysis is in Table 1. 

Table 1 Analysis of returned survey forms with comments and empty forms 

# Description comments Number of forms % 

1 The lack of joints, poor or no continuity  383 5% 

2 
Cold and dirty verhicles, old vehicles, no transport 
culture  150 2% 

3 Other comments 95 1% 

4 Travelling benefit  55 1% 

5 Cycleway  to USSK 36 0,45% 

6 Repair parkingarea at the gate #4 30 0,37% 

7 Conforms to the current state 28 0,35% 

8 Repair parkingarea at the gate #3 26 0,32% 

9 Parking at the gate #1 3 0,04% 

 Unfilled qiestonnaires 90 1% 

 Submitted qiestonnaires without comments 7156 89% 

 Collected questionnaires altogether  8052 100,00% 

The third step was to evaluate information from the completed survey forms. 

4. EVALUATION OF TRANSPORT SURVEY 

Microsoft Office Excel 2007 was used to evaluate the survey forms. Data was manually entered into the 
prepared template. With filters in the template we can choose specific division, city or transport mode and 
the program automatically displays the corresponding charts and tables with information. Table 2 shows 
details about transport modes which are used to commute to work. 

Table 2 Transport mode of USSK employees 

Type of transport Number 

Public transport 5034 

Car 4966 

Bike, motorcykle 155 

Rail transport 65 

Bus transport 830 

Total 11050 

Fig. 2 depicts the predicted usability of ITS by employees who use cars for their daily commute. 
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Fig. 2 Predicted usability of ITS by employees who use cars for their daily commute 

It can be clearly seen from the graph that employees using individual car transport have very little interest 
in using the ITS. 

Fig. 3 shows the overall usability of the ITS by USSK employees. Half of the employees have an interest of 
using the ITS daily. Significant portion of employees would use the ITS one, two or three times a week. 

 

Fig. 3 Usability of ITS by USSK employees 

5. CONCLUSION 

The new integrated transport system could give a solution to the rising individual car transport. Its usability 
has been proved by transport survey of  U. S. Steel Košice, s.r.o. employees. The ITS has a great potential 
in transportation if optimal timetable and prices comparable with individual car transport are introduced. 
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Abstract 

There is an increasing need for reliable, fast and efficient public transport service. Over-crowded roads, 
traffic jams and increasing pollution in densely populated city agglomerations are problems which mass 
transit solutions are trying to resolve. Today’s passengers are looking for trustworthy services and reliable, 
multiple-sourced travel information. Travel assistants and planner services are though more expected. 
Companies providing public transport solutions often struggle with providing a modern information platform. 

In this paper we present Silesia Connect, a new service developed in cooperation with KZK GOP, main 
public transport provider in Upper Silesian Industrial District.  

Most important part of the system is the search algorithm. We propose a new way of building public 
transport network graph, in which vertices are closely integrated with stop location and edges have time-
dependent weights. In our approach a user doesn’t have to choose between the stops but can pick any 
travel origin and destination. Due to close integration with Google services, we provide detailed walk 
suggestions. In addition, passenger can customize some search parameters and optimize results in terms 
of his subjective rating. We use novel heuristic search algorithm, which resolves most of performance 
issues and maintains very good reliability.  

Based on the new search service we’ve built web application with travel planner. Detailed information about 
timetables and bus routes are also available. 

Keywords: Public transport network, route finding, heuristic searching, shortest path algorithm, travel 
 planning 

1. INTRODUCTION 

Reliable and trustworthy public transport information is one of the key services that companies must 
provide. There is a number of challenges associated with that task. One of them is designing route search 
algorithm for travel planner. In most basic application we could use Dijkstra’s algorithm [1], that computes 
one-to-all path in all directions and stops when destination has been reached. The original algorithm has to 
reach every graph node, and explores unnecessary large search area. That leads using heuristic searches, 
with A* algorithm among them. A* algorithm uses heuristic function to search only nodes closer to 
destination, and in most cases significantly reduces number of visited vertices. Dijkstra-based algorithms 
and A* algorithms are preferred in most of the researched literature.  

In public transport travel planning service finding shortest or fastest path algorithm is not enough. K-
shortest paths algorithms are used more often [2], because users do not evaluate the route only by one 
factor. They’re trying to find compromise between multiple attributes, as reported in decision making 
studies [3-5]. Users accept locally suboptimal proposals (noncompensatory decisions). Using other 
researchers reports [6] we've selected factors, that are important for users: 
• travel time 
• number of changes and waiting time 
• trip duration 
• length and time of walks 
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As can be noticed not only travel time is important for the users. For example, somebody travelling with 
heavy luggage will more likely accept route with minimal number of changes, even if it’s not the fastest one.  

To match users expectations we're developing Silesia Connect, the new intelligent passenger information 
system for travellers in Upper Silesian Industrial District in Poland. A platform is developed with cooperation 
with KZK GOP, the main public transport provider in the area. In this paper we present our approach to 
graph construction for public transport network, and heuristic search algorithm we use.  

2. GRAPH STRUCTURE 

A public transport network is represented as a directed graph G = <V, E>, where V is a set of nodes, and E 
is a set of edges.  

2.1 Vertices (V) 

Most researchers are using graphs, where they create one vertex per bus stop. We propose different 
structure, where bus stop can hold multiple vertices. This approach is more flexible and easily can be used 
for searching “convenient” paths. Moreover, using any location point as a trip beginning or destination is 
possible. We’re building dynamic graph, thus inserting nodes and edges at runtime is not problematic.  

We consider vertex as a moment in time, when some action occurs, for example when bus arrives at the 
stop. In other words, every departure time on stop’s timetable is a vertex in our graph. That’s why we have 
multiple vertices on a single bus stop. For initial and destination point we also create vertices. In Fig. 1 
vertices are marked as circular entities with time of departures written inside them.  

Using this approach, we can build flexible, dynamic graph, which is created at runtime.  

2.2  Edges (E) 

In our graph we create three types of directed edges:  

1. Driving edges. One edge is created between current vertex, and the vertex that corresponds with 
departure time on the next stop for current bus line. If bus stop is the last one on bus line, edge is not 
created. Also if considered vertex is created for travel initial point, drive edge is not created. In Fig. 1 
driving edges are marked as solid arrows between bus stops.  

2. Waiting edges. Other edges are created for the nearest bus arrival on current stop. This means that 
waiting edge is created between current vertex and next one on current stop. On the Fig. 1 waiting 
edges are indicated by arrows between vertices on the same stop. 

3. Walking edges are created for walkable stops. In Fig. 1 walkable edge is indicated by dotted arrow 
between vertices from the first and second bus stop. 

 

 

 

 

 

Fig. 1 Part of graph structure. Vertices are marked as circular entities. Arrows indicate edges between 
vertices 
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W= p t2 − t1( )

2.3  Edge weights 

We calculate edge weights using time difference between adjacent vertices (1). Penalty factors vary for 
different edge types (Table 1).  

 

(1)  

Table 4 Values of the p factor for different edge types 

Edge type  p 

Driving edge 1 

Walking 1.2 

Waiting 1.5 

Penalty factors were chosen arbitrarily. 

2.4  Initial and destination points 

Proposed solution is flexible enough to use any initial point, whether it’s within bus stop, or not. It means 
that user can choose not only bus stop as travel origin, but also can pick any point on map. When user 
chooses bus stop as travel origin, we create additional vertex and connect it to other vertices using waiting 
and walking edges. If user chooses any point on map, we create additional vertex there and connect it with 
other vertices using walkable edges. Note that beginning route from any coordinates can be especially 
useful in case of mobile devices, when user could search for routes from his current location.  

Destination point is more complex, because we don’t know when exactly user will arrive at destination, so 
we can’t specify single vertex as end point (as there could be multiple vertices on single bus stop). 
Therefore for bus stop as destination point we mark all vertices on that stop. For destination point specified 
as location coordinates, we’re marking every walkable from destination bus stop as end point, and after 
successfully finding travel route, we’re adding walk path to set of results. 

Table 5 Network size 

Number of stops 2628 

Number of lines 370 

Number of graph vertices for one day 99711 

Number of graph edges for one day 518497 

Mean number of vertices on one stop 269 

3.  SEARCH ALGORITHM 

For results computation we use modified A* search algorithm that allows us to traverse only to relevant 
vertices in graph. This leads to significant performance improvement, and lower memory consumption, as 
algorithm works only on small part of the graph. In Table 2 we present approximate graph size of described 
structure for one day. To get n-best lists of solutions we apply search procedure multiple times, with 
different parameters of the heuristic function. In our prototype algorithm works in three steps: 

1. Find n best results using multiple different parameters of the heuristic function 
2. Remove duplicates from n best list 
3. Rank n best lists 
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Heuristic function is based on the distance to destination point, and it’s linear relationship. Computing n 
best routes often leads to routes that differ only in details. Changing heuristic function, and running search 
algorithm multiple times gives better results. 

We’re ranking paths using four factors: 

1. Sb = t2 - t1 - base score is the time difference between arrival time and trip beginning in minutes 

2.  every change adds 10% to the score 

3.  every walk between stops adds 10% to the score 

4.  waiting on the bus stop longer than 5 minutes adds 10% to the score 

Results are presented to user in ascending score order. Factors could be altered to match user’s 
preferences, but in the current state of an application that option is not implemented. 

4. COMPARISTIONS AND RESULTS 

A number of researchers looked at travel planning problem. ROSE [6, 7] combines public transport routing 
service with city event recommendation. They’re using heuristic algorithm and planning the Multi Path 
Orienteering Problem with Time Windows [8]. Their system is capable of routing to multiple destinations 
and could use various decision routes. P-TOUR [9] uses genetic algorithm for possible routes generation. 
Also, in work by Koszelew [10] genetic algorithm has been used. TDPlanner [11] reviews other Koszelew’s 
work [12] and proposes solution based on Dijkstra algorithm [1]. RouteCheckr [13] also uses multi-criteria 
Dijkstra based algorithm, but is limited to the usage of weighted sum.  

Our motivation is to create complete solution for public transport network, flexible enough to incorporate 
recommendation and navigation features. Furthermore, we want the system to have the option of selecting 
any location point as trip origin and destination, so to do that, we have to change graph structure on 
algorithm runtime. Program has to present multiple route recommendations to passenger, so single best 
path is not an option. Most importantly, system has to work almost in realtime. Users have to get route 
recommendation with almost no delay. 

None of researched systems reached all of those expectations. Many of them have searched for route 
recommendations in relatively small graphs. Our network is much bigger than the graphs of most 
researchers, and still we reached satisfactory performance results that can be measured in milliseconds 
(up to 200 ms for very long paths). Presented graph structure is new, and we found no research reports 
that use similar structure.  

5. CONCLUSION 

We introduced Silesia Connect, a system for finding routes in public transport. As system for users is still 
under development, we presented our approach to graph structure for public transport network, and we 
described our search algorithm. Heuristic function allowed us to build the graph more complex than the 
graphs described in other scientific reports, but by narrowing search space, we maintained good 
performance and reliability. 

Our next step is building web and mobile application and testing presented approach in real life examples. 
We plan to test which combination of route rating parameters is most satisfactory for users and implement 
navigation module for mobile devices. Also we will use our colleagues’ research [14] and utilize information 
concerning the number of passengers using bus routes at different times of a day.  
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Abstract 

The article defines operational production logistics and mainly focused on optimizing actual status and 
potential improvement of some ironmaking processes in metallurgy and steel plant. Existing systems of 
transportation service of metallurgical enterprises are considered and the need for logistical management 
of production-and-transport system of enterprises is substantiated. 

Keywords: Metallurgy, steelmaking, production, transport system, material flow 

1. INTRODUCTION  

Crude steel production in the Czech Republic declined by 10%. While in 2011 steel companies in the 
Czech Republic produced 5.5 million tons of steel, in 2012 it was only 5.07 million tons. Production of pig 
iron decreased to about 4 million tons. Ironmaking and steelmaking is always associated with waste 
production that presents for the entire metallurgical process either reversible and/or reusable material or 
lost waste not applicable in further production [1, 2]. 

Material flow means an organized material movement in the production process. The most important group 
creating essential part of the material flow is represented by raw materials and materials, semi-finished and 
finished products of the plant. The production is usually divided into a number of technological, handling 
and inspection operations. Because of that it is necessary to transfer raw materials, semi-finished products 
and finished products among them. In this way material flow in the production process originates. 

As production system become more and more complex where many types of machines, workers, and parts 
are involved, the production logistics activities have become more complicated and harder to execute and 
coordinate.  Nowadays, production logistics has become more challenging as manufacturing companies 
adapt to a globally competitive environment of fluctuating demand, larger product variety [3]. The known 
production logistics solutions are built on principles and needs of engineering production. Many specific 
features are, however, typical for metallurgical production, which significantly limit the possibility of direct 
application of these concepts and systems [4]. 

In Poland annually around 4 million tons of iron pig and 8.4 million tons of crude steel are produced. The 
percentage of steel produced in integrated steel mills is 50.6%, and in steel mills using electric arc furnaces 
49.4%. An input for electric arc furnaces in 95% is scrap. Generally, in Poland, the production of steel uses 
annually 6 million tons of iron ore, about 2 million tons of coke and 5.6 million tons of scrap. 

Intensity of material flows is influenced mainly by the following factors:  

- diversification process,  

- raw material basis and its spatial distribution, 

-  irregularity of production rhythm, 
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-  long-term fluctuation of demands on material flows,  

- level of control of information flows,  

- level of supplier-customer relations,  

- level of organization control and material-technical equipment.  

Material flow consists of the flow of all kinds of working subjects in the plant, i.e. mainly raw material and 
basic material, semi-finished products, finished products, waste, purchased products and semi-finished 
products, auxiliary material, spare parts, package. [5] 

2. TRANSPORT OF MAIN RAW MATERIALS AND FUELS FROM THE SOURCE TO THE PLANT  

The conventional route for making steel consists of sintering or pelletization plants, coke ovens, blast 
furnaces, and basic oxygen furnaces [6, 7]. 

Logistics of transportation as a branch of knowledge has two areas of focus. The first one concerns supply 
chains within macro-logistical systems. The second one concerns material traffic chains within industrial 
enterprises - in this case we deal with logistics of transportation inside industrial enterprises. The pathway 
of material traffic inside these enterprises (from receiving of raw materials to finished products shipment) 
necessarily includes in its structure transport links. Here railway transport plays a leading part [8, 9, 10]. 
 Scheme of production-and transport system of metallurgical enterprise illustrates Fig 1. 
 

 

Fig. 1 Scheme of production-and transport system of metallurgical enterprise 

2.1  Iron ore  

Czech metallurgical plants purchase prevailing part of ores from Ukraine and Russia therefore it is 
necessary to take into account a period of 2 - 3 weeks. Iron ore is transported to the plant by the railway, 
approximately 400 wagons a day is unloaded in the plant. Ores from overseas countries are necessary to 
be ordered for shipment one year beforehand and then the transport period is app. 6 weeks. The main 
supplier states are as follows: Ukraine - it supplies app. 60 million tons per year and it is the main supplier 
for the Czech Republic. Russia supplies pellets first of all (Michajlovsky, Lebedinsky, with richness of 60-62 
% Fe). Brazil - the overseas transport is necessary; import of 1 ton of the Brazilian ore from the mining 
place to the metallurgical plant in the Czech Republic costs app. 50 EUR. During last years prices of iron 
ore have jumped, it was caused by connection of two dominant mining companies.  
A similar situation can be observed in Poland. The iron ore in the form of pellets are imported mainly from 
Russia and Ukraine, so the steel mill in the contract should take into account the time of delivery of this 
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material. The Poltava pellets are the most used, but also to a lesser extent, Mikhailovsky, Lebiedeńsky and 
Kostomuksha [11]. 

2.2  Coal/Coke  

The main suppliers for metallurgical plants in the Czech Republic are: OKD - app. 4 million tons per year, 
however the mining decreases. Costs on transport from the mine to the metallurgical plant are low. JSW 
app. 1 mil. tons and KW app. 1.5 mil. tons. The combination of coal from various mines is necessary for an 
optimum coal blend. 

The Polish still mills in the blast furnace process generally use Polish coke. Poland is one of the largest 
coke producers in the world and therefore much of it is exported to other countries. The three biggest 
coking plants, i.e. ZK Zdzieszowice Sp. with o.o. Przyjaźń Sp. z oo, ZK in Huta Sendzimira (part of 
ArcellorMittal) produce 75% of the total coke produced in Poland. Therefore the price of this material is the 
Polish steel mills competitive and its transportation is not too time-consuming like in case of the iron ore 
[12]. 

Functional and product definitions have enabled charting for coal utilization in individual metallurgical 
processes. It is evident that coal has its role in nearly all metallurgy primary production, commencing with 
burden agglomeration processes and blast furnace raw iron production through basic oxygen furnace 
(BOF) and electric arc furnace steel production up to the final products. Related to individual process, also 
the form of coal employed has been changing. In primary processes, solid forms of coal - coke and coal per 
se - dominate. Contrary to this, gaseous forms predominate in steel production final stages. Fig. 2 
illustrates coal utilization overview for steel metallurgy. 

Fig. 2 Coal utilization overview for steel metallurgy [13] 
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2.3  Steel scrap 

Steel scrap belongs to the “local” raw materials, the consumption in the Czech Republic is app. 1.4 t per 
year but there are problems with its quality, it is also a commodity with the highest price fluctuation. Stocks 
in the metallurgical plants are only so called stand-by stocks, transport across the whole Czech Republic is 
about 20 EUR ⋅ t-1. 

In Poland, the main suppliers of steel scrap are local junkyards. Widely extensive network of junkyards and 
scrap collection allows using mainly Polish scrap. However, due to variations in the amount of scrap 
available on the market, as in the Czech Republic, the price of scrap constantly fluctuates. In early 2011, 
the prices went mad, the scrap in Poland was not so expensive before. Depending on the class of the 
material prices exceed 1200 PLN per ton, but in 2013 has fallen below 1000 PLN per ton. 

3. CONCLUSION 

Although the basic raw materials and materials are the most important within the scope of inputs into the 
production process we cannot omit other elements in the technical and economic area in steel plant. Price 
amount is not possible to measure independently but in relation to the quality - higher quality of the raw 
material is connected with a lower specific consumption and therefore it can result in lower production costs 
than when raw materials with lower quality are used.  
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Abstract 

Logistics can be shortly described as the science of planning, organizing and managing company activities 
that provide goods or services. It is clear that managers are the essence of successful logistics. The paper 
deals with the managerial specifics of logistic. The authors drew information from different sources and also 
from a questioning made among logistic specialists. 

Keywords: Managers, specifics, logistics 

1. INTRODUCTION 

Logistics manager should be among the top-level executives of company, as well as the managers of other 
key areas of company, including finances, human resources, sales, production or marketing, and more 
recently also IT, quality, innovation, maintenance and other more specific areas. The managers of these 
areas usually have clearly defined range of powers and duties, and their activities complete each other. 
The only exception is the position of a logistics manager, because most definitions of logistics put together 
competencies of more functional units under this position: 

„Logistics  is the process of planning, implementing, and controlling the efficient, effective flow and storage 
of goods, services, and related information from point of origin to point of consumption for the purpose of 
conforming to customer requirements." [Definition of Council of Logistics Management from 1991, available 
online at http://www.cscmp.org/] 

What exactly should then fall within the competences of a logistics manager if the company activities, such 
as purchasing, production, sales and distribution, belong to one department? The actual definition of the 
logistics discipline is so wide, due to a large number of definitions in the last half of the century (see study 
of source 2), that specifying all of the requirements for a good logistics manager based on the definition 
would take the whole advertising newspaper. 

The authors of the article have set themselves a target to divide the large number of requirements for this 
position into primary and secondary ones. They will base the division on the confrontation of the 
development of logistics discipline, the career development in the field of logistics, on a large number of 
advertisements for logistics managers and on the outputs of surveys among logistics specialists in the CR. 
The authors will also take into account the fact that there are some trends in the broader field of logistics, 
which are proving to be quite persistent and some that have the power to change the way of the logistics as 
well as the content of its managers. The article will define, in particular, the preconditions of top 
management position specific to logistics, i.e. that the general requirements for a good manager are 
considered to be known and the authors will only recommend the preferences and the required intensity of 
their adoption. 
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2. BACKGROUND - DEVELOPMENT OF LOGISTICS APPROACHES 

In the ideal conception there is a stable business system after the point of implementation, but in real the 
time a lot of changes with a deep impact on the output happen [1]. Also the logistics branch is still in 
development, while the strongest factors are IT technologies and globalization. The development of 
modern logistics concept can be divided into four stages, roughly from the second half of the 20th century 
[2]: 

1. Stage - Logistics is limited only to distribution and is applied within the frame of trade (marketing) 
logistics. 

2. Stage - Logistics extends to procurement and purchasing and penetrates even into production 
management and it covers the basic functions of company logistics, but is applied only in isolation within 
each of these individual logistics activities, respectively inside the company departments in question. The 
solutions in this stage have the so-called "island" character. 

3. Stage - In this stage, the functions that are in some way involved in the flow of raw materials, unfinished 
and finished products related to company suppliers and its customers are integrated into a complex 
logistics system. We speak about integrated logistics, while the internal and external integrations are 
expanding: 

• Internal integration is the degree to which companies are capable of integrating and collaborating 
across traditional functional boundaries in order to provide better customer service. In other words, 
managing logistical activity involves other functions within the company, such as marketing, finance, 
purchasing, and production. 

• External integration is the integration of logistics activities across firm boundaries. It is based on an 
extension of production companies to encompass the entire supply chain, not just an individual 
company. [3] 

4. Stage - During the final stage, the integrated logistics chain is fully optimized. 

The first stage has already been considered obsolete worldwide and the second stage does not allow 
realizing sufficiently large outputs yet. Most of the leading companies from developed countries nowadays 
find themselves in the third stage of development. Based on the experience of companies from USA and 
Western Europe, the introduction of an integrated logistics system is a rather long and demanding process 
that can take many years. 

3. ANALYSIS OF CAREER DEVELOPMENT IN LOGISTICS 

All kinds of enterprises, big and small, need logistics managers to help with inventory and accounts 
receivable. Small company may have a person in charge of these duties, while large corporations have the 
whole logistics and supple chain departments. Traditionally, logistics and distribution managers are in 
charge of the storage and distribution of goods. They may be involved in transportation, stock control, 
warehousing and monitoring the flow of goods. Such logistics and distribution managers must understand 
the entire supply chain so they can ensure efficient co-ordination and liaise with suppliers of raw materials, 
manufacturers, retailers and consumers. 

There are many different job titles in the logistics industry. The following examples represent only a narrow 
selection from the total - Customer Service Manager, Inventory Control Manager, Logistics Engineer, 
Logistics Manager, Logistics Services Salesperson, Logistics Software Manager, Materials Manager, 
Production Manager, Purchasing Manager, Supply Chain Manager etc.  

The above presented facts make it clear that it depends on the level of positions in the logistics 
management of a company. Anyway, this article acknowledges the position of a logistics manager as the 
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highest position of all the presented ones (e.g. in the USA, the position is called the Vice -President for 
Logistics) and other positions should be subordinate to the logistics manager, otherwise the company finds 
itself no further than in the second stage of development (see the previous chapter). 

As far as the requirements directly related to the position of logistics manager are concerned, these 
positions, among other things, imply the need to have an overview of all these activities, so that the chief 
manager in the area of logistics could coordinate them.  

A suitable entry position may include customer service, as listening to and helping consumers is the 
backbone of any business. Eventually, it might be experience from positions such as distribution clerk, van 
driver, operation clerk, and many other jobs that provide a stepping stone to more advanced positions.  

In the next level of logistics management, it is beneficial to gain experience from advanced roles in this 
field, such as industry analyst, project manager, operations director or transportation director. Only 
references from these and similar positions are excellent entry prerequisites for this position of a chief 
logistics manager. [4] 

Logistics managers typically have degrees in a business field, but those degrees may be very different. 
Formal education in logistics and supply-chain management are uncommon but highly sought after for 
manager positions. Additionally, many people in the field never had any formal advanced education; 
instead, they worked their way up through their department and received the job because of their 
experience. [5] 

4. COMPARISON OF CZECH AND FOREIGN REQUIREMENTS FOR LOGISTICS MANAGERS 

The authors analyzed 63 advertisements for the position of a logistics manager in the Czech Republic [6, 7, 
8] and 38 more from abroad, mainly from England and the USA [9, 10, 11]. 

The main difference between the requirements of advertisements abroad and in the Czech Republic is 
already in the description of the position, and in particular the detailed description of the offered job 
specification. The job specification serves as the basis for very concrete requirements for the position in the 
given company and it is more than obvious how complex the skills and abilities expected from a candidate 
for the position of a top logistics manager are abroad. 

As far as the requirements regarding the applicant are concerned, they are similar in the following 
parameters: 

- Attained education - min. secondary school in the CR and abroad, it is similar - bachelor's degree, 
especially in economics. 

- The length of work experience in logistics - min 3 years in the CR, min. 5 years abroad. 

- Knowledge of specific logistics methods - most commonly Lean, Kaizen, TQM. 

- Soft skills - communication skills, flexibility at high level, in the USA and England also an emphasis 
on perfect written and spoken English (extensive migration of foreign labor force). 

Different requirements in the Czech Republic and abroad exist especially in the specification of the required 
experience. While foreign companies focus from a quarter up to a third of all requirements on specific 
required practical experience (such as requirements for practical experience in warehousing, distribution, 
shipments, or the knowledge of the associated software), companies operating in the CR rarely elaborate 
on the experience from the individual sub-areas of logistics and rather specify only what type of industry it 
is (in majority of cases it is automotive industry). 
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5. TRENDS IN LOGISTICS MANAGEMENT 

As presented in the second chapter, logistics, its scope and tools have been constantly evolving. In the last 
decade alone, there were new challenges such as time-sensitive industrial and commercial practices as 
well as the globalization of markets.  

As a reaction to these changes, new information-related technologies have developed rapidly: electronic 
data interchange (EDI) and the Internet, the Global Positioning System (GPS) via satellites, decision 
support systems (DSSs). The customization of programs and the optimization of process chains through 
the integration of different components into a single system will continue apace. [12] These technologies 
can significantly enhance the operations planning capability of freight carriers in as much as they make use 
of this information so as to optimise their operations. GPS, EDI and the Internet can also provide the 
necessary information necessary to achieve real-time computer-based decision making using appropriate 
operations research techniques. That is why today's decision support tools must be designed to be used in 
a real-time environment. [13]  

Apart from information technologies, the legislation is constantly changing as well (especially in EU 
countries), often in relation to increasing requirements taking into account the environment. Ecology and 
sustainability are gaining in importance and there is increased demand for intelligent concepts to reduce 
carbon emissions. [12] 
Another aspect gaining strength is the fact that an increasing number of companies are becoming aware of 
their corporate social responsibility. An ergonomic working environment is gradually becoming 
indispensable. 

6. QUESTIONING AMONG LOGISTICS SPECIALISTS 

The authors have addressed eighteen logistics specialist from the Czech Republic and Slovakia, who teach 
logistics courses at renowned universities, and, at the same time, they often act as professional consultants 
in logistics projects in companies, which means, they are able to follow both the latest trends in the field of 
logistics methods and IT, thanks to their participation and publication activities at international conferences 
and the current practical problems in logistics management. 

The respondents were asked in the form of e-questionnaire having five questions: 
1. What are the specifics of logistics management compared to management of other areas of the 

company? 
2. What are the prerequisites (and other qualifications) of a good logistics manager? 
3. What are the current issues in the field of human resources (including managers) for logistics? 
4. What are the differences between management of logistics in: 

a) small and large businesses; b) company with Czech and foreign capital; c) manufacturing and 
trading company. 

5. If you have any idea, please provide more up-to-date and relevant topics/issues to think about/solve. 

Based on the processing of answers to questions 1 and 2, the authors have discovered that the 
respondents' opinions are more or less identical to the requirements of foreign and large Czech companies 
(see the next chapter). 

In their answers to the third question, the respondents often agreed, among other things, on the following 
factors, which are mutually linked: 

- The term logistics is a name used to mark professions that are in conflict with the principles of 
logistics, i.e. control of flow as a whole; from that perspective, the universities and training centres 
often do not prepare logistics professionals - this is especially true for managers who should be in 
charge of the entire supply chain (i.e. a network of companies and organizations). 
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- Because of many educational institutions, the market is supersaturated with "experts" in 
logistics, which is why most companies want the qualification requirements to also include practical 
experience with references as evidence of actual skills in this field. 

- Practical experience, for the above mentioned reasons as well, incorrectly underestimate the 
theory of logistics management; while neglecting the fact that it is a generalization of verified 
experience of companies acquired over several decades, whose appropriate interpretation and 
implementation can significantly enhance the competitiveness of supply chains. 

- Insufficient cooperation between companies and universities in educating logistics specialists 
is the reason of their minimum practical knowledge and consequently a longer adaptation in corporate 
environment. 

These findings suggest continuous low credit of educational institutions and the training of future graduates 
in the practical sphere. However, this situation exists in other fields as well. The solution would be greater 
foresight and willingness of companies to cooperate on the preparation of experts who would be useful in 
practice. A strong habit of companies to watch their know-how and the information about their SCM is a 
crucial obstacle in this process. 

Replies to the fourth question have confirmed the hypothesis of the authors that the requirements for the 
scope of skills of a logistics manager vary according to the size and focus of the company. 

In a smaller company, the competences of logistics management tend to be a part of other management 
position, such as the company director or production manager. There are less orders and they are smaller 
so they can be managed "using your head", i.e. without the use of specialized software, standardized 
operations and norms. In large companies, such a procedure would be impossible in the long run. 

Trade enterprises have stronger customer orientation (there are no suppliers of material or components), 
the company has no production facilities and it is not so demanding for the person in charge of logistics. 
External logistics prevails over internal one. 

Foreign companies often apply some kind of their corporate model of logistics, which is usually efficient. 
However, in critical situations, there is a significant reduction in flexibility, because each deviation from the 
plan must go through international approval procedures. 

The answers to the last question were so inspiring that they will be the subject of further research. 

7. REQUIREMENTS FOR THE POSITION OF LOGISTICS MANAGER 

Based on the confrontation of current knowledge, the authors recommend the following prerequisites to be 
required from candidates to this top management position: 

Education: 

• University, ideally in econ.- technical field, a certificate (equivalent) of Lean, Kanban, SCM is an 
advantage. 

Knowledge:  
• Basic overview of the industry (according to the target company). 
• Perfect knowledge of material and information flows in the company. 
• Awareness of the materials and processes used in production (in LM position in a production 

company). 
• Advantage: knowledge of dynamic planning - creation of options, knowledge of the market and the 

variables; knowledge of the practices of crisis management. 
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• Communicative level of English (or another foreign language, according to the sphere of activity of the 
suppliers, customers and consumers). 

Work experience: 
• Min. 3 years in logistics, including one year in a management position (team leading. 

Skills: 
• Excellent PC skills and common user software (documents, e - mails, internet). 
• Excellent communication skills, systematic approach and consistency, coping with stress and conflict 

situations. 

To verify these fundamental skills, it is beneficial to combine the selection methods and thoroughly check 
the references, with regards to the importance of the position and the potential risks resulting from selecting 
an incompetent candidate. It is ideal to use assessment centers with tests of management of conflict or 
critical situations. 

CONCLUSION 
The authors dealt with the definition of the position of logistics manager as a senior management position, 
which is in charge of all material and information flows, and thus clearly requires the most comprehensive 
knowledge of business processes of all the management positions. A survey of trends and specific areas of 
logistics management was faced with the outputs from the questioning conducted among the leading 
Czech and Slovak experts in the field of logistics. The result is the definition of the prerequisites for the 
position of a logistics manager. Some of the outcomes of the questioning have confirmed the authors' 
hypothesis about the differences in the requirements for this position according to the type and size of 
company and they have created space for further research. 
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Abstract 

Implementation of the plans connected with the creation of regions of knowledge, regional innovation 
ecosystems, regional specialisations is not possible without conducting research - both basic and applied. 
They constitute a source of implementation activities which are crucial for innovation. Having a strong 
research base ensures a stable ability to maintain novelty, and thus makes it possible to create and 
implement innovative solutions in the economy. This paper presents research into the knowledge 
infrastructure and key challenges for the implementation of smart specialisation in the Silesian Province. 
Moreover, the paper analyzes the problem of having to precisely coordinate the processes of creation and 
development of research and implementation infrastructure. The factor is vital for the results optimization in 
the context of building regional specialisations. While creating the new, smart growth infrastructure, it is 
important to take into account the objectives proposed in the framework of the Europe 2020 strategy. The 
paper draws attention to the aspects concerning the diffusion of knowledge. 

Keywords: Innovation, smart specialisation, Infrastructure R&D, Innovation Ecosystem 

1. INTRODUCTION 

In the Silesian Voivodeship the time of economic transformation has been well used. Twenty years since 
the change of the system that shook the traditional industries such as mining, metallurgy, energy and 
textiles; we are witnessing the formation of new tissue of economic and scientific cooperation in the region. 
The image of the region is being transformed and evolves from mainly traditional industries towards the 
knowledge-based economy. What is more, after considerable changes, the traditional industries and 
companies are finding ways to act innovatively and create their competitiveness [1]. In the 90s of the last 
century the most attention was given to policies supporting the development of entrepreneurship. The 
infrastructure in the region was expanded together with a network of business environment institutions 
enhancing local development. It was due to their influence that in the early twenty-first century the 
foundations of innovation policy were created in the region and then supported by the R & D sector which 
joined the work. The achievements and the ambitions of the region for further development have generated 
a number of challenges for the new Regional Innovation Strategy in Silesian Voivodeship for 2013-2020. 
The key strategic challenges of the ŚląskieVoivodeship innovative development are [2]: 
– risk management in financing innovative activity of businesses, 
– stimulating innovative potential of capital groups and industrial corporations, 
– information asymmetry elimination and knowledge management in public innovation support system, 
– diffusion of innovation concentrated on the user in public services sector,  
– knowledge economy infrastructure development, 
– creating smart markets for future technology, 
– designing innovation culture. 
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In this paper, the author presents research into the knowledge infrastructure and key challenges for  
implementation of smart specialization in the Silesian Voivodeship. The paper drew attention to the 
conditions for knowledge diffusion generated with the use of knowledge concerning economy of the 
infrastructure. The challenges for the knowledge economy infrastructure were analyzed by taking into 
account the Regional Innovation Strategy of the Silesian Voivodeship for the years 2013-2020 and 
Implementation Model of Regional Innovation Strategy for 2013-2020. The author of the paper participated 
in the work on the Strategy and Model mentioned above  as a member of the research team. 

2. KNOWLEDGE INFRASTRUCTURE IN REGIONAL INNOVATION STRATEGY OF THE ŚLĄSKIE 
VOIVODESHIP FOR THE YEARS 2013-2020  

The Regional Innovation Strategy of Silesian Voivodeship plans to create an ecosystem of innovation. The 
concept of ecosystem has its origins in the biological, economic and social sciences. In economic and 
business perspective the ecosystem is treated as an “economic community supported by cooperating 
organizations and individuals - organisms of the business world" [3]. As the relationship of living organisms 
whose condition is dependent on the others [4], ecosystems are defined as intentional community 
organizations whose individual activities are largely dependent on the entire community. Ecosystems co-
evolve towards the continuous innovation. The members of the regional ecosystem are inclined to offer 
products or services that add significant value to the consumer. This is accompanied by the flow of both 
tangible and intangible assets such as know-how. Moreover, the ecosystem provides opportunities to 
benefit from the economy of scale, scope, time, synergy and flexibility. The character of the organization 
functioning within ecosystems and the cooperation relationships, contribute to the fact that the 
phenomenon  is more often identified in knowledge-based sectors, particularly in ICT and medicine. The 
ecosystem entities co-create and develop their potential mainly around the new innovation. They work 
together while competing and co-operating. In the process they introduce innovations of new generation 
[5], [6]. In the scope of the ecosystem technical standards, technology, norms and know-how are 
developed and then recognized and used by many organizations [7]. The spreading of [8] and popularizing 
of the standards prevailing in the  ecosystem allow for the joint development of key skills that become the 
basis of competitive advantage of the ecosystem as a whole and of its individual members. Among the 
members - actors of the ecosystem, there are businesses, academic institutions, business environment 
institutions, regional and local authorities which play a key role (Keystones) and are responsible for the 
directions and strategic development of the entire ecosystem. These entities have adopted strategic goals 
for Innovation Ecosystem in the Silesian Voivodeship. 
The priorities of innovation ecosystem are: 
– Increasing and internal integration of the region’s innovative potential.  
– Creating smart markets for future technologies. 
The following are regarded to be fields  of public intervention: 
– creating knowledge and innovation communes as an answer to the assumptions of innovative policy 

of the European Union and the country and creation of nodal institutional solutions for gaining smart 
specializations of the Śląskie Voivodeship 

– the development of technologically advanced public service networks as an innovative supply for 
realization of the ‘Śląskie 2020’ strategy and the basis for drawing to the region global resources, 
necessary for the realization of scientific and business activities of key importance for the Śląskie 
Voivodeship,  

– reference character of the regional innovation ecosystem infrastructure as the basis to perform 
scientific as well a research and implementation-related activity compliant with the worlds beast 
available technologies, 
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– including SME as sources of innovations into global chains, as the core of internationalization of 
businesses and building their lasting competitive advantage on meta-national markets, 

– the creation of talents and strengthening of competence as the driving force of all innovation 
processes in the region both stemming from social attitudes and accumulated in the know-how and 
human capital of companies [9]. 

The objectives that have been developed within the accepted system of priorities for the development of 
innovation ecosystem together with fields of strategic public intervention are shown in Table 1. One of the 
strategic fields is Regional innovation ecosystem infrastructure that outlines two objectives, i.e. 1.3.  
and 2.3. They remain in the mainstream of considerations of the article. 

Table 1 Main strategic decisions chart 

VISION REGIONAL INNOVATION ECOSYSTEM OF THE SILESIAN VOIVODESHIP 

STRATEGIC 
 FIELDS 

PRIORITIES 

Knowledge 
and innovation 

communes  

Public service 
networks 

Regional 
innovation 
ecosystem  

infrastructure  

 

SME in global 
economy chains  

Talents and 
competences  

Priority 1. 

Increase and 
internal 

integration 
of the 

region’s 
innovative 
potential  

Strategic 
objective 1.1. 
Supporting 
changes in 
innovative 

communities 
strongly 

cooperating 
with knowledge 
and information 

production 
centres on a 
global scale 

Strategic objective 
1.2. Reaching 

perfection in the 
field of medical 

services, realized 
in a partnership of 

clinical centres, 
high-tech, 

research and 
innovation units of 

businesses, 
including medical 

and 
biotechnological 

engineering 

Strategic 
objective 1.3.  

Network coo-
creation and co-

usage of 
research 

infrastructure by 
academic 
entities, 

universities, 
businesses and 

public utility 
institutions 

Strategic objective 
1.4. 

Internationalization 
of SME sector via 
specialization of 
innovativeness 

support institutions’ 
services  

Strategic 
objective 1.5. 

Multiplication of 
knowledge, skills 
and competence 

of entities 
creating the 
innovation 
ecosystem  

Priority 2. 

Creating 
smart 

markets for 
future 

technologies  

 

Strategic 
objective 2.1. 
Co-creation of 
competence 

centre network 
for the 

development of 
smart markets  

Strategic objective 
2.2.  

Raising the quality 
of public service 
network, using 
digitalization, 

especially in the 
medical public 

administration and  
education sectors 

Strategic 
objective 2.3. 

Construction of a 
new 

infrastructure of 
smart growth,  
based of low-

emission 
technologies and 
energy efficiency 

Strategic objective 
2.4. High level of 

participation of SME 
sector businesses in 
regional and meta-

regional cooperation 
networks, increasing 

its participation in 
smart markets  

Strategic 
objective 2.5. 

Strengthening 
the activity of 

prosumer groups 
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3. KNOWLEDGE INFRASTRUCTURE IN THE IMPLEMENTATION MODEL OF REGIONAL 
INNOVATION STRATEGY OF THE SILESIAN VOIVODESHIP FOR THE YEARS 2013-2020 

The model of Regional Innovation Strategy implementation assumes the creation of an extensive eco-
system of innovation, accessible to all enterprises and organizations in the region. The ecosystem is 
characterized by a set of components and actors who make versatile solutions which can be beneficial to 
all entities. Therefore, organizations can limit the range of their functions and focus on strengthening ties 
and specializations. A wide range of tools supporting the development of innovation is necessary. This 
approach allowed for the presentation of the eco-system of innovation in the Silesian Voivodeship [10], in 
which the key components (platforms) include: 
1. Technology transfer / commercialization - which is a set of activities aimed at adapting research 

results, patents or original ideas for their practical application in production. The commercialization of 
the technology can be defined as a process of supplying the market with new technologies. It 
includes all types of diffusion of innovation and technical education. The access to infrastructure is 
essential for building a prototype or bringing research results into the production of semi-industrial 
stage. The main actors working on the development of innovation are: technological observatories 
(planned 5 in the region), brokers of technology, technology databases of universities and research 
institutes, technology transfer centres, innovation centres, research units performing quality 
research, institutions dealing with legal and formal rules for the transfer of technology. 

2. Internationalization, which includes the development of appropriate conditions for investors and 
potential participants in the eco-system, the support of international connections, access to global 
databases of companies and technology. 

3. Research - includes, among others, extensive foresight research, benchmarking, strategic 
intelligence, basic and applied research, available to all entities in the region, with the particular 
emphasis on smart specializations. The main actors in this eco-system component work for the  
development of innovation - universities and research institutes in the region, specialized research 
teams, technological observatories, centres of excellence and competence which also need access 
to the appropriate infrastructure to perform the tasks dedicated to them. 

4. Education and development - include training and talent search of the world's scientists, the 
activities of R & D, the development of educational systems and enhancing the CSR value. The 
actors of the component of education and development are universities and research institutes, 
innovation leaders working in the R & D, career offices, centres of excellence, centres of 
entrepreneurship, 

5. Pro-innovation services - this component supports the development of enterprises by improving 
the existing or implementing new innovative solutions. Actors operating in this component are 
business incubators, innovation centres, clusters, technology incubators, technology parks, centres 
of competence. This group of actors to achieve the objectives assigned to the eco-system will also 
request access to knowledge infrastructure. 

6. Communication and promotion include communication platforms and the infrastructure 
strengthening communication, together with the tools and solutions necessary to promote the 
development of innovation in the region. 

7. Financing of innovation which includes the tools and financial systems supporting the 
development of innovation (regional, domestic and international programs; venture capital in 
particular in the framework of the Europe 2020 strategy. 

The most important elements are the connections between the indicated platforms that not only show the 
range of possible cooperation, but are the basis for the construction of an integrated model of the eco-
innovation system. The Model of Regional Innovation Strategy implementation of the Silesian Voivodeship 
for the years 2013-2020 includes smart specializations i.e. Medicine and related sectors, Power 
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Engineering and Information and Communication Technologies. Table 2 presents the connection of 
objectives of STRATEGIC FIELD Regional innovation eco-system infrastructure with smart specializations 
in the Silesian Voivodeship.. 

Table 2 The connection of specializations with the strategic objectives of the Regional Innovation Strategy 

 

 

 

Regional innovation ecosystem 
infrastructure  

 

inteligentna 
specjalizacja 

Medycyna  
i sektory 

powiązane 

inteligentna 
specjalizacja 
Energetyka 

inteligentna 
specjalizacja ICT 

Priority 1. Increase 
and internal 

integration of the 
region’s 

innovative 
potential  

Strategic objective 1.3.  Network coo-
creation and co-usage of research 
infrastructure by academic entities, 

universities, businesses and public utility 
institutions 

X X X 

Priority 2. Creating 
smart markets for 

future 
technologies  

Strategic objective 2.3. Construction of a 
new infrastructure of smart growth,  based 
of low-emission technologies and energy 

efficiency 

- X X 

CONCLUSION 
The creation of an appropriate knowledge infrastructure for the innovation eco-system in the Silesian 
Voivodeship, in particular concerning the implementation of smart specialization in the Silesian Voivodeship 
generates a number of important challenges. However, their undertaking is necessary for effective 
implementation of the strategy. And so in the context of Strategic objective 1.3. Network co-creation and 
co-usage of research infrastructure by academic entities, universities, businesses and public utility 
institutions: 
o Coordination actions should be undertaken because with a large number of entities operating in the 

field of science and research, it is easy to achieve negative effects of infrastructure duplication.  
o There is a need for the development of standards, procedures, good practices for the implementation 

of joint investment activities in research infrastructure including overcoming mental barriers. A lot of 
investments will concern public sector or will be on the verge of public and private sector which 
means the need for more stringent legal regulations related to public finances and resolving complex 
fiscal issues and those concerning public assistance. 

o The fulfilment of the objective is strongly determined by external financial transfers. In the scope of 
public funding there are, however, two divergent determinants. In domestic and European politics the 
importance of funding science is emphasized but the budget situation of European countries is 
currently very unstable, which undoubtedly affects the willingness of the governments to spend 
public money on strategic and long-term projects. This problem may become less severe through the 
anticipated increased involvement of companies in financing science. However, the readiness of 
universities and research institutes to finance the development of syndicated research infrastructure, 
including their own resources with the use of financial market instruments is becoming an important 
issue. 
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o There is a need for defining the concept of joint infrastructure project, which should be understood as a 
joint investment and joint management of the material infrastructure for conducting basic research by 
at least two public institutions or through public-private partnerships. It should be emphasized that 
the scientific circles have concerns about the future shape of the shared resource management 
system, which will not be beneficial for the creation of partnerships. 

Whereas in the context of Strategic objective 2.3. Construction of a new infrastructure of smart growth, 
based of low-emission technologies and energy efficiency, it should be noted that the areas of activity 
should focus on the following groups of problems concerning the creation of new investments of knowledge 
economy infrastructure and restructuring the use of current knowledge infrastructure. The development of 
competence and cooperation among research groups should accompany the process together with the 
development of pro-innovation education system.  

The creation and development of research and implementation infrastructure of smart markets requires 
accepting a set of new values, among others, the ability to gather such resources which ensure the leading 
position in a given field, the ability to adapt quickly to the changes in the market and ability to mobilize 
cooperating entities to engage in long-term research programs and their readiness to co-finance the 
programs. The programs which monitor the development of technological areas and ensure the creation 
and development of R&D infrastructure need to be introduced. It becomes important here, to precisely 
coordinate the processes of creating and developing the research and implementation infrastructure to 
optimize the results in the context of building regional specialties. For the improvement of the knowledge 
flow among the actors of the regional innovation system it is necessary to form one coherent knowledge 
platform which could be used by all interested parties. A uniform platform for the exchange of knowledge 
may also provide a venue to create a demand for specific resources and skills. 

A significant impact on the shape of the research and implementation infrastructure of smart growth will 
have the actual availability and ability to use, in subsequent years, the EU programs aimed at 
interdisciplinary collaboration in the scope of the Europe 2020 strategy.In these conditions the members of 
the eco-system should display an increased willingness to cooperate, which will improve the transfer of 
knowledge among its members. 
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Abstract  

The objective of this article is to assess the economic efficiency of the investment plan for the use of 
selected statistical and dynamic methods of assessment. The subject of the investment project is the 
construction of new transport lines for a production company that specializes in the production of coke. 
Investment decision is a difficult and long-term matter that must be carefully considered with an awareness 
of the time factor and the potential risks. To methods used to assess the effectiveness of investment will 
include: the payback period, net present value, internal rate of return and profitability index. Correct 
implementation of investment decisions form the basis of a prosperous company. Investments usually 
affect the operation of the business for a long time, so the company should implement only those that are 
economically competitive. 

Keywords: Investment, transport, efficiency, time factor 

1. INTRODUCTION 

Investment decisions belong to managerial decision-making process, which has a significant impact on the 
success of an enterprise or organization. Managerial decision-making affects the future ability of company 
to succeed in today's competitive environment. The acceptance or rejection of an investment project has a 
long-term character and a significant impact on the future development of the company. Efficient 
investments give the company a competitive advantage, while incorrectly focused investment can bring the 
company to financial distress and even to bankruptcy. 
The calculation of certain criteria (indicators) of economic efficiency form the basis of a decision on whether 
to accept a given project and realize it, or which of the proposed projects, respectively their options should 
be selected for realization. These criteria usually measure the profitability of resources expended on the 
project realization. [1] 
The objective of this article is to summarize the knowledge and approaches regarding the evaluation of the 
investment plan efficiency and to explain their nature and mutual relations. The aim is to assess whether 
the investment plan will turn into an economically efficient project for the joint-stock company. 

2. INVESTMENT PROJECT 

2.1  Description of the investment plan   

The basis of the investment plan of the joint-stock company engaged in production of coke lies in the 
construction of a new coke dust transport system. At present, there are long downtimes in the transport of 
coke dust during loading and transport. There are transport disruptions that have a negative impact on the 
operation of the center. For these reasons, the company management has decided to introduce the so-
called technological (process) innovation intended to decrease the time requirements of the transport 
between the centers. 
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2.2  Short description of the transport situation  
In the current transport situation, it is necessary to secure the required number of railway wagons for the 
transportation of coke dust, as well as the loading of coke dust into the railway wagons, the passage of a 
locomotive to the place of loading, and the rake of wagons transported to the industry track, once the rake 
of wagons has been checked. In winter months, in temperatures below -5 °C, it is also necessary to defrost 
the coke dust. An essential part of the process includes ensuring the unloading of coke dust into a track 
hopper using conveyor belts in the building. 
The new method of transport will be much more efficient, because coke dust will no longer be loaded on 
railway wagons, but there will be a transport line, including conveyor belts with transfer points at the 
stations. This transport line will be used to transport coke dust into a container. This new method of 
transportation will be significantly less time consuming and the transportation of coke dust will be 
streamlined. 

2.3  Funding  
The joint-stock company is a subsidiary of the parent company by which it is completely controlled. The 
parent company provided a loan in the amount of 50,000 thousand CZK with an annual interest rate of 
4.75% for the period of 5 years to its subsidiary company. These figures indicate that the annual loan 
instalment for the period of 5 years will amount to 11,469 thousand CZK. The total interests after five years 
will amount to 7,345 thousand CZK. 

2.4  Setting the company discount rate   
The basic factors influencing the discount rate include the return on capital, risk and inflation. To risk is 
taken into account either within the scope of the discount rate, or by adjusting the Cash Flow (CF), using 
the coefficients of risk. With regard to the development of price, it is necessary to apply uniform data. If we 
use the nominal values of CF, then we have to adjust the discount rate by the inflation coefficient. 
 

      (1) 

RN nominal discount rate 
RR real discount rate 
IE   inflation coefficient (annual inflation rate) 
 
The investment project is funded from foreign sources (loans), which means the cost is represented by the 
interest of the loan. Unless, in this case, the company achieves the return on investment at least equal to 
that amount, it works with a loss. However, we must not forget that the interest rates which were used 
when the company received the loan must be adjusted taking into account the interest rates after tax. [2] 
 

     (2) 

 

ir real interest rate after tax 
in nominal interest rate 
T   tax rate 

2.5  The impact of inflation on the evaluation of the project efficiency  

Inflation rate must not be confused with discount rate. Inflation rate expresses the percentage price 
increase during a monitored period, i.e. including the increase of sales revenues, material prices, and 
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wages. That is why inflation also affects the discount rate. Mathematically speaking, to calculate the net 
present value including the inflation rate, it is increased by the coefficient of (1 + i), where i is the annual 
inflation rate, i.e. the average annual percentage increase of prices. The inflation of cash flows and the 
inflation of discount rate therefore cancel each other. Inflation has no effect on the final evaluation of the 
project effectiveness. This can be evaluated both in constant prices, i.e. excluding the impact of inflation, 
and in current (real) prices, i.e. including the impact of inflation. However, if the impact of inflation is 
included, it should be included in all the considered cash flows as well as in the discount rate. [3] 

3. PROCESS INNOVATION EFFICIENCY ACCORDING TO THE INDIVIDUAL INDICATORS 

There are several methods how to assess the effectiveness of investment projects and their selection. 
Depending on whether the methods assessing the effectiveness of investment projects take into account or 
disregard the factor of time, they can be divided into static methods that ignore the time factor, and 
dynamic methods that respect the time factor. [4] 

Static methods are used in less important projects, in projects with a short lifetime and in cases when the 
discount factor is low. In other cases, we use the dynamic methods. [5] 

3.1  Net present value  

The concept of net present value is based on the principle of value of money in time. This value converts 
future revenues and expenditures of the project into their present value by means of a discount or a 
discount rate. Net present value is generally referred to as the NPV and it has the following form. [5] 
 
      (3) 

 
NPV net present value 
II  internal investment 
i individual investment years 

3.2  Internal rate of return  

Internal rate of return - IRR, represents such a method of assessing the effectiveness of investment 
projects, which considers the effect of cash income from the project and respects the time aspect. [4] The 
internal rate of return is equal to the discount rate in a situation where the present value of future revenues 
equals the capital investment. 

 )(* nv
vn

n
n ii

NPVNPV
NPViIRR −

+
+=     (4) 

 
IRR internal rate of return 
in lower selected interest rate 
iv higher selected interest rate 
NPVn net present value with lower interest rate 
NPVv net present value with higher interest rate 

The application of internal rate of return as a criterion for the decisions on the acceptance or rejection of the 
project is simple. The company should accept the given project if the internal rate of return is higher than 
the discount rate, i.e. the required return on the project. In the event that the internal rate of return of the 
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project is lower than the discount rate, the project should be rejected. The higher the project internal rate of 
return (or the more it exceeds the required return on the project by the given discount rate) the more 
economically profitable the project is. [1]    

3.3  Profitability index  

Profitability index PI is a method representing the ratio of benefits, expressed in present value of 
prognosticated future cash flows, and the initial capital expenditures. PI method is based on discounting, 
showing a concrete investment option, or the present value of its benefits in relative terms. [6] 
 

      (5) 
 
 
 
PI profitability index 
CFi cash investment income in the individual years of its lifetime 
k  required return 
K  initial investment expenditure 
i individual investment years  

3.4  Payback period  

The payback period of an investment project is, generally speaking, the period during which the project is 
repaid from cash revenues provided by the project or simply from profits after tax and depreciations. The 
outcome of the project here is not only the profit after tax, but the depreciations as well. The shorter the 
payback period, the more favourably the investment project is evaluated. [4] 
 

     (6) 
 
K  acquisition price (capital expenditure) 
zi annual profit from investment after tax in the individual years of investment lifetime 
oi annual depreciations from investment in the individual years of investment lifetime 
i individual investment lifetime 
a playback period 

4. CASE STUDY 

The information concerning the cash flows of the project plan is based on corporate data of the joint-stock 
company. The future expected cash revenues were determined by the joint-stock company on the basis of 
savings that will arise during the launch of the investment project. There will be savings related to transfer 
of railway wagons and to defrosting of coke dust in the winter months. The revenues are also associated 
with the expenses related to the operation of the new transport line and eventual repairs. The capital 
expenditure is determined from the investment acquisition costs and from the interest rate of the loan, 
which will be repaid over the period of five years, because the existing production capacities will not be 
extended, hence the investment will change neither the inventory level nor the short-term liabilities, which 
will result in no change of the net working capital. The discount rate was adjusted by the inflation coefficient 
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and its value was determined at 8.2%. The following Table 1 shows the discounted cash flow of the project 
plan. 

Table 1 Discounted Cash Flow of the project plan in thousands of CZK 

 

Net present value is the difference between the discounted cash revenues and the capital expenditures. It 
means the net present value is 6,037 thousand CZK. With a discount rate of 8.2%, the investment achieves 
a significantly positive net present value, which is why it can be recommended for realization. The internal 
rate of return will be calculated afterwards, assuming that the lower interest rate will be 5% and the higher 
interest rate will be 30%. The following Table 2 shows both net present values, taking into account both the 
lower and the higher interest rate. 

Table 2 Net present value in thousands of CZK with 5 % and 30 % interest rate 

 

The internal rate of return under these conditions is 17.46%, which implies that it is higher than the required 
rate of return, so the investment is suitable for realization. In the following steps, it is necessary to calculate 
the profitability index and the payback period of the specified investment. The profitability index amounts to 
1.105289. This coefficient expresses the unit income on invested capital. The investment project will earn 
1.105289 CZK from each invested crown. The profitability index is higher than 1, which means the 
investment project can be considered profitable again. The investment payback period indicates how long it 
will take to cover the capital expenditures associated with the investment from cash revenues (under this 
criterion, it is net profit adjusted by taking into account the depreciations), see Table 3. 

Table 3 Profit after tax and depreciations in the individual years in thousands of CZK 
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The table shows that the capital expenditures will be repaid between the 11th and 12th year of the 
investment lifetime. For more detailed specification, we can use the expenditure from which we subtract the 
last cumulative cash revenue and we divide it by the cash revenues from the following year. The payback 
period will be 11 years, 3 months and 17 days. 

5. CONCLUSION 

The decision of the management to accept or reject the investment project carries great responsibility 
towards the future development of the company. Before this decision is taken, it is vital to thoroughly 
consider all the aspects of the planned investment, especially in case of long-term investments. The most 
important part related to the examined company, whose main activity is the production of coke, is the 
investments in the construction of new coke dust transport system. 

The aim of the article was to evaluate the efficiency of the investment project and to assess the feasibility of 
the utilization of the individual evaluation methods for the analysis of long-term investment plans. 

In the case of the investment project dealing with the construction of a new coke dust transport, it can be 
stated on the basis of the calculated values that the construction is efficient for the joint-stock company and 
its decision to realize the project was correct. 

The construction of the new coke dust transport system will simplify the existing method of transport of 
coke dust and it will bring considerable time savings. The aim was to assess whether the investment plan 
will be an economically efficient project for the company. The assessment took advantage of dynamic 
methods of investment efficiency assessment, which are: net present value, internal rate of return, 
profitability index, and payback period. Based on the results of the used methods, the investment plan is 
economically efficient for the company. 
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Abstract  

The analysis of the actual state showed that at the moment there is no information system which would 
allow railway transport operators in Europe to obtain the information about a safe, proper, and effective way 
of loading and securing loads in the means of transport. Therefore, it was acknowledged purposeful to 
make an attempt to design and then build an information system which would aid the process of choosing 
adequate loading and securing methods in railway transport. The analysis of the methods of loading and 
securing various groups of freight with taking into consideration the legally binding regulations and 
standards allowed the engineers to prepare a set of the initial data of the designed system called 
LOADFIX. The system reflects current market needs. Preliminary assumptions and the structure of the 
database of the designed system are discussed in this article. 

Keywords: Information system, railway transport, loading process 

1.  INTRODUCTION 

Loading operations constitute an inherent element of the transportation process. The safety of cargo, 
loading machines which are used in operations, the railway rolling stock used for transport as well as the 
safety of running of trains and loading depend on the way in which loading operations are performed. Thus 
the knowledge of the technique and technology of loading operations is required. Insufficient securing of 
freight during its transportation results in the risk of damaging both the load or the means of transport as 
well as injuring the people who are involved in the transportation process. Improper cargo securing causes 
danger to other transport users. For example, unsecured cargo can hit another vehicle or damage the 
electric traction which may result in a serious accident. During unloading operations, when the doors or 
sliding walls are being opened, improperly secured cargo can hurt the workers performing unloading tasks 
[3].  

Proper loading methods and the adequate securing of cargo in railway freight carriages guarantee the 
safety of running of trains and prevent cargo and carriages damage [4, 7, 9, 10]. The obligatory rules which 
are applied during cargo loading and cargo securing are included, e.g. in the internal regulations of rail 
transport operators, the documents of the UIC (International Union of Railways) [2, 5, 6], and trade loading 
instructions. It is the loader’s responsibility to apply the proper methods of cargo loading and securing. 

The analysis of the actual state showed that at the moment there is no information system which would 
allow railway transport operators in Europe to obtain the information about a safe, proper, and effective way 
of loading and securing loads in the means of transport [11]. Therefore, it was acknowledged purposeful to 
make an attempt to design and then build an information system which would aid the process of choosing 
adequate loading and securing methods in railway transport. 
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2.  REGULATIONS AND STANDARDS REFERRING TO CARGO LOADING AND CARGO 
SECURING IN RAILWAY TRANSPORT  

The information about issues connected with loading operations and cargo securing during transportation is 
included in various regulations, instructions, and legal documents, e.g. [9]: 
- instructions about loading, company official instructions, instructions on loading machine operations 

(the technical-operational documentation DTR), 
- regulations referring to stations, workstations, loading stands/ramps, 
- railway loading regulations: PKP, RIV, SMGS, 
- regulations concerning hazardous cargo: RID (in rail transport), ADR (in road transport, IMO (in sea 

transport) [1], [2], IATA (in air transport), 
- national and international standards: PN, ISO, EN, IMO, PRS, of other countries [8], 
- legal documents: the law acts relating to railway, the road traffic laws, international contracts (AGC, 

AGTC), customs regulations, etc. 
In rail transport, the UIC guidelines are regarded as the superior instructions: 
Loading guidelines, Section 1: Principles, UIC International Union of Railways [5], 
Loading guidelines, Section 2: Goods, UIC International Union of Railways [6]. 

3.  THE CONCEPT OF THE SYSTEM WHICH AIDS THE LOADING PROCESS AND CONSIGNMENT 
SECURING 

The analysis of the current methods of loading and securing various groups of cargo with taking into 
consideration the legally binding regulations and standards in load securing allowed the engineers to 
prepare a set of the in-put data of the designed information system which aids the loading processes and 
load securing in railway transport. A preliminary block scheme of the application of the system called the 
LOADFIX has been designed (Fig.1). It was assumed that the system includes several modules, e.g. 
management module,  
database module, 
data transmission module,  
security/protection module, 
access rights structure module, 
module of division of consignment into categories, 
loading method module, 
UIC loading guidelines module, 
language version module, 
consignment damage module,  
photographic and written documentation module, 
transport means parameters module. 
The analysis of the predicted functions of the loading process aiding system allows for the determination of 
the basic set information necessary for the system. The set should be divided logically into component 
relations that would characterize the following items: 
transport operators 
transport routes,   
transport means, 
loading units, 
merchandise goods, 
loading means, 
regulations and rules (referring to the source documentation), 
loading and load distribution rules, 
methods and means of load securing, 
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tables of occurrence identification for statistics, 
tables of occurrence statistics, 
tables of the verification tests of untypical transport conditions (not included in general regulations), 
table of users, 
table of the range of authorizations for user groups.  
 

 
Fig. 1 A block scheme of the LOADFIX application 

These relations correspond physically to the database tables. Between the relations, there are specific 
reference connections as well as the ranges of authorizations assigned to the users in order to use or 
change them (e.g. the editions). 

3.1 The preparation of the database module - the issue characteristic 

The basic condition for fulfilling properly the predicted tasks by the LOADFIX system is the appropriately 
designed database. The database should contain necessary data referring to the transported goods, 
transport and loading means, transport routes, requirements concerning the loading process, and other 
auxiliary data. Taking a type into consideration, the data can be divided into the following types: 
character data, 
numeric data, 
date and time data, 
logical values, 
long texts, 
graphics, 
multimedia data.        

The character data refer to all kinds of the strings of alphanumeric characters. They may consist of a 
determined combinations of letters, digits, and other special signs. This type of data includes also strings 
built solely from digits providing that the digits do not appear in mathematical expressions or are not 
created on the basis of a certain mathematical formula. Examples of character data are various names of 
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transported goods; the names, types and identifiers of transport and loading means; and the names and 
identifiers of initial and terminal stations.    

The numeric data may be integers or real numbers. Integers can determine, for example, the number of 
bogies and axles of the transport means, the number of doors, or the number of separators and secure 
struts used in load securing. Real numbers can determine the dimensions of the transport means, e.g. the 
cargo surface and cargo capacity, door dimensions, the floor height, the weight and size of transported 
load, or transport tariffs/rates.  

The date and time data refer to situating specified events on the time axis. They may be calendar dates, 
e.g. the deadlines of the specific documents which concern loading and unloading processes, the 
production date of transport means, and also the data which is added in time, e.g. a predicted time of load 
transport.   

Logical values express in a binary way the occurrence of a specific event or a specific characteristic 
connected with the load, the transport means equipment, transport routes, the load resistance to shocks, 
and the temperature or humidity influence. 

Long texts constitute this type of data which quickly describe a particular issue included in certain 
documents referring to , e.g. the requirements for securing the load, the load characteristic, or the 
characteristic of transport means and transport routes.  

Graphics data contain different types of calculation schemes, load distribution and securing schemes, and 
the photographs of transport and loading means. In the database, they are stored as a file address. 

Multimedia data are all types of pictures or sounds (e.g. films) which illustrate the properties of transport 
means, and the loading and transport processes. In the database, they are stored as a file address. 

The data listed above may refer to distinguished objects called the entities. They may be places, things, 
persons, concepts, or events. The quality that describes a certain aspect of an object is its attribute. A 
certain descriptive identifier can be admitted for an attribute. Its value can be expressed with the use of one 
of the mentioned data types. The permitted values which can occur for a certain attribute determine the 
attribute’s domain. 

Between the entities which can be represented by particular tuples, in the determined relations of the 
database there are the following relationships:  
mutually unique “one to one” (1:), 
“one to many” (1:*) type, 
“many to many”(*:*) type. 

The existence of the identical values of chosen attributes in two specified relations is a basis for the 
establishing of these relationships. It requires a detailed distinguishing of relations and their schemes with 
the application of the principles of database normalization. 

3.2  Database schemes 

The structure of the database was designed in the SQL Server 2008 in such a way that it fully allows for a 
module construction of the application. A multi-lingual application works on the basis of one database. All 
database tables are common; moreover - the number variables are not copied for the subsequent language 
versions, and the character variables are stored in separate columns for each language version. The 
language version columns have additional suffixes responsible for translating the original text into a foreign 
language, e.g. LoadName_EN, LoadName_DE) ,etc. The scheme of the database is shown in  
Fig. 2. 
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Fig. 2 The scheme of the database of the LOADFIX application 

 
As a result of pressing the language change button, the value of the $lang variable is changed. It is then  
stored and remembered for ever in a form of a session on the server (the PHP code). 
$_SESSION['lang’]) 
For such a solution, the question for the database takes the following form: 
„SELECT cargo_name$lang, cargo_type, ID_cargo FROM cargos ORDER BY lp” 

Whereas, the $lang variable refers to the language suffix, e.g. “_PL” if the Polish language has been 
selected by the system user, which correspond to the “cargo_name_PL” column. If the standard language 
has not been changed then the variable is empty ($lang=””). Thus the system chooses the name of the 
“cargo_name” column from the database by guessing. 

The system elements which are permanently in the program, e.g. the elements of the forms such as a 
“send” button, a “design by” foot, “all rights reserved”, stable elements of the module structure which are 
not the data (“wagons type”, “security”), etc. are stored in a separate table in the database of a similar 
structure. 
For such a solution, the system stable elements are displayed as an enquiry for the database: 
“SELECT value$lang FROM translations WHERE ID_translate=’1’” 
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It results in the obtaining of the “send” value if a standard language has not been changed, or the “Wyślij” if 
the language has been changed to Polish (variable $lang=”_PL”). 
Thanks to this solution the copying of the same data (which could cause errors) is avoided. There is also 
no need to switch between the bases. Due to the application of the $lang variable in the program code, the 
system should work relatively quickly since it is unnecessary to create additional questions for choosing 
language translators. 

4.  CONCLUSIONS 

Further stages of work will include the research and creation of the basic technical and functional modules 
of applications (i.e. the system architecture). They will be, among others: working on the project of the 
software of professional modules referring to regulations, changes and conditions of loading, consignment 
damage, photographic and written documentation, chosen parameters of transport means, and preparation 
of the modules for communication. Thanks to the presented system it will be possible to, e.g. 
rationalize the work of specialists in loading and transport logistics and of the operators who deal with the 

loading and securing of goods, 
introduce a unified system as a source of information about cargo loading and securing, 
automate the work process with specialists’ data, 
improve the access to the information regarding the loading process in such a way that the information can 

be used by a wide range of users, 
provide the user with an adequate orientation in the system’s structure as well as the segmentation of the 

data of cargo loading and securing, 
guarantee finding useful information on cargo loading and securing. 
Completing the works on the system is planned in December, 2015. 
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Abstract 

Our focus aims at taking advantage of RFID technology to improve the level of operation and maintenance 
of wagons configuration within rail transport. Due to evident financial and time-consuming issues with the 
real railroad, a functionality of the RFID system has been verified in terms of professional railroad model 
scientifically and accurately. The final effect of the experiment depends on a level of physical resemblance 
between inputs and reality.  In order to ensure the reliable results, this railroad model reflects infrastructure 
of the actual railroad together with station interlocking system, line signaling and level crossing systems 
managed via unified active control place (JOP). On the basis of physical modeling, the experimentally 
verified data will be incorporated into the implementation of RFID system for tracking the real railroad 
trains. For this purpose we employed Taguchi design of experiment to analyze the variation of the essential 
controllable factors. 

Keywords: RFID, railroad, tracking, doe 

1. INTRODUCTION 

From the current open literature and other sources it is evident that RFID technology has a wide-range of 
application in almost every field of our life. Our aim is to design well suited automatic identification model 
using RFID technology for Slovakia’s cargo rail industry. The promising automatic identification for the rail 
industry offers many advantages i.e. accurate evidence of the wagons, automatic maintenance and quality 
control, increased safety for operator and maintenance staff etc. These and others advantages are based 
on studies of good practices of successfully implemented RFID technology into rail industry.  

In general there are two fundamental RFID system configurations. These two configurations differ from 
each other in relation of RFID-tag and RFID reader. In the first configuration, the RFID-tag is mounted on 
the moving object and the RFID reader is stationary and the second general configuration is vice versa. [5]  

2. FACILITES AND LOCATION FOR RFID EXPERIMENT SYSTEM 

For the experimental purposes we used the training simulator with the railroad model set for teaching the 
operation of modern electronic station interlocking type ESA-AZD. This model is in property of Transport 
Academy in Trenčín, Slovakia. Development, design, production and installation of this particular model 
were ensured by AZD PRAHA Ltd. together with design and educational organization Signal Design, Ltd. 
Brno. The training railway simulator is built in H0 scale and the railroad model set in scale 1:87. [3] [5]  
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Fig 1 Railroad model set  

The training railway simulator is used to acquire the skills of controlling the operation in station together 
with track branching and level crossing system. It is also used for training the control of the signals and 
simulating an automatic mode of the ling signaling systems and level crossing system. The advantage of 
the simulator is that it accurately simulates the actual work environment of railway using unified active 
control place (JOP). The Transport Academy in Trenčín uses this model for theoretical training by practical 
model scenario of actual railway traffic environment. Another benefit of this training simulator is in providing 
the possibility of creating special, nonscheduled and emergency railway traffic situation, failures, etc. [1]  

The objectivity of the experiment is focused on analysis of the functionality of the RFID system using the 
RFID configuration where RFID-tag is mounted on moving object (wagon) and the RFID reader is 
stationary. For this purpose was used Taguchi design of experiment method to define and find the optimum 
combination of RFID system parameters setting for best reading rate. In this experiment we tested the 
reading rate in different velocity of the railroad set. The velocity of train set is controlled by Dimax Navigator 
(see Fig 2). We also analyzed the impact of RFID-tag orientation on the wagon and distance from the 
reader on output reading rate. For data gathering we made some necessary assumptions: human and 
environmental errors are ignored and electromagnetic field is symmetric. 

 

Fig 2 Dimax Navigator 

RFID system that was used in the experiment consists of hardware and software tools. This RFID 
configuration works in ultra high frequency (UHF) spectrum specifically within the 860 to 960MHz band. 
The RFID reader and the software (multireader 6.4) used are from Impinj, Inv. that is provider of UHF RFID 
solutions. All components used in the experiments are depicted in Fig. 3.  
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Fig 3 Components used in the experiment: UHF Antenna “H86-1D”; RFID Reader - SPEEDWAY 
Revolution R420; UHF RFID TAG AD 223 [1] [2]  

With UH frequency, the RFID-tag antenna can be designed to work with metal, allowing the metal to help 
couple the electrical field into the tag. The advantage of the metal can be taken by only UHF. UHF RFID-
tag AD 223 is weather resistant, and for special purposes it can be encapsulated in the package with 
thermally and chemically resistant silver coating.  

3. DESIGN OF EXPERIMENT FOR RFID READING RATE 

To realize the analysis of the RFID system for railroad model set and find out the factors that affect the 
reading performance of the RFID significantly, we decided to apply design of experiments using the 
Taguchi Approach [2]. In the UHF RFID experiment, we took into consideration all possible factors. 
Consequently, we included three controllable factors with two noise factors. Subsequently, the orthogonal 
array and signal to noise factor (SN) were employed in the experimental design together with data analysis. 
The necessary facilities in the experiment are presented in Fig. 3. 

3.1  Analysis and factor selection  

While designing and establishing a static P-diagram (see Fig. 4), we identified some noise factors from 
where we finally considered and set two uncontrollable factors: the cargo on the wagon and if there were 
electric wave and equipment nearby. We also assumed three controllable factors to be adjusted by the 
users.  

 

Fig 4 Static P-diagram of RFID experiment system for cargo railway transport 
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In our experiments, an L9 orthogonal array was selected for the controllable factors and L4 orthogonal 
array is chosen for two noise factors, where each factor is given by two levels. Three levels parameter 
settings and controllable factor are listed in Table 1, where each factor level can also be interpreted by 
using the following symbols: min; mid; and max. There were in total 36 trials. For this RFID test, the reading 
rate was chosen as quality characteristic.  

Table 1 Selected controllable factors and their levels 
Factor Levels   
 min mid max 
A. Velocity of train unit 40 km/hod 80 km/hod 126 km/hod 
B. Antenna distance 0,5 m 1 m 3 m 
C. RFID-tag direction long edge upper Short edge 

D. Interferences none  with interferences 
E. Cargo empty  with cargo 

Our study focuses on maximization of the signal to noise ratio that means the less quality loss of reading 
rate. The SN equation is expressed as:   
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3.2  Experiment results 

The RFID experiment was presented in Fig. 4, where each control factor is adjustable and has three levels. 
In the experiment, we observe SN ratio, which is the most important measurement of variation in the RFID 
quality characteristic (reading rate). The summarized data with reading rate translated into SN ratio is listed 
in Table 2.   

Table 2 Summarized experiment results with SN ratio 
 Factor D min max min max 

γ SN 
E min min max max 

A B C 1 2 3 4 
1 min min min 18,80 18,80 15,70 15,70 17,25 24,63 
2 min mid mid 19,60 19,60 18,50 18,50 19,05 25,59 
3 min max max 21,30 21,30 19,10 19,10 20,20 26,07 
4 mid min mid 15,20 15,20 10,00 10,00 12,60 21,45 
5 mid mid max 16,50 16,50 14,50 14,50 15,50 23,75 
6 mid max min 20,30 20,30 18,20 18,20 19,25 25,65 
7 max min max 17,10 17,10 14,60 14,60 15,85 23,92 
8 max mid min 20,60 20,60 18,20 18,00 19,35 25,68 
9 max max mid 17,80 17,80 16,30 16,30 17,05 24,61 
Total average 17,34 24,59 

Separating the control factor from the experiment results, as shown in Fig. 5, the three levels were 
depicted on the same plot. From the plot it is easy to distinguish the optimum settings of control factors. 
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Fig 5 SN effect plot for control factor 

We also analyzed the interaction between control factors. An interaction between control factors occurs 
when the effect of one control factor is dependent on another control factor. From the Fig. 6 it is evident 
that only one interaction occurred between control factor A and C, particularly.  
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Fig. 6 Interaction between control factors 

In summary, the RFID-tag direction and the velocity of the train set are important factors that causes for 
this particular RFID application. 

CONCLUSION 

Experimental study of RFID technology in railway model set allowed us to observe the behavior of RFID 
system. RFID-tag was mounted on the wagons in different positions. The aim of the experiment was to 
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verify functionality of the RFID system on model of the railway. The most important measurement of 
variation in the RFID quality characteristic, SN ratio helped us to selected optimum combinations of control 
parameters settings to ensured maximization of reading rate. Subsequently, we verified the existing 
interaction between velocity of the train set and the RFID-tag direction. In real conditions of railway 
technology and its settings, did not meet the requirements for a functioning system. In the following 
experiment were used RFID components adapted to the conditions of model railroad. 
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Abstract 

The global crisis has resulted in a strong need to change the way of thinking about enterprise philosophy. 
Contemporary literature on the topic stresses the importance of a well-thought strategy as a key 
prerequisite for contemporary enterprise business success. Strategy should now include the main 
assumptions of Corporate Social Responsibility (CSR) practices and connect strategic and operational 
planning in the view of an effective implementation.  

In this paper the method of monitoring and control of strategy realization in make-to-order systems (MTO), 
which are understood as companies that produce bespoke and customized products to particular customer 
specifications but not repeated on a regular basis, is proposed. The main goal of this paper is to connect 
the strategy implementation process with the production order acceptance process, which can increase the 
effectiveness of strategy realization in make-to-order manufacturing. MTO’s need to constantly entice new 
customers, or convert one-off jobs into repeat business, due to competitive and volatile market conditions. 
Effective strategy realization therefore plays a key role in these systems. 

Keywords: Key Performance Indicators (KPI’s), make-to-order manufacturing, strategy implementation 

1. INTRODUCTION 

The last global crisis showed that the current approach to business activity and competitiveness of 
European industry are wrong and must be changed [1]. The contemporary market needs another way of 
thinking about enterprise philosophy. The role of ethical and responsible behavior and respect for the 
natural environment should be increased. Enterprises have a significant influence on the society, which is a 
fact that has been forgotten in the last decade.   

These observations were underlined by the European Parliament in the “Motion for a European Parliament 
Resolution on Corporate Social Responsibility: accountable, transparent and responsible business 
behaviour and sustainable growth” (2012/2098 (INI) [2]. Especially, attention should be paid to well 
thought-out strategy based on the concept of sustainability, Corporate Social Responsibility (CSR) and 
good corporate governance practices [3], as business activity creates the future for our society and next 
generations. The most significant problem there is a lack of methods and solutions that enable rapid 
implementation of the strategy and its efficient realization. 

Simultaneously, the development of make-to-order (MTO) small and medium enterprises which 
manufacture products according to customer requirements and needs after receipt of the production order 
are observed. They produce bespoke and customized products based on customer specifications, but not 
in a predictable and regular manner [4]. The most significant weaknesses of these companies are the lack 
of financial resources, technical superiority and infrastructural facilities. Their competitive advantage lies in 
that they can offer quick decision making, high flexibility and efficient cooperation from employees [5], [6]. 
The crucial factor in MTO systems is dealing with properly with enquiries. Therefore, the production order 
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acceptance process is significant for them [7]. MTO’s need to constantly entice new customers, or convert 
one-off jobs into repeat business, due to competitive and volatile market conditions. Therefore, effective 
strategy realization plays key role in these systems. 

The main goal of this paper is to propose a concept of a new method which connects a strategy 
implementation process with production order acceptance process, which can increase the effectiveness of 
strategy realization in make-to-order manufacturing. A new method of monitoring and control of strategy 
realization in make-to-order systems (MTO) is proposed in this paper. 

2. NEW VIEW OF PRODUCTION ENTERPRISE FUNCTIONING 

The effect of globalization is an increase in competition and the speed and unpredictability of the changes 
taking place in the global market [8]. It leads to significant improvement of the productivity and efficiency of 
enterprises. Production companies are improving manufacturing systems [9], [10], [11], [12] and also trying 
to improve their: 
- management methods such as: lean management, performance management, strategic 

management, value based management, risk management, logistics management, etc.[13], [14], 
[15], [16], [17];  

- decision support systems [18]; 
- costing systems and financial management [19], [20], [21], [22], [23]; 
- innovation and knowledge management [24].  

However, the global crisis has also showed that companies need something more, which is manifested in 
the need to change the philosophy of their functioning. Strong competition leads to poor or immoral 
practices by companies. Corruptions, lack of compliance with the law, a number of frauds on a massive 
scale and environmental degradation have been observed in the business world. Therefore, an increase in 
the perception of the importance of ethical, responsible behavior and respect for natural environment in 
contemporary business world is needed. For these reasons the concept of Corporate Social Responsibility 
has much more support which should be a key element of multicultural environment [3], [24]. The European 
Parliament is attempting to propagate this approach [2].  

All these changes have lead to the increasing role of well-thought strategy in enterprises. Today, strategy 
should be treated as a system of rapid, sometimes anisotropic, single activities which lead to identifying 
and exploiting chances and market opportunities  [8]. However, a well-planned strategy requires more 
methods of effective and rapid implementation. This raises the question formulated below. 

3. NATURE OF PROBLEM 

Contemporary enterprises need not only well-thought strategy, but also efficient methods to implement it 
and to monitor and control its realization. This is especially significant in make-to-order enterprises, which 
should be very flexible and pay much attention to changing conditions on the market. Therefore an answer 
is sought to the question: What method or solution allows a strategy to be quickly and efficiently introduced 
and realized in make-to-order companies? 

Solving this problem requires the development of a new method dedicated to make-to-order systems of 
small and medium enterprises, which allows fast implementation would be possible to achieve corporate 
strategy and effective realization of even the most important strategic goals. 
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4. THE PROPOSED NEW METHOD 

In the paper a method of monitoring and control of strategy realization is proposed, based on the 
connection of a strategy implementation process with production order acceptance process. It is an entirely 
new concept which can lead to considerably increased effectiveness of the strategy realization in MTO 
systems. The proposed solution is presented in Fig. 1. 
 

 
Fig. 1 The scheme of the new concept of the method 

The process of strategy implementation in the MTO systems is based on the Balanced Scorecard approach 
and consists of 7 stages (see Fig. 2):  
- strategy group formation,  
- strategy clarification,  
- strategy map design,  
- Key Performance Indicators (KPI’s) identification,  
- determination of actual and target values of KPI’s,  
- identification of strategic initiatives, 
- implementation of these stages into activity.  

Monitoring and control of all phases and the strategy realization are required, which requires the analysis of 
actual and target values of KPI’s and taking a variety of corrective actions. 

In the 4th stage, Key Performance Indicators (KPI’s) for the significant strategic objectives are designed. 
The two or three most important KPI’s are used in the production order acceptance process (see Fig. 1). 
The production orders submitted to the manufacturing system are checked according to these KPI’s. When 
it is known whether the submitted production order fulfils key strategic objectives measures or not, it is 
possible to negotiate with the client such terms of order realization which allow the strategy to be realized in 
the make-to-order enterprise. This means that almost every production order introduced to the 
manufacturing system fulfils the main key strategic objectives. In this way, the effectiveness of strategy 
implementation and realization is highly increased.   

In the proposed solution, a procedure of production order acceptance is designed which consists of 
significant constraints of the manufacturing system planning such as (see Fig. 3): 
- production capacity,  
- inland transport capability, 
- buffers capability,  

O
R
D
E
R
S 

Production order 
acceptance 

Negotiation with client 
about terms of order 

realization 

KPI’s  
Strategy 

implementation/updating 

S
T
R
A
T
E
G
Y 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

610 

- due date planning, 
- cost of order realization, 
- strategy realization (main KPI’s).  

 
Fig. 2 Procedure for strategy implementation 

 

 
Fig. 3 Procedure of production order acceptance 

The precision of obtaining information and planning should be connected with speed of decision making. 
For this reason, only the most important constraints of the manufacturing system are analyzed. Using 
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sufficient conditions in the proposed solution leads to a reduction in the time of production order planning 
and simultaneously the time of the decision-making process. 

The presented procedure includes the stage of checking the most important KPI’s, which allows the level of 
significant strategic objectives to be measured and assessed in every production order submitted to the 
manufacturing system. Obtaining this information helps to negotiate such order realization conditions that 
are in accordance with enterprise strategy. Summarized, in this way every production order accepted for 
realization can be in accordance with enterprise strategy, which can significantly increase the efficiency of 
strategy realization. 

5.  CONCLUSIONS  

In this paper, a method of monitoring and control of the strategy realization is proposed. This method is 
dedicated to make-to-order systems and links the strategy implementation process with the order 
acceptance process, using the most important measures of the strategic objectives for the enterprise to 
assess possibility and conditions of realization of new production orders submitted to the manufacturing 
system. The company may determine the conditions of order realization in accordance with their strategy.  

The proposed new solution allows strategy realization to be increased and improves the decision-making 
process for production order acceptance, which is of great importance, especially in the make-to-order 
systems where this is a key process. The decision-making process includes, according to this method, 
information about strategy realization in terms of the significant strategic objectives of the enterprise, based 
on assessing key performance indicators.  
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Abstract 

Total productive maintenance (TPM), as a method for improving the availability of machines and 
equipment, was found in Japan in 1971, especially for automotive industry. Over time, TPM has become a 
critical adjunct to lean manufacturing in various industries. However, metallurgical industry is characterised 
by many specific features, which make introduction of TPM in these processes very difficult. The aim of the 
paper is to perform a literature review of the present TPM approaches and tools, their comparison and 
analysis of the possibilities of their utilization in metallurgical industry. 

Keywords: Total Productive Maintenance, Overall Equipment Effectiveness, Plant Maintenance 

1. INTRODUCTION 

A simplified definition says: "TPM is a method utilized to maintain the constant working pace without 
unexpected failures” [1]. Currently, the TPM philosophy is applied not only in a harmonized industrial 
production, specifically in automotive sphere where it all began, but also in many others sectors. TPM 
philosophy not only avoids failures, but also reduces defects, shortens downtime, shortens the period of 
assortment variation, etc. The aim of the paper is to perform a literature review of the present TPM 
approaches and tools, their comparison and analysis of the possibilities of their utilization in metallurgical 
industry. 

2. LITERATURE REVIEW 

2.1  TPM Concept  

One of the authors who introduced the idea TPM to the world was Kunio Shirose, the author of “TPM for 
Workshop Leaders”. In this work, the author explains the basic principles of TPM, and states that 
companies that thoroughly implement TPM aim at "zero breakdowns" and "zero defects". It is not unusual 
for them to succeed in reducing breakdowns to about 1/100th and defects to 1/40th of their pre-TPM levels. 
[2] 

Furthermore, the author states that every company that adopts the TPM approach must accept three 
imperatives [2]: 

- The quality and functioning of the equipment must change. 
- The equipment operators must change their way of thinking about the equipment. 
- As a result, the workplace itself must change dramatically. 

“TPM for Workshop Leaders” helps to clarify the issues related to the implementation, planning and 
continuous operation of TPM. The explanations and demonstrations of simple concepts in this book will 
enable anyone to understand and to use TPM. This is a publication that can be used and easily understood 
by the operator on the factory floor.  

In the book Lean TPM, an American, Dennis McCarthy has identified and described the reasons for 
implementation of TPM entitled "Pressure for change" [3]: 
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1. New and emerging manufacturing economies with low labour costs are attracted to mature Western 
markets where they can exploit their "cost advantage". 

2. The power of the internet in purchasing materials and components on a global scale and therefore 
gain access to alternative suppliers has increased exponentially. As such, power has shifted to the 
customer/consumer. 

3. Deregulation of world markets has resulted from international trading agreements and this has 
liberated trade and increased competition for manufacturers. 

4. Corporations have the ability to switch production. 

5. Pressure groups and lobbyists seeking lower prices or convincing manufacturers to improve their 
performance in areas such as environmental management. 

6. Shareholders who expect a “year after year” improvement in the returns on their money invested and 
constantly compare these returns with what their money could earn elsewhere. 

7. Customers expect product variety, continuously improving quality levels, lead time reduction and 
want their stocks reduced. 

The author also recommended managerial steps to address these challenges (unfortunately only in 
general) [3]: 
- Harness the intellectual capability of the complete workforce. 
- Aim this creativity at making better products more cheaply. 
- Achieve world class manufacturing standards that set the organization apart from the competition. 

In 1989, Seichi Nakajima defined the following five TPM pillars [4]: 

1. Proposal of activities for the improvement of Overall Equipment Effectiveness (OEE). 

2. Autonomous Maintenance program carried out by operators. 

3. System of Planned Maintenance. 

4. Training to improve skills in operations and maintenance. 

5. Preventive Maintenance system and timely inspection and repairs of equipment. 

Another Japanese author Tokutaro Suzuki [5] relies on the positive results of recent years, when many 
process industries, not only in Japan but also some divisions of American companies, have profited from 
TPM. Over two decades have passed since the Japan Institute of Plant Maintenance (JIPM) has begun 
promoting TPM. TPM is introduced as a tool to dramatically improve business results and to fosters safe, 
pleasant, and productive workplaces by optimizing the relationships between the people who work there 
and the equipment they rely on. JIPM originally defined TPM as reaching the following five strategies [5]: 

1. Maximize overall equipment effectiveness. 

2. Establish a comprehensive plant maintenance system covering the life of the equipment. 

3. Involve all departments that plan, use, and maintain equipment. 

4. Involve all employees from top management to front-line workers. 

5. Promote plant maintenance through motivation management, i.e. autonomous small-group activities. 

However, because TPM was applied throughout many organizations - in many pre-production and product 
development departments as well as administrative and sales departments, JIPM introduced a new 
definition of TPM in 1989, with the following strategic components [5]: 
- Build a corporate constitution that will maximize the effectiveness of production systems. 
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- Using a shop-floor approach, build an organization that prevents every type of loss for the life of the 
production system. 

- Involve all departments in implementing TPM, including development, sales and administration. 
- Involve everyone - from top management to shop-floor workers. 
- Conduct zero-loss activity through overlapping small-group activities. 

That is why Tokutaro Suzuki extended the TPM theory introducing other three pillars [6]: 
- TPM in Office. 
- Quality Maintenance. 
- Safety, Health and Environment. 

The goal of TPM innovation approach is to maintain international competitiveness. Japanese know-how 
has taught the world how to make goods inexpensively by reforming the manufacturing process and using 
workers more efficiently [7]. 

2.2  TPM Development and Implementation  

As one of few authors, Tokutaro Suzuki has created a practical concept of TPM development and 
implementation in the form of the following twelve steps [5]: 
1. Formally announce decision to introduce TPM; Key point: top management announcement at in-

house meeting. 
2. Conduct TPM introductory education and publicity campaign; Key point: senior management group 

training for specific management levels. 
3. Create a TPM promotion organization; Key point: steering committee and specialist subcommittees. 
4. Establish basic TPM policy and goals; Key points: set baselines and targets, forecast effects. 
5. Draft a master plan for implementing TPM; Key point: from preparation stage to application for plant 

maintenance prize. 
6. Kick off TPM initiative; Key point: invite customers, affiliates and subcontractors. 
7. Build a corporate constitution designed to maximize production effectiveness; Key point: pursue the 

ultimate in production effectiveness:  
- Conduct focused improvement activities; Key point: project-team activities and workplace small-

group activities. 
- Establish and deploy autonomous maintenance program; Key point: proceed step-by-step, with 

audits and pass certificates at each step. 
- Implement planned maintenance program; Key points: corrective maintenance, shutdown 

maintenance, predictive maintenance. 
- Conduct operation and maintenance skills training; Key point: group education for group leaders 

who then pass on their training to members. 
8. Build an early management system for new products and equipment; Key point: develop products 

that are easy to use and equipment that is easy to use. 
9. Build a quality maintenance system; Key point: establish, maintain, and control conditions for zero 

defects. 
10. Build an effective administration and support system; Key points: increase production-support 

effectiveness, improve and streamline administrative functions and office environments. 
11. Develop a system for managing health, safety and the environment; Key point: assure an accident-

free and pollution-free environment. 
12. Sustain full TPM implementation and raise levels; Key points: apply for plant maintenance prize, aim 

for even higher targets.   
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The goal of TPM is to increase equipment effectiveness so that each piece of equipment can be operated 
to its full potential and maintained at that level. To maximize equipment effectiveness, you need a 
measurement tool that can help you to understand you equipment problems so that you take steps to 
eliminate them. The key to this understanding is Overall Equipment Effectiveness (OEE) [8]. 

2.3  The Critical Evaluation of Available Resources Dealing with TPM  

TPM has been used in many global companies for more than 20 years. Unfortunately, despite this fact, it is 
clear that the majority of literature resources that discuss this issue offer only general information, basic 
considerations and theoretical manuals and instructions. In addition, these recommendations are related 
especially to automotive industry. However, metallurgical industry is characterised by many specifics, which 
make introduction of TPM in these processes very difficult. 

3. TPM UTILIZATION IN TERMS OF METALLURGICAL INDUSTRY 

TPM is a set of tools and practices that are not intended just for the maintenance department indeed, as 
the name might suggest. TPM is a philosophy which touches every employee and therefore is part of the 
corporate culture: 
- TPM philosophy is changing the environment to change people. 
- If we want TPM to work really effectively, it must become an integral part of the corporate culture. 

3.1  Expected Benefits  

Key benefits that result from a successful implementation of TPM in metallurgical industry can be expected 
in: 
- Increasing the availability of equipment. 
- Achieving zero loss of speed of machines. 
- Decreasing the production defects caused by condition of machines. 
- Reducing the maintenance costs. 

Measure availability (when needed), can be measured at any level (cell, value stream, facility). The 
availability is part of OEE, which is a way used to monitor and improve the efficiency of a manufacturing 
process. OEE is a management tool to measure and evaluate plant floor productivity. OEE is broken down 
into three measuring metrics - Availability, Performance, and Quality [9]: 

 OEE = Availability x Performance x Quality (1) 

Availability (Operating Time / Planned Production time) - percentage of the actual amount of production 
time the machine is running to the production time the machine is available (i.e. total run time of the 
machine minus all unplanned downtime). 

Performance ((Operating Time / Total Pieces) / Ideal Cycle Time) - percentage of total parts produced on 
the machine to the production rate of machine (i.e. how well a machine is running when it is running).  

Quality (Good Pieces / Total Pieces) - percentage of good parts out of the total parts produced on the 
machine (i.e. how many good parts versus bad parts a machine has produced). 

These metrics help to gauge plant’s efficiency and effectiveness and to categorize key productivity losses 
that occur within the manufacturing process. OEE will help to improve processes and, in turn, to ensure 
quality, consistency, and higher productivity. The main goal of OEE is to maximize Final Equipment Run 
Time. 
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3.2  TPM Implementation in Metallurgical Industry  

Authors of the article propose the twelve practical steps and recommendations how to effectively start and 
develop TPM in the metallurgical industry (see Fig. 1): 
1. Determine appropriate areas for the implementation of TPM - selection of a suitable production 

process, the production unit, ideal "bottleneck" with the need to increase equipment availability. 
2. Assemble the right team - select members who are experts for the equipment we are improving, all 

team members are experts in their own subject/job - involve departments that plan, design, use & 
maintain the equipment, involve managers & suppliers too. 

3. Educate the team - ensure that all team members know the TPM philosophy and also know the 
reasons why it is implemented. 

4. Analyze the current situation - a detailed descriptions of the current situation, ideal performance 
parameters for TPM, calculation of the Overall Equipment Efficiency (OEE), maintenance costs, 5S 
(6S) score and production defects caused by condition of machines. 

5. Define and setup target - setup and quantify what you want to achieve in the areas of Availability, 
Performance and Quality. 

6. Create a database of technical failures and their causes - detailed knowledge about the root causes 
of defects and other downtimes due to technical reasons. 

7. Setup routine and standard activities: 
- Setup and develop a map of the distribution of work and schedule regular activities - show the 

detail work: who is responsible for what action. 
- Setup and develop checklist - detailed schedule of activities: who carries out activities, what 

activities are carried out (what checks, cleanings, lubrications...), when - often, it shall contain 
the complete traceability (feedback). 

- Setup and develop standard works - appropriate and understandable way is a detailed procedure 
of the activity, documenting photos, effective deployment in the workplace. 

- Setup and develop plan of ordering spares and consumables. 
8. Implement the principles of 5S (6S) - at the beginning, focus on the first three 3S with maximum 

effort to achieve the best results (Sort, Simplifying, Sweep/Shine), eliminate all breakdowns, 
weaknesses and long-term problems. 

9. Setup the visualization elements for early prevention - implement and develop the visualization 
elements for early prevention of faults and monitor the technical condition of equipment.  

10. Start the process of control and monitoring - regularly monitor and evaluate all monitored 
parameters: OEE, maintenance costs, 5S (6S) score and production defects caused by condition of 
machines (shifts, daily, weekly). 

11. Set up and develop visual management - e.g. the information boards to ensure mutual flow of 
information and regular meetings for the employees involved. 

12. Start PDCA process - add TPM activity to the daily checks to confirm the process stays in place over 
time. 

4. CONCLUSION 

Management of metallurgical company must realize that even though many authors praise TPM as a cheap 
(economic) and an efficient way of maintenance of equipment, after implementation of TPM, the company 
will have to spend quite a lot of money. Especially in the early stages of the implementation, it is necessary 
to expect costs related to the technical conditions of equipment to be part of the TPM program. Activity 
Based Costing method can be recommended for these costs measurement [10]. 
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It is also necessary to take into account the fact that the first phases of the implementation of TPM will very 
probable bring a temporary decline in the availability of equipment. That is why the benefits of the 
implementation must be evaluated in a longer horizon (years). 

 

Fig. 1 Concept of TPM implementation in metallurgical industry 
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Abstract 

Computer simulation in present time is the instrument, which is used in industry and science activities. It 
represents another possibility for optimization and upgrade of various processes, units, machines and 
activities. The advantage of simulation is that it works with a model of real system, so it do not influence the 
system straight. The provision of quality simulation is also quality model, which has almost the same 
parameters as the real system. The goal of the project is to create a model and to try its different states, 
real or hypothetic. A system analysis is used for analysing and to reach of modelled system specifications. 
The base of synthesis is to create the simulation model. Described simulation model is the result of these 
steps. Description consists of the functional principle, importance and item setup. The section of variation 
calculations consists of several measured states of the system. At the output of every calculation, there lies 
summary of defined differences, their influence of gravure printing process in the technological and the 
economic aspects. 

Keywords: Simulation, ExtendSim, model, printing, enterprise 

1. INTRODUCTION  

Today's time is characterized by a high degree of automation, robotics and informatization almost all parts 
of the manufacturing companies. Increasingly, highlight the need for streamlined operations of individual 
sections to ensure smooth company operations, at the condition of the lowest possible, respectively cost-
effective. Increasing the efficiency of the production process is one of the ways to achieve higher earnings, 
respectively reduce costs [1]. One of the tools how to detect bottlenecks in the technological process, and 
which need to be "fine-tune" is just a simulation [2]. In contrast to interfering the operation of the production 
line is the intervention to the simulation model which represents this production line, without costs or 
negative impacts. In the event that solution is found by simulation and the simulation model, nothing 
precludes that solution was implemented into itself real process. Creation of the correct simulation model of 
course precedes acquiring sufficient theoretical knowledge (simulation technique, a specific simulation 
system, etc.), as well as the current state of the modelled system (system description, its elements and 
their mutual links) [3]. The results of the simulation model are monitored at every stage. It is possible to 
derive the impact on the overall system function of the changes that occur at the output of simulation [4]. 

Necessary value of simulation model depends on the characteristics of the real system - changing and 
experimenting with the system without interfering in the real system. The problem is in need to try many 
variations in terms of designing new solutions in the absence of technical equipment [5], [6]. The specific 
need for simulation model arises from the fact that in times of financial crisis are changes that have a major 
impact and impact also on customers of specific company, which was subsequently, reflected in itself 
production process of the company [7]. The simulation model and a simulation application contribute to 
eliminating these problems and reduce the impact to their customers and the market in general [8]. 
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2. THEORETICAL BASES OF SIMULATION 

For creation of true of simulation model it is necessary to know in detail the actual workplace of firm, 
simulation techniques and have knowledge from other areas of logistics, such as production logistics and 
logistics of service processes. One of the main problems is a thorough analysis of material flows in the 
process of printing, which has a significant impact on the exactness of the simulation model in comparation 
with reality [9]. The basic principle of the simulation lies in a simplified representation of the real system, its 
simulation model describing only the properties of the real system which interest us [10]. After verifying and 
the validating of the simulation model, it followed realization of experiments using a simulation model. 
These simulation experiments suggest various "enhancements" of simulated system (variants of solving) 
and verify their impact on the modelled system. Results of these experiments are applied back to the real 
system, in order to improve its properties [11].  

Simulation is not a utility that allows to obtain directly the optimal solution. Rather, it is support instrument 
that allows the designer to test the effects of their decisions on the simulation model [12]. Great advantage 
of this approach is that it is possible to visualize the future behaviour of the system and on this base of 
knowledge to implement its necessary interventions, in a real system [13]. When evaluating the simulation 
results, we must aware of that the results obtained by simulation are probable values of simulation model 
and it is necessary to understand it while using them in further work [14]. As already mentioned, the 
simulation does not have any systematic procedure, the application of which would mean automatically 
finding the optimum. For design of systems the simulation is therefore suitable for searching answers for 
the questions "What happens if ...?". In the event that it is a real system that does not work according our 
ideas, simulation helps to find an answer to the question "What now?" [9].  

The model in the case of computer simulation becomes in final form a computer program, that should 
capture the structure of the modelled system, its dynamics and the its a probability character [15]. There 
are several reasons to give the simulation priority over the learning experience by experimenting with the 
real system - it is cheaper, faster (simulation time can run much faster than real), we can test many more 
possible scenarios, it is safe (It can be tested also for catastrophic variants), we can analysed also planned 
systems that do not exist yet [16]. 

3. ANALYSIS OF CURRENT WORKPLACE 

The company has been on Slovak and the European market for many years. At present, the company 
mainly focuses on the production and the printing of flexible films for the leading producers of food industry 
and the hygienic production. In the company there are four basic material flows, which are characterized by 
parts with final production. The first stream - film production: charging plastic granules in storage - film 
production - packaging - foil expedition. The second flow - packaging printed film: plastic granulate 
charging into storage - film production, or the input purchased foil - foil printing - lamination, or the 
metallization - cutting - packaging - expedition of printed foils. The third flow - production pockets and the 
bags: plastic granulate charging into storage - production of foils, or the input purchased foils - foil printing - 
cutting - making bags - packaging - expedition of bags. The fourth flow - making sachets: purchase foils - 
cutting - printing - laminating - making bags - packaging - bags expedition [17].  

Department of printing as a system consists of elements (HSW and the HSR printing machines, auxiliaries 
parts) and their mutual links (flows of transport, information, materials) within the Department of printing 
can define several types of material flows (Figure 1). The main material flow represents the printed foils. 
Subsidiary flows are e.g. colour flow, residual foils, rollers. Side flows are part of service processes within 
the department gravure printing [17]. 
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Fig. 1 The scheme of production with the material flows 

 

Printing department operates in cycles, where one cycle represents fitted of a single order. Each of this 
cycle consists of four phases, where are made the following operations: 

1 Preparation phase (approx. 35 min) 
a. preparation of foils, 
b. preparation of scraper blades, 
c. preparation of colours, 
d. preparation of press rollers and their transfer to the printing machine. 

2 Installation phase (approx. 70 min) 
a. rollers removal and their washing, the outpouring of colours, removing the rest of the 
unused foils from the previous order, 
b. installation of press rollers, new coils of foils and the pouring new colours, 

3. Running in (approx. 30 min) 
a. set the machine for correct print, eventual fine tuning of tone colours, 

4. Print (variable time depending on the size of order) 
a. press monitoring, 
b. installation of a new foils, 
c. topping up of colours, 
d. wash and the conservation of rollers from the previous order. 

Phase no. 1 usually works with the phase no. 4 order so that the preparation of the next order expired at 
the latest time, when the previous order expires printing. 

4. SIMULATION MODEL OF WORKPLACE 

ExtendSim simulation system was chosen for creating of a simulation model which can design continuous 
and discrete models (Fig. 2). Model represents not only the actual printing (implementing blocks Activity), 
but simulates also coming of orders from the customer (block Generate) with the set attributes of the order 
[3]. 
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Fig. 2 Showing of the breaking point between the PUSH and the PULL system in the simulation model of 
the printing workplace 

(Fig. 3) was made two types of alternative calculations on the model: 
1. based on the real state of the system - the role of these alternative calculations is to determine if 

and how the selected distribution of input interval of random number into the simulation model influence the 
use of individual devices, the finding what interval is effective for a given setting of the modelled system 
and the determine which machine represents bottleneck of the process. 

2. based on hypothetical states - their task is to examine behaviour of system at a magnification 
and to reduce the number of machines. 

 

 

Fig. 3 Simulation model of printing workplace in simulation system ExtendSim 

In the alternative calculations there has been studied the impact of three types of distribution of arrival 
order into the company and the behaviour of the system, and this: 
1. Triangular - setting the distribution is based on three values (minimum, maximum and the most likely 

value). To calculate the average value of the input is necessary to calculate average values. 
2. Constant - generating of entry on the basis of a constant (constant time step). 
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3. Lognormal - distribution based on the natural logarithm of normal distribution. Entered are: mean 
(average) value and the standard deviation, for example 100 ± 25. 

For each type of the distribution there were made 4 set of values, each of 10 reps. During each calculation 
there were observed following values: 

1. number of generated orders,  2. number of completed contracts, 
3. number of pending orders,  4. machine utilization individually, 
5. the use of machines globally. 

For each group, after 10 repetitions it was calculated average values, which are worked further when 
creating addictions and the conclusions. Multiplication of calculations has been chosen because of 
averaging the results and to obviate possible deviations caused by extreme course of simulation in one 
repetition. Selected number of repetitions has proven to be sufficient; because the average value changed 
was from 8 repetitions are very small, around of 4%. The defined values have been derived from the 
following indicators: 

1. The dependence of the number of completed orders from the average utilization of machines.  

 

Fig. 4 Graph of the average utilization of machines on the number of completed orders 

The graph shows (Fig. 4) that the average utilization of machines grows linearly with the number of 
completed orders for any type of the distribution of arrival requirements to the system. The optimal value of 
the average use of the machine (approx. 80-85%) is achieved for the volume of 15 completed orders the 
whole system for 24 hours, representing 1 order / machine / change (8 hrs.). 

2. The ratio of equipped and the backlog of orders. 

 

Fig. 5 Graph ratio of equipped and the backlog of orders 
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Graph shows (Fig. 5) the ratio of equipped and backlog of orders in contemporary displaying of the 
average utilization of machines (size of the circle). In the chart there are visible two trends in depending: 

a. The increase of the number of processed orders is more progressive than the increase of the 
backlog of orders. This trend can be observed in the range of values 〈0;15〉 equipped orders. 

b. In the interval 〈15;140〉 is increase number of processed orders less than the increase in the 
backlog of orders. 

Point of trend changes (15 equipped orders) can be regarded as effective ratio to number of processed and 
the backlog of orders. After that point is the increase of number of unserved orders more progressive then 
the increase of number of served orders. 

3. The average utilization of machines. 

 
Fig. 6 - a) Chart of average machines utilization by distribution function type of Triangular, 

           b) Chart of average machines utilization by distribution function type of Constant 
 

 
Fig. 7 Chart of average machines utilization by distribution function type of Lognormal 
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From the graphs of the average utilization of machines it results (Fig. 6 a,b, Fig. 7), that the largest 
deviations in utilization of machines are in distribution function of type Lognormal and the smallest are in 
distribution function of type Triangular. For each type of the distribution the machine HSW8 is the busiest. 
Also machines with the 8 inking are busier than machines with the 10 inking too (Table 1). 

Table 1 Total average utilization of machines 

Machine Average utilization total [%] 
HSW8 90,76 

HSW10 70,25 
HSR8 78,18 

HSR10 70,34 
Average sum 77,3825 

3. CONCLUSION  

By simulation it has been found that none of the three types of distribution of random entry of order into the 
system change radically the behaviour of the simulation model, as well as the output parameters of the 
system. It follows, that the selected type of the distribution has not a significant impact on the behaviour of 
the system over other types of the distribution. It was also detected bottleneck of production process in the 
form of most utilization of the machine, which is HSW8 device, which can be seen also from graphs of the 
average utilization of machines. Its average utilization is 90.76 %. The least utilized machine can be 
considered HSW10 machine, which average utilization is 70.25 %. For effective of entry interval, i.e. one in 
which is the average utilization of machines in the values of 80-85% can be considered for different types 
of the distribution of following parameters: 

1. Triangular - value T 10, 80, 40 (η=0,847), 

2. Constant - value C 40 (η=0,851), 

3. Lognormal - value LN 50, 20 (η=0,772). 
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Abstract 

Currently a lot of emphasis is placed on the development of new solutions to the problems of cargo 
distribution. Depending on the complexity of the tasks we can use an approximate or exact algorithms. In 
this article, the author focused on the solution methods of transport problems in multistage distribution 
system with variable zoning customer service. Methods to solve the problems associated with multi-criteria 
optimization of the system structure that is under consideration were presented. Search algorithms for a 
rational road transport network were taken into account. It also indicated a possible method of solving the 
problem of vehicles routing. This paper contains an analysis of the functionality of the various methods and 
their possible implementation for the problem. 

Keywords: VRP, hierarchical distribution systems, multi-objective optimization model 

1. INTRODUCTION 

Distribution of goods is an essential part of the supply chain. It is the process of planning and control of 
physical movement of finished goods from the place of origin to the destination. A special case is the 
distribution of goods in urban areas. It requires the use of a systemic approach that takes into account 
several aspects such as: economic factors, the availability of infrastructure, the safety of the traffic or even 
the stochastic nature of the movement process. It is therefore necessary to develop planning methods and 
ways of organizing the distribution in order to reduce transport work undertaken in the city [1], [2], [3]. 

This article aims to review and analyze the methods of solving multi-criteria optimization formulated for 
multi-distribution model, allowing for consideration of the interests of many participants in this process 
(customers, logistic operators and indirectly, the inhabitants of the city). 

This article is divided into 4 parts. The second part concerns the multistage distribution systems and 
problem of customers zoning. In this part presented a multi-criteria optimization problem. The third part is 
characterized computational problems occurring in the present job and how to solve it. The fourth section 
provides a summary and directions for further research. 

2. MIXED DISTRIBUTION SYSTEM AND CRITERION OF DISTRUTION PLANING 

As mentioned in the first point, it is important to find ways the organization of cargo distribution in urban 
areas to reduce the influence of transport work in the city. That way can be a multi-level distribution 
systems. They assume the carry out distribution through the storage facility located on the outskirts of the 
city, as well as its area. These facilities perform functions such as storage, order picking, and distribution of 
cargo on each route (for smaller vehicles) [4]. Among the multistage distribution systems must be 
distinguished above one-stage system and the two-stage system [1], [5].  

The one-stage system consists of the execution of freight distribution in the supplier to customer relation 
using cargo consolidation centers (CCC). These storage facilities located outside the city. Pursue further 
(next to warehouse operations) operations picking (by orders of recipients) and distribute loads to 
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customers located in the city. In the distribution are used light vehicles, which allows to avoid the 
constraints of the transportation network (permissible laden mass on a particular route), as well as 
restrictions of driving time (as in the case of vehicles with GVW > 3.5 t) . 

A system in which between cargo consolidation center and recipients is placed transshipment HUB was 
called as a two-stage system. For the delivery of goods CCC after picking and distribution going to HUBs 
located in cities. There cargo are again handled and delivered to customers. For the delivery route CCC-
HUB are used a heavy vehicles while hub-recipient relation light vehicles. There is no CCC-recipient 
relation [3]. 

The combination of these systems is called the mixed system and it is shown in Fig. 1. It contains the idea 
of the one-stage system and the two-stage. The entire workflow of the system is based on a two-stage 
system, including selection of vehicles on the appropriate relation. However, in such system is taken into 
account a relation CCC-recipient [3]. 

The multistage distribution systems used zoning of customer service. In the case of the presented concept 
was abandoned this approach. It significantly limits the search for solutions cost-effective and results in 
wandering among the local minima (in terms of cost) [2]. 
In the presented system it is possible to add another level after the implementation of transport between 
hubs. Such a system becomes a hierarchy which distinguishes hubs parent and child. In the cities, this is 
not unprecedented form distribution organization [6]. 

 
Fig. 1 Diagram of a mixed distribution system for the considered issues 

Source: own work. 

Formulation the model depicted in the distribution system is based on the structure of the transport network 

presented in the form of a graph: , =G W L  where as  { }1,.., , ..., , ', ..., , ...,a w w b WW =  marked 

collection point infrastructure components in the network, while the 

( ) ( ){ }    ,  ' :  ,  ' ;  'w w w w w w= ∈ × ≠L W W  set of connections between these elements. 
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On the W  set was made representation γ, carrying out elements of this collection in the collection {0,1,2} 
to separate sets of CCC, HUB’s and recipients (formula  1): 

             :                      {  0,1  ,  2}γ →W   (1) 

when: 

( ) 0wγ =  a node in the structure is the interpretation of a CKŁ number,  

( ) 1wγ =  a node in the structure is the interpretation of a HUB number,  

( ) 2wγ =  a node in the structure is the interpretation of a recipient number located in the area of the city.  

Application of representation allows to define sets of CCC (formula 2), HUBs (formula 3) and recipients 
(formula 4): 

( ){ :   0,  ,  1,2, , }w n w w n N= ≡ = ∈ = …N Wγ   (2) 

( ){ :   1,  ,  1, 2, , }w h w w h N N N H= ≡ = ∈ = + + … +H Wγ   (3) 

( ){   :   2,  ,  1, 2,   ,   }w o w w o N H N H N H O= ≡ = ∈ = + + + + … + +O Wγ   (4) 

where: 

n  - number of n -th CCC; N  - CCC in total; 

h  - number of h -th HUB; H - HUBs in total; 

o  - number of o -th recipient; O - recipients in total. 

For presented structure of the transport network can be formulated many optimization tasks of varying 
complexity and taking into account various criteria and limitations. Here can be highlighted the typical tasks 
of distribution of goods carried at the lower cost, but also for example includes the implementation of the 
distribution of the criterion of emissions [4], [7], [8]. Defined criteria depend primarily on which site is 
considered a problem such as site of the logistic operator or residents. Formulated tasks require the 
introduction of certain restrictions that allow representing real problem as close as it is possible. Among 
such limitations and assumptions can include for example: limitation of the vehicle payload, driver's working 
time, limitations of transport links (speed, maximum axle load), the time window at the destination. The 
problem of cargo distribution is derived from the traveling salesman problem, namely the problem of VRP 
(vehicle routing problem). Taking into account the various constraints and objectives that will arise varieties 
such as VRP problem VRPTW, MDVRPTW etc [4], [9]. 

Formulated of the optimization task should take into account the interests of many participants in the 
distribution chain. For this reason, author decided to provide researches for formulated a vector criterion 
function (Formula 5) consisting of a partial objective function. 

The first objective function relates to minimize distribution costs. They arise from the storage and 
maintenance of vehicles and drivers, as well as the costs of time and kilometers flown during tasks 
execution. It takes into account the costs of penalties for delays in service as well as not handle customer. 
This is particularly important from the point of view of the logistic operator, whose main interest is the desire 
to increase profits and reduce costs. 

The second objective function relates to minimize the risk of delays in handling each recipient. Each of 
the recipients is characterized by a time window. Handle customers outside the time window is related to 
the penalties which are reflected in the cost function. Risk is defined here as the probability of an not 
desired event is too early or too late customer service in relation to a designated plan of operations. It 
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should be noted that it can be profitable from the point of view of the supply plan that can be late in 
customer service or even not supported. 

Not handle the recipient is also reflected in the third objective function. This function is to maximize the 
probability that the recipient will be served respect to schedule. If there are served less consumers the plan 
was implemented incorrectly. Both the second and third of the objective function are closely related random 
variables, which are described in a combination of travel times or times of loading operations. These 
features are important for the operator, as they demonstrate how to improve the reliability of the system 
affects the costs of the distribution. In these functions is also noticeable interest customers, because can 
determine the probability with which they may be satisfactory services. Indirectly, all three functions takes 
into account the interests of the inhabitants, because the determination of correct distribution plans reduces 
truck traffic and supply in urban areas. 

( )[ ]
( )

( , , ) G1 , , G2( , );G3( , )

G1 , ,                   min
; G2( , )                       min

G3( , )                       max
F X Y Z X Y Z Y Z Y Z

X Y Z
Y Z
Y Z

=

 →
 → → 
 → 

  (5) 

Criterion functions are presented in the implicit form and they have the task of bringing the search area 
solutions. In view of the purpose of the article does not provide the problem formulated mathematical 
model, and focused only on the general description. 

3. MAIN METHODS FOR SOLVING PROBLEMS IN DISTRIBUTION SYSTEMS 

Solving the problem described above is facing three major problems. The first problem is the problem of 
vehicle routing (VRP), and more specifically its modification takes into account the random variables as 
travel times and freight operations times, as well as multi-criterion issue. That created another problem for 
the routing between the vertices of the network, determining the order of visited points and the problem of 
multi-criteria optimization. 

1) Problem of determining the best path between vertices in the network 

Determining the best path in the network is an issue considered for a long time and there are many of the 
developed algorithms allow to solve it. However, important to notice, is meaning of the best path. From one 
point of view, it may be the way that is cheapest, quickest or shortest, and the other should be considered 
in many aspects. The algorithm must also take into account the randomness of travel times [10]. 

Algorithms for solving the problem can be divided into exact algorithms drawing an optimal solution and 
heuristic algorithms which return a suboptimal solution otherwise rational. Characteristics of the solved 
problem determines the choice of algorithm or at least limits the choice. In the problem formulated in article 
cannot be use exact algorithms as in the case of random variables, we cannot be sure of the found 
solution. On the other hand we can consider situation when the travel times that are random variables we 
include as the expected values of these variables. The result is that it becomes possible to apply exact 
algorithms. Heuristics are applicable to complex problem where the computation time plays an important 
role. Algorithms are universal and can be used to calculate with data, both deterministic and random. 
Among the exact algorithms may include for example: brute force and B&B (branch and bound) and the 
heuristic but the exact Dijkstra. However, representatives of heuristic algorithms such as A* [10]. 

2) Determining the order of visited customers in the routes and timing of their realization 

This problem consists in determining the order of visited customers, depending on the time window and 
customer demand. It is necessary to take into account travel times, loading operations times, work time and 
the type of involved vehicle [2], [7], [11]. 
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The solution to this problem can be realized as in the previous case by exact or heuristic algorithms. 
However, exact algorithms, can be used only as a brute force and B&B of the possible solutions. If the task 
is large it is not efficient because the problem belongs to the class of NP-hard problems. It is therefore 
necessary to use heuristic algorithms, and here it can be for example genetic, bee or ant algorithms. To 
this problem also can be used an algorithms based on neural networks but this requires to have an 
extensive database for supporting learning of the network [6], [11], [12], [13]. 

3) Multi-objective optimization problem 

This is an issue that concerns both the issues described above. This problem must be taken into account 
when determining the road and the order of visited points. This problem can be solved by classical means 
of multi-criteria analysis, e.g. ranking method or meta-criterion. 

It is possible to include this problem in the optimization process which is called multi-criteria optimization. 
This optimization can be performed using classical methods method of weighted objectives, constraints or 
heuristic method VEGA (Vector Evaluated Genetic Algorithm), SPEA (The Strength Pareto Evolutionary 
Algorithm) [14], [15], [16]. This involves the determination of the pareto-optimal solution or belonging to the 
feasible solutions. It means that for the improvement of one of the criteria is not done without compromising 
the other. The final choice, of the solution must be taken by decision maker. 

Summary exemplary algorithms along with a brief description is presented in Table 1.  

Table 1 Examples of algorithms to solving problems in distribution systems 

Name of algorithm type effectives of 
computing 

difficulty of 
implementation   

usage 
1 - shortest path 
2 - VRP 
3 - Multi-objective 

brute force exact low easy 1,2 
branch&bound exact medium low easy 1,2 

Dijkstra's 
greedy, heuristic 

(exact) medium easy 1 

Bellman-Ford 
greedy, heuristic 

(exact) medium easy 1 
A* heuristic high medium 1 
Nearest neighbour heuristic low easy 2 (TSP) 
Genetic algorithm heuristic high medium 1,2, 3* 
ant algorithm heuristic high medium 1,2, 3* 
SPEA heuristic high hard 2+3 
VEGA heuristic medium medium 2+3 

(* if it is modified) 
Source: own work based on [6], [7], [10], [11], [12], [13], [14], [15], [16].  

The characteristics of described methods should be considered subjectively. The methods used in practice 
for this type of problems are mostly heuristic methods. It should be noted that for a given type of task is 
necessary to modify the basic algorithms to fit the specific needs. A clear overview of available algorithms 
is very difficult to make because of the unique nature of the tasks. In addition, there are a lot of different 
modifications of basic algorithms and a detailed review is not possible. Modifications algorithms often 
based on conection of several different algorithms and combination of them [4]. 

4. CONCLUSION 

Summing up the considerations in this article, it is clear that there are many available algorithms to 
consider specific issues. However, the most of these algorithms is not dedicated to the task of specific 
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constraints and objectives. It is therefore necessary to develop their own modifications to existing 
algorithms (or the development of new methods) solutions suited to the specific case. As part of the 
research it was decided to modify heuristic algorithms and more specifically the use of the modified A * (in 
terms of the variables travel time), a genetic algorithm (with a specific approach Pitsburg) and SPEA 
algorithm. The procedure included SPEA algorithm will work on effects of algorithms that solve the first two 
problems. 

The further work will implemented in the above-mentioned algorithms for the solution of the problem 
formulated. Future publications will include full mathematical model, together with the evaluation of task 
optimization and its solution. 
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Abstract 

Most operated motor vehicles are propelled by conventional fuels, i.e. automotive petrol or diesel. The 
problem with the use of these fuels is reflected in their impacts on the environment, as well as the dwindling 
oil reserves in the world. This is also the reason why large car manufacturers have been intensively 
working on the development and verification of alternative propulsion of motor vehicles for several years. 
The objective of this article is to present selected technical solutions and simultaneously to evaluate the 
possibility of their use in practical operation. It is true that some of them will not achieve this goal in the 
near future due to major technical problems, too high acquisition cost of the propulsion or the cost of 
production, transportation and storage of fuel. 

Keywords: Motor vehicle, alternative fuel, oil 

1. INTRODUCTION 

Nowadays, we mainly use petrol and diesel for propulsion of motor vehicles, i.e. fuels made from crude oil. 
In terms of the impact on the environment, the effort is focused on reducing the consumption of these fuels 
and on replacing them with new fuels, preferably from renewable sources, or at least on reducing the 
sulphur content and on increasing the bio content of these so-called fossil fuels as much as possible. The 
bio agent is ethanol (alcohol) in petrol and methyl ester of vegetable oils in case of diesel. 

Various types of gas fuels represent more and more commonly used and interesting option of propulsion of 
motor vehicles in recent years. These include liquid hydrocarbons, compressed natural gas (CNG) and 
biogas for stationary engines. 

The effort to run a car directly on vegetable oils, in our conditions using rapeseed oil, has been put forward. 
However, this is possible only if a number of operating conditions are met, especially the tightness of the 
entire system is absolutely necessary, because the biggest problem is the leakage of fuel into the oil filling 
resulting in polymerization of the lubricant and sealing of the whole engine. 

2. THE ISSUE OF MOTOR VEHICLES PROPULSION 

Constant increase in the number of motor vehicles also generates increasing fuel consumption, today, still 
largely conventional fuels (petroleum derivatives). However, this development will inevitably lead to an 
early depletion of fossil fuel resources, in this case of oil, and it is becoming a kind of time bomb for the 
human race. The rising price of fossil fuels, the impact of their incineration on the environment and the 
requirements to meet stricter and stricter emission standards are the main reasons why large car 
manufacturers have been intensively working on the development of alternative types of propulsion for 
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many years. Across the manufacturers, there are currently several possible options how to deal with this 
difficult situation. 

In the following part, we are going to try to briefly summarize the current and future opportunities of motor 
vehicles propulsion, together with a reminder of the basic advantages and drawbacks of the individual 
options. 

2.1  Electric-powered vehicles 

Cars powered by electricity - the so-called electric-powered vehicles have perhaps the most promising 
prospects so far. Development in this area is probably the most advanced and the basic principle seems to 
be simple, although there are several versions of the technical solutions of this propulsion. The 
fundamental problem is the storage of electricity, i.e. the electrochemical batteries, which currently still 
have considerable dimensions, weight, acquisition costs and a relatively limited capacity. Recharging the 
batteries is possible with fast charging stations or, for example, during the night using the electric 
connections in the house or in company headquarters. Mass deployment can also bring a problem with 
charging, because the connection to the mains during charging at a certain time (mostly in the evening) 
may cause a collapse if an increased supply of electric energy is not ensured. 

The technology of EP Tender Company focused on interesting the range of electric-powered vehicles is an 
interesting recent technical solution [1]. It is basically a trailer with a generator, which can generate 
electricity for recharging the battery of a vehicle in certain driving modes. This way, the device is capable of 
significantly extending the intervals between charges (by up to 600 km). 

 

Fig. 1 EP Tender device - a trailer generating electricity [1] 

Solar panels on the roof of a vehicle can be another propulsion option. However, this is only the prospect of 
the future, particularly due to the need to solve the problem with increasing the efficiency of solar panels, 
and the longer range. 

2.2  Bioalcohol 

This fuel is largely widespread, for example, in Brazil or Scandinavian countries so far, and it is gradually 
expanding in other parts of the world. In addition to the use of pure bioalcohol (bio-ethanol), there is an 
alternative to combine it with petrol. The combination of fuel known as E85, which is a mixture composed of 
15% of natural 95 petrol and 85 % ethanol, is spreading. The use of these fuels always requires a specially 
modified engine. In 2013, this fuel was available in more than 300 locations in the Czech Republic. From 
large retailers, it is available from Benzina, Shell, EuroOil, Tank Ono and others. 

Vehicles powered by E85 fuel can be considered environmentally friendly, because they produce by up to  
70 % less CO2 emissions compared to engines burning conventional fuels. This means, however, growing 
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industrial plants with a high content of starches and carbohydrates (corn, beetroot, potatoes, wheat and 
other crops). It should be noted that this production consumes quite a large amount of energies in the form 
of irrigation, fertilizers or the use of machinery, which is consequently linked to increasing greenhouse 
gases emissions. Another fact is also a worldwide shortage of land suitable for growing industrial crops, 
although areas of inferior quality can be used in this case. 

2.3  Biodiesel 

Biodiesel replaces conventional diesel made from oil in diesel engines. It is made from oils of various oil 
plants (oil from rapeseed, sunflower, soybean oil, palm oil, etc.) and there are also technologies processing 
for example used frying oils, waste animal fats and similar substances. 

The advantage of using these materials is the positive impact on the environment (lower engine smoke, 
dust emissions, sulphur, CO2), high lubricating capacity (low engine wear), small adjustment of diesel 
engines, while the disadvantages include especially the high price of the produced fuel (it consumes large 
amount of energy), the possibility of corrosion of the fuel system due to fatty acids arising when mixed with 
water and sufficient space for cultivation. 

2.4  Oils 

Vegetable oils used as fuel for the propulsion of motor vehicles are becoming increasingly common. 
However, it is always necessary to rebuild the engine, which is not an issue with majority of diesel engines 
using technology of Bosch common rail system. Rebuilding engines with pump-nozzle system is more 
expensive, but it is possible. It is necessary to pay more attention to cleanness, the entire fuel system and 
oil. The tightness of the system and the consequences of leakage of fuel into oil have already been 
mentioned in the introduction. On the other hand, lower engine wear and its quieter and more stable 
operation without sacrificing performance was witnessed as in case of biodiesel. 

High hopes in the future are laid in the 3rd generation biofuels, such as oils from algae. They produce oil 
droplets, which are easily converted into fuel. Cultivation is actually very simple and we need only sun, 
heat, CO2 and nutrients. The project is just at its beginning and requires longer time before its practical use 
on a larger scale will be possible. 

2.5  Air 

The idea of using compressed air to propel vehicles is not new, in practice, however, this technology 
dealing with the utilization of air is not sophisticated enough and therefore it is used very little. The main 
problem for mass use is, again, the need for electricity to compress air mass into a container, the volume of 
the compressed air vessels and the associated range of vehicles, which is close to 200 km, in addition to a 
relatively low operating speed. 

2.6  Hydrogen 

Hydrogen cars are often referred to as the vehicles of the future, because hydrogen is all around us and its 
stocks may seem endless. Hydrogen used for the propulsion of vehicles may be used either in the form of 
direct combustion in an internal combustion engine or in conversion to electricity in fuel cells. The 
advantage is clean operation, since the product of combustion is only water vapour. 

Practical use has so far been prevented by high costs of the production of pure hydrogen. It can be 
produced from natural gas or by decomposition of water, but in both cases, we need electricity again. In 
addition, the conversion of hydrogen into electric energy requires fuel cells, the production of which is 
costly and requires the use of precious metals. The problems may include hydrogen tanks, the network of 
filling stations and also the safety aspect, because hydrogen and air create a highly combustible mixture. 
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It is very pleasing that the number of hydrogen filling stations is constantly increasing, although at present, 
there is actually no mass-produced car powered by this fuel in the market. According to [2], in 2012, 27 
new hydrogen filling stations were opened all over the world; sixteen of them are newly in Europe. 
Germany already boasts a total of 33 stations, while the last one was opened in March 2013 in Stuttgart. 
Just for the sake of comparison, we note that Austria has only three hydrogen filling stations and the Czech 
Republic only one in Neratovice. Globally, the list would look as follows: Europe - 80, North America - 76, 
South America - 3, Asia - 49. 

The project of Mercedes Benz with a vehicle from a compact MPV class - Mercedes Benz B F -CELL (Fig. 
2), using the fuel cell system, seemed very promising in this area. As early as in 2010, 70 of these vehicles 
were handed over to companies in the USA. Operating experience has shown the usability of this 
technology in practice and the manufacturer expected introduction in the market in 2014, according to the 
available information [3]. Eventually, however, Mercedes Company has postponed its launch at least until 
2017, because of the lack of filling stations and in order to find a suitable and strong partner for the rapid 
expansion of this technology. 

 

Fig. 2 Mercedes Benz B F-CELL [3] 

As far as hydrogen is concerned, we can point out the German airport in Munich. Thanks to a large grant 
from the Bavarian government, there is a functioning project, where hydrogen-powered buses transporting 
passengers around the airport, forklift trucks and carts for luggage are used. 

2.7  Natural gas 

According to the method of storage, natural gas is used to propel motor vehicles in two forms, i.e. in 
compressed form - CNG (Compressed Natural Gas) or liquefied form - LNG (Liquefied Natural Gas). 
Similarly, any person interested in such a vehicle may decide whether to buy a vehicle with this propulsion 
type during its purchase or whether to take advantage of the conversion of a vehicle with petrol engine (it is 
not technically possible to modify diesel engine yet). In the Czech Republic, new vehicles with CNG 
propulsion are offered by major manufacturers such as Citroën, Fiat, Lancia, Mercedes, Opel, Renault, 
Volvo and, of course, the entire VW concern. Vehicle range on a single tank of CNG is not such a big 
issue, because it varies from 350 to 600 km and the total range with petrol reaches 1,300 km without 
refuelling. 
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The advantage of a car powered by natural gas is mainly low price of CNG and lower impact on the 
environment - it releases lower amount of pollutants and the filling stations can be supplied by gas 
pipelines. The disadvantages include the acquisition cost of vehicles or conversion, and partly also the 
network of CNG filling stations - the Czech Republic has approximately 47 public stations, Slovakia - 10 
stations, Poland - 26 stations. Among the countries of Western Europe, the best situation is probably in 
Germany or Austria, where the numbers of CNG stations can be counted in hundreds. 

Insufficient number of filling stations can be eliminated by the so-called domestic CNG filling machine, 
which is able to refill the vehicle tank during the night parking by the house and it is also more cost effective 
(15.82 CZK/kg = 11.30 CZK/m3 + price of transportation according to the supplier) than the public filling 
station (25.33 CZK/kg = 18.10 CZK/m3). The smallest "home" filling machine is probably the product of an 
Italian company FuelMaker labelled CNG Phill [4] and a capacity of1.5 m3/hr. (Fig. 3). 

In the Czech Republic, the highest number of CNG vehicles is operated in public transport; also thanks to 
the fact the carriers can receive a grant for the purchase of the so-called "green vehicles". 

   

Fig. 3 Illustration of the installation of slow-filling station CNG Phill made by FuelMaker Company [4] 

2.8  Hybrid vehicles 

Today, it is a technically very sophisticated and significantly widespread system. It is based on a 
combination of a conventional internal combustion engine and an electric motor, and the use of each of 
them depends on the current operating conditions. For example, both drives can be used during drive-
away, on the other hand, during braking, electric energy from the generator is stored in batteries. Although 
it is necessary to use petrol or diesel, the whole system is environmentally friendly thanks to its very low 
fuel consumption and low emissions. On the other side, there is a high acquisition price, slower 
acceleration due to the higher weight (batteries), or failure rate resulting from a combination of 
propulsions). Fig. 4 shows probably the most famous example of hybrid cars in our country - Toyota Prius 
Plug-in Hybrid [5] with a declared average consumption of 2.1 l/100 km and CO2 emissions (combined) of 
49 g/km. 
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Fig. 4 Toyota Prius Plug-in Hybrid [5] 

3. CONCLUSION 

The above presented facts clearly show that motor vehicles will certainly use mainly petroleum fuels for 
several decades in the future. The savings potential must be searched for in vehicles with small-volume 
engines and in maximum fuel efficiency. The efforts to minimize the effects of the operation of automobiles 
on the environment lead to further development, both in the area of technology and in the area of fuels and 
lubricants. The new emission standard Euro 6, which will come into force on 1st September 2014, may 
have a decisive impact on this issue in Europe. Its introduction will probably also change the situation in the 
passenger car market between petrol and diesel engines in favour of petrol engines, because meeting the 
standards will mean a further increase in price, especially in case of diesel engines. 

The presented overview of fuels does not include the probably longest practically used and relatively very 
popular "alternative" fuel among the motorists, which is propane-butane (LPG). The question in this case is 
whether propane-butane can be classified as an alternative fuel of the future, because it is actually a by-
product generated during the processing of crude oil. 

The comparison and overall evaluation of the individual types of propulsions commonly compare vehicles 
available in the market, i.e. powered by diesel, natural gas (CNG), bioethanol (E85) and electricity. The test 
results are usually very general, as it is very difficult to include all the aspects in the decision-making, and it 
is usually difficult to compare vehicles of the same class or even the same brand and model from the same 
manufacturer. In terms of fuel costs per 1 kilometre, the most economical type is electric propulsion (or 
hybrid), followed by CNG, E85 and diesel. At the same time, electricity is also the most environmentally 
friendly fuel, if we do not consider the environmental impact of its production (in OECD countries, up to 63 
% of electricity is produced in thermal power plants in 2013), during the production and disposal of batteries 
and so on. 

The success of sales of the individual types of propulsions is affected by the end customer. It can be said 
that the total final operating costs, i.e. the intersection of higher purchase price of the vehicle and reduced 
fuel costs, including the feeling of driver, driving comfort, range without refuelling or recharging as well as 
other factors still have the crucial impact nowadays. The decisions of entrepreneurs could be affected by 
zero road tax for environmentally friendly vehicles, approved in the CR by the amendment to the Act No. 
16/1993 Coll., of road tax, as amended, effective from 1st January 2009 for hybrids, electric-powered 
vehicles and cars burning biofuel E85 and gas (in case of CNG, it is related to commercial vehicles and 
lorries up to 12 tonnes and passenger vehicles without exceptions). The most common category of cars 
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which are affected by the tax exemption are LPG cars with over 140,000 vehicles followed by about 1,200 
CNG cars and several hundreds of hybrid cars in operation in the Czech Republic. 

It can be concluded that further development of the issue of alternative propulsion systems of motor 
vehicles will undoubtedly depend on the economic and environmental parameters and objectives, on the 
level of the national economy, company and consumer levels and their interaction within the frame of the 
legislative process. 

ACKNOWLEDGEMENTS 
The work was supported by the specific university research of Ministry of Education, Youth and Sports 

of the Czech Republic No. SP2013/49. 

REFERENCES  
[1] Power aus dem Hänger. BÄHNISCH Stephan. Rage Extender EP Tender für Elektro-Autos - autobild.de 

[online]. 2013 [cit. 2013-10-28]. Dostupné z: http://www.autobild.de/artikel/range-extender-ep-tender-
4311588.html 

[2] EHA 27 Hydrogen Refuelling stations. H2euro.org [online]. 2013 [cit. 2013-10-28]. Dostupné z: 
http://www.h2euro.org/latest-news/hydrogen-hits-the-roads/27-hydrogen-refuelling-stations-open-world-wide-in-
2012 

[3] Mercedes-Benz Delays Fuel Cell Plans, Seeks Partner: Report. VIJAYENTHIRAN Viknesh [online]. 2013 [cit. 
2013-10-28]. Dostupné z: http://www.motorauthority.com/news/1081925_mercedes-benz-delays-fuel-cell-plans-
seeks-partner-report 

[4] Refueling domestic. Phill home, home system CNG refueling vehicles. [online]. 2013 [cit. 2013-10-28]. 
Dostupné z: http://www.brcfuelmaker.it/phill-domestico-prodotto-brc-fuel-maker.aspx 

[5] Prius Plug-in Hybrid. Toyota Prius Plug-in Hybrid - první hybridní elektromobil typu plug-in (PHEV] značky 
Toyota. [online]. 2013 [cit. 2013-10-28]. Dostupné z: http://www.toyota.cz/cars/new_cars/prius-plugin/index.tmex 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

641 

OPTIMIZATION OF THE ORDER FULFILMENT PROCESS IN THE SELECTED CATERING 
COMPANY  

Vladimira VLCKOVA, Vera MACALOVA   

University of Pardubice, Pardubice, Czech Republic, EU, vladimira.vlckova@upce.cz   

Abstract 

In catering companies, a substantial role is played by work with foodstuffs. From the point of view of 
logistics, foodstuffs are a specific type of goods. The way how foodstuffs are handled affects their quality, 
freshness and health harmlessness, and so it is subject to the applicable legislation. Nowadays, customers 
place larger and larger demands on the time, assortment, availability, price and quality of goods and 
services. These demands make enterprises try hard to keep improving the entire process of order fulfilment 
to increase the added value for the customer. That is why one of the present trends in the area of 
gastronomy services is utilization of outsourcing through catering companies that extend their services by 
the area of entertainment connected with gastronomy. This paper deals with optimization of the order 
fulfilment process in the selected catering company. This company is now expanding and the number and 
scope of their orders are growing, which is connected with an increase in the number of the permanent and 
outside employees and in the cost of these employees. Therefore, the paper specifies the process of order 
fulfilment in this catering company and presents the outcomes of the performed analysis of this process. 
The analysis was primarily carried out from the point of view of time optimization using the critical chain 
method and network flow diagrams.  

Keywords: Catering, order fulfilment process, critical chain method, network flow diagram 

1. INTRODUCTION  

One of the present trends in the area of gastronomy is making use of outsourcing through catering 
companies. Their services also expand to the area of entertainment connected with gastronomy. Catering 
companies are thus also able to supply the customer, apart from refreshments, with the necessary 
inventory and staff to provide services including cleaning after the end of the arranged event [1]. Foodstuffs 
represent for logistics a specific range of products. The way they are treated affects their quality, freshness 
and health harmlessness, and so it is subject to the relevant legislation. Catering companies make their 
efforts to strengthen the customer loyalty and satisfaction through creation of the required product value 
and particularly the service value together with increasing their profits. At present, the aim is to increase 
customer loyalty. It turns out that a particularly appropriate means of achieving this goal is to strengthen 
relationships with customers. Therefore, it is not only well-functioning material, information and financial 
flows what is important in the process of creating and delivering value, but it is also the processes and 
activities that enhance the emotional and social benefits of customers and have positive impact on the 
value of the relationship [2]. Customer Relationship Management success belongs to the critical processes 
in the supply system management, as all the partners have to cope with the growing power of the 
competitors, the strong pressure on cost reduction through implementation of just such activities that bring 
a value, different effectiveness of individual customers and efforts to keep the customers [3]. Shoppers, 
buyers, customers and consumers have a far greater bargaining power than ever before. They have 
access to a wide range of information about various competing offers, a possibility to exchange and share 
information among themselves about products and services, quickly compare it and evaluate its 
attractiveness [4]. High customers’ demands on time, product range, availability, price and quality of 
products and services make all the entities of the supply system do their best to keep improving the entire 
order fulfilment process in the way to increase the added value for the customers [5]. 
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This paper deals with selected tools used within optimization of the order fulfilment process. It presents the 
outcomes of primary research carried out in a selected catering company [6]. This company is now 
expanding and the quantity and scope of its orders are growing together with the cost of the increasing 
number of both the permanent and particularly the outside workers. The paper aims to analyse and 
evaluate the order fulfilment process in this company using the process map, the critical chain method and 
network graphs. The analysis was focussed on the possibilities of shortening the period of this process with 
the main objective to decrease the cost of outside workers. 

Targeted literature search in scientific literature, a method of in-depth interviews with persons accountable 
for particular activities, analysis, synthesis and comparing of provided intercompany materials and personal 
experiences of author from practice in chosen company were used as research methods and sources. 

2. RESEARCH BACKGROUND AND METHODOLOGY  

Each enterprise has introduced its own procedure of the order fulfilment process, which is specific for it. 
Within the wider concept, this process starts by acceptation of an order and ends by delivery of goods or 
services to the customer [7]. It is often a complicated process placing demands on coordination of all the 
involved activities and persons [8]. If, in addition to that, the enterprise deals with fresh and easily spoiling 
foodstuffs, it is necessary to make sure that there are such conditions on their way to the final consumer 
that they stay fresh, quality and harmless to health. In such systems, it is particularly the speed what 
decides together with observation of highly-developed functional systems of Hazard Analysis Critical 
Control Points. 

An analysis of corporate processes aims to provide information about them so that it is possible to optimize 
them and keep improving them. A process analysis is based on identification of the main processes and 
activities carried out within an enterprise. Description of corporate behaviour and procedures within 
respective processes makes it possible for an enterprise to obtain an overview of its processes and 
discover any potential redundant activities and procedures in them. It is also priceless when the processes 
are being adjusted to changes. One of the tools used in the process analysis is the process map, which is a 
graphic expression of the main process activities, their mutual relations, sequences, branching, and 
potential feedbacks and other data like time data or responsibility of workers for individual activities [9].  

To make successful improvements in the processes, it is necessary to have in place a system of indicators 
on the basis of which it is possible to monitor, supervise and evaluate the processes. In the case of 
evaluation of the order fulfilment process, they are particularly the indicators used within logistic controlling. 
They always refer to a product, an order, or logistic performance; see more, for example, in [10], [11]. It is 
also possible to measure and assess performance in logistics from the point of view of the level of 
customer services. They are indicators of the scope and quality of services [3]. However, it is essential that 
the proposed indicators correspond with individual needs of the respective enterprises taking account of 
the structure of workers, the size of the enterprise, the material demands of the enterprise, etc. [11]. Within 
the performed analysis of the order fulfilment process in the given catering enterprise, the management 
defined the objective to find the possibilities of making improvements in the indicator of the cost of workers 
for the given order or of outside workers involved in this process. In view of the fact that the enterprise hires 
outside workers for individual orders, one of the possible ways of how to achieve this target is reduction in 
the time period required by the order fulfilment process. Moreover, the time of foodstuffs fulfilment and 
storing has significant impacts on their quality.  

The tools by means of which we can solve the problem of shortening the period of the project or the order 
fulfilment process include an application from Theory of Constraints -TOC, which is the Critical Chain 
Planning. TOC is based on the idea that each enterprise has its limits or a bottleneck limiting all the system 
and preventing achievement of higher profits or better its objectives. Critical Chain is then a method of 
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scheduling that takes account of the limited resources and includes buffers protecting the project from 
failing to meet the planned date of completion [12].  

Critical Chain aims to shorten the project time periods significantly and to increase the probability of timely 
completion of all projects without exceeding the planned budget. The method is based on the area of 
psychology. Estimated project durations are affected by the previous negative experience of the people 
who therefore create a time reserve over 50% of the needed time while making estimates. Another problem 
is that although the estimated durations of individual project activities are of high probability of completion 
within the originally scheduled period, still almost in all the projects the time dedicated to safe completion of 
an activity on time is wasted [13]. These mechanisms result in the fact that reserves make up most of the 
project time and so there is a lot of wastage. Goldratt sees its causes in the student syndrome, 
concurrence of activities and dependence of individual steps within whose result individual delays add up 
and time savings are squandered [14]. Therefore, it is important to determine by how much we should 
decrease the estimated durations of individual activities and, subsequently, how much time we should add 
to the end of the chain. The literature recommends halving the present time estimates of individual 
activities and, subsequently, adding a safety reserve to the end of the chain that is equal to a half of the 
total removed time [13]. This should bring an increased project performance and make significant changes 
in the approach of all the workers involved in the project. Provided that this method is successfully 
implemented, the project times are substantially shortened and, at the same time, the probability of 
completing all the projects in time is increased. 

Critical chain planning includes the critical path analysis, which is found through the network analysis. It 
can be performed from the points of view of time, costs, or sources necessary for their implementation [15]. 
Within a time analysis of a project, on the assumption of a deterministic assessment and deterministic 
network structure, the Metra Potential Method is used. The exact calculation procedures are specified, for 
example, in [16]. Within making efforts to accelerate the processes, it is then purposeful to focus on the 
identified critical activities. However, it is essential to find a balance between the scope, necessary time 
and cost of the project (triple constraint) [12]. 

3. EXPERIMENTAL PART  

3.1 Characteristics of the researched enterprise  

The company where the research was carried out provides gastronomic services in several permanent 
premises, participates in various cultural and social events all around the Czech Republic and keeps 
extending their activities on the market. In the last five years, the number and scope of their orders have 
increased by about 50% and this has resulted in an increase in the permanent and outside workers. That is 
why their current objectives include reduction in the cost of wages and salaries. In catering, there are five 
permanent employees with a contractual salary plus incentives (usually % of the profit). In addition to that, 
the company covers individual orders by hiring outside workers, whose number is constantly growing due 
to the increasing number and scope of orders. This is also connected with the rising cost of wages and 
salaries and demands on organizing activities. The company provides catering services in the locations of 
the company premises and also outside them. In both cases they are catering services intended for the 
general public or orders placed by private customers.  

The most frequent orders are those placed by private customers falling particularly within the category of 
indoor catering services. A typical order for private customers is an order of services at a company party in 
the location of the customer’s premises requiring refreshments with service and necessary equipment. That 
is why one of these typical orders placed by private customers was chosen for the analysis of the order 
fulfilment process. This order consisted in arranging a company party for 150 people at a cultural centre. 
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The customer required buffet style refreshments, including the waiting staff, necessary equipment, 
inventory and a band playing live music and sound equipment.   

3.2 Procedure and outcomes of the order fulfilment process analysis 
The data for the order fulfilment process analysis was obtained through in-depth interviews with 
responsible and experienced persons (finance director, operations director, HR manager, warehouse 
manager, event manager, beverage manager, chef, team of cooks, and outside workers) and by way of 
studying the company documentation. At first, the order fulfilment process was described and factually 
evaluated from the points of view of activities, their succession, responsibilities and duration. A process 
map was drawn up. The critical chain method and network analysis were used to identify the possibilities of 
shortening the process duration resulting in reduction in the cost of outside workers. In view of the 
sensitivity of the corporate information, the cost of outside workers’ wages and salaries was not processed, 
but the research involved the number of hours they worked on the respective order, on which the cost of 
wages and salaries depend linearly (outside workers are paid by the number of actually worked hours 
according to the specified hourly rate). The process was analyzed from acceptance of an order to its final 
evaluation and invoicing. For activities carried out within this process, see Table 1. 

Table 1 Activities in the order fulfilment proces and their duration (created by authors)  

   
Activity  Estimated 

duration   
Shortened 
duration 

Time 
reserve 

Outside 
workers 

A Approval of order implementation and quotation 0.75       
B Management meeting   0.25       
C Ensuring outside suppliers of promotion activities   0.25       
D Transport, procedure and workforce planning 0.25       
E Staffing  5       
F Coordination and arrangement of workforce transport   0.75       
G Supply of beverages 3       
H Acceptance and checking of beverage orders 0.9       
I Storage of beverages by type of goods 1.5       
J Production planning and costing and purchase of foodstuffs 2       
K Acceptance of orders, beverage quality control 0.75       
L Purchase of some foodstuffs by own workers 3       
M Storage of foodstuffs by type of goods 0.25       
N Food inventory processing- manufacturing of final products 9 4.5   

4 O Chilling/freezing of final products 1 0.5   
P Manufacturing fresh final products 3 1.5 3.25 

Q Preparation, dispatching and transport of inventory to the 
main operation  4     2 

R Dispatching and transport of required beverages to the 
main operation 1       

S Dispatching and transport final kitchen products to the main 
operation  1       

T Loading and transport to the order implementation site  1     2 

U Coordination of workforce, arrangement of inventory, 
beverages and kitchen products 4 2 1 15 

V Supporting activity: final adjustment of kitchen products  0.5     15 
XX ORDER IMPLEMENTATION x x     
W Preparation of inventory for transport 0.75 0.38   15 
X Preparation of unused beverages for transport 0.25     15 
Y Preparation of unused foodstuffs for transport 0.25     15 
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Z Disposal of unused foodstuffs unsuitable for transport 0.25   15 
AA Loading and transport to the main operation 1 0.5   15 

AB Unloading, sorting, stocktaking, and preparation for 
distribution to respective warehouses 1 0.5 0.69 15 

AC Used inventory washing 4 2   2 

AD Loading, transport, and distribution of beverages to 
respective warehouses 0.25     15 

AE Loading, transport and distribution of foodstuffs to 
warehouses of respective operations 0.25     15 

AF Loading, transport and distribution of inventory to 
respective warehouses 3 1.5 1.75 2 

AG Economic evaluation and invoicing 1       
 
Duration of the respective activities (specified in hours) is determined on the basis of a professional 
estimate by the responsible workers performing these activities regularly. The Table also specifies the 
number of outside workers required for the given activity. The number of hours the outside workers spent 
working on settlement of this order equals 203.5 hours (13 hours x 4 workers + 12 hours x 2 workers + 8.5 
hours x 15 workers). If we multiply this by the appropriate specified hourly rate, we get the cost of outside 
workers’ wages and salaries. This cost can be reduced by shortening the order fulfilment process. This was 
achieved by using the critical chain method, which was focused on the critical path activities requiring 
outside workers. The critical activities were identified using the network analysis on the basis of a node-
oriented graph. At first, the possible end of the process was determined in 35 hours. Then, the critical chain 
method was only used for those activities in the order fulfilment process that were on the critical path and, 
at the same time, that affected the cost of outside workers. These activities have a different color in Table1 
(activities N, O, P, U, W, AA, AB, AC, AF). On the basis of the critical chain method, their current time 
estimates were halved and a safety reserve of a half of the total removed time was added to the end of the 
chain. In view of the fact that the order implementation phase itself was between the shortened periods of P 
and W activities, it was necessary to take account of the risk that the order implementation phase might not 
run on time. If we had shortened the activities before the implementation phase and added the time reserve 
to the end of the chain, the activities carried out before the implementation phase would not have had any 
time reserve. That is why the critical chain method was applied to the critical activities before (activities N, 
O, P a U) and after the order implementation period (activities W, AA, AB, AC, AF) separately. These time 
changes in the process are shown in Table1 too. 
The number of outside workers’ working hours included in this order fulfilment process amounts, after 
application of the critical chain method, to 161.8 hours (= 9.75 hours * 4 workers+(5+3.5+1.75) hours * 2 
workers +(1.75+3.38+1.69) hours * 15 workers ). Compared to the original number of 203.5 hours, there is 
a reduction of 41.7 hours, i.e. of 20.5%. This saving is always influenced by the particular situation. 
However, in this typical recurring order there is an obvious saving in wages and salaries of thousands of 
crowns in any similar event. 
This procedure was further verified in practice on the particular closest order of a type similar to the above 
order in the model situation. This time it was arrangement of buffet style refreshments for 120 people 
during a public cultural event, including all the inventory and required service. At first, the time estimates 
made by the responsible persons were verified. Having put this data into the network graph, it was verified 
that the critical path has not changed in comparison with the model situation. Therefore, time optimization 
was focused on the same activities. Using the critical chain method, we proposed changes in the time 
estimates of the critical activities and the time reserve, including the required number of outside workers. 
Assuming that the proposed time estimates would work, the expected reduction in the number of outside 
workers’ working hours was 27.97% [6]. The proposed changes were presented to the management and to 
the persons responsible for the chosen order and optimized activities. Within the course of the order 
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fulfilment process, the optimized activities were measured, and this measurement proved that the time 
estimates made by the persons responsible for the respective activities corresponded to the actual times 
including the reserves, so any further shortening would be risky. 

4. CONCLUSION 
The performed analysis and subsequent optimization of the order fulfilment process in the selected catering 
company showed the possibilities of significant savings in wages and salaries by using the planning tool of 
Critical Chain and the Critical Path Analysis. At first, the research team worked out a procedure of 
optimization of the number of the working hours of outside workers in the typical recurring order of this 
company, which led to a decrease in this number by about 20%. Subsequently, this procedure was applied 
to a current order of a similar type. Time estimates of the number of working hours of the outside workers 
made by the managers responsible for these activities were, in accordance with the above proposed 
procedure, reduced by about 28%. Durations proposed this way were confronted with measurement of the 
actual durations of the monitored activities. This measurement proved the proposed time optimization of 
individual activities including reserves to be right. Therefore, the proposed procedure leads to savings in 
wages and salaries of thousands of crowns in such a typical order. Another appreciable benefit can be 
seen in the general acceleration and improvements in smoothness of this process, which is particularly 
important for catering companies and leads to improvements and enhanced quality of the entire order 
fulfilment process and an increased value for the customer too. 
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Abstract 

In 2006, supply chain security general model was developed by Gutiérrez & Hintsa in order to propose 
standardized platform for various supply chain security programmes. This paper proposes methodology for 
evaluation of this general model based on objectivized methodology for buildings technical conditions 
assessment adopted by Lánský (2011). Evaluated general model allows, for example, direct comparison of 
competing supply chain security programmes as well as benchmarking, self-evaluation or provides 
guidelines for insurance providers. Besides proposing methodology, this paper also presents sample 
weights assigned to the components of the general model to the wide scientific and industry expert 
community for further discussion and specification. 

Keywords: Supply chain, security, general model, evaluation, security index 

1. INTRODUCTION 

After recent series of terrorist attacks the government and private entities have understood the need for 
creation of a global system to prevent security threats. Since then, each economic region has created a 
security system of its own. These systems consist of various mandatory and voluntary security 
programmes and initiatives. The common goal of all these programmes is to provide efficient border 
controls preventing unnecessary delays at border crossings. Efficiency of these security programmes is 
vital to seamless transportation of goods and global business. Since there are numerous security 
programmes, a compatibility issue has emerged. The compatibility issue have led to creation of 
international actions aimed at mutual recognition and standardization of existing security measures leading 
to their synergy. [1] The SCS programmes are associated with basic supply chain elements and their 
common goal is to eliminate or minimize any interruption along the supply chain and provide seamless flow 
of goods worldwide. [2] 

Compatibility is perceived as an essential feature. Unnecessary complex and non-compatible SCS 
programmes not only slow down movement of goods but also result in increased costs incurred by the 
necessity to follow different security procedures. Compatibility is made possible by the common rules and 
regulations defined by the basic SCS framework. This platform is composed of three most important 
international security standards: World Customs Organization Framework of Standards to Secure and 
Facilitate Global Trade (WCO SAFE), International Ship and Port Facility Code (ISPS Code) and 
Specification for security management systems for the supply chain (ISO 28000). [3] [4] [5] 

2. GUTIÉRREZ & HINTSA MODEL 

In 2006, Gutiérrez & Hintsa from the Cross Border Research Association, Lausanne, Switzerland, 
developed a general model (framework) for analysis of security programmes and initiatives used to 
maintain security of supply chains. Their general model is composed of 5 basic security categories 
(elements). Each category contains selected security measures. In 2010 the general model was expanded 
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by the sixth category - Crisis Management and Disaster Recovery. The general model was created based 
on analysis of 9 security programmes including European Union Authorized Economic Operator - EU AEO 
or Customs-Trade Partnership Against Terrorism - C-TPAT. Gutiérrez & Hintsa argue that the general 
model categories  
(see Fig. 1) cover all existing security programmes. [2] 

This generalization allows classification and comparison of existing security programmes. 

 

Fig. 1 Gutiérrez & Hintsa Supply Chain Security Management System (2006) 

3. AIM OF OUR RESEARCH 

Aim of our ongoing research is to create a model that would allow assessing SCS programmes efficiency. 
The general model developed by Gutiérrez & Hintsa is one of the currently existing general models. It is a 
unified theoretical model that covers various SCS programmes and therefore it is suitable as a basis for 
creation of a model assessing SCS programmes efficiency that would in turn allow benchmarking of SCS 
performance of suppliers, forwarders or producers offering certified and SCS-related services. 

General model expansion means development of a mathematical model which output would be “security 
index” measuring SCS performance of selected stakeholders. Such “security index” would further allow 
direct comparison of entities offering SCS-related services. In order to produce “security index” categories 
and sub-categories of the general model need to undergo quantification using Objectivized Methodology for 
Buildings Technical Conditions Assessment developed by Lánský (see [6]). The resulting efficiency 
evaluating general model could be then applied on real-life examples. 

The SCS Programmes Efficiency Assessment Model could be used for the following: 

• self-evaluation of entities offering SCS-related services, 

• global benchmarking of existing SCS measures, 

• tool for insurance providers, 

• tool for clients seeking SCS solutions. 
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4. PROPOSED METHODOLOGY AND MODEL 

The Objectivized Methodology for Buildings Technical Conditions Assessment developed by Lánský (see 
[6]) would be used as a basis for our SCS Programmes Efficiency Assessment Model. The basic 
mathematical background of this model based on Lánský methodology is outlined below: 

 … identifier of evaluated SCS programme, evaluates identifiers of SCS measures to protect categories 

(elements) of the general model 

 … evaluates sub-categories (sub-elements) of the general model 

The SCS Programmes Efficiency Assessment Model is composed of a set of criteria  that is represented 
by categories of the Gutiérrez & Hintsa general SCS model and a set of address identifiers (henceforth 

identifiers) . The set of identifiers  assigns the set  to a specific SCS programme, which we evaluate in 
the following way: 

⊆  

where the set of criteria  may be expressed by a Cartesian product:  

 

 

 … Cartesian product 

 … indices 

 … integer, number of criteria  

The set of identifiers  may be expressed by a Cartesian product of identifiers : 

 

 

 …integer, number of identifiers  

Our SCS Programmes Efficiency Assessment Model would be derived directly from the general model. 
Evaluation of the categories shown in Fig. 1 is the first step in the process of evaluation of the whole 
general model. For example, let us assign N1 to the category “Facility Management” (1st evaluation level). 
This category contains sub-categories, for example, 1.1 Warehouse layout, 1.2 Inventory management, 1.3 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

650 

Facility management, etc. (2nd evaluation level, N11). These sub-categories contain further sub-categories, 
for example, 1.3.1 Fences, 1.3.2 Locks, 1.3.3 Walls, etc. (3rd evaluation level, N111). Naturally, we can go 
deeper to the n-th level of evaluation, if needed. 

Security index of an entity offering SCS-related services is then obtained by summation of all “balls” or 
points assigned by SCS experts to the evaluated categories on the n-th level. Values of balls may be 
determined by SCS experts as well. For example, we may use 0, 1, 2 scale, 5, 10, 15 scale, etc. 

Since our model would be able to evaluate and compare all SCS programmes, we need to define variable 
counting number of evaluated SCS programmes: 

number of evaluated SCS programmes (e.g. m = 2 if we evaluate WCO SAFE and ISPS CODE) 

Table 1 shows the general model identifiers (its 1st level categories or elements). Evaluation in the form of 

number  we get by quantification of the set . In Table 1,  marks evaluated SCS programme and is 

the evaluation, which we get from  values, this means . 

Table 1 Evaluation of the general model identifiers 

  
Ball Identifier (Gutiérrez & Hintsa general model category) 

   
1. Facility Management 

 

  
2. Cargo Management 

  
3. Human Resource Management 

  
4. Information Management 

  
5. Business Network & Company Management 

  
6. Crisis Management and Disaster Recovery 

5. SAMPLE SECURITY INDICES 

Based on the Gutiérrez & Hintsa general model presented in Chapter 2 and the Objectivized Methodology 
for Buildings Technical Conditions Assessment developed by Lánský outlined in Chapter 4, sample ball 
values were proposed for the selected 3rd level evaluation category of the general model (see Table 2). 

The 3rd level category “Fences” of the first level category “Facility management” and the second level 
category “Facility protection” of the general model was assigned ball values 0, 1 and 2 according to the 
degree of protection of the facility by fences. We could go further and assign additional balls for height of 
the fence, e.g. no fence - 0 points, 4 m fence - 1 point or 8 m fence - 2 points. The better the protection is 
the more points. Besides the height of the fence we could assume e.g. maintenance level, camera 
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monitoring, etc. Our system of evaluation is inspired by the SCS programme Technology Asset Protection 
Association (TAPA), for details see [7] and [8]. 

Table 2 Sample ball values 

Gutiérrez & Hintsa general 
model category 

Ball values 

0 1 2 

1 Facility management 

1.3 Facility protection 

1.3.1 Fences 

No fences. Fences enclose just 
cargo handling, shipping 
and receiving yard. 

Fences enclose entire 
facility including cargo 
handling, shipping and 
receiving yard. 

6. CONCLUSION 

Numerous SCS programmes have been developed and implemented by various entities as a response to 
threats endangering global supply chains. Gutiérrez & Hintsa designed a general model, which categories 
(elements) cover all existing SCS programmes, however, their general model does not evaluate efficiency 
of the SCS programmes. Based on the Objectivized Methodology for Buildings Technical Conditions 
Assessment developed by Lánský we propose a mathematical framework allowing direct SCS programmes 
evaluation using security index. Such evaluation could be important for entities offering or seeking 
SCS-related solutions. Complete SCS Programmes Efficiency Assessment Model is a subject of our 
research and is going to be published in the near future. 
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Abstract 

Accessing information about potential and real impacts of products requires effective tool for evaluating 
every particular economic, environmental and social impact along the whole supply chain. Traditional 
environmental LCA - Life Cycle Analyses of products involve basically material, energy and economic 
flows, but social impacts of the supply chains are often underestimated. Social Life Cycle Assessment 
represents traditional environmental content of LCA extended by tools for assessment of social and socio-
economic impacts of product/s on the workers, the consumers, the local communities, the society and other 
shareholders involved in supply chain.  

Progressive enterprises introduce Supply Chain Management in consideration of potential savings and 
avoiding resources wastage. But effective supply chain management system should bring balanced 
information covering economic, environmental and social tasks along the whole supply chain. 

The contribution deals with limitations and problems related with evaluation of environmental and social 
impacts along the whole supply chain by Social Life Cycle Assessment method. The main objective is to 
determine possible system boundaries of Social Life Cycle Assessment for effective measurement and 
evaluation of social impacts of products and discuss problems related with evaluation of social impacts 
along the whole supply chain from a company perspective. 

Keywords: Social aspects, supply chain, life cycle analysis, corporate sustainability, social impact 
assessment 

1. INTRODUCTION  

Development and production of new products has been increasingly concentrating on new areas of interest 
of managers. Mandatory requirements like increase in productivity, efficiency and quality are newly 
followed by product’s environmental friendliness, safety production and utilization, regulated consumption 
and social responsibility. Companies empower measurement of important impacts on the environment 
along the whole supply chain and life cycle and usually use Life Cycle Analysis (LCA) as a verified and 
standardized tool for assessment product’s environmental impacts. UNEP-SETAC together with Life-Cycle 
Initiative introduce extended concept of LCA as an appropriate method for balanced assessing product’s 
environmental and social impacts in 2009. Social Life Cycle Assessment (S-LCA) should represent suitable 
tool for assessment of environmental and social impacts on the workers, the consumers, the local 
communities, the society and other shareholders along the whole life cycle.  

Practical attempts for social impact assessment of products along the whole supply chain suffer by many 
limitations; especially, there is in general no consensus on which indicators to use and how to assess 
social impacts, but many other problems can be formulated. S-LCA is intended to assess product and 
production related social and economic impacts using a life cycle perspective, presents key elements to 
consider and provide guidance for the goal and scope, inventory, impact assessment and interpretation 
phases of a social life. And as a very important contribution - methodology offer two-fold classification of 
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social impacts: by stakeholder categories and impact categories followed by guidelines on how to assess a 
product based on social and socio-economic indicators. 

There are discussed many limitations and problems of Social Life Cycle Assessment related with 
measurement of social aspect along the whole life cycle [1, 2, 3, 4]. This paper addresses whether this 
method should be used for social impact assessment of products impacts along the whole supply chain 
from a company perspective. Theories, conference proceedings, reports and empirical findings (realized 
interviews) from relevant fields of research are used to address the validity of theoretical problems and 
assumptions. 

2. PROBLEM FORMULATION 

Life Cycle Assessment (LCA) helps company’s management considering important environmental aspect 
of company’s processes. LCA covers all stages in the life cycle of the product and simultaneously follows 
supply chain from the mining and extraction of its raw materials, to the shipping [5]. Assessment of 
environmental aspects of products based on LCA methodology is successfully time-tested and 
implemented, but concept of sustainability requires balanced evaluation of environmental and social 
aspects together with economic success. Social LCA (S-LCA) represent hopeful social assessment tool of 
product’s impacts with close relation to LCA.  S-LCA aims to assess the social and socio-economic aspects 
of products and their potential positive and negative impacts along their life cycle and supply chain. S-LCA 
follows the same framework as LCA, but focus on social and socio-economic aspects covering extraction 
and processing of raw materials; manufacturing; distribution; use; re-use; maintenance; recycling; and final 
disposal stages. Identification and measurement of social impacts under current condition of EU 
competitive environment along the whole life cycle and supply chain represent one of the most crucial 
problems to solve, but many others should be mentioned and discussed. 

2.1  Sustainable supply chains and networks  

The concept of sustainability has become more and more important for the companies. Interrelationships 
among economic profit, environmental performance and social issues influence more or less all company’s 
actions, activities and decision making processes. Along with this trend sustainable supply chains and 
networks are established and promoted. Supply chain can be described as a network, which includes 
suppliers, manufacturing companies, distribution companies and sellers. Supply chain begins with raw 
material and ends with a finished product and is made up of a number of companies. There exist many 
issues that companies should consider in their effort to establish sustainable supply chain concerning 
environmentally and socially responsible actions. It is obvious that sustainability of supply chain is 
dependent on the sustainability of the individual companies and with increase in the number of companies 
involved in supply chain there is significant decrease in control of supply chain sustainability [6]. 

The crucial factor of sustainable supply chain is selection of supplier [6]. Selection of supplier is no longer 
limited to price and many other issues like quality, delivery, packaging, cooperation in forecasting process 
and other services are taking into account [7, 8]. To secure sustainable supply chain it is necessary to 
select suppliers that follow sustainable and responsible principles and company must evaluate potential 
suppliers in terms of their social impacts. [9]    

2.2  Social aspects identification  

Each product in company’s portfolio has some more or less significant impacts on interpersonal 
relationship, social stratification, social relations, culture or social structures - has social aspects with 
appropriate social impacts. S-LCA methodology determines six general impact categories [10]: 
• Human rights 
• Working conditions 
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• Health and safety 
• Cultural heritage 
• Governance 
• Socio-economic repercussions. 

An as a second angle of view social aspects and following social and socio-economic impacts may be 
observed in five main stakeholder categories [10]: 
• Workers/employees 
• Local community 
• Society 
• Consumers 
• Value chain participants 

For these impact categories can be identified and described many subcategories. Subcategories aim to 
represent impacts within an impact category. Social impact assessment follows two important groups of 
goals [11]:  
1. Comparison of products, processes or companies and social responsible investments 
2. Identification of product or process improvement potential 

Mentioned goals must be secured by systematically established identification of all relevant social impacts 
on stakeholders along the whole supply chain. An important challenge is to determine the social impact 
pathways from the social inventory results to the impact indicators. Some impact pathways may be more 
complex than others, but cannot be excluded just because of their complexity [12]. For company exist 
obvious social impact pathways between company and its suppliers, but in supply chain exist other 
“hidden” social impact pathways between suppliers and other stakeholders and/or impact categories. 

2.3  Social impacts indicators  

During social impact assessment must be relevant information collected (inventory analysis step) and all 
identified social impacts should be classified, characterized, normalized and valuated (impact assessment 
step). Assessment of social impacts requires use of social quantitative, semi-quantitative scores, or 
qualitative (descriptive) indicators. According to our previous surveys there exist many usable social 
indicators (many different types of indicators), but there is no experience whether these indicators can be 
calculated without a disproportionate effort. According to LCA can be used mid-point indicators that 
measure impacts at an intermediate position of the impact pathways or end-point indicators for 
measurement of final impact or damage categories at the level of the ultimate societal concern [13]. Top-
down indicators measure issues with societal value, while bottom-up indicators measure issues that are 
important in the context of the chain actor [14]. Some indicators can be used for measurement at regional 
or national level, while others are local and specific for a site. Some indicators can be related to the 
functional unit, while others describe broad societal values or focus on the relevant socio-economic impacts 
of a product [10].  

Broad variety of indicators (usable for social impact assessment, but for different purposes) brings 
confusion among managers and selection of indicators for supply chain evaluation represent significant 
problem [15]. 

2.4  Social impacts measurement  

Valuation of collected information is crucial step for social impact assessment of products. Access to all 
relevant information and ability to calculate all required indicators along the whole life cycle allows 
interpretation of social information and empower credibility of assessment. It is important to ensure the 
reliability and validity of the findings, in order to reach useful conclusions improving supply chain decision-
making process [16]. Each company must solve questions whether data used for social impact assessment 
are valid, relevant, complete and accessible and whether measurement method is appropriate providing 
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certain results. Data availability and quality represent one of the most discussed problems related with S-
LCA method [12]. 

There exist many unresolved questions and problems mentioned by researchers and managers [4, 12, 14]. 
For this contribution following relevant questions were formulated: 

How to secure socially sustainable supply chain? 

Which impact categories include in the social assessment of supply chain? 

How to select consistent set of indicators on corporate level?  

How to secure data availability and quality?  

3. PROBLEM SOLUTION 

Based on previous review of journal papers, reports and other relevant sources was realized survey 
focused on relevant social impacts of products and their measurement by S-LCA method associated with 
supply chain decision-making processes. Survey was based on a series of ten semi-structured interviews 
with larger Czech companies, all of which have an effort to solve social issues and improve social impact 
assessment. The interviews focus on the companies’ interest in potential applications of S-LCA and their 
ability to estimate and solve potential problems related with social impact assessment impacts along the 
whole supply chain from a company perspective. 

According to previously realized surveys among production companies in Czech Republic mostly larger 
companies are possible to allocate time and resources for environmental and social activities tasks. There 
were set conditions for choosing suitable companies and interviewees: 

• Production companies located in Czech Republic 

• Certain size (more than 1500 employees)  

• Experience with Environmental Management System (or LCA method) 

• Engagement in social task (Corporate Social Responsibility (CSR) or Responsible Care (RC)) 

Only ten companies of a certain size and interest in CSR were found who were willing to engage in the 
interviews. Based on these interviews we confirmed previously mentioned problems and based on results 
of one-to-one interviews with managers of production companies, we try to describe current state of 
knowledge and capability among companies in Czech Republic to measure social impacts.  

One interviewing theme addressed what is important for establishing sustainable supply chain or network, 
especially role of supplier selection process and understanding impact pathways between suppliers and 
stakeholders. Second interviewing theme addressed what kind of social impacts did the company find 
relevant to address and for what stakeholders along the whole supply chain.  

A third theme concerned the selection of indicators to create consistent set of mandatory and 
supplementary (branch specific) indicators. There are some social impacts which are relevant and must be 
considered for all companies by S-LCA - same for all products of every production branch. On the contrary, 
there are many important social impacts of company’s products dependent on the specific business 
context, in terms of industry, customer, consumer and how they are affected.  

The last theme addressed data availability and quality. Selection of indicator is often influenced by data 
availability. Although there is common consensus that indicator selection process based only on data 
availability leads to inconsistent set of indicators, on the other hand there is usually only limited information 
sources concerning all life cycle stages and supply chain actors. 
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Following Table 1 shows summarized results of realized interviews. Interviewees besides other questions 
were asked to express opinion with offered overarching statements related with social impact assessment 
impacts along the whole supply chain from a company perspective. Managers was asked to evaluate level 
of perceived importance (see Column 2), on simple 5-point scale (1 - unimportant; 2 - less important; 3 - 
average importance; 4 - very important; 5 - critical importance).  

In second column is presented ability of management to have control over issues mentioned in statements 
(see Column 3) on similar simple 5-point scale (1 - out of control; 2 - less controllability; 3 - average 
controllability; 4 - high level of control; 5 - absolutely under control). 

And last column express current state of company’s ability to assess and to measure issues mentioned in 
statements again by simple 5-point scale (1 - unable to assess; 2 - less assessable; 3 - average assess 
ability; 4 - high level of assess ability; 5 - absolutely able to assess). 

Table 1 Summarized results of realized interviews  

Statement Importance Controllability Assess ability 

Selection of socially responsible suppliers 4.7 3.7 2.9 

Requirement of certain level of social responsibility 
from suppliers 

3.4 2.9 3.1 

Understanding impact pathways between company 
and suppliers  

3.3 2.2 1.4 

Understanding impact pathways between suppliers 
and social aspects/stakeholder categories 

3.5 2.5 1.3 

Identifying the boundary condition for an 
assessment of social impacts in supply chain 

3.7 3 2.9 

Understanding importance of stakeholders for social 
impact assessment in supply chain 

4.6 4.3 4 

Selection of relevant impact categories included in 
the social impact assessment in supply chain 

4.6 4.6 3 

Proposal of mandatory social indicators 2.7 1.2 - * 

Selection of consistent set of indicators 4.6 4.2 - * 

Securing data availability and quality 4.8 2.9 2.3 

(* Assess ability or measurement is not relevant) 

From our survey in general can be stated: 

All surveyed companies have problems with assessment of social impacts of their products for many 
reasons; mostly mentioned barriers are: lack of experience with assessment methods, lack of resources 
and time, perceived weak economic or non-economic benefit, insufficient information about social issues.  

Our survey confirmed that managers considered measurement of social aspects as very important (e.g. 
selecting suppliers, importance of stakeholders, selection impact categories, selection of indicators or data 
availability and quality), but they have considerable doubts concerning possible control over social 
assessment process as well as ability to successfully measure questioned tasks. 
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4. CONCLUSION 

There exist many unresolved questions concerning Social LCA. Our survey confirmed that managers agree 
with importance of selecting socially responsible suppliers and certain level of social responsibility should 
be required from them. It’s obvious, that managers have limited conception concerning social impact 
pathways. 

Our survey confirmed that managers are at least able to estimate importance of stakeholders, but on the 
other hand managers have no conception or confidence whether are able to identify all social aspects and 
how much company’s products influence and/or contribute to national or regional social issues. 

Successful measurement of social aspects (even with S-LCA) cannot be realized without further research 
of impact categories that should company’s management include in the assessment. Proposal of S-LCA 
methodology should be extended to cover appropriate general indicators which are relevant and must be 
considered for all companies. Branch and corporate specific indicators should be added by companies or 
corporations, but under current state of field, among managers there is no common knowledge how to 
select consistent set of indicators. Data availability and quality cannot be reached, unless sufficient 
information support and closer engagement of all stakeholders will be realized and information will be 
shared along the whole life cycle. 

Under current conditions there is problem to engage all value chain participants to share information along 
the whole life cycle and supply chain. As basic conditions for improvement of current state was mentioned: 

1. Closer relationship and improved sharing information between participants of value chain and supply 
chain networks 

2. Building information support structures concerning social issues on non-corporate level 

3. Engagement of suppliers, customers, workers, local communities, society as well as other 
stakeholders must be empowered and continuously promoted. 

Assessment of social aspects by S-LCA method requires further research especially to improve 
determination of system boundaries, selection of stakeholder categories and assessment of indicators.  
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Abstract 

In the presented paper a logistic system is considered as the support system for operational processes. 
According to this, the concept of logistic system is shown, support and operational processes are identified 
and described. As a result, the model of “system of systems” is developed. Research efforts have been 
focused on a proper definition of supporting system reliability. Next, the six-state Markov model of system 
of systems performance is presented.  

Keywords: Logistic support, system of systems, Markov theory, availability 

1. INTRODUCTION 

Reliability and effectiveness of a technical system, being worked in changeable environment, cannot be 
analysed in isolation, without taking into account the numerous links with its logistic support system. 
However, most of the maintenance models investigated in the literature on reliability theory assume, that all 
the necessary logistic support resources, which include maintenance resources, support personnel, logistic 
information and data, spares and repair parts, and facilities, are immediately provided when it is desired. In 
practice, the repair capacity is not infinite, and logistic information may be unreliable. Moreover, the 
influence of a spare provisioning policy on the maintenance policy also cannot be ignored, since spares are 
ordered and carried in the limited quantity, and the procurement lead time is not negligible [1, 2, 3].  

Following this, in order to achieve the effective and reliable operational system taking into account the 
influence of logistic support functions performance, there is a need both to integrate the logistic support 
fully with operational system into one “system of systems”. The presented concept has been gaining 
attention in the past few years, especially in the military applications [4]. 

In the theory of reliability, the system of systems conception in which logistic support system is a two-stated 
system, and may be in up or a down state, is given e.g. in [4, 5]. However, the literature from logistics and 
supply chain management [6] confirms that such assumption is not valid in practice. Usually, logistic 
support system degrades in time (e.g. only some orders are delivered on time, in right quantity or quality), 
what may result in its failure occurrence. As a result, the logistic system unreliability influences the 
operational system effectiveness and the system of systems availability.  

To sum up, the paper is focused on system of systems performance model development with taking into 
account a multi-stated logistic support system (up-stated, partially failed, and failed). Sensitivity analysis of 
such developed model let define the logistic system unreliability influence on system of systems 
performance. Moreover, it makes also possible to assess if such reliability characteristics of logistic support 
system gives significant results (e.g. model accuracy) when modelling technical systems performance. 
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2. SYSTEM OF SYSTEMS MODEL 

Consider a repairable system of systems under continuous monitoring. This system consists of two 
subsystems: a two-stated operational system and its three-stated logistic support system (up-stated, 
partially failed, and failed). Let’s also assume that the subsystems experience random failures in time, 
independently of each other, and each failure entails a random duration of repair before the subsystem is 
put back into service. Systems after repair are good-as-new. Let’s also assume that any information about 
failures in system is reliable and comes immediately.  

In the investigated model, when logistic support system is in up-state, the ability of the system of systems 
depends only on the time, when the operational system is operable, and the time of technical system 
repair. In the situation, when the supporting system is inoperable, the system of systems availability also 
depends on logistic delayed time, which is necessary to solve logistic problems.  

Based on the presented assumptions, there are six possible system of systems conditions given in the 
Table 1. The system of systems condition is given as a pair: the first give the condition of logistic 
subsystem and the second one the condition of technical system.  

Table 1 System of systems general characteristic 

State 
no. 

Characteristics of logistic 
support system 

Characteristics of 
technical system 

System of systems 
reliability state 

0 system is operable system is operable UP state 

1 system is partially operable system is operable DOWN state 

2 system is inoperable system is operable DOWN state 

3 system is operable system is inoperable DOWN state 

4 system is partially operable system is inoperable DOWN state 

5 system is inoperable system is inoperable DOWN state 

 

In this moment of the procedure of modelling system of systems the main problems to be solved are:  

• the necessity of subsystems reliability definition, 

• investigation of interactions between the subsystems. 

In the reliability literature the meaning of technical system reliability (and availability) is known. Factors 
which affect these characteristics are e.g. system configuration, number of components in system, 
maintenance policy, or random time to failure [4]. In this context, we can assume, that technical system 
fails when k-out-of-n components are down (e.g. if k=1 - system series configuration, k=n - system parallel 
configuration). 

Next, the logistics support reliability needs to be defined. In the presented model, there is used the system 
reliability assessment proposed by [7]. This is “perfect order fulfillment” method where indicator OTIF (On-
time, In-full, Error-free) is used. Perfect delivery means that goods are delivered without any delay (on-
time), all ordered elements are present (in-full) and no element is failed during the logistic process (error-
free). Indicator OTIF is calculated from the above: 

fefito PPP −−−=OTIF              (1) 

where Po-t = probability of on-time delivery; Pi-f = probability of in-full delivery; Pe-f = probability of error-free 
delivery. 
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Following this considerations, the logistic support system is to be in UP state, if the OTIF factor equals  
0.9-1. When the OTIF factor is equal to 0, then the system is in DOWN state. The system is partially 
operable, when OTIF factor gains other values than the defined ones.  

3. SIX-STADED MARKOV MODEL 

For the analysis of the logistic system performance, we can associate the system of systems performance 
to a Markov six-state model, on the basis of the defined set of states (Fig. 1). 

The graph describes behaviour of the system of systems with one successful and five mutually exclusive 
failure states as shown in Figure 1 and Table 1. The modelled system is repaired from states: 1, 3. 
Moreover, to make the model more understandable there is presented its detailed interpretation.  

The graph describes behaviour of the system of systems with one successful and five mutually exclusive 
failure states as shown in Figure 1 and Table 1. The modelled system is repaired from states: 1, 3. 
Moreover, to make the model more understandable there is presented its detailed interpretation.  

Let’s make an assumption that logistic support system and technical system at the beginning are operable. 
This means, that this system of systems is in UP state and can perform its specified supporting functions it 
any time when called. This also means, that there are all necessary logistic support activities in the system, 
which technical system may need to use during its repair operations performance.  

In the next moment, the logistic system may partially fail (the OTIF ratio is not equal to 1), but the technical 
system is operable (transition from state 0 to state 1). The state 1 is defined as the DOWN state of the 
system of systems, taking into account the presented logistic system reliability definition. However, despite 
the system of systems is inoperable, the cooperated systems still may fail.  

In the next moment, system may pass from the state 1 to the state 0 - when the logistic system recovery is 
finished. On the other hand, system, being in the state 1, may pass to state 2 - when logistic system is 
inoperable (OTIF ratio equal to 0), and the technical system still perform satisfactory. The state 2 is the 
DOWN state of logistic support system. Moreover, system of systems may pass from state 1 to state 4, 
what means that the technical system failure occurs.  

When system of systems passes from the state 0 to the state 3, it means that the technical system fails, 
and the logistic system is still operate. In the next moment, there can some problems with logistic 
processes performance occur - what is defined by the transition from the state 3 to state 4, where logistic 
system is partially operable. From this state, the system of systems may only pass to the state 5 (both the 
systems in cooperation are inoperable), or to the state 1, when the technical system is restored.  

In the situation, when both the systems are inoperable, at first the logistic support system has to be 
restored. This is connected with the necessity of necessary maintenance assets supply to failed technical 
system. This situation is reflected by the transition from the state 5 to the state 4, and the lack of transition 
from the state 5 to the state 2 (restoring of technical system without operable logistic system). 

Following [8] we can formulate the probability expression for the model. Thus: 
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Where the following notations are used: 

ijλ   - failure rate associated with states i and j 

jiµ   - repair rate associated with states j and i 

Pi(t)  - probability of being in state i at time t 

P’i(t)  - first derivative of Pi(t) with respect to t 

s  - Laplace independent variable  

Pi(s)  - Laplace transform of Pi(t) 

 

Fig.1 Markov six-state model 

 

Taking into account steady-state solutions, there is possible to estimate the steady-state availability ratio K: 

)]([lim)(lim 0 tPtKK
tt ∞→∞→

==                            (3) 

4. SENSITIVITY ANALYSIS OF DEVELOPED SIX-STATE MARKOV MODEL 

The presented six-state Markov model has been analysed with the use of GRIF Markov software (Fig. 2). 
Obtained, chosen results of sensitivity analysis for availability ratio K, given by the equation (3), are 
presented in Figures 3-5. The presented analysis results are obtained when all λij parameters and all μji 
parameters are the same.  

The influence of mean system down time on the availability ratio is characterized by the level of repair rates 
μji [9]. The longer the system is inoperable, the greater is the probability, that this system will not be ready 
to perform its logistic functions, in its specified environment, when called for at a random point in time. As a 
result, the availability ratio decreases.  

The Fig. 5 presents the influence of λij parameters changes on availability level. According to this, the 
greater the time between failures, the less is required expensive maintenance, critical test equipment, 
unique training, and high priced inventories as well as other logistic elements. The availability ratio 
increases (almost 10 times). 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

663 

Thus, the analysis results confirm the theoretical view of the relations between the failure hazards (λij and 
μji) and availability ratio. The obtained results from the sensitivity analysis will be different for: 

• various availability function, 

• other repair frequency, 

• various mean time to repair. 

 

Fig. 2 Markov six-state model analysed in GRIF Markov software 

  

Fig. 3 Availability of the system for 
λij=0,001(lambda) and µji=0,01(mi) 

Fig. 4 Availability of the system for λij=0,001(lambda) 
and µji=0,001(mi) 
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Fig. 5 Influence factor for failure intensities increase 

5. CONCLUSIONS 

The paper presents the preliminary step in the definition of system of systems model. It also focuses only 
the proper definition of logistic support system reliability with the use of OTIF ratio level. The main reason 
of such paper’s target identification is connected with the lack of distinct definitions of logistic system 
reliability. However, the presented examples of system reliability assessment confirm that it is possible to 
estimate some definitions in this area. 

Moreover, it is worth taking a note, that in the presented model only one state is the UP-state in the model 
(state 0). However, it should be investigated in more depth the state of system of systems when technical 
system is up-stated and logistic support system is partially operated. In some situations, when there are 
e.g. necessary spare parts available in a system, the system of systems does not notice the partially failure 
of logistic support system. Thus, the presented Markov model need further research investigations of its 
proper performance. 
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Abstract 

The paper presents the utilization possibilities of multi-criteria decision-making methods for supply chain 
resilience measurement. Analytic Network Process (ANP) designed by Saaty is used for this purpose. The 
advantage of this method is the ability to express any links and relationships in the studied network. This 
fact allows its use in systems with complex structure, which also occur in practical applications of the 
measurement systems for determination of supply chain resilience. The aim of this paper is to suggest the 
ways for applying the ANP in the open system of resilience measurement and to show the usefulness of 
the procedure for application on a simplified case study.  

Keywords: Supply chain resilience, Analytic Network Process, Measurement system  

1. INTRODUCTION  

Today´s supply chains must face a wide spectrum of factors causing their disruption. According to the 
World Economic Forum [1], the major ones include: natural disasters, extreme weather changes, conflicts 
and political troubles, terrorism and sudden radical changes of demand. These factors, together with the 
development of new trends in the sphere of supply chain management  including in particular [2], [3], [4], 
[5], [6], [7], [8]: globalization, outsourcing, centralization, IT-dependence, complex product and service, 
deficit of information, specialized factories, volatility of demand, technological innovations, initiate the need 
to search for new supply chain management concepts, which would effectively complete the lean concept 
[9], [10]. 

The concept of supply chain resilience represents one of the key directions in this area. Most authors of 
contemporary scholar publications focused on the research of resilient supply chains (Christopher and 
Peck [11], Fixel [12], Sheffi and Rice [13] or Macurova [14]), deal mainly with a wider approach to the given 
problems. The main aim of their work is the creation and definitions and a strategic concept of building 
resilience. On the other hand, the practical implementation of the principles of resilience in a real supply 
chain misses the systematic approach to evaluation and measurement, without which it is impossible to 
determine the initial and target (desired) state of the supply chain in the sphere of resilience. 

The authors of the article have already designed the basic concept of the methodology used to evaluate 
resilience [15]. Measuring resilience within the scope of the given methodology is based on the utilization of 
methods from the sphere of multi-criteria decision-making. The research was dealing with the application of 
the Analytic Hierarchy Process (AHP) method designed by Saaty [16]. The utilization of AHP method 
measuring resistance, however, does not allow recording all the links of the examined criteria. This article 
examines other options that would eliminate the weakness of this newly created methodology. It is focused 
on the utilization of ANP method designed by Saaty. The aim of this paper is to suggest ways for applying 
the ANP in the open system of resilience measurement and to show the usefulness of the procedure for 
application on a simplified case study. 
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2. LITERATURE REVIEW 
The basic features in the application of the methods of multi-criteria decision-making include the decision-
maker (subject), the purpose of the decision-making process, the overall decision-making criteria 
(objective), options, criteria (conditions) and the preferences of the decision-making criteria [17]. The 
methods of multi-criteria decision-making can be divided into four basic categories, on the basis of the 
examined parameters. These categories include methods based on: multi-criteria utility function, 
compromise criterion, fuzzy preferential relation and decomposition. 
The examples of the methods based on multi-criteria utility function include: WSM (weighted sum model), 
WPM (weighted product model). The methods based on the compromise criterion include TOPSIS method 
(Technique for Order Preference by Similarity to an Ideal Solution), VIKOR (Compromise Ranking Method), 
GRA (Grey Relation Analysis). The methods based on fuzzy preferential relation include ORESTE, 
ELECTRE, PROMETHE methods. Another group of multi-criteria decision-making methods consists of 
multistage decomposition methods based on Saaty´s method of pair comparisons. They include AHP and 
ANP methods. In these methods, the preferences (weight) are determined by gradual decomposition. 
However, AHP method is linear without feedback. ANP method is non-linear, more complicated method 
including feedback and you can even capture the complex relationship between the options and 
preferences. AHP method is a special example (subset) of ANP method. 

The analysis of the problem of measuring the supply chains resilience and the research of various 
applications of the above selected methods have led to a decision to use the ANP method, which is 
suitable for the decomposition of supply chains resilience into sub-abilities and measurable indicators, 
where it enables capturing all kinds of links, including feedback connections and loops, thus creating a 
credible model of reality. 

3. METHODOLOGICAL BASIS 

With regard to future goal, which is comparison of AHP and ANP methods, the main procedure of ANP 
using the geometric mean method is as follows (based on [18], [19] and [20]): 
1. Structure the decision network from the goal of the decision, then the clusters from a broad 

perspective, through the intermediate levels to the lowest level (a set of concrete indicators). 
When you establish links among the elements within the designed model, you must take into 
account the clusters, criteria and concrete indicators, in the form of nodes in the network, which 
might be compared to any other node, as long as there is a relation between them. An example of 
a network is presented in Fig. 1. 

 

Fig. 1 Network for application of ANP method 
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2. Construct a set of pairwise comparison matrices. The network in Fig. 1 requires you to build a matrix 
used to compare clusters in terms of the objective, three matrices used to compare the criteria in 
terms of clusters and 3 matrices used to compare the links among the individual clusters. Saaty 
recommends the fundamental scale for pairwise comparison of elements presented in [20]. 

Assuming N  elements, the pairwise comparison of element i  with element j  yields a square 

matrix A  (with dimensions of N  x N ) where ija  denotes the comparative importance of element 

i  with respect to element j . In the matrix, ija = 1 when i  = j  (an element compared with itself is 

always assigned the value 1, so the main diagonal entries of the pairwise comparison matrix are all 
1) and ija  = 1/ jia  (for instance, if element i  is very important then element j , ija  = 5 and jia  = 

1/5).  

3. Find the relative normalized weight iw  of each element (for each pairwise comparison matrix) by 

calculating the geometric mean of the i -th row and its normalizing: 
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4. Check the consistency of each pairwise comparison matrix by calculating the consistency ratioCR :  

RI
CICR =  (2) 

CI  is the consistency index and RI  is the random consistency index, which depends on N  (see 
Table 2). Pairwise comparison matrix is considered to be consistent when 1.0≤CR . It reflects an 
informed judgement attributable to the knowledge of the analyst regarding the problem under study. 

Table 2 Random consistency index values [19] 

N  1 2 3 4 5 6 7 8 9 10 
RI  0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

Consistency index can be calculated using the formula: 

1
max

−
−

=
N

N
CI

λ
 (3) 

Where maxλ is the maximum Eigen value: 

( )∑
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⋅
=

N

i i

i

wN 1
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1 wA
λ  (4) 

A  - pairwise comparison matrix 
w  - vector of weight 

( )iwA ⋅  - i -th component of the vector wA ⋅  
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iw  - normalized weight of i -th element 

5. Calculate the global weights of all elements. The weights from the individual pairwise comparison 
matrices acquired up to now are the local weights. Global weights are determined by an algorithm 
using a supermatrix. This procedure consists of three basic steps [18]: 

I.  Creation of a default supermatrix W . The links among the elements, whose strength was 

determined in steps 2 and 3 and is represented by local weights iw , are entered in the individual 

fields of the supermatrix. If the elements do not have a direct link among each other, the fields in 
the default supermatrix representing their links are valued as zero. 

II. The default supermatrix W is transformed into a weighted supermatrix W so that the sums of 
columns equal 1. It is done for calculation reasons so that it is possible to find convergent and 
interpretation solution in order to acquire directly the global weights. 

III. The last step is the calculation of a limit supermatrix
∞

W . This can be calculated using equation 5 
in, case of non-cyclical weighted matrix. After that, the global weights of all criteria can be found 

in the first column of the final supermatrix
∞

W  with regard to the objective. 

 
k

k
WW lim

∞→

∞
=   (5)  

∞
W - limit supermatrix 

k
W - weighted supermatrix without the existence of a cycle raised k-times 

4. SIMPLIFIED CASE STUDY   
The concept of the measurement system of industrial supply chain resilience is based on the 
decomposition of resilience, as the ability of a supply chain to return to its original state in case of its 
serious disturbance, to such a level of resilience sub-abilities, which will allow defining the tangible and 
measurable indicators for evaluation of resilience of the entire supply chain. The basis is to determine the 
key resilience sub-abilities, which will enable effective protection of the supply chain against anticipated 
vulnerability factors. A simplified example of such sub-abilities and the creation of a network including 
measurable indicators are presented in Fig. 2. 

 
Fig. 2 Network for measuring supply chain resilience 
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The selected key resilience sub-abilities are [21]:  
• Adaptability (AD) - ability to modify operations in response to challenges or opportunities. 
• Financial strength (FS) - capacity to absorb fluctuations in cash flow. 
• Collaboration (CO) - ability to work effectively with other entities for mutual benefit.  
Resilience sub-abilities and measurable indicators included in the network are described and analysed in 
the article of the Concept of a System for Resilience Measurement in Industrial Supply Chain [16]. Pairwise 
comparison matrices were built, local weights were calculated and consistency was checked for the 
presented network of links between the sub-abilities and measurable indicators. Table 1 shows the 
outcomes of the comparison of resilience sub-abilities in terms of resilience. Table 2 shows the comparison 
of measurable indicators in terms of adaptability and financial strength sub-abilities and Table 3 shows the 
comparison of relations among the indicators. 

Table 1 Comparison of resilience sub-abilities 

RA  AD FS CO iw  

AD 1 1/4 1/7 0.0786 
FS 4 1 1/3 0.2628 
CO 7 3 1 0.6586 

Note: 1.003.0 ≤=CR  

Table 2 Comparison of adaptability indicators and financial strength indicators with regard to the goal 

GoalA  LT FP iw   GOALA  LR PR iw  

LT 1 5 0.8333  LR 1 3 0.75 
FP 1/5 1 0.1667  PR 1/3 1 0.25 

Note: 1.00 ≤=CR  

Table 3 Comparison of relations among indicators 

FPA  LR PR iw   LTA  LR PR iw  

LR 1 1/7 0.125  LR 1 1/7 0.125 
PR 7 1 0.875  PR 7 1 0.875 

         

PRA  FP LT iw       

FP 1 3 0.75  Note: 1.00 ≤=CR  
LT 1/3 1 0.25      

Default supermatrix W  is created on the basis of Table 1, 2 and 3 and is presented in Table 4. 

Table 4 Default supermatrix W  
Resilience 

W  

Resilience Adaptability Financial Strength Collaboration 
Goal FP LT LR PR CO 

Resilience Goal 0 0 0 0 0 0 

Adaptability 
FP 0.1667 0 0 0 0.75 0 
LT 0.8333 0 0 1 0.25 0 

Financial 
Strength 

LR 0.75 0.125 0.125 0 0 0 
PR 0.25 0.875 0.875 0 0 1 

Collaboration CO 1 1 1 1 1 0 
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First, the default supermatrix W  must be standardised into weighted supermatrix 
k

W (see Table 5) and 

subsequently, using formula (5), limit supermatrix 
∞

W must be created (see Table 6). The first column of 
the limit supermatrix presents the global weights of the individual indicators. 

Table 5 Weighted supermatrix 
k

W  

Resilience 
W  

Resilience Adaptability Financial Strength Collaboration 
Goal FP LT LR PR CO 

Resilience Goal 0 0 0 0 0 0 

Adaptability 
FP 0.013103 0 0 0 0.25 0 
LT 0.065514 0 0 0.333333 0.083333 0 

Financial 
Strength 

LR 0.197065 0.020833 0.020833 0 0 0 
PR 0.065688 0.145833 0.145833 0 0 1 

Collaboration CO 0.658630 0.833333 0.833333 0.666667 0.666667 0 

Table 6 Limit supermatrix 
∞

W  
Resilience 

W  
Resilience Adaptability Financial Strength Collaboration 

Goal FP LT LR PR CO 
Resilience Goal 0 0 0 0 0 0 

Adaptability 
FP 0.108994 0.108994 0.108994 0.108994 0.108994 0.108994 
LT 0.037348 0.037348 0.037348 0.037348 0.037348 0.037348 

Financial 
Strength 

LR 0.003049 0.003049 0.003049 0.003049 0.003049 0.003049 
PR 0.435976 0.435976 0.435976 0.435976 0.435976 0.435976 

Collaboration CO 0.414634 0.414634 0.414634 0.414634 0.414634 0.414634 

5. CONCLUSIONS 

Just like during the application of AHP method, you can evaluate the industrial supply chain resilience in 
several directions, once the values of the individual indicators have been determined: 

• Comparison of the calculated values with the maximum (ideal) and minimum values. 

• Inclusion of the calculated values into the pre-defined categories (low, medium, high level of 
capability). 

• Benchmarking for application of the methodology in other parts of the supply chain or in another 
supply chain. 

• Evaluation of the trend if the resilience evaluation is performed repeatedly. 

The main advantage of ANP method is its general character, which allows you to record any links between 
the individual network elements. This fact provides the possibility of capturing the real complexity of the 
resilience evaluation system. 
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Abstract 

The urban logistics is one of the key components affecting the improvement of human communication, 
especially in terms of availability and organization of the resources of the transport infrastructure of the city. 
The authors concern an impact of urban transport infrastructure on the perception of the quality of life for 
residents of mid-sized city in Poland. The article has been given to factors affecting the level of utilization of 
the urban transport system by the inhabitants and their expectations in terms of shaping conditions for the 
development of urban infrastructure.  

Keywords: Urban logistics, city logistics, infrastructure 

1. INTRODUCTION 

The aim of this paper is to present selected solutions to improve the urban logistics which is focused on 
transport system. The solutions are based on resident surveys of medium size cities. The research is 
related to the expectations of residents towards solutions to improve the urban transport system. 
For the purpose of these deliberations, a broad understanding of management has been adopted. 
Management in this sense is treated as a process of influencing the management subject by the local 
government bodies and administration in such a way so that its proceedings (behavior) aimed at reaching 
the determined goals are for example, consistent with the goals adopted by the management unit. The 
management object may include such persons, organizations and things that are related to planning and 
realization of public tasks and which, contrary to organizations, do not have to be subject to the 
administrator. With reference to that, management forms the behavior of people and other business entities 
and management itself belongs to the area of regulating processes [1]. 
The key position in the activity of a local government is occupied by managing public affairs that belong to 
its basic competence. That covers such issues as: the place, conditions, mechanisms and principles of 
managing what is of fundamental importance to the interest of community and what fits the technical 
capabilities of local government bodies [2]. 
The subject of research of city logistics is the issues of intentionally organized and integrated flow of 
materials, people and information in an agglomeration. These problems include among others: the issue of 
the city communication accessibility, supplying the commercial objects, supply of water and energy, 
sewage disposal, waste utilization, construction and maintenance of telecommunication networks [3] and 
environmental protection - ecological aspects. 

2. CITY LOGISTICS 
City logistics can be defined as planning, implementation and monitoring of economic efficiency and 
effectiveness of people, freight and relevant information flows in urban areas in order to improve the 
citizens quality of life [4]. 
One of the most important goals is the consolidation of transport streams, connection into a single 
controllable whole of business entities and institutions which are concerned with movement and act within 
the city area, as well as the event network management in a way providing a desired level of life quality and 
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the city management at a minimum cost level in consideration of ecological standards [5]. The coordination 
also includes an appropriate organization of municipal services provided for business entities and the 
people. Another important goal is the reorganization of in-city relations to achieve a stable balance between 
space and transport within this space. It may be accomplished by relevant planning, organization and 
management [6]. The Process of integration goes beyond a simple linear structure [7]. Creating new 
cooperative agreements, which are also new challenges for logistics management flows, includes flows of 
people and goods in cities. Extensive cooperative agreements are leading to the transformation of logistics 
chains into logistics networks [8]. The equivalent of which could be cities or urban areas Depending on the 
network, logistics may be operational or strategic, and the network may have different geographical 
coverage. Management of urban structure in the network system requires significant logistical competence. 

The development of urban transport networks, especially in city centre areas, faces considerable 
limitations. This is due to the nature of the construction, which makes it difficult to expand the network, as 
well as unstructured underground infrastructure connections such as gas networks, water supply, 
sewerage and telecommunications. However, in accordance with the principles of sustainable 
development, logistics should strive to maintain a balance between social, economic and environmental 
footsteps [9]. City logistics is becomes particularly important, not only because the concept of sustainability 
is inextricably linked with the problems of cities, but also because an ever increasing number of people live 
in cities [10]. 

Passenger flows are not the only flows occurring in modern cities. In addition to passenger flows there are 
also many flows connected to all kinds of cargo transportation. Hence the need for research to improve the 
functioning of urban logistics, including the identification of problems and determination of the directions of 
development of transport infrastructure [11]. The aim of the implementation of logistics functions is to 
increase the quality of life for residents and businesses, working to improve flows while eliminating 
unnecessary traffic, reducing the shipment times and inventory, lowering prices for city services [12]. 

3.  RESULTS OF SURVEYS CONDUCTED IN SELECTED CITIES 
The aim of the research project is to develop a reference model including the real city logistics flows and 
the sphere of controlling and interaction. The survey included three medium-sized cities: Gorzów 
Wielkopolski (GW), Jelenia Góra (JG) and Zielona Góra (ZG). So far within the research project, based on 
secondary data, the diagnosis of logistics systems in cities and the evaluation of quality of life has been 
conducted. The surveys were also conducted on a sample of 1600 people in three surveyed cities. The 
survey was the first part of the second step of the research conducted between January and March 2011. 
Cities selected for the study are located in the western part of Poland. The sample was a stratified quota 
sample selected with the following criteria: gender (male, female); age (up to 35, 35-60, 60 plus). 

The survey research provides information about the correlation between city logistics and the quality of life 
and also assesses these both aspects. Almost half of respondents in Zielona Góra (46.4%) and more than 
half of the population of Gorzów (59.3%) believe that access to public transport had an impact on the 
choice of location of a residence (Table 1). 

Table 1 Was access to public transportation an important aspect for you in the selection of the current 
location of your flat / house? 

Town JG GW ZG 
Responses (in %):    

Quite important or very important 35.70 59.30 46.40 
Not very important or not important at all 39.20 24.80 28.60 
Hard to say 25.10 15.80 25.00 

Source: own study based on the research 
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The next question concerned the evaluation of travel time by city public transport in comparison to travel by 
car. According to the vast majority of respondents in all three cities, public transport travel time is longer 
than the collective travel time through the city by car (Table 2). 

Table 2 According to you, how does the journey time by city public transport compare to travel by car? 
Town JG GW ZG 

Responses (in %):    
Significantly slower 47.40 46.20 53.10 
A little slower 38.30 40.50 34.20 
The same 8.80 8.90 9.30 
A little faster 4.80 4.00 2.00 
Significantly faster 0.80 0.30 1.40 
Source: own study based on the research 

When asked "Why don't you regularly use public transport?" Over 60% in Zielona Gora- two thirds of 
respondents- said they prefer to travel by car (for both private and business travel). This indicates a 
dangerous trend in the number of private vehicles, which in future will increase congestion and traffic 
problems. Other responses are presented in Table 3. 

Table 3 Why don't you regularly use public transport? 
Town JG GW ZG 

Responses (in %):    
Prefer private transport for personal / work travel 64.6 64.4 66.7 
Prefer walking / cycling 18.9 11.5 13.9 
Public transport is not convenient, ie no regular connections 13.4 16.4 11.7 
Public transport is too slow 15.9 14.4 11.4 
Travelling with a load 11.0 10.3 6.8 
Public transport is expensive 5.5 8.9 4.4 

Source: own study based on the research 

There is not a clear answer for the reasons for avoiding public transport, although several percent of 
respondents indicated a lack of regular service. A similar number of people pointed out the long travel time. 
It appears that residents of medium-sized cities with a relatively small scale of congestion and not 
experiencing problems with the level of private car mobility in the city is not inclined to seek alternatives. 
According to respondents, lower ticket prices could motivate them to make greater use of public transport. 
Similarly, faster journey times and better connections would contribute to the intensification of the use of 
public transport. Many of the respondents (about 25% - 28%) highlighted the problems with the frequency 
of the trips and the problem of delays in transport in Zielona Góra (table 4). 

Table 4 What factors could encourage you to make greater use of public transport? 
Town JG GW ZG 

Responses (in %):    
Lower ticket prices 27.3 36.8 30.2 
Faster journey times 27.0 21.6 29.6 
Better connections (more direct)  23.0 24.4 26.2 
Increased frequency 24.8 28.0 25.1 
Increased reliability (no delays) 19.4 18.4 21.6 
Could occasionally make use of public transport in case of a problem with the car 21.2 19.6 15.3 
Better integration between transport modes 9.1 19.4 12.7 
Nothing would encourage me to make greater use of public transport 18.8 14.0 11.8 

Source: own study based on the research 
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The next question illustrated problems with access to infrastructure. Respondents pointed out the difficulty 
in finding parking as the greatest inconvenience of travelling by car in terms of available infrastructure (from 
47.5% to 54.7% of respondents), and the occurrence of traffic jams (Table 5), Which confirms the fact that 
problems related to the growing number of private means of transport are emerging. This may mean that 
the initial signal inducing residents to take advantage of public transport will be difficulties with parking, 
traffic jams and the recently ever-faster growing fuel costs. 

Table 5 What do you think are the biggest drawbacks / obstacles to travel by car? 
Town JG GW ZG 

Description (in %)    
Difficulty in finding parking 54.7 51.1 47.5 
Uncertainty of journey time due to traffic congestion 48.6 37.8 40.8 
Excessive cost of travel 36.0 23.1 30.6 
Excessive cost of parking 33.8 29.3 24.1 
Risk of theft or damage to vehicle 15.1 11.5 14.4 
There is no inconvenience to travelling by private car 10.3 15.6 12.5 

Source: own study based on the research 

This confirms the need to invest in improving the functioning of public transport and solve problems 
associated with the use of public transport as indicated by the respondents in the study. 
According to respondents, the following solutions would improve the quality of life: separation of traffic 
lanes for buses and emergency vehicles, the introduction of fees for entry to the city center and the 
reduction traffic in the city center during peak hours (Table 6). 

Table 6 Which of the following solutions would have an effect / impact on improving the quality of life of 
residents in the area of urban logistics? 

Description 
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Separation of lanes for buses and emergency vehicles, priorities at 
traffic signals 

76.7 18.5 4.8 +- 4.0 

Introduction of fees for entry to the city center 75.5 16.3 8.2 +- 4.0 
Reduction of car traffic in the city center (eg, during peak hours 
between 5:30-8:30 and 13:30-18:30) 

74.7 14.8 10.5 +- 4.0 

Closure of the city center to trucks 72.50 21.3 6.1 +- 3.9 
Closure of the center to all cars 71.5 19.2 9.4 +- 4.0 
Appointment of restricted hours for truck deliveries (off-peak) 65.0 21.8 13.2 +- 3.9 
Organising the supply of goods to companies located in the city at night 15.5 22.7 61.9 +- 3.9 
Creation of a cycle hire networks 30.2 27.8 42.0 +- 3.7 
Introduction of mini buses for public transport, which would move with 
greater frequency than standard buses 

13.6 18.3 68.0 +- 4.0 

Introduction of passenger information systems in real time 63.5 28.7 7.9 +- 3.9 
Introduction of traffic light control systems (based on traffic information 
traffic lights can be dynamically controlled, lengthening or shortening 
the duration of green lights) 

60.8 28.2 11.0 +- 3.9 

Greater promotion of environmentally friendly behaviour among 
residents 

72.2 23.0 4.9 +- 4.0 
Source: own study based on the research 
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The responses in the expectations and evaluation of public transport were calculated relatively and actually 
for the three cities. The relative quality gap was calculated as the difference between actual preferences 
and evaluations. The absolute quality gap was calculated as the difference between the maximum, 
possible ideally, expectations of service and the actual assessments. Tables 7a, 7b, 7c shows differences 
in the quality of public transport. 

Table 7a Quality gaps in the area of public transport in Jelenia Góra 
Quality feature Relative quality gap Absolute quality gap 

Punctuality of vehicles -1.22 -1.7 
Frequency of circulation of vehicles -1.25 -1.88 
Travel conditions in vehicles -0.84 -1.74 
Waiting conditions at bus stops -1.01 -2.08 
Accessibility to public transport -0.94 -1.7 
Fares -1.13 -2.12 
Directness of connections -1.11 -1.88 
Management culture  -0.86 -1.85 
Information (at bus stops and in/on vehicles) -0.93 -1.81 
Readability and ease of memorization of schedules -0.93 -1.98 

Source: own study based on the research 

Table 7b Quality gaps in the area of public transport in Zielona Góra 
Quality feature Relative quality gap Absolute quality gap 

Punctuality of vehicles -0.78 -1.27 
Frequency of circulation of vehicles -0.87 -1.59 
Travel conditions in vehicles -0.79 -1.8 
Waiting conditions at bus stops -0.71 -1.83 
Accessibility to public transport -0.59 -1.55 
Fares -0.79 -1.77 
Directness of connections -0.9 -1.76 
Management culture  -0.41 -1.48 
Information (at bus stops and in/on vehicles) -0.41 -1.4 

Readability and ease of memorization of schedules -0.28 -1.53 

Source: own study based on the research 

Table 7c Quality gaps in the area of public transport in Gorzów Wlkp. 
Quality feature Relative quality gap Absolute quality gap 

Punctuality of vehicles -1.0  -1.67  
Frequency of circulation of vehicles -1.08  -1.89  
Travel conditions in vehicles -1.05  -2.02  
Waiting conditions at bus stops -1.02  -2.12  
Accessibility to public transport -0.80  -1.79  
Fares -1.16  -2.22  
Directness of connections -0.99  -1.94  
Management culture  -0.73  -1.72  
Information (at bus stops and in/on vehicles) -0.60  -1.61  

Readability and ease of memorization of schedules -0.51  -1.65  

Source: own study based on the research 
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The largest relative quality gap related to characteristics such as: punctuality of vehicles, the frequency of 
the circulation of vehicles and ticket prices. The smallest quality gap related to legibility and ease of 
retention schedules and the ability to speak about public transport. 

3.  CONCLUSIONS 

The results of this study confirm the awareness among residents of the city's communication problems and 
their impact on quality of life. On the one hand, people are aware of the problem of the growing number of 
motor vehicles and their impact on quality of life in the city, but on the other hand, see no alternative to 
private transport. Many reasons are suggested to discourage people from using public transport, which is a 
strong signal that it is necessary to carry out changes in the infrastructure and organization of public and 
freight transport in the city. 

One of the main objectives of city logistics infrastructure management must be to limit the number of 
vehicles in the city center and residential areas. This goal may be achieved by optimizing the flow of people 
and goods and by reducing the flow time of vehicles in the city, the organization of transit, better use of 
space cargo vehicles, and by better motivating residents to abandon the use of private means of transport. 
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Abstract 

The paper presents results of a questionnaire survey concerning the organizational logistic conditions in 
the activity of enterprises in Poland. It presents the scope of logistics tasks, aims of logistic strategies, 
prospects and difficulties as well as activities taken and necessary to be taken in connection with the 
operation of logistics in the field of expenses. It presents activities of logistic sections in enterprises, in 
particular: the time of their establishment, the organizational structure, employees responsibilities, the 
scope of logistic tasks and the type of specified logistic expenses. The following issues have been 
included: the functioning of information services and the usage of information tools. 

Keywords: Logistics, strategies, prospects, difficulties, costs, enterprises 

1. INTRODUCTION 

Logistics as an integrated management concept is a basic strategic potential from benefits resulting for the 
customer service, increase in competitiveness and logistic costs reduction point of view. The importance of 
logistics, resulting from globalisation, fiercer and fiercer competition and permanently growing distribution 
costs, is also an element of its role increase in the implementation of enterprises strategic objectives [1, 2].  

A close relationship between logistic goals and tasks and strategic objectives may be shown. Now, both in 
logistic activities theory and practice, an approach has been started considering logistics as the strategy for 
a company.  

Determination of logistic tasks goal and scope is the basis for selection of logistic management methods 
and functions. So the implementation of logistic solutions comprises not only technical-organisational 
solutions related to the improvement in the physical flow of goods and information, but also changes in the 
organisation and management system in the whole enterprise.   

 Incorporation of logistics into the enterprise management structure may be an important element in 
improving processes of material and information flows, allowing a more efficient use of the enterprise 
potential.  

 In particular, strategic logistic management requires taking actions, i.e. strategic planning, determining the 
strategy of logistics organisation in the enterprise, formulating a logistic strategy, specification of strategic 
objectives and designs of their implementation, as well as a strategic control of logistic planning [1, 3]. 

The paper presents results of questionnaire surveys on organisational conditions of logistics in activities of 
manufacturing, trade and service enterprises. The scope of carried out logistic tasks and logistic strategy 
determination, actions taken and required to be taken in the field of logistics as well as existing difficulties 
and prospects perceived in the area of logistics have been considered. Difficulties occurring and prospects 
sought by companies in the field of logistics, actions taken and required to be taken have been shown. 
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2. DESCRIPTION OF SURVEYED ENTERPRISES 

Questionnaire surveys were carried out of 212 Polish enterprises (131 manufacturing, 46 trade and 35 
service enterprises). The questionnaire comprised closed questions with a possibility of expanding or 
supplementing certain responses.  

Polish capital prevailed among surveyed enterprises. Enterprises active on an international and national 
scale played the main role [cf. 4, 5, 6, 8-11]. 

Among manufacturing enterprises, from the represented branch point of view, mainly automotive, metal, 
food, building, chemical and clothing-textile enterprises were surveyed. Companies from the building, food, 
metal and automotive branches dominated among trade enterprises. An important role among service 
companies was played by enterprises providing transport and building serices.  

3. LOGISTICS IN ENTERPRISES ORGANISATIONAL STRUCTURE  

The role of logistics in enterprises organisational structure was characterised by defining the period, in 
which an organisational unit responsible for logistic tasks was established, what type of entity is involved in 
logistics in the organisational structure and also the number of employees in the unit responsible for logistic 
tasks performance (Table 1). 

Table 1 Characteristic of entities responsible for logistic tasks performance in the organisational structure 

 

Substantial part of responses indicates operation of a unit responsible for logistic tasks performance in 
surveyed enterprises. Taking into account the period, when such organisational units were set apart, it is 
possible to state that logistic tasks in manufacturing and service enterprises were allocated to those units 
most frequently at the beginning of the past decade. A significant part of questionnaires did not contain 
indications related to the period, from which the unit responsible for logistic tasks performance has been 
operating.  

 Type of enterprises 

Establishment of logistics cell manufacturing [%] trade [%] service [%] 

before 1995 19 28 16 
before 2000 26 36 21 
after 2000 32 9 41 
no date 23 27 22 

Type of organizational unit    
riser 3 7 4 
department  39 48 32 
section 10 2 2 
cell 43 28 51 
lack 5 15 11 

Number of employees    
to 2 35 31 45 
3-5 26 13 15 
6-10 17 13 20 
11-20 8 9 8 
over 21 10 21 5 
no answer 4 13 7 
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Another issue subject to assessment within the survey consisted in defining an entity involved in logistics in 
the organisational structure of companies. Obtained results show relatively developed logistics units in 
trade enterprises, in the form of departments, which is also proven by a higher number of employed 
persons. In manufacturing and service enterprises the units responsible for logistic tasks employ few 
persons. Primarily the size of enterprise activities is an important determinant in this area. 

Performed tasks are related to the operation of logistics organisational units (Fig. 1). 

 
Fig. 1 Logistic tasks 

Irrespective of the type of business tasks related to transport (more than 70% responses) play a decisive 
role among logistic tasks performed by entities involved in logistics in enterprises; in the case of 
manufacturing and trade enterprises also products deliveries (nearly 80%) and warehousing (around 60%). 

4. LOGISTIC COSTS  

Information on distinguishing certain cost types in the cost accounting of the business, such as costs of 
transport, of procurement services and of warehousing was obtained within the survey. Results of 
responses related to the type of distinguished logistic costs in surveyed enterprises are presented in Fig. 2. 

Fig. 2 Logistic costs 
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Costs of transport are most frequently distinguished cost types from among other logistic costs. Nearly 70% 
of enterprises have information on the level of costs incurred in the field of transport. In the case of 
warehousing costs the level of responses is around 40%, however, much less in the case of procurement 
costs. However, nearly 20% of manufacturing and trade enterprises declare the lack of distinguished 
logistic costs. 

A great importance of logistic costs level knowledge should be emphasized, because without precise 
knowledge of real costs incurred in specific areas of activities there are no possibilities of their 
minimization. Especially in a situation, where the reduction of logistic costs was adopted as the strategic 
objective. Results of surveys presenting objectives of logistic strategies in companies are presented in Fig. 
3.  

 
Fig. 3 Objectives of company logistic strategies  

Obtained results show that irrespective of activities type more than half of analysed enterprises have 
determined strategic objectives in the field of logistics. Objectives are related to reduction of stocks (mainly 
in manufacturing and trade enterprises) but primarily to such aspects of logistic activities as time, quality 
and costs. A possibility of cost cutting resulting from logistics implementation is especially important for 
enterprises. This is confirmed by opinions on prospects resulting from logistics implementation (Fig. 4). 

 
Fig. 4 Prospects existing for Polish enterprises with regard to logistics use for goods flow control 
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A significant part of responses proves that a number of opportunities resulting from logistic solutions 
implementation is noticed, in particular in such areas as cost reduction, increasing supplies flexibility and 
reducing the stocks level. This is a satisfactory result, showing an awareness of logistics role in activities 
optimisation and costs minimisation and even in increasing the liquidity. 

5. DIFFICULTIES AND ACTIONS TAKEN IN THE FIELD OF LOGISTICS 

Based on the obtained results it is possible to show a number of advantages resulting from logistic 
solutions use in economic practice, at the same time areas have been defined, where limitations and 
problems occur. Difficulties encountered by companies in relation to logistic operations are presented in 
Table 2, which additionally includes results related to actions taken in enterprises and indications of areas 
that require expenditures and actions. 

Table 2 Difficulties in the field of logistics and actions taken 

 Type of enterprises 

Difficulties manufacturing [%] trade [%] service [%] 

information 23 20 17 
elasticity of supply 35 37 22 
financial 39 15 35 
storage 26 19 15 
transport 26 27 10 
packaging 13 13 22 
old habits 50 36 17 

Actions taken     
logistic training 27 44 28 
adaptation of organisational structures 41 30 35 
improvement in logistic service efficiency 44 43 42 
products quality control 49 50 39 
control of returnable packaging rotation 23 25 10 
planning costs of supplies and distribution 62 67 52 
construction of high-bay warehouses 16 13 13 
purchase of software, which includes logistics 
costs 18 23 6 

Action to take    
information 52 32 61 
financial 33 13 41 
cooperation of activities between entities 41 50 30 
logistic training 57 64 56 
no action 3 9 3 

Old habits and the problem of supplies flexibility are among most frequently occurring difficulties, especially 
in manufacturing and trade enterprises; moreover, a substantial part of companies indicates financial 
difficulties related to logistic operations. Manufacturing companies indicate problems in the field of transport 
and warehousing, which may result from the goods flow intensity. 

The following actions taken in enterprises are mainly mentioned: planning costs of supplies and 
distribution, products quality control, improvement in logistic service efficiency. Also the training in the field 
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of logistics and adaptation of organisational structures to needs and requirements of integrated 
management, being the pillar of logistics, is of considerable significance. 

Actions significant for companies, which should be taken to increase the logistics use effectiveness, include 
logistic training, IT activities and cooperation of activities between entities.  

It is noteworthy that the role of activities cooperation between entities is perceived in enterprises. 
Substantial number of surveyed enterprises, in particular the big ones, notice the need to take actions 
aimed at cooperation between entities within the supply chains.  

However, it is significant that enterprises become aware of the necessity to create appropriate relations 
with business partners, aimed in turn mainly at effective customer service and at achieving synergic effects. 

6. CONCLUSION 

Logistics in enterprises is conditioned by many factors, among which the following may be mentioned: 
production character and volume, type of rendered services, location, level of technology, intensity of 
material and information streams and also qualifications of managerial staff. Implementation of logistic 
concepts in enterprises is related inter alia with adaptation of the organisation and management system to 
logistic needs, with the use of IT and other available tools supporting the logistic management .  

Organisation of logistics in enterprises should be a complex logistic system adapted to the type of activities, 
size of enterprise, scope of individual organisational units tasks, relationships and information flow in the 
field of logistics.  

To a large extent the international scale of surveyed enterprises activities is the determinant of solutions in 
the area of logistics. It is also related to a pretty broad scope of tasks, comprising such areas as transport, 
procurement, distribution, warehousing, packaging management and customer service.  

Customer needs satisfying is the key requirement set to both manufacturing, trade and service enterprises. 
At the same time this task performance is the basic goal of logistics, which should be supported by 
appropriate strategies defining directions of activities[cf 7].  

The surveys carried out were aimed at evaluation of logistic tasks implementation in manufacturing, trade 
and service enterprises and at definition of factors affecting organisational-functional conditions of logistics 
in the business practice.  

Based on results of questionnaire surveys, positive aspects in the field of logistics may be shown, which 
may include: operation in organisational structures of entities responsible for implementation of logistic 
tasks, awareness of logistics role in the increase in activities effectiveness, determination of strategic 
objectives in the field of logistics, taking specific actions aimed at optimization in the field of logistics, 
discerning the need to take further actions increasing the logistics effectiveness, awareness of IT 
introduction role in logistic processes implementation. 

Instead, negative phenomena could include the lack of separate total logistic costs in numerous 
enterprises, old habits, problems in the field of supplies flexibility. 
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Abstract 

Proper operation of the intermodal transport chain depends on the proper functioning of the terminals, 
including their ability to perform cargo handling infrastructure, cost- effectiveness and scope of services, 
quality and reliability. Modern combined transport terminal is more than a simple transshipment point. It 
develops in the creation of centers freight with a wide range of services. 

In the international literature, little space is devoted to the theme of inland terminals. Generally it is a 
showcase of new technologies intermodal attempt to analyze their applicability, detailed technical solutions. 
There is no literature on the process of storage. There have been no analysis of the arguments has to be 
taken into account when storing. Do not analyzed the information contained in the transport documents for 
their use in the management of places components in intermodal transshipment node. It can be said that 
this area of knowledge is not recognized, and the practice sets the rules in force here. 

Simulation tests confirmed that the storage process guided by specific rules may result in a significant 
reduction in energy demand in the course of handling containers. Depending on the size of the node 
handling, the degree of use and speed of movement of the intermodal units can be a saving of up to 50%. 

This article is a presentation of the progress of work on the project, which aims to develop a practical 
method that allows to use the knowledge to creating the functionality of intermodal transport terminal, 
taking into account the characteristics of its work, including efficiency, effectiveness, reliability, safety, 
ecology. 

Keywords: Intermodal transport, terminal technology, container transshipment 

1. INTRODUCTION 

After the difficult years of 2008-2010 container transport becomes stronger. In Poland it is visible seeing 
more and more new container handling transshipment points. Currently, the total container turnover in the 
market of intermodal transport is estimated by the owners of intermodal companies over 2.5 million TEUs 
per year ( for comparison, in 2007, there are approximately 1.7 million TEU ). 

The increase in intermodal transport is a natural phenomenon in the face of the White Paper on Transport 
recommendations. Nevertheless, intermodal transport as a logistics process requires scientific work and 
research, the effect of which is to strengthen the competitiveness of intermodal transport to the traditional 
road to the carriage of highly processed goods. 

Intermodal technology functioning is mainly based on experience in Poland. Over the years, intermodal 
transport was underrated way of transporting goods. Its principal advantage lies in combining functionality 
with the ability to cargo transport and storaging in intermodal transshipment point. Intermodal transport 
technologies are shown for example in the development of [5, 6]. Rules of container terminals design are 
presented in the [5]. Both publications are inland-based container terminal. 

Both the technology and design rules terminals do not show know how to manage the movement of cargo 
units inside the terminal. However, the functioning of the inland container terminals is far different from the 
typical container ports on which there is a lot of information in foreign literature [4, 10, 11]. There are some 
element of terminal operation management, e.g. [1, 2, 3, 7, 8, 9]. 
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Sea terminals are to be run in such a way as to reduce to a minimum residence time of the loading units 
within the terminal. This is due to the need for high bandwidth as a result of the conditions established 
infrastructure and container turnover. Using sophisticated technology, handling, such as full automation of 
the process can substantially reduce the time cargo handling, eliminate errors, increase the level of safety 
of the process. These technologies are extremely expensive and are not widely used. In smaller ports, high 
throughput is achieved by streamlining operations. One of the solution is increasing tariff for storage of 
cargo at the port. 

The inland terminals, as mentioned previously, links Transport and storage functions. In this case, the tariff 
for the storage of empty containers or loaded is decreasing. Both types of containers are stored within a 
storage space. Problem in intermodal transshipment hubs to adopt an appropriate method of storage of 
intermodal units, the implementation process container depots, so that there was no need of their 
translocation to another storage location. In reality Polish intermodal hubs, stacking containers and large 
volume of financial and intuitive decision-making, such situations often occur. This is the reason for the 
formation of additional costs and sometimes even necessary, adjusting the container several times. 
In the international literature, little space is devoted to the theme of inland terminals. Generally it is a 
showcase of new technologies intermodal attempt to analyze their applicability, detailed technical solutions. 
There is no literature on the process of storage. There have been no analysis of the arguments has to be 
taken into account when storing. Do not analyzed the information contained in the transport documents for 
their use in the management of places components in intermodal transshipment node. We can say that this 
area of knowledge is not recognized, and the practice sets the rules in force here. 

The remainder of this article outlines basic procedures performed during the reception and dispatch of 
goods to and from the container terminal. The principles of selecting the places of storage containers, and 
indicated the formation of any disruption to the service container terminal. 

2. THE NEED FOR QUALITY IN USE OF INTERMODAL TRANSPORT 
The proper functioning of the whole chain of TI depends largely on the proper functioning of the terminal, 
including first and foremost on their ability to perform cargo handling infrastructure, cost effectiveness and 
scope of services, quality and reliability. Modern combined transport terminal is more than a simple 
transshipment point. It develops in the creation of centers freight with a wide range of services. 
EU report "A Quality strategy for combined transport" the most characteristic tendencies in the 
development of combined transport terminals in Europe include, among others: 
- transition from isolated terminals to integrated logistic centers freight handling the "hub" of the 

terminal for combined transport as a key location in the center, while the development of a network 
of medium and even small terminals with maximum loading process automation; 

- concentration of resources to improve service processes in terminals, especially automated cargo 
handling, cargo handling technology standardization and implementation of complex information 
technology systems. 

Published in 2004, Combined Transport Development Strategy in Poland shows such the need to develop 
innovative technologies for intermodal terminals. In turn, released in 2006 by the General Department for 
Energy and Transport of the European Commission's publication "In search of the slide intermodality 
efficiency growth" simply points to the need for research projects focused on solving the problems of 
intermodal transport in order to increase its efficiency and wider dissemination. 
Mentioned basic needs include: 
- improving the quality of services with a focus on the creation of information technologies in the 

management of terminals, 
- looking for ways to achieve synergies between the supply chain for intermodal transport 
- further harmonization and interoperability between transport modes, manifested in new technologies, 

transport and handling of intermodal loading units. 
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Among the solutions sought European Commission proposes to focus on the work of, among others: 
- identify problems and bottlenecks in the operation of intermodal terminals 
- identification of tasks to increase efficiency of intermodal terminals, and these tasks with the help of 

state institutions and businesses, 
- implementation of behavior that can assist with branchmark terminals operations. 

Conducted by the author identification of multimodal transport operators in Poland have indicated that 
postulates presented above are still very relevant. For many years, one can observe the dynamic growth of 
transported cargo units in Poland related to intermodal transport. They are expected to be a solution that 
will allow for further sustainable development of transport in Poland. These are primarily solutions for 
qualitative and quantitative evaluation of the work, analytical tools, and tools that enable better 
management of the company in the operational field. 

3. CHARACTERISTICS OF PROCEDURES FOR ENTRY AND CONTAINER 

Most of inland intermodal transshipment hubs supports two modes of transport: road and rail transport (in 
CEE is difficult to find the terminal supports three modes of transport). Thus, in the following section 
describes the procedures for entry and exit of containerized cargo by rail and road. 
The procedure for the adoption of the terminal.  

Container train is advised few days prior to arrival at the terminal. Notification is sent by e-mail in the form 
of a list containing the most common: 
- train number, 
- wagon number, 
- the number of the container located on the wagon, 
- the gross weight of the container, 
- tare container, 
- information on the place of delivery , 
- round trip, 
- incoterms rule, etc. 

After train’s arrival at the container terminal it is checked for possible damage units (document of 
interchange). If the damage is not aware of the process of unloading begins. 

Similarly looks the procedure of introduction the container by road. Introduction of the container terminal 
road transport is also most frequently preceded by notification. This time, most workers make advising 
terminal based on the order issued by a company that provides container terminal. After the formal 
notification of the completion of the notification and the safety procedures truck carrying a container can 
enter the loading area. The driver shall be submitted together with the accompanying documents to the 
person carrying out the inspection of container for damage unit load. Then, if no evidence of deficiencies is 
awarded to the terminal. The driver is required to set up a set in the space where the container is picked 
up. 

Upon notification by the trustee cargo container needs material is taken from the site and loaded onto a 
semi-trailer containers. Then, before leaving the terminal, the driver is equipped with set of documents. The 
driver also receives an instruction from the load unit and therefore an indication of the customs, trance 
journey to the customer and the procedures for the transfer of cargo transport. The driver is well informed 
about the details of the date for delivery of the cargo. 

4. PRINCIPLES IN CONTAINER STORAGING  

The inland terminals storage containers usually up to three layers to four layers vain. The storage yard in a 
terminal is usually divided into rectangular regions called storage blocks or blocks. Each row typically 
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Consists of over twenty 20 -ft container stacks stored lengthwise end to end. For storing a 40 -ft container 
stack, two 20 -ft stack spaces are used. Load distribution and hence the allocation of storage is done by 
machine operators. This is done on the basis of their experience and relying on the information derived 
from public goods. Basic information to be taken when allocating loads are: 

- whether the container is empty, loaded, refrigerated, tank, ADR / RID, 
- the size of the container, 
- the expected storage time charge on the terminal, 
- the recipient, 
- the gross mass, 
- operator. 

The essential part of machine operator’s work is to memorize and consistently putting in a storage 
container so as not to turn the download does not require adjustment of the upper layers of containers. This 
task is difficult and involves unreliability. This problem increases the lack of information from one of the 
main customers of schedule downloads terminal at the time of arrival of containers by rail to unload the 
cargo units. As a result, the containers are unloaded in free space components (cached), and after being 
informed of the date of delivery segregated and placed in the correct order. 

Schedules cargo operations are difficult to define because they vary depending on the sender or recipient, 
traffic conditions, etc., although this time the service should be as short as possible. Therefore, previous 
planning manual handling is often very difficult, if not impossible, due to random factors beyond the control 
of the operator terminal. To transfer the containers in the number of hours between scheduled transport 
services large batches, the temporary storage of containers is essential. Meets the buffer function 
terminals. Unfortunately, the container terminal is limited capacity and technology used transport units, thus 
piling up more layers to increase capacity. This increases the number of containers in the landfill, but very 
often difficult to locate the container, and the effective execution of transshipment operations on it. As the 
number of handled cargo units, there are new problems. With little turnover of the cargo container to find 
the company was not a problem for those involved in the physical handling of cargo. Today, however, the 
terminal supports more load and hence there is a possibility of a problem to locate the container that is to 
be assigned. 

During the deployment analyze intermodal cargo transshipment node can watch two indicators: 
- rotation ratio, 
- the intensity of use of the component. 

Rotation ratio is the number of operations performed per unit time with respect to one component of the 
terminal. This means that the residence time of the free- space component may be relatively short, but the 
number of containers in a given location may be large. This means that the area is heavily used, but due to 
the large rotation load. Achieving high turnover ratio is desirable for marine terminals, where it counts the 
technical efficiency of the transport process and land-based terminals, where the number of occupied seats 
begins to cause complications in the implementation of the basic functions of transport. The intensity of the 
storage is a busy time of the landfill by the same unit load per unit of time. The smaller the value of this 
ratio the greater the rotation of the loading unit is characterized by a terminal. 

5. DISRUPTION OF TRANSPORT OR STORAGE 

In the course of identifying the operation of intermodal transshipment node highlighted the potential for any 
interference during cargo delivery to the recipient. Table 1 contains the name of the fault, the cause and 
the possible consequences of its occurrence. Ratings shown in the table are subjective. The significance of 
risk determines the impact of the phenomenon on the possibility of carrying out the action with a positive 
result at a given time. The greater the delay resulting from the immanent danger the higher the significance 
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of the threat. The possibility of risk reduction is an appropriate opportunity to guide the process in order to 
reduce the occurrence of a hazard. 

Table 1 Causes and effects of disturbance during operation of the unit load. Subjective evaluation 

Description of disruption Cause 
 

The 
significance 
of the risk 

The 
possibility of 
reducing the 

risk 
Damage to the stage prior to the adoption of 
transport container terminal 

Technical High impossible 

Damage to the stage inside the terminal cargo 
handling 

Technical High high 

Customs Clearance organizacyjna Medium high 
Congestion in the course of delivery to the 
customer 

Technical or 
organizational Medium low 

The problem of finding the container at the landfill organizational Low high 
Problems with the development of transport 
documentation 

Technical Low high 

No trailers Technical or 
organizational 

Medium high 

As it can be seen from the table there is no practical possibility of enclosing the transport process of 
disruption in the event of damage to the unit load on the delivery of cargo to the terminal. But within it, and 
further beyond, the behavior of the relevant technical and organizational conditions can contribute to 
reducing the risks. Among the factors that could be somewhat overcome by the implementation of this 
project is to 
- The problem of finding the container at the landfill, 
- The problem with the development of transport documentation. 

6. CONCLUSIONS 

Contemporary challenges for the transport of lead by monitoring parameters such as efficiency, 
productivity, quality and safety. This can be done by streamlining the demand for transport services, even 
within the systems already considered environmentally friendly. This will ensure that they maintain both 
business and cares for the environment at the same time economically rational. 

Presented paper shown part of first stage’s conclusion of the project supporting terminal operations. The 
practical effect of study is to prepare a computer program to support operations in intermodal 
transshipment node. The developed program will support the decision of the Broadcasting space for 
container storage sued to obtain the following benefits: 
- reducing the number of operations at the terminal intermodal, 
- reducing energy needs during handling unit loads at the terminal intermodal, 
- shorter handling unit loads, 
- increased machine productivity within the terminal handling by reducing machine cycle times. 
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Abstract 

The article presents a method included in Lean Manufacturing which is aimed at improvement of 
manufacturing processes, improvement of quality of products as well as decreasing losses. Moreover, the 
paper presents methods of management and disposal of waste in logistic approach. The features of eco-
logistics were presented here together with detailed description of types of waste flows and the way of 
collection of waste which remains from manufacturing processes. Application of value stream mapping 
method does not need to refer only to manufacturing processes where VSM helps to reduce the 
mismanagement and to look for weak spots in the processing. Unfortunately, the preparation of a map of 
current situation according to standard assumptions does not present the amount of waste which most 
commonly brings additional losses to the enterprise. VSM method can be applied in other areas connected 
with enterprise management. In the case, presented in this article, the main products which were analysed 
were the generated waste products. 

Keywords: Value Stream Mapping, industrial waste, management system 

1. LOGISTICS IN WASTE STREAM FLOWS  

Application of logistics is aimed at optimisation of information flow, the goods and the assets. However, it 
should be pointed out that at every stage of manufacturing besides creation of semi-products or ready 
products some amount of waste is also generated. Created waste does not add the value to the product 
but influence its price. Decrease of overall cost born by the enterprise cab be achieved in case of 
application of many different activities in waste management from the field of logistics such as, for example, 
planning or creating the flow streams. Care about the environment also has its influence on the willingness 
to act in order to limit the amount of created waste. Appearance of such elements means that it becomes 
necessary to apply a lot of activities such as: segregation, neutralisation, collection and transport of waste. 
Waste management systems are often complex structures which include many subsystems which are 
mutually dependent on one another [1].  

Within waste management there are many notions which are connected with management of processes 
and flow streams of waste products. The main notions used so far are, i.e.: 
- green logistic,  
- reverse logistics,  
- eco logistic. 

Management processes within waste management systems deal with organising and improving the “waste 
chain” in which the initial link is the producer. The term logistics of waste management is a notion including 
not only the ecological aspects but also logistic aspects in which we can enumerate processes such as: 
collection at source (segregated or non-segregated), storage, transport, processing (utilisation, 
neutralisation and other) as well as storage at landfill sites.  
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1.1  Main waste flow streams  

Each phase of the processing within an enterprise (supply, production, distribution) generates certain 
amount of waste. Unfortunately, in most cases we cannot use only one type of flow stream for generated 
waste. Application of various streams results both form differences between processing stages and from 
differences between processes to which the waste is going to be sent from a given enterprise. Within each 
enterprise we can define four main flow streams [2]: 
 1. waste recycled on the premises of the enterprise,  
 2. waste which underwent the process of keeping in warehouse, 
 3. waste sent to external recipients to be managed elsewhere,  
 4. waste which is stored up. 

First group of waste streams is connected with processing which is conducted on the waste in order to use 
it again in manufacturing processes. We can include here the internal recycling within the enterprise as well 
as external recycling in the units which are organisationally and legally independent from the producer of 
waste.  

Second group of waste streams is connected with such waste which is stored in warehouse. Such action 
results, for example, from the necessity to gather a given amount of waste. It is connected with economical 
or technological factors which will allow for their processing later. Storage in waste management system 
can be divided into three groups. Quantitative storage occurs when the collection of such waste occurs 
after gathering a given amount of a type of waste. Time-dependent storage is a cyclic waste collection 
(regardless of amount) according to earlier agreed schedule.  

Third type of gathering is quantitative and time-dependent storage which occurs when the collection of 
waste is cyclic and stable in terms of the amount no matter the type of generated waste. 

The third group of waste streams is sending it to external recipient. It occurs between enterprises which are 
independent from one another both organisationally and legally. Waste given to external party is supposed 
to be undergoing special processes which are aimed at neutralisation of such waste. However, the 
enterprise which takes waste uses it as an initial material to be used in their enterprise. Such transfer can 
be compared to activities which are aimed at sales of the ready products. Such stream allows for 
generating extra profit for waste producer i.e. solidified slag for metallurgical industry. 
The last group of waste streams is their storing at landfill sites. It is common knowledge that such actions 
negatively influence the natural environment. This solution should be used only in case when the waste 
cannot undergo various technological processes which would allow for their reuse or if application of such 
processes is unprofitable. This waste stream is often used by enterprises which prefer to pay for storing 
waste at landfill sites than managing the waste. It results from the fact that such action is cheaper and 
easier to be conducted. 

The division presented above is a general example. Each enterprise may identify the groups of waste 
streams in a different way. Such division should be dependent on the type and possibilities of given 
organisational unit. 

2. WASTE MANAGEMENT SYSTEMS VERSUS LEAN MANUFACTURING 

Conduction of activities in accordance with Lean Manufacturing forces the constant reviewing of each 
element which is a part of manufacturing system. The main activity here is gathering and analysis of 
information as well as planning all changes which can bring profit for the enterprise. Creation of a map of 
value stream of current state in enterprise allows for assessment and finding various types of wasting in 
enterprise as well as turning the future activities in the right direction in order to eliminate the processes 
which do not add value to the product. The processes of preparation of the needed (optimal) manufacturing 
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system have systematic character and undergo in several stages which are strictly ordered (KAIZEN) and 
occur one after another.  

One of the types of mismanagement is waste generated during processing. A number of enterprises limit 
their actions in reference to environment protection to the activities forced by the legal regulations. A 
number of processes within the waste management systems are qualified as rather complex in systems 
theory approach [3, 4]. As a result of this a number of organisations find it more beneficial not to invest 
capital and energy to organise various systems of waste flows. The simplest solution is to send waste 
directly to landfill site but such solution is not advised if the ecological efficiency is to be taken into account.  

The group of post-production waste is quite a big amount in comparison to municipal waste but in terms of 
the uniformity of composition it is a group which is easy to be managed. Industrial waste streams have a 
certain amount and content dependent on the size and specific of industry branch in which they were 
created. The essence of the logistic approach to waste management is shaping the stream flows of created 
waste in every stage of logistic chain in order to limit the amount of waste sent to landfill sites as much as it 
is possible. Such waste which is possible to be reused in logistic system will be a part of supply stream for 
other manufacturing enterprises. In free market economy an important role in the success of the enterprise 
and product on the market is played by the account of revenues and expenses. Many enterprises reach 
better results in supply area when they benefit from the economies of scale (the use of the amount of 
ordered goods and therefore getting various discounts), coordination and control of actions (limited number 
of supply sources and therefore smaller number of purchase procedures). In such cases it is obvious that 
enterprises will not buy the necessary materials in units of fragmented structure. With correctly designed 
logistics infrastructure (linear and point), the procedures of sending wasted to their target places would be 
much more efficient. In such points the following procedures would be conducted: 
- ordered gathering of waste, 
- selection in case of unordered gathering, 
- correct processing which would adjust waste to required parameters which enables reuse in 

manufacturing processes, 
- waste distribution processes to their target recipients. 

It is universally acknowledged that one of the seven main losses (7 Muda) is unnecessary transport. The 
activities of the logistic infrastructure points in which the above mentioned processes would be conducted 
could eliminate the excess number of waste transports which would directly influence the decrease of costs 
of waste flow and improve flexibility in creating supply chains for created waste sent to the places of their 
recycling.  

3. APPLICATION OF VALUE STREAM MAPPING IN WASTE MANAGEMENT SYSTEMS 

Value Stream Mapping is a tool which aims at visualisation of flow processes. It is most commonly known 
to picture manufacturing processes or chosen areas within analysed enterprise. In the diagram all 
information necessary for analysis is put together. As a result of correctly prepared current state map some 
trouble spots (so-called bottlenecks) of the analysed system can be pointed out. Such systems can be 
analysed as full streams which include not only activities occurring within the enterprise but also all external 
activities such as purchase of raw materials, supplies, quality controlling of initial products, accepting 
orders, sending final products and other. Second type is the so-called internal value stream which presents 
the manufacturing processes as a whole within the analysed enterprise or given production lines (stages of 
manufacturing) from the whole system.  

Value stream mapping is a stage which is a part of Value Stream Analysis - VSA, so-called current state 
diagnosis which is based on defining all operations and information in the analysed process. Another level 
is Value Stream Designing - VSD, the so-called creation of future state concept in which the tools included 
in Lean Manufacturing are taken into account in order to “make the process leaner”. The last level here is 
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Value Stream Work Plan - VSWP, which is implementing the improvement plan in which detailed 
descriptions of implemented improvement and assumed results are included.  

When creating a current state map and previous state map for manufacturing processes the following 
aspects should be taken into account [5]: 
- cycle time (C/T), 
- time of changeover (C/O), 
- accessibility of workstation to start working, 
- indicators of the production batch size, 
- number of operating people, 
- available work-times, 
- shortages coefficients, 
- size of material and time buffers. 

After preparation of stream flow maps the operations generating added value to the product are determined 
together with those which do not form added value. The aim for the second group is maximum minimisation 
with the use of KAIZEN processes. 

Value Stream Mapping has a lot of advantages. Creation of maps of manufacturing processes allows for 
reduction of mismanagement and looking for weak spots of analysed process, but it does not present 
losses which result from creating waste. Each enterprise in which mapping was conducted can enumerate 
their own positive aspects of the applied method. VSM, first and foremost, helps in presentation of stream 
flows in an easy way. This tool presents at the moment a lot knowledge and information about conducted 
processes and gives the picture of losses suffered. So far, the actions within minimisation of production 
costs refer to: 
− limiting the purchase plans according to the Just - In - Time rule, 
− limiting the production precisely to the orders of the customers and limiting the warehouses stocks 

and buffer inventory in production,  
− limiting the time from the moment of placing order by the customer to the point of payment for the 

goods or services,  
− such organisation of goods distribution network so that the transport distance (which is one of the 

element not raising the product value but one generating costs) becomes the liability of the co-
operating party, that is the recipient.  

Actions which aim at minimisation of costs of the whole enterprise should also refer to the rational way of 
managing the created waste. Waste which is produced in production system has utilitarian qualities, which 
justify their economical and ecological application.  

Preparation of value stream map does not necessarily need to refer only to manufacturing process. This 
method can also be used in other areas of enterprise management. Fig.1. presents an example diagram of 
waste flow created in accordance with assumptions of Value Stream Mapping. Product flows and waste 
flows have a PULL character. Arrow in black and white colours illustrates the flow of manufactured product 
whereas the blue-white arrow shows the flows of generated waste. Visualisation of waste flow was 
conducted on the basis of current state map of the example manufacturing process in which scrap metal 
waste and postconsumer plastic waste is generated.  
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Fig. 1 Diagram of generated waste flow in accordance with VSM [7] 

Each of the process has an icon modelled upon the ones applied in value stream maps. The data table 
presents information about waste created at a given stage. Information refers to:  

- form in which waste is collected (collection at source, segregated or non- segregated), 
- number of stations (number of machines on which waste is generated in a given process), 
- type and amount of waste created in time unit, 
- size of container used in first-hand gathering area,  
- time in which the container is filled (at times of failure-free work).   

Icon of the process can also include information about: 
- ways of waste management, i.e. burning, grinding, etc.;  
- harmfulness of influence on natural environment, i.e. toxic, aggressive, radioactive, etc.;  
- target place of shipment including the necessary transport processes. 

Information table is filled by the manufacturer with data which they consider indispensable and necessary 
for the described process.  

In the example process it can be noticed that there is also internal recycling within enterprise that is so-
called feedback [6]. Waste generated at the stage of injection undergoes the process of grinding and in so-
called closed circuit they are directed towards the injection system again. In grinding process some side 
products are created from processing waste (so-called waste from waste), which as a result of the lack of 
technology in analysed enterprise is not possible to be reused. In the analysed enterprise the scrap metal 
waste and a small amount of plastics which cannot be used in enterprise is sent outside the enterprise. 
Such streams form open flows in which scrap metal waste generated additional profit for the enterprise 
because it is sold as full-value raw material for the metallurgical enterprises. Plastic waste on the contrary 
is a passive in economic calculations because the analysed enterprise must bear costs of transport and 
processing of such waste which is waste utilisation.  
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4. CONCLUSIONS  

The article presents the tool included in Lean Manufacturing which is aimed at visualisation of flow 
processes and which is most commonly used with manufacturing processes. In the presented example the 
method was used to present, first and foremost, the flow streams of produced waste. The idea behind the 
logistic approach in waste management systems is shaping the flows in which waste becomes the resource 
or useful products and the superior function of such aim is ecological efficiency.  
Waste management systems are dynamic constructions in which the following aspects should be taken into 
account: 
- change dynamics of waste creation,  
- location of logistics infrastructure in point - refers to places where waste is produced, 
- capacity of logistic infrastructure, both linear and in point, 
- estimated changes of recycling processes within waste management and creative possibilities in 

case of industry.  

The condition necessary to keep competitive advantage on the market is adjustment to the fast pace of 
changes in global economy. If we apply knowledge, experience and the tools from the area of logistics in 
the waste management systems within the enterprise, it will positively influence not only the ecological 
aspects in the enterprise but also the financial efficiency. It is a well-known fact that at present the good 
product on the market is not only the one which meets the quantitative requirements but also such product 
which meets the ecological requirements. 
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Abstract 

Selection of equipment in the transport system is an extremely important issue. Proper fit allows for optimal 
performance and efficiency of the system. However, this selection, requires tools that allow the assessment 
and verification of the correctness of the implemented solution. This paper presents the concept of using 
the Phases Network process for the selection of equipment in the transport system. Formulated problem 
based on the selection of the number of service stations for vehicle in inspection center. The paper 
presents mathematical formulation of the problem and presents a simulation method that uses a Phases 
Network approach of the process in order to verify the proposed solutions. 

Keywords: phases network, equipment of transport system, simulation 

1. INTRODUCTION 

Functioning of logistics systems depends on many factors. Here we can distinguished economic factors 
such as operating costs of logistics facilities and equipment, as well as the reliability of the system 
components and the impact of random events. Selection of appropriate equipment logistics facilities and 
equipment in the entire transport network is an important issue. Can be mentioned here, the choice of the 
number of devices in logistics facilities, selection of the number of lanes or the selection of equipment to 
maintain a certain level of it reliability. In the transport systems such facilities include motor vehicle 
inspection centers. They are used to perform periodic testing of vehicles in order to reduce the number of 
dangerous situations resulting from the condition of the vehicle. 

In Poland, the technical examination is regulated by law. Centers are divided into stations that may carry 
out tests on vehicles with GVW (gross vehicle weight) up to 3.5 tones and is able to perform specialized 
tests (closed stadion) and the regional stations that can carry out testing of all vehicles (open stadion). 
Therefore, it is important to carry out studies on the selection of equipment in the transport system which is 
the motor vehicle inspection centers. 

A study in this article concerns the selection of stations for vehicle inspection stations. The analysis of 
vehicle inspection station should take into account the requirements to be met by such objects. From the 
point of view of the selection control positions is essential equipment and the tasks that must be 
accomplished. This is defined in the regulations of the Minister of Transport and Construction and Maritime 
Economy of Poland, as specific rules [1], [2]. 

The implementation of the research in this article requires the use of specific methods. Here can be 
distinguished methods such as simulation that allow to represent the system dynamics. This approach is 
used in solving many types of problems particularly in transport systems [3], [4]. 

This article is divided into 5 sections. The second section describes the use of process network phase for 
the selection of equipment in the transport system. In the third section presents the network as phases of 
the studied object which is vehicle inspection center in two variants. The fourth point concerns the 
simulation test for vehicle inspection center and the choice of a better option. The fifth section presents the 
analysis of the results and a brief summary of research and research perspectives for the future. 
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2. PHASES NETWORK FOR EQUIPMENT CHOICE IN TRANSPORT SYSTEM 

The aim of the transport system analyzed in the article is to establish connections between the tasks of the 
system, its equipment and organization. The state of the system changes over time. Therefore, built a 
model of the transport process need to include the properties of the transport system, which will allow the 
investigation of the changes taking place in the system, that allows mapping of the course changes 
(trajectory) system states for various decision-making situations. We assume that the state of the transport 
system is defined as the state of infrastructure and the state of vehicles. Thus, the components of the 
transport system are states of individual elements of the infrastructure and the status of individual vehicles. 
One of the methods dedicated to the analysis of transport processes is to record the process model in the 
form of transport as phases network [5], [6], [7], [8]. Model of the transport process in the form of a phases 
network is characterized by the following features: 
1) the structure of the phases network showing the relations between events defined as moments of 

change in the transport system, in the form of a graph GFSP=<V, LV>. Graph GFSP of phases 
network is transformated in graph G of structure transport network involving the conversion of arcs 
on the vertices of the graph GFSP. This means that the set V of vertices of the graph GFSP, is the 
sum of two sets W vertices of the graph G and set of vertices, created with arcs of G, recorded as 
WL: 

− V -  set of the phases network nodes (nodes and arcs of transport network), 
− LV - set of the phases network arcs (events), 

2) the characteristics of the elements of the phases network presents the actual properties of the 
elements including: 

− distributions of random variables of service time of the different classes vehicles at different 
positions (nodes), 

− distributions of random variables of travel time between successive services station of different 
classes vehicles (in phases network model assumes that arcs occurring in the transport system are 
also a phases network node), 

3) the size of the input stream of vehicles at the entrance to the phases network:  
− distributions of the random variable of time interval between successive arrival of vehicles for 

vehicle service center (phases network),  
4) The control understood as method of carrying out units of traffic through the network phases 

from input to output: 
− services strategies of various classes of vehicles at services positions (at the phases network 

node), 
− strategies of transition to the next position (phases network nodes). 

Given the above, it should be noted that in the present case, i.e. the selection of a service station 
equipment for parameter estimation of the transport system using a phases network model of transport 
processes should apply the following criteria: 
− the criterion of minimizing the length of queues, 
− number of vehicles serviced at a service station (on the node), 
− number of vehicles serviced at all service stations (network phases), 
− loss of time resulting from the occurrence of vehicle congestion. 

3. VEHICLE INSPECTION CENTER AS A PHASE NETWORKE 

Studies on the selection of the number of services stations in vehicle inspection center were performed for 
two variants. In a first variant station is equipped with three closed and one open test station. The second 
variant of the reconstruction and modernization of the two closed test station into a single open station. As 
a result, the second variant is equipped in one closed station and two open station. 
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The elements of the model of first variant are: 

• Vehicles source: 
− a1 characterized as:  

o st=1 - vehicles<3.5t - arrivals distribution λ(1,1); 
o st=2 - vehicles<3.5t - additional equipment can be examined, (e.g. tow bar, gas installation) 

arrivals distribution - λ(1,2); 
− a2 characterized as: 

o st=3 - vehicles>3.5t - arrivals distribution λ(2,3). 
• Services center - elements of phases network: 

− entrance_gate - representation of entry into the station for vehicles GVW < 3.5t and others, v=1; 
− entrance_gate _1 - representation of entry into the station for vehicles GVW > 3.5t, v=2; 
− vehicle_identification and vehicle_identification_1 - representation of the initial identification and 

checking documents for vehicles GVW < 3.5t and others, v=3; 
− vehicle_identification_2 - representation of the initial identification and checking documents for 

vehicles GVW > 3.5t, and others v=4; 
− initial_inspection and initial_inspection_1 of vehicles - representation of identification function and 

assessment of technical condition of tires and chassis for vehicles GVW < 3.5t and others, v=5; 
− initial_inspection_2 of vehicles - representation of identification function and assessment of 

technical condition of tires and chassis for vehicles GVW > 3.5t, v=6; 
− closed_station_1, closed_station_2 and closed_station_3 - representation of checks for closed 

inspection stations for vehicles GVW < 3.5t and others, v=7,8,9; 
− open_station - representation of checks for closed inspection stations for vehicles GVW < 3.5t and 

others  GVW > 3.5t, v=10; 
− acustic_station - external common station to carry out acoustic tests for vehicles GVW < 3.5t and 

others  GVW > 3.5t, v=11; 
• Mouth: 

− Exit - representation of out stream of vehicles from the system, v=12. 

Fig. 1 shows the model of vehicle inspection station as a phases network. Model for second option, 
assuming the reorganization of the station and the reconstruction of two closed station in one open is 
shown in Fig. 2. Thus, in the second variant services for vehicles over 3.5 tonnes will be able to take on 
two station, not one as was in the case in first variant. 
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Fig. 1 Vehicle inspection center for variant I 

Source: own work. 
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Fig. 2 Vehicle inspection center for variant II 
Source: own work. 

4. SIMULATION STUDY ON SELECTION OF SERVICES STATION IN VEHICLE INSPECTION 
CENTER 

The analysis was performed in two stages. First, process recorded in the form of a phases network model 
and second, a simulation performed using an application Java Modelling Tools - JSIMgraph. In Fig. 3 and 4 
models of vehicle inspection station in a network phases processes for variants I and II in the Java 
Modeling Tools were shown. This application allows to simulate the designed systems using queuing 
theory paradigms [9], [10]. 

 
Fig. 3 Vehicle inspection center for variant I in JSIMgraph 

Source: own work based on Java Modelling Tools 

 
Fig. 4 Vehicle inspection center for variant II in JSIMgraph 

Source: own work based on Java Modelling Tools 

Before the execution of simulation model should be parameterized. The parameter values for each element 
for the variant I and variant II shows Table 1. 

In the proposed conception assumed that all the time of arrivals and services will be described by 
exponential distribution, but with different parameters λ (intensity). Simulations have been performed in 
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terms of the services station (average usage, the average number of clients) and the entire system (the 
average number of customers in the system and the system performance) 

Therefore, the developed model is implemented in an environment JSimGraph to simulate and evaluate the 
correctness of the modifications. 

Table 1 Input parameters of system components for vehicle inspection center variant I and variant II 

Name of element Type of element 
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vehicles <3.5t  source exp(5) - - - - 
vehicles <3.5t and  
others source exp(2) - - - - 
vehicles >3.5t source exp(1) - - - - 
entrance_gate  service station - exp(20) exp(20) - FIFO 
entrance_gate_1 service station - - - exp(10) FIFO 
vehicle_identification service station - exp(15) exp(14) - FIFO 
vehicle_identification _1 service station - exp(15) exp(14) - FIFO 
vehicle_identification _2 service station - - - exp(12) FIFO 
initial_inspection service station - exp(12) exp(11) - FIFO 
initial_inspection_1 service station - exp(12) exp(11) - FIFO 
initial_inspection_2 service station - - - exp(10) FIFO 
       
Variant I             
closed_station_1 service station - exp(5) exp(4) - FIFO 
closed_station_2  service station - exp(5) exp(4) - FIFO 
closed_station_3 service station - exp(5) exp(4) - FIFO 
open_station service station - exp(6) exp(5) exp(2) FIFO 
Variant II             
closed_station service station - exp(5) exp(4) - FIFO 
open_station_1 service station - exp(6) exp(5) exp(2) FIFO 
open_station_2 service station - exp(6) exp(5) exp(2) FIFO 
Variant I and II             
acoustic_stations service station - exp(20) exp(20) exp(15) FIFO 

exit mouth - - - - - 
Source: own work. 

5. CONCLUSION 

The simulation studies carried out for the two variants showed a difference in their operation. Simulation of 
services station operation continues until stabilized utilization implying different times of the simulation. 
Comparing the results of the two variants should be noted that the degree of utilization is quite stable as 
evidenced by the resistance of the system to interference. However, in the case of the second variant of 
the use of individual stations are similar to each other which also has a positive impact on the functioning of 
the system. While there has been evenly distributed number of customers for the second option, in contrast 
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to the first variant where the station is definitely overloaded is closed station. The simulation results are 
shown in Table 2.  

Analysis of solutions indicates that the average number of customers in the system and the performance of 
the system point to advantage the variant II. Can be seen also evenly distributed vehicle inspection stations 
which have a significant impact on the stability of such a system, and indicates the resistance to 
disturbances in case of greater intensity in the input stream. 

Table 2 Simulation results for the variant I and variant II 

System element 
Average 

number of 
customers in 
the system 

System 
performance 

Average number 
of customers in 

the station 
The average useage 

of station 

Variant I 
system 7,365 8,614 
closed_station _1 0,870 0,598 
closed_station _2  0,870 0,598 
closed_station _3 0,857 0,597 
open_station 2,013 0,737 

Variant II 
system 6,933 9,154 
closed_station 1,424 0,705 
open_station _1 1,472 0,657 
open_station _2 1,496 0,659 

Source: own work based on Java Modelling Tools.  

In conclusion phases network used for the selection of equipment in vehicle inspection center is a tool to 
determine the quality of the proposed solutions. Using this approach allows to take into account the 
dynamics of the transport systems and the problem of randomness in such systems. The work presented in 
this article will be developed for further research in the transport system and will include a greater level of 
detail. 
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Abstract 

The paper discusses modelling of transport processes. The net of process phases was defined and 
proposed as a tool useful for modelling transport process. The net of process phases requires converting 
structure of transport network into specified structure of net of process phases - the conversion method is 
described in the paper. Additionally, the characteristics of elements of structure of process phases are 
identified as well as characteristics of vehicles streams constituting traffic. Specific evaluation criteria for 
transport process are proposed. 

Keywords: modelling, transport process, net of process phases, queuing theory 

1. INTRODUCTION 

Any transportation system changes during its life time. For any moment of time on time axis, the state of 
the system can be defined as the lowest number of data necessary for unequivocal description of system 
outcomes. The literature review reveals that the state of transport system can be represented as state of 
the segments of particular transport links (point and line elements of road and rail network, and all steering 
devices), together with states of means of transport (i.e. road vehicles, trains, aircrafts, sea ships, internal 
transport equipment etc.), or by state of traffic streams [1,5,6,7]. Then, the state of transport system is a 
complex of states of particular vehicles, and states of all elements of its infrastructure. According that, the 
state of transport system is defined as follows: 

The state of transport system in a given moment of time is the lowest number of data, values of particular 
system parameters, necessary for unequivocal description of system outcomes. 

Ordered sequence of changes of system states is then a process [1,2,6]. In the case of transport system, 
description of relations between system states is called a transportation process. For description of a 
transportation process, the transport system itself (structure of transport network, its characteristics, and 
means of transport) must be described, and traffic must be represented as a stream of particular vehicles 
moving through elements of transport network in a function of time. 

The characteristic feature of transportation process is dependence between states of elements of transport 
links, and states of units of traffic present on that links. These dependences limit the number of feasible 
states of entire transport system. The model of transportation process must reflect those features of 
transport systems, which allow investigation of its changes, in other words allow mapping the trajectories of 
changes of system states for different decision-making situations. 

2. ASSUMPTIONS FOR MODEL OF NET OF TRANSPORTATION PROCESS PHASES 

Dynamics of transportation process can be represented by relations between states in which transportation 
system can be, and time as an independent variable. For transportation processes correlation between 
states of elements of transport links, and states of vehicles are characteristic. Current states of transport 
links determine unequivocally states of vehicles and conversely. It decreases the number of potential states 
of transport system, and allows formulation the vector of transportation system states in two different ways: 
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1. as a sequence of changes of infrastructure elements, 

2. as a sequence of changes of states of vehicles like cars or trains in a system. 

In a first case changes of vehicles state are determined by changes of transport links states, while in the 
second case changes of transport links states result from changes of vehicles state. These two approaches 
are equivalent. Taking into account approach proposed by Ambroziak, Jacyna, and Żak [1,2,6], it was 
assumed that: 

− state of the system is a phase of a process,  

− change of the state (transition to the next phase of the process) is an occurrence. 

On that basis a structure of net of transportation process phases is constructed. Each phase is 
characterized by duration time, and each occurrence has specified moment in time. That defines a 
structure of process phases net as a representation of structure of transport network, and representation of 
conveying process in that transport network. 

For those assumptions dependences between states of the system are mapped as a net called net of 
process phases. Then net of process phases maps dependences between phases of the process, and 
structure of net of process phases maps structure of transport process. Each phase is a node of the net, 
and each occurrence is an edge of the net. The node of net of phases can represent point element of a 
transport link (crossroad), or line element (transport connection). 
– Considering above, the model of transport process was defined with regard to: 
− structure of net of phases representing connections between occurrences defined as moments in 

time in which transport system changes its state, 
− characteristics of structural elements of net of phases representing real features of structural 

elements of net of phases (especially characteristics attributed to the nodes of net describing delays 
of units of traffic, phase change, availability of roads, and limits of resources of transport process). 

− the volume of arrivals identified on entrance to the net of phases (demand for transport services), 
− control providing rules of guiding units of traffic through the net from entrance to the exit 

(assuming rules of transport process realization). 
– Finally, model of transport processes (MPTFS) is then formulated as ordered foursome: 

MPTSF = GFSP,FFSP, ZST, SFP  (1) 

– where: 
– GFSP - structure of net of process phases, 
– FFSP - set of functions attributed to the elements of structure of net of phases 
– ZST - volume of arrivals to the system, 
– SFP - traffic organization as control strategy. 

3. FORMULATION OF STRUCTURE OF NET OF TRANSPORT PROCESS PHASES 
– Structure of analysed transport system is described as a Berge graph G: 

G = <W, L>  (2) 

– where: 
W - set of nodes of transport network W = {1, ...,w, w’,…,a,…,b,…, W} 

L - set of transport links: L⊂ W×W ;     L= {(w, w’): w ≠ w’, w, w’∊ W} 
– To analyse dynamics of transport process the structure must be mapped as net of process phases. 
This structure is given by Berge graph [4]: 
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GFSP = <V, LV>.  (3) 

– where: 
V - set of nodes of net of transport process phases (set of phases),  
LV - set of edges of net of phases (set of occurrences). 
– The structure mapped by GFSP has vehicles unequivocally assigned to the nodes of the net. Like it 
was said before, no vehicle composing traffic flow can be in particular states more than once: 

Lff WL: →∃ 1-1  (4) 

Formulation (4) forces that ( )w,w' ! v∀ ∃ from the se WL, so: 

WL = {v:     v=W+1, W+2,…, v’,…, W+∣L∣} (5) 

then 

( ) ( ), ' , 'LL Ww w ! v f w w v∀ ∈ ∃ ∈ = , and (6) 

= ∪ LV W W  (7) 

It was assumed that A i B describe sets of entrances (sources), and exits (mouths) from the net of phases: 

{ } { }1 1,...,−= ∈∅ ≡A Avv :  Γ  { } { },...,= ∈∅ ≡B V - B Vvv :  Γ  (8) 

Moreover, each element of transport infrastructure can be described by a set of feasible states SEv(t) 
resulting from the technical parameters of given infrastructure element like flow capacity or loading 
capacity. Elements of infrastructure in each state sev can be loaded by k vehicles (k = 0, 1,…, m). The state 
of each transport link is depicted by number of vehicles present on that link, so for each phase of the 
process many plausible states of that phase exist. The set of feasible states for v-th element of 
infrastructure can be illustrated as on Fig. 1. 

 

Fig. 1 Feasible states of v-th node (based on [7]) 
The exemplary conversion of transport system structure into structure of net of process phases is 
presented on Fig. 2. 

se = <0, v> 

- se=<1, v > 

se=<k, v > 
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 se=< m, v > 
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se=<1, v’’ > 

se=<k’’, v’’ > 

se = <m’’-1, v’’> 

se=<m’’, v’' > 

feasible states of v-th element of infrastructure of 
transport system (element of set SEv) 

se = <k, v> is interpreted as an presence of k vechicles in v-th element of infrastructure 
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Fig. 2 Net of process phases representing structure of exemplary transportation network (based on [7]) 

Each phase is represented by a simple queuing system (PSMO) [2,3,6]. It means that each phase has 
specified stream of arrivals of transport units (vehicles) to the next stage of service, waiting area where 
vehicles wait for service, servers, and stream of serviced vehicles. 

Analyse and evaluation of transport process base on its characteristics represented in nodes of net of 
process phases. The edges are used only to link the structure, and make possible constructing trajectories 
of process realization. 

If the state of elements of infrastructure is defined by number of vehicles moving through those elements, 
and when it is possible to depict each node as simple queuing system PSMO, the structure of transport 
network can be decomposed to the set of feasible states gathered into net of phases. Transition from 
structure of transport network to the net of phases with PSMOs is schematically presented on Fig. 3. 

4. CHARACTERICTIS OF ELEMENTS OF NET OF TRANSPORT PROCESS PHASES 

Taking into account assumptions from point 2, each node of transport process phases can be described by 
a queuing system by defining number of waiting places and number of servers. While defining 
characteristics of transport process, the dependences between states of transport links and states of 
vehicles must be considered. Among the parameters of net of phases the following can be named: 
– number of slots in waiting area - given as a number of vehicles (i.e. number of rails),  
– number of servers - given as a number of vehicles which can be serviced in one time (i.e. number 

or employees),  
– strategy of selecting vehicle to be serviced in a server, and representation of traffic control pattern 

in a net of phases,  
– servicing time by a given server, 
– conditions of starting and finishing servicing, 
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– guidelines for selecting next phase (next node) in net of process phases according to vehicle 
type - representation of phase sequence in transport process, as well as representation of traffic 
organization in net of process phases. 

 

Fig. 3 Graphical illustration of conversion transport network into net of process phases (based on [7]) 

The conditions of start and finish of service in v-th phase of process must be formulated. Shortage of slots 
in waiting area of v-th phase of process causes delay of moment of starting or finishing service in a 
subordinated phase. From the other hand no free server in v-th phase causes delay of moment of service 
start in this phase. The unit of traffic (vehicle), which is present in v-th phase waits in waiting room of v-th 
phase for servicing (waits for proceeding to the server). The shortage of slots in waiting area of phase 
superior for v-th phase causes delay in moment of finish of servicing in v-th phase. The graphical illustration 
of conditions of service start and finish is presented on Fig. 4.  

5. CONCLUSIONS 
Proposed methodology of modelling transport processes by a net of process phases can be applied to:  
– Analyse and evaluation of work technology of point and line elements of infrastructure. 
– Evaluation of transition time waste resulting from changeable traffic density correlated to daily activity 

rhythm (investigating dependences between flow smoothness, velocity, traffic density, and road 
parameters). 

– Examination of efficiency of transport process in a function of line and point infrastructure parameters, 
thus in a function of investments in modernization and development. 

– Analyse and evaluation of management process, i.e. transport operations order, or consequent 
realization of servicing in different areas of transport system. 
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Fig. 4 Occupying and freeing slots by transport units in nodes of net of phases (based on [1,2,6,7] 

REFERENCES  
[1] AMBROZIAK T., JACYNA M.: Queueing theory approach to transport processes dynamics. Part I. Dynamics of 

transport network connections, Archives of Transport, vol. 14 issue 4, Instytut Technologii Eksploatacji, Warsaw 
2002. 

[2] AMBROZIAK T., JACYNA M.: Queueing theory approach to transport processes dynamics. Part II. Parameters 
of transport processes dynamics, Archives of Transport, vol. 15 issue 1, Instytut Technologii Eksploatacji , 
Warsaw 2003. 

[3] FILIPOWICZ B: Modele stochastyczne w badaniach operacyjnych. Analiza i synteza systemów obsługi i sieci 
kolejkowych, Wydawnictwo Naukowo-Techniczne, Warsaw 1996. 

[4] JACYNA M.: Modelowanie i ocena systemów transportowych, Oficyna Wydawnicza Politechniki Warszawskiej, 
Warsaw 2009 

[5] JACYNA-GOŁDA I., ŻAK J.: Modele matematyczne oraz ich implementacja komputerowa: Model dostaw 
bezpośrednich - w: Jacyna M. (ed.): System logistyczny Polski. Uwarunkowania techniczno-technologiczne 
komodalności transportu. Wydawnictwo Oficyny Wydawniczej Politechniki Warszawskiej, Warsaw 2012. 

[6] LESZCZYŃSKI J.: Modelowanie systemów i procesów transportowych, Oficyna Wydawnicza Politechniki 
Warszawskiej, Warsaw 1994 

[7] ŻAK J.: Modelowanie procesów transportowych metodą sieci faz, Prace Naukowe Politechniki Warszawskiej, 
Transport, Vol. 99, Oficyna Wydawnicza Politechniki Warszawskiej, Warsaw 2013. 

7 1 1 1 7 
Generator 

Previous phases Next phases 

-1 -1 

+1 
+1 

+1 

Joining a queue in 
v-th phase from 

previous phases of 
process 

Service starts when joining waiting 
area of next phase is possible 

Servicing in a server 
starts when joining a 

queue in next phase of 
a process is possible 

Start of service. The slot in waiting 
area of v-th phase of process is free  

Freeing a slot in waiting area of v-th phase of process from next phases 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

709 

THE ATTRIBUTES OF INTERCONNECTION BETWEEN A CHEMICAL ENTERPRISE AND ITS 
CUSTOMERS AND THEIR IMPORTANCE FOR STRENGTHENING MUTUAL RELATIONS IN 

THE VALUE NETWORK 

Hana LOSTAKOVA, Zuzana PECINOVA, Iva STEJSKALOVA  

University of Pardubice, Pardubice, Czech Republic, EU, Hana.Lostakova@upce.cz 
Zuzana.Pecinova@upce.cz  

Abstract 

To strengthen the customer relations when dealing with chemical products, it is necessary to develop a 
number of areas of cooperation and mutual harmonization of processes and activities between producers 
and manufacturers, or users of these products so that it leads to their deeper interconnection, better 
competitiveness and higher effectiveness of production processes, distribution and utilization of the 
products. At first, the paper discusses individual areas of mutual cooperation, sharing information, creation 
of common concepts and procedures, and mutual adaptation of producers, distributors and processors in 
the entire value network. Next, it summarizes the outcomes of the quantitative research into the perception 
of the beneficial effect and the actual level of these attributes of the enterprise-customer interconnection 
from the point of view of managers in chemical production enterprises who come into contact with the 
customers and who participate in making offers and increasing the value for them. Although the 
interconnection of the value network entities is perceived by chemical enterprise managers as essential 
and beneficial for strengthening the relations with the purchasers of chemical products, its actual level in a 
number of aspects does not correspond with their importance for an increase in the efficiency and 
effectiveness of the value network entities, particularly the producers, distributors and customers, and it is 
still lower.  

Keywords: Value network, relations with customers, beneficial effect and actual level of the attributes of 
interconnection between an chemical enterprise and its customers  

1. INTRODUCTION 

The changes in technology, competition and customer demand have changed business fundamentally [1].  
The endeavour to develop relationships and growth of mutual dependence among enterprises are the 
characteristic features of the present business world [2]. The thing is that multiparty collaboration is critical 
to the effective solution of complex problems and continuous adaptation to the changing environments [3]. 
The aim is to build up strong, personified and long-term relationships between the business partners that 
ensure the competitive advantage for both/all partners. Only such relationships make it possible to share 
information and cooperate in the process of value creation. Virtual integration of integrated supply chain is 
using technology and information to blur the traditional boundaries among suppliers, manufacturers, 
distributors, and end users in supply chain to offer the advantage of tightly coordinated supply chain [4]. 
That is why the relations between entities are often characterized as becoming closer and terms such as 
partnerships and alliances are being used to be contrasted with the traditional spot market exchange [5].  

The superior customer value is considered as the key driver of customer satisfaction, loyalty and retention 
[6]. Value creation is in the changed conditions approached as a problem-solving process, in which the 
value is co-created through interaction, where partners contribute and integrate resources [7]. This 
approach represents, in the highly competitive environment, a way leading to an improved competitive 
position of companies and preventing erosion of profit margins [8]. Creation of the superior value requires 
multilateral cooperation among entities involved in the problem-solving process, i.e.co-creation of value by 
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a firm and its primary stakeholders [9]. This approach places emphasis on personified interactions [9; 10]. 
They are symbiotic relationships [9; 11] between the enterprise and its partners creating the value jointly, 
i.e. they customize and coproduce products/services [12]. The thing that is still more and more accentuated 
is the need to focus not on the products or services, but on the solution - “offerings that generate goods 
and services to provide customized outcomes for specific customers” [8; 13]. According to Sawhney [8; 14] 
industrial enterprises have gone from offering products, over offering products/services to offering 
solutions. Therefore, the service - “a process of doing something for another party” [15] is considered as 
the fundamental basis of the exchange. It is an exchange that is not based on goods, but on intangibles, 
specialized skills, knowledge and processes [16], i.e. the competences are used to the benefit of another 
party [17].  

To be able to offer a product or a service as a part of the solution, it is necessary to “to map the entire 
customer experience to uncover what the customer is trying to accomplish” [13]. The aim is to find out what 
products or services should be included in the solution and who, how and when they should provide them 
in cooperation with the others so that the required value is offered [8; 13; 18]. If the offer does not meet the 
customer’s expectations, they may integrate their own solution by combining offerings of other firms [13]. 
The role of the customer changes - from “to use up” or “destroy” the value created by the firm, to co-
creation of the value through the integration of resources [15]. The ability to provide the customer with a 
suitable solution requires not only competence of the supplier and a network of cooperating partners, but 
also an adequate level of relationships. Only then the supplier is able to design systems of activities to help 
customers to create value [19; 20]. In order to ensure an effective network, it is essential to increase 
cooperation to a qualitatively higher level, based on openness among the partners and sharing information 
that is necessary to achieve the common target [21]. Basically, any development of forms of deeper 
cooperation is conditioned by the mutual trust and confidence among the partners. 

2. STRENGTHENING RELATIONSHIPS WITH BUSINESS PARTNERS - FORMS, ATTRIBUTES 

Cooperation between business partners may have different forms and concern various areas of business. 
Higher forms of cooperation having positive effects on the next development of relationships include, for 
example, an exchange of experience and experts, sharing capacities, common process of solving projects, 
cooperation in research and development, cooperation in market research, or sharing common customer 
databases. Golfetto and Gibbert indicate that customers want the know-how, support of their activities and 
involvement in specialized innovation [22; 23].  

Development of cooperation and building relationships between partners start in the area of physical 
distribution and go gradually through qualitatively different stages, which differ in the rate of closeness of 
such cooperation from communication based on sharing information (communication), over coordination of 
ordinary decision-making processes aiming to accelerate them and make them more accurate 
(coordination), over deepening coordination including, among others, strategic decisions and support of 
innovations (intensive collaboration), to a partnership. While in the first phase it is mainly the process of 
eliminating obstacles in the physical distribution, in the second stage it aims to establish coordination of 
intra- and inter-entity processes with the aim to improve speed and accuracy [24]. The obstacles, no matter 
whether of physical, cultural or attitudinal nature [13; 18; 25;] may offer collaborative opportunities for 
improving value proposition [26]. From the point of view of development of forms of deeper cooperation, it 
is important to achieve the higher levels of relationship development, where open communication makes it 
possible to extend such cooperation into other areas and also includes the strategic level [24].     

Development of customer relations is differently affected by all the supplier’s activities that increase the 
size of the value proposition perceived by the customer. They are such activities that lead to development 
and enhancement of the relationships on the basis of creating relationships of personal confidence and 
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cooperation within value creation mainly through initiation of various common business projects that will 
contribute to achievement of the given customer’s objectives [27].  

The strength of the relationship is also affected by such activities that create barriers - on the input for the 
competitors, on the output for the customers. The relations are positively influenced by creation of barriers 
in the form of efforts for common creation of a unique product that is as perfect as possible and for a 
reasonable price in comparison to the competitors, or efforts for flexible contacts with the customers in the 
form of, for example, electronic connection, common long-term planning, or common innovations. By doing 
so enterprises create mutual confidence, support each other and this leads to stronger relationships [28].  

As for creation of barriers on the output, there are such activities that increase the customer’s dependence 
on the supplier. They may include, for example, a unique design or customized treatment of components, 
achievement of the customer’s dependence on technical support, but also utilization of a unified software 
for communication, provision of financial support, loan of devices and facilities, special training of the 
customer’s staff, signing long-term formal contracts, or bulk discounts [27].  

Individual parameters of the value proposition may have different importance for keeping and strengthening 
customer relations depending on the achieved level of such relations. Ulaga and Eggert summarized the 
substantial attributes of an offer to keep the status of a key supplier in 3 areas - core offering, sourcing 
process and customer operations [29]. The value in the area of core offering is created by the product 
quality (compliance with technical specifications, ensuring a long-term quality level, permanent 
improvements), delivery performance (on time delivery, delivery flexibility, accuracy of delivery); it is 
however a reasonable price and its reduction what is considered as the key factor in this area [29].   

Within the sourcing process, an important factor in the process of value creation is service support (they 
evaluate the supplier’s responsiveness, his/her capacity to manage exchanges of information, the 
possibility of transferring some activities to the supplier - outsourcing), personal interaction (good personal 
relations, personal interactions on all levels, involvement of top management) and reduction in acquisition 
costs (reduction in inventory costs, order-handling costs, incoming-product inspection costs) [29].  
Information exchange with customers is necessary for understanding of the customers’ needs and wishes 
[30; 31], it enables better communication of the offered value [31; 32; 33], decreases the market risk [31; 
34], increases effectiveness of customer relations and may accordingly stimulate joint exploration of the 
future opportunities [31; 35; 36]. 

The third area that is important from the point of view of value creation refers to customer operations. To 
strengthen relations in this area, the important factors should include the supplier’s know-how (supplier’s 
technical expertise, the ability to provide assistance in making improvements to the existing products and in 
development of new products) and time to market (assistance in development and testing of new products 
leading to shorter cycle times). It asks higher accuracy of demand planning and forecasting [37]. What is 
also important for strengthening the relations is decreasing the cost of customer operations (particularly 
product costs, manufacturing process costs and warranty costs) [29].              

3. RESEARCH INTO THE BENEFICIAL EFFECT OF INTERCONNECTION AND COOPERATION OF 
CHEMICAL PRODUCT MANUFACTURERS AND CUSTOMERS FOR STRENGTHENING 
MUTUAL RELATIONS  

3.1  Research objectives and methodology  

The research objective was to identify the beneficial effect and the actual level of individual areas of mutual 
cooperation, sharing information, creation of common concepts and procedures, and mutual adaptation of 
producers, distributors and users in the enterprise-customer interconnection from the point of view of 
managers in chemical production enterprises who come into contact with the customers and who 
participate in making offers and increasing the value for them. Its intent was to identify the factors leading 
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to enhancement of the value in the relationship of both partners. The value in the relationship refers to the 
outcomes that result from a collaborative relationship enhancing the competitive abilities of the partners 
[38].  

Within the research preparation phase, the research team made hypotheses, on the basis of studying 
literature and depth interviews with managers in chemical industry enterprises, that the following areas and 
types of activities are particularly beneficial for strengthening relations between manufacturers and 
customers on the market with chemical products:  
1. Common planning and sharing information  
• Common strategic planning. 
• Common tactical and operational planning. 
• Interconnection of information systems with direct customers  
• Sharing information concerning development of the branch of business and conditions for doing 

business on different markets  
• Sharing databases of the customer’s customers and their service  
• Sharing information about the quantity of manufactured products and stock figures to cover the 

customer’s needs 
• Sharing a functional on-line information system with the customers to be able to monitor the status of 

settlement of the customer’s orders in the supplier’s company  
2. Cooperation in product research and development and in modernization of technologies 
• Cooperation and assistance in the direct customers’ market research (their customer survey) 
• Common product research and development  
• Common testing of new or modified products at the customer’s place 
• Adaptation of the customer’s technologies to the parameters of products supplied by the company 
• Participation in modernization of the customer’s operations to increase their competitiveness  
3. Cooperation in product utilization in the customer network 
• Providing the customers with the know-how and application service in product utilization or 

processing at their place  
• Lending facilities and devices to the customers to make it easier for them to use or process the 

supplied products 
• Participation in provision of the customer’s customer services 
• Participation in covering the customer’s product promotion costs, or assistance in promotion of the 

customer’s products at their customers’ place  

The quantitative research was performed in the selected chemical enterprises in the Czech Republic in 
SBU’s producing industrial explosives,  organic half-finished products and specialities,  organic dyes and 
pigments, and nitrocellulose, among 47 managers of these SBU’s working on the top, middle and first 
management levels, i.e. among the SBU directors, strategic development managers, research and 
development managers, sales managers, sales representatives, production managers and technologists, 
quality managers, purchase managers, and heads of counselling and application service departments.  
This research was executed in the form of a personal survey using a semi-structured questionnaire, within 
which the managers evaluated the beneficial effect and the actual level of individual activities in which the 
chemical product manufacturers might join their customers and thus strengthen their market position. The 
beneficial effect and the actual level of individual forms of mutual interconnection and cooperation of the 
chemical product manufacturers and their customers for strengthening their relations were assessed on 
multi item scales. They were 7-point scales from 1 - extremely low to 7 - extremely high. The surveyed 
managers and workers in chemical business departments were parts of the internal value network within 
individual SBU’s, were in direct contact with the customers and were directly involved in the process of 
customer value and relationship value creation and enhancement.    
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The research took place in March and April 2013. With the exception of the open-ended questions, 
evaluation of the research was carried out using the statistical program IBM SPSS Statistics, version 21. 
Given the number of the surveyed SBU’s and their managers, we cannot generalize the results of the 
research to the entire branch of the chemical industry, but the results can be considered as a probe into the 
issue.  
3.2  The Research Results and discussions  

The research outcomes proved some hypotheses (while some others were not proved) and led to selection 
of factors leading to strengthening customer relations.  

Beneficial effect and actual level of common planning and sharing information  

On average, the managers evaluate the benefits of common planning and sharing information for 
strengthening mutual relations on the scale from 1 to 7 by 3.6 to 4.5, i.e. as “neither beneficial, nor useless” 
and their actual level was evaluated on the scale from 1 to 7 lower: from 3.9 to 2.9, specifically from neither 
high, nor low to rather low (see Table 1 and Fig.1).  

Table 1 Benefits and actual level of common planning and sharing information of chemical product 
manufacturers and their direct customers for strengthening customer relations 

The area of interconnection and cooperation of 
a chemical product manufacturer with their 
customers - common planning and sharing 
information 

Beneficial effect Actual level 
N Mean Std. 

Deviation 
N Mean Std. 

Deviation 

Common strategic planning. 43 4.2 1.5 42 3.5 1.4 
Common tactical and operational planning. 40 4.4 1.7 41 3.5 1.6 
Interconnection of information systems with direct 
customers  

41 3.8 1.2 38 3.1 1.3 

Sharing information concerning development of 
the branch of business and conditions for doing 
business on different markets  

43 4.3 1.3 40 3.5 1.2 

Sharing information about the quantity of 
manufactured products and stock figures to cover 
the customer’s needs 

42 4.5 1.6 40 3.9 1.2 

Sharing a functional on-line information system 
with the customers to be able to monitor the status 
of settlement of the customer’s orders in the 
supplier’s company  

35 4.1 1.6 36 2.9 1.4 

Sharing databases of the customer’s customers 
and their service  

43 3.6 1.5 41 3.0 1.3 

Valid N (listwise) 34   33   
Note: Scale from 1 - extremely low to 7 - extremely high.     Source: Own survey 

Close cooperation in common planning and sharing information requires confidence between the business 
partners. However, the surveyed managers concurred in their opinion that this confidence is not always 
strong enough to deal openly with each other and exchange detailed information about changes in the 
macroenvironment, in the microenvironment, or in the business partner’s enterprises, and about their future 
intents, let alone harmonize them. Although they are aware of the need for a wider exchange and sharing 
information with each other, just due to the possibility of abusing such information in business relations they 
consider the factors of common planning and sharing information as less beneficial for strengthening 
customer relations than desired. This unwillingness to build deeper interconnection with business partners 
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is given by the fact that they have a higher negotiating power towards their business partners. And last but 
not least, it is given by the fact that the company workers are, in the present difficult economic environment, 
worried about losing their jobs, and so they refuse to share a number of findings concerning the market, 
which helps them build up the status of indispensability in the company. This explains rather lower actual 
level of application of common planning and sharing information between manufacturers and their 
customers in the researched branches of business. 

These findings are in certain contradiction to the findings obtained from literature (e.g. Hansen et al.) [39], 
as in literature it is just common planning and sharing information between product manufacturers and their 
customers what is attached with significant importance for finding new customers and strengthening 
relations with them. 

 

Note: Scale from 1 - extremely low to 7 - extremely high.     Source: Own survey 
Legend: 
1 - Common strategic planning; 2 - Common tactical and operational planning; 3 - Interconnection of information 
systems with direct customers, 4- Sharing information concerning development of the branch of business and 
conditions for doing business on different markets; 5 - Sharing information about the quantity of manufactured products 
and stock figures to cover the customer’s needs; 6 - Sharing a functional on-line information system with the customers 
to be able to monitor the status of settlement of the customer’s orders in the supplier’s company; 7 - Sharing databases 
of the customer’s customers and their service 

Fig. 1 Benefits and actual level of common planning and sharing information of chemical product 
manufacturers and their direct customers for strengthening customer relations  

The above implies that the research outcomes did not prove the hypothesis of the beneficial effect of 
common planning of chemical product manufacturers and processors. Common strategic planning of 
manufacturers and their direct customers is, for strengthening customer relations, evaluated by the 
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managers of the surveyed branches of business by the average value of 4.2 - “neither beneficial, nor 
useless” and common tactical and operational planning by 4.4, i.e. closer to the evaluation of “neither 
beneficial, nor useless”.   

The only hypothesis the research proved was that for strengthening customer relations the managers of the 
surveyed chemical branches of business consider sharing information about the quantity of manufactured 
products and stock figures intended to cover the customer’s needs as beneficial, specifically rather 
beneficial.  

The other assumptions concerning the perceived beneficial effect of other forms of shared information were 
not, for the above reasons, proved, as on average the managers consider sharing information about 
development of the branch of business and conditions for doing business on different markets, as well as 
sharing a functional on-line information system with the customers to monitor the status of settlement of the 
customer’s orders by both partners as “neither beneficial, nor useless”. Interconnection of information 
systems with the direct customers and sharing with them databases of up-stream markets, i.e. of these 
direct customers’ customers and their service, was considered by the surveyed managers on average as 
rather useless for strengthening customer relations.  

Generally, managers of chemical enterprises in the Czech Republic are not willing to share information, 
particularly strategic information, with their business partners. However, chi-squared tests of differences in 
these opinions among managers by SBU, by department, by working position, by duration of employment 
in the company, by sex and age, discovered some differences in their opinions about common planning 
and sharing information with the customers (see Table 2). 

Table 2 - part 1 Outcomes of the test of difference in the perceived beneficial effect of common planning 
and sharing information with the customers for strengthening customer relations broken 
down by the characteristics of the surveyed managers 

Activities of common 
planning and sharing 
information with the 
customers 

Manager’s 
Characteristic 

Pearson 
Chi-

Square 

df Asymp. 
Sig.  

(2-sided) 
p-value 

Differences among managers 

Common tactical and 
operational planning 

Manager’s Age  29.483 12 0.003 Younger managers up to 35 years old 
consider it as significantly more 
beneficial than older managers over 50 
years old  

Sharing information about 
the quantity of manufactured 
products and stock figures to 
cover the customer’s needs 

Division 79.036 48 0.003 It is particularly considered as 
beneficial by the departments that are 
in frequent contact with the customers 
(sales, purchase), while it is 
considered as rather useless by the 
departments of a strategic character 
(company management, strategic 
development, research and 
development).  

Sharing information about 
the quantity of manufactured 
products and stock figures to 
cover the customer’s needs 

Manager’s Age 22.104 12 0.036 Younger managers up to 35 years old 
consider it as significantly more 
beneficial than older managers over 50 
years old  

 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

716 

Table 2 - part 2 Outcomes of the test of difference in the perceived beneficial effect of common planning 
and sharing information with the customers for strengthening customer relations broken 
down by the characteristics of the surveyed managers 

Activities of common 
planning and sharing 
information with the 
customers 

Manager’s 
Characteristic 

Pearson 
Chi-

Square 

df Asymp. 
Sig.  

(2-sided) 
p-value 

Differences among managers 

Sharing a functional on-line 
information system with the 
customers to be able to 
monitor the status of 
settlement of the customer’s 
orders in the supplier’s 
company 

Manager’s Level 
Job   

22.329 10 0.14 First line managers consider it as 
substantially more beneficial than 
managers on higher management 
levels. 

Beneficial effect and actual level of cooperation of manufacturers and customers in product 
research and development and technology modernization  

Cooperation in product research and development and technology modernization is perceived by the 
surveyed managers of chemical braches of business as more beneficial than common planning and 
sharing information between chemical product manufacturers and their customers (see Table 3 and Fig. 
2).  

Table 3 Beneficial effect and actual level of cooperation in product research and development and 
modernization of chemical product manufacturers’ operations with direct customers in the 
process of strengthening customer relations 

Factors of cooperation in product research and 
development and operation modernization 

Beneficial Effect Actual level 

N Mean Std. 
Deviation 

N Mean Std. 
Deviation 

Cooperation and assistance in the direct customers’ 
market research (their customer survey) 

41 4.6 1.6 40 3.6 1,5 

Common product research and development 43 4.9 1.6 41 4.1 1.5 

Common testing of new or modified products at the 
customer’s place 

43 5.3 1.2 41 4.5 1.3 

Adaptation of the customer’s technologies to the 
parameters of products supplied by the company 

42 4.7 1.6 38 3.4 1.4 

Participation in modernization of the customer’s 
operations to increase their competitiveness  

41 4.1 1.6 37 2.9 1.6 

Valid N (listwise) 38  35  

Note: Scale from 1 - extremely low to 7 - extremely high.           Source: Own survey 

This means that the hypotheses of the perceived beneficial effect of these areas of cooperation between 
chemical product manufacturers and their processors for strengthening mutual relations, with the exception 
of participation in modernization of the direct customer’s operations to increase their competitiveness, which 
was on average evaluated as “neither beneficial, nor useless”. 
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Note: Scale from 1 - extremely low to 7 - extremely high.     Source: Own survey 
Legend:  
1 - Cooperation and assistance in research into the direct customer’s customers; 2 - Common product research and 
development; 3 - Common testing of new or modified products at the direct customer’s place; 4 - Adjustment of 
technologies at the direct customer’s place to the parameters of products supplied by the company; 5 - Participation in 
the direct customer’s operation modernization to increase their competitiveness 

 
Fig 2 Benefits and actual level of cooperation in product research and development and chemical product 

manufacturers’ operation modernization with direct customers for strengthening customer relations  

Cooperation in research and development of new or modified products and their customization in 
accordance with the customers’ specific requirements is considered by the managers of the surveyed 
branches of business for strengthening customer relations on average as beneficial, specifically as rather 
beneficial. The best evaluated area, from rather to highly beneficial, was common testing of new or 
modified products at the direct customer’s place; as rather beneficial they consider cooperation and 
assistance in research into the direct customers’ customers, common product research and development 
and adjustment of the direct customer’s technology to the parameters of products supplied by the 
company. There is a rare concordance in these opinions among all the surveyed managers in different 
SBU’s, departments, work positions, of different age and sex.  

As already mentioned above, the surveyed managers consider participation in the direct customer’s 
operation modernization on average as “neither beneficial, nor useless” for increasing the customer’s 
competitiveness and strengthening customer relations.  
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Chi-squared tests showed (Pearson Chi-Square value of 27.289, df = 15 , p = 0.026) that the managers of 
different SBU’s have significantly different opinions about this, where for the managers of SBU Industrial 
Explosives, SBU Organic Half-Finished Products and Specialities, and SBU Nitrocellulose, participation in 
the direct customer’s operation modernization to increase this customer’s competitiveness is considered as 
rather beneficial for strengthening customer relations, while for the managers of SBU Pigments and Dyes it 
is rather useless. This is given mainly by the wide range of purchasers of this category of products with 
various technology of their utilization, by the source demands of this modernization and also by the risk of 
losing the investments if the customers change their supplier in the future, which is very probable regarding 
the severe competition in this branch of business.  

Benefits and actual level of cooperation in product utilization or processing at the customer’s place  

Customer services should be an inseparable part of the value for customers on B2B market. The managers 
of the surveyed chemical branches of business assessed what is, in their opinion, the beneficial effect of 
assistance and cooperation of chemical product manufacturers not only with their direct customers, but 
also with these customers’ customers in the relating customer network (up-stream markets), and what is 
the current actual level of such cooperation in the surveyed SBU’s. The outcomes are summarized in Table 
4 and Fig. 3.  

Table 4 Beneficial effect for strengthening customer relations and actual level of cooperation of chemical 
product manufacturers and their direct customers in product utilization in the customer network  

Factors of cooperation in product utilization in the 
customer network 

Beneficial Effect Actual level 

N Mean Std. 
Deviation 

N Mean Std. 
Deviation 

Providing the customers with the know-how and 
application service in product utilization or processing 
at their place 

43 4.8 1.4 43 4.2 1.2 

Lending facilities and devices to the customers to 
make it easier for them to use or process the supplied 
products 

41 4.0 1.3 39 3.2 1.3 

Participation in provision of the customer’s customer 
services 

43 4.3 1.5 40 3.5 1.5 

Participation in covering the customer’s product 
promotion costs, or assistance in promotion of the 
customer’s products at their customers’ place 

38 3.6 1.6 38 2.8 1.5 

Valid N (listwise) 35  35  

Note: Scale from 1 - extremely low to 7 - extremely high.           Source: Own survey 

The survey proved the hypothesis that the managers of the surveyed chemical branches of business 
consider provision of their know-how and application service to their direct customers in the process of 
product utilization at the customer’s place as beneficial, specifically as rather beneficial, for strengthening 
customer relations. This activity is, within SBU’s managed by them, on rather a higher level. The fact is that 
in all the researched branches of business they have developed a system of sales and technical and 
application services in the form of counselling, but also cooperation in alteration of technologies and 
solutions to the problems occurring during product utilization or processing in the direct customers’ 
enterprises. 
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Note: Scale from 1 - extremely low to 7 - extremely high.             Source: Own survey 
Legend: 1 - Provision of know-how and application service to direct customers in product utilization at the customer’s 
place; 2 - Lending facilities and devices to the customer to make it easier for them to use or process the supplied 
products at their place; 3 - Participation in provision of the direct customer’s customer services; 4 - Participation in 
settlement of the cost of the customer’s product promotion, or assistance in their product promotion at the customers’ 
place 

 
Fig 3 Benefits for strengthening customer relations and actual level of cooperation of chemical product 

manufacturers with their direct customers in product utilization in the customer network  

The hypothesis of the beneficial effect of providing the customers with such services, i.e. the services that 
will improve the level of their customer care, was not approved. The research discovered that the 
managers of the surveyed chemical branches of business are still, and only to a limited extent, considering 
the possibility of providing their customers with a wider range of services in the form of lending facilities and 
devices to make it easier for them to use or process the supplied products at their place, participating in the 
direct customer’s customer services, and participating in settlement of the cost of the customer’s product 
promotion, or assistance in their product marketing activities carried out for their customers. In addition to 
that, these managers consider these activities as rather less beneficial for strengthening customer 
relations.  

The above implies that provision of strategic benefits to the direct customers in the form of enhancement of 
customer services and strengthening their cognizance and reputation on the market is still in its infancy in 
the researched branches of business. This might also explain the fact that their actual level is lower in the 
surveyed chemical branches of business, with the exception of SBU Industrial Explosives and SBU Dyes 
and Pigments, where they have already taken measures in this area to improve their customer care in the 
relating customer network. 
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Chi-square tests showed (Pearson chi-square value of 60.886, df = 42, p value = 0.03) that the opinions 
about the beneficial effect of provision of the know-how and application service to the direct customers in 
product utilization at the customer’s place are more distinct in the managers who are in charge of 
departments in daily contact with the customers (sales departments and sales and technical service 
departments) than in the managers active in departments of the strategic character (company 
management, strategic development, research and development). The opinions concerning the beneficial 
effect of the other forms of cooperation in provision or enhancement of customer services did not differ 
among the managers of various SBU’s, departments, work positions, age, or sex.  

4.  CONCLUSION  
The superior customer value is considered as the key driver of customer satisfaction, loyalty and retention. 
Value creation is in the changed conditions approached as a problem-solving process, in which the value is 
co-created through interaction, where partners contribute and integrate resources. This approach 
represents, in the highly competitive environment, a way leading to an improved competitive position of 
companies and preventing erosion of profit margins.   
Creation of superior value requires multilateral cooperation among entities involved in the problem-solving 
process, i.e.co-creation of value by a firm and its primary stakeholders. This approach places emphasis on 
personalized interactions. They are symbiotic relationships between the enterprise and its partners creating 
the value jointly, i.e. customize and coproduce products/services. In order to ensure an effective network, it 
is essential to increase cooperation to a qualitatively higher level, based on openness among the partners 
and sharing information that is necessary to achieve the common target. 

That is why a quantitative research was carried out in the chemical industry enterprises in the selected 
branches of business manufacturing products intended for production consumption among all the 
managers involved in the internal value network, being in direct contact with their customers, participating 
directly in creation and enhancement of the value for their customers and growth of the value of mutual 
relations.   

The research outcomes did not prove the hypothesis of the high beneficial effect of common planning and 
sharing information of chemical product manufacturers and processors for strengthening mutual relations. 
These activities were evaluated by the managers of the surveyed branches of business as “neither 
beneficial, nor useless”.  Close cooperation in common planning and sharing information requires 
confidence between the business partners. However, the surveyed managers concurred in their opinion 
that this confidence is not always strong enough to deal openly with each other and exchange detailed 
information about changes in the macroenvironment, in the microenvironment, or in the business partner’s 
enterprises, and about their future intents, let alone harmonize them. Although they are aware of the need 
for a wider exchange and sharing information with each other, just due to the possibility of abusing such 
information in business relations they consider the factors of common planning and sharing information as 
less beneficial for strengthening customer relations than desired. This unwillingness to build deeper 
interconnection with business partners is given by the fact that they have a higher negotiating power 
towards their business partners. And last but not least, it is given by the fact that the company workers are, 
in the present difficult economic environment, worried about losing their jobs, and so they refuse to share a 
number of findings concerning the market, which helps them build up the status of indispensability in the 
company. This explains rather lower actual level of application of common planning and sharing information 
between manufacturers and their customers in the researched branches of business. These findings are in 
certain contradiction to the findings obtained from literature, as in literature it is just common planning and 
sharing information between product manufacturers and their customers what is attached with significant 
importance for finding new customers and strengthening relations with them. 
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Cooperation in product research and development and technology modernization is perceived by the 
surveyed managers of chemical branches of business as more beneficial than common planning and 
sharing information between chemical product manufacturers and their customers. Cooperation in research 
and development of new or modified products and their customization in accordance with the customers’ 
specific requirements is considered by the managers of the surveyed branches of business for 
strengthening customer relations on average as beneficial, specifically as rather beneficial. The best 
evaluated area, from rather to highly beneficial, was common testing of new or modified products at the 
direct customer’s place; as rather beneficial they consider cooperation and assistance in research into the 
direct customers’ customers, common product research and development and adjustment of the direct 
customer’s technology to the parameters of products supplied by the company. There is a rare 
concordance in these opinions among all the surveyed managers in different SBU’s, departments, work 
positions, of different age and sex. 

The survey proved the hypothesis that the managers of the surveyed chemical branches of business 
consider provision of their know-how and application service to their direct customers in the process of 
product utilization at the customer’s place as beneficial, specifically as rather beneficial, for strengthening 
customer relations, too. This activity is, within SBU’s managed by them, on rather a higher level. The fact is 
that in all the researched branches of business they have developed a system of sales and technical and 
application services in the form of counselling, but also cooperation in alteration of technologies and 
solutions to the problems occurring during product utilization or processing in the direct customers’ 
enterprises. The hypothesis of the beneficial effect of providing the customers with such services, i.e. the 
services that will improve the level of their customer care, was not approved. The research discovered that 
the managers of the surveyed chemical branches of business are still, and only to a limited extent, 
considering the possibility of providing their customers with a wider range of services in the form of lending 
facilities and devices to make it easier for them to use or process the supplied products at their place, 
participating in the direct customer’s customer services, and participating in settlement of the cost of the 
customer’s product promotion, or assistance in their product marketing activities carried out for their 
customers. In addition to that, these managers consider these activities as rather less beneficial for 
strengthening customer relations. Provision of strategic benefits to the direct customers in the form of 
enhancement of customer services and strengthening their cognizance and reputation on the market is still 
in its infancy in the researched branches of business. 
Interconnection and cooperation of chemical product manufacturers with their customers is useful in the 
area of sharing tactical and operational information about the supplied product stock figures, about the 
status of order handling, in the area of product research, development and testing and adaptation of 
technologies in the customers’ enterprises to the parameters of the supplied products, and in the area of 
application service.  

ACKNOWLEDGEMENTS 
The authors thank for the financial support provided by the Grant Agency of the Czech Republic 

under the project No 403/12/1279 “Tools for strengthening the long-term relationships with 
customers based on integration and cooperation of value network subjects.” 

REFERENCES  
[1] ZHANG X., CHEN R. Examining the Mechanism of the Value Co-creation with Customers. International Journal 

of Production Economics, 2008, vol. 116, nr. 2, pages. 242-250. 
[2] HÅKANSSON H., FORD D., GADDE L. E., SNEHOTA I., WALUSZEWSKI A. Business in Networks, 1. ed. Chi 

Chester: John Wiley & Sons, 2009, 308 p. 
[3] EHRET M., KASHYAP M. WIRTZ, J. Business Models: Impact on Business Markets and Opportunities for 

Marketing Research. Industrial Marketing Management, 2013, vol. 42, nr. 6, pages 649-655. 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

722 

[4] VLCKOVA, V. Reasons of Insufficient Cooperation in Information Sharing within Czech Entrepreneurial 
Environment and its Impact on Supply Chain. Metal 2011: 20th International Conference on Metallurgy and 
Materials: 18. - 22. 5. 2011. Brno, Czech Republic. Ostrava: TANGER, 2011, pages 1259-1264.  

[5] CLARO D. P., OLIVEIRA CLARO P. B., HAGELAAR G. Coordinating Collaborative Joint Efforts with Suppliers: 
the Effects of Trust, Transaction Specific Investment and Information Network in the Dutch Flower Industry. 
Supply Chain Management: An International Journal, 2006, vol. 11, nr. 3, pages 216-224. 

[6] WOODALL T. Conceptualization „Value for the Customer“: An Attributional, Structural and Dispositional 
Analysis. Academy of Marketing Science Review. Available from Internet:   
http://www.amsreview.org/articles/woodall12-2003.pdf . 

[7] STENROOS L. A., JAAKKOLA, E. Value Co-creation within Buyer-seller Relationships in Knowledge-intensive 
Business Services. Available from http://www.impgroup.org/uploads/papers/7487.pdf. 

[8] SAWHNEY M. Going beyond the Product. Defining, Designing and Delivering Customer Solutions. In Lusch R. 
F., Vargo S. L. The Service-dominant Logic of Marketing: Dialog, Debate and Directions, Armonk, New York: 
M.E. Sharpe, 2006, 472 p. 

[9] SARKER S., SARKER S., SAHAYM A., BJØRN-ANDERSEN N. Exploring Value Cocreation in Relationships 
between an ERP Vendor and its Partners: a Revelatory Case Study. MIS Quarterly, 2012, vol. 36, nr. 1, pages 
317-338. 

[10] PRAHALAD, C. K., RAMASWAMY, V. “Co- Creating Unique Value with Customers”. Strategy & Leadership, vol. 
32, nr. 3, pages 4-9. 

[11] KOHLI R., GROVER, V. “Business Value of IT: An Essay on Expanding Research Directions to Keep Up with 
the Times. Journal of the AIS, 2008, vol. 9, nr. 1, pages 23-39. 

[12] PAYNE A. F., STORBACKA K., FROW P. Managing the Cocreation of Value. Journal of the Academy of 
Marketing Science, Available from http://link.springer.com/article/10.1007%2Fs11747-007-0070-0/fulltext.html. 

[13] EPP A. M., PRICE L. L. Designing Solutions around Customer Network Identity Goals. Journal of Marketing, 
2011, vol. 75, nr. March 2011, pages 36-54. 

[14] COVA B., SALLE R. Marketing Solutions in Accordance with the S-D Logic: Co-creating Value with Customer 
Network Actors. Industrial Marketing Management, 2008, vol. 37, nr. 3, pages 270-277. 

[15] VARGO S. L., MAGLIO P. P., AKAKA M. A. On Value and Value Co-creation: A Service Systems and Service 
Logic Perspective. European Management Journal, 2008, vol. 26, nr. 6, pages145-152. 

[16] Sheth J. N., Sharma A. The Impact of the Product to Service Shift in Industrial Markets and the Evolution of the 
Sales Organization. Industrial Marketing Management, 2008, vol. 37, nr. 3, pages 260-269. 

[17] VARGO A S. L., LUSCH R. F. From Goods to Service(s): Divergences and Convergences of Logics. Industrial 
Marketing Management, 2008, vol. 37, nr. 3, pages 254-259. 

[18] VARGO A S. L., LUSCH R. F., WESSELS G. Toward a Conceptual Foundation for Service Science: 
Contributions from Service-Dominant Logic. IBM Systems Journal, 2008, vol. 47, nr. January-March, pages 5-
14. 

[19] WIKSTROM S., Value Creating by Company-Consumer Interaction. Journal of Marketing Management, 1996, 
vol. 12, pages 359-374. 

[20] LINDGREEN A., HINGLEY M. K., GRANT D. B., MORGAN R. E. Value in Business and Industrial Marketing: 
Past, Present, and Future, Industrial Marketing Management, 2012, vol. 41, nr. 1, pages 207-214. 

[21] PECINOVA, Z., LOSTAKOVA, H., BRANSKA, L., Barriers to the Development of Cooperation in Value 
Networks with a Low Level of Cooperation, Proceedings of the 22th Anniversary International Conference on 
Metallurgy and Materials (METAL 2013), Brno (Czech Republic), 05.2013 (accepted). 

[22] GOLFETTO F., GIBBERT, M. (2006). Marketing Competencies and the Sources of Customer Value in Business 
Markets. Industrial Marketing Management, 2006, vol. 35, nr. 8, pages 904−912. 

[23] MATTHYSSENS P., VANDENBEMPT K., WEYNS S. Transitioning and Co-evolving to Upgrade Value 
Offerings: A Competence-based Marketing View. Industrial Marketing Management, 2009, vol. 38, nr. 5, pages 
504-512. 

[24] KAMPSTRA R.P., ASHAYERI J., GATTORNA, J.L. Realities of Supply Chain Collaboration. The International 
Journal of Logistics Management, 2006, vol. 17, nr. 3, pages 312-330. 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

723 

[25] CONSTANTIN J. A., LUSCH R. F. Understanding Resource Management. Oxford, OH: The Planning Forum, 
1994. 

[26] LUSCH R. F., VARGO A S. L., O’BRIEN M. Competing Through Service: Insights from Service-Dominant Logic. 
Journal of Retailing, 2007, vol. 83, nr. 1, pages 5-18. 

[27] Burnet, K., Key Customer Relationship Management. Prague: Computer Press, 2002, 382 p.  
[28] LOSTAKOVA et al. Differentiated Customer Relationship Management. Prague, Grada Publishing, 2009, 268 p. 
[29] ULAGA W., EGGERT, A. Value-based Differentiation in Business Relationships: Gaining and Sustaining Key 

Supplier Status. Journal of Marketing, 2006, vol. 70, nr. 1, pages 119-136. 

[30] PANAYIDES P. M. The Impact of Organizational Learning on Relationship Orientation, Logistics Service 
Effectiveness and Performance. Industrial Marketing Management, 2007, vol. 36, nr.1, pages 68-80. 

[31] BERGHMAN L., MATTHYSSENS P., VANDENBEMPT K. Value Innovation, Deliberate Learning Mechanisms 
and Information from Supply Chain Partners. Industrial Marketing Management, 2012, vol. 41, nr. 1, pages 27-
39. 

[32] SHARMA   A., KRISHNAN R., GREWAL, D. Value Creation in Markets: A Critical Area of Focus for Business-
to-business Markets. Industrial Marketing Management, 2001, vol. 30, nr. 4, pages 391-402. 

[33] SIMPSON P. M., SIGUAW J. A., BAKER, T. L. A Model of Value Creation: Supplier Behaviors and their Impact 
on Reseller-perceived Value. Industrial Marketing Management, 2001, vol. 30, nr. 2, pages 119-134. 

[34] TETHER B. S. Who Co-operates for Innovation, and Why: An Empirical Analysis. Research Policy, 2002, vol. 
31, nr. 6, pages 947-967. 

[35] HELFER, G., RITTER T., WALTER A. Redefining Market Orientation from a Relationship Perspective. 
European Journal of Marketing, 2002, vol. 36, nr. 9/10, pages 1119-1139. 

[36] JÜTTNER U., CHRISTOPHER M., BAKER, S. Demand Chain Management: Integrating Marketing and Supply 
Chain Management. Industrial Marketing Management, 2007, vol. 36, nr. 3, pages 377-392. 

[37] VLCKOVA V., PATAK M. Role of Demand Planning in Business Process Management. In 6th International 
Scientific Conference Business and Management 2010, Vols I and II: 13. - 14. 5. 2010. Vilnius Gediminas 
Techn Univ, Vilnius, Lithuania. Vilnius: Vilnius Gediminas Techn Univ: May, 2010, pages1119-1126.  

[38] WILSON D. T. An integrated model of buyer-seller relationships. Journal of the Academy of Marketing Science, 
1995, year 23, nr. 4, pages. 335−345. 

[39] HANSEN  H. et al. Customer perceived value in B-t-B service relationships: Investigating the importance of 
corporate reputation. Industrial Marketing Management, April 2008, year 37, nr. 2, pages 206-217. 



Dec 9th – 11th 2013, Cracow, Poland, EU 
 
 

724 

INTEGRATION AND STANDARDIZATION OF PROCESSES  
AS A DETERMINANT OF WORKLOAD BALANCING IN THE COURT SECRETARIATS  

Monika ODLANICKA-POCZOBUTT 

Politechnika Śląska, Instytut Zarządzania i Administracji , Zabrze, Poland, EU 
modlanicka@polsl.pl  

Abstract 

The pillars of integration and standardization of processes in organizations are areas such as logistics, 
engineering, computer science and management. Process integration is the highest degree of cooperation, 
preceded by informational and functional integration, related to the adjustment procedures, control 
measures, principles of operation, planning and responsibilities. The main objective of standardization is, 
however, to provide the basis for continuous process improvement. In the absence of established 
standards and lack of integration of operations performed in different ways and by different performers - the 
introduction of improvements will not be assessed in terms of efficiency, because it is difficult to determine 
a starting point for improvement. 
The aim of this article is to present a solution which was introduced in the second half of 2011 in all courts 
of the District of Gliwice and consisted of the current assessment of the workload and the flexible moving of 
office workers between departments of the court. The starting point for discussions was the lack of 
methods worked out for the measurement of the workload of the courts’ staff in the light of rules relating to 
the administrative supervision in the Polish common judiciary, and the possibility of applying practical 
solutions provided by the area of logistics which are also used successfully in other organizations. 

Keywords: Logistics, process integration, process standardization, common judiciary  

1. INTRODUCTION  
Changes taking place in the economy set new challenges for logistics processes in the organization and 
indicate the nature of integration [10], which is, according to the encyclopedia, “a fusion of different 
components, integration , the formation of the entirety of the parts.”[20] The connection of logistics with 
various management theories and its extensive scope mean that there are many solutions that may be 
applied also in atypical organizations. Contemporary logistics has a peculiar dichotomy (gr. dichotomy - 
split into two opposing groups), which arises from the tendency to take the strategic and logistics operative 
plane into account simultaneously.[2] Due to the complementary levels of decision-making and the 
implementation of these processes, underestimation of one of them can have negative consequences for 
the whole process of management in the organization, so therefore it is appropriate to link them together. 
Such integration should lead to synergies.[16] In terms of efficiency and effectiveness - integrating an 
engineering approach with a strategic approach which is present in management sciences, therefore 
seems reasonable. This approach is reflected in a number of publications in the field of logistics [1,2,3,8,5]  
which creates reasons for treating it as a paradigm for the management of logistics processes. 
There are different forms and dimensions of integration in whose framework there are links dynamizing and 
activating to a large extent the process of integration. There may exist: 
ü horizontal integration - merging elements of flow processes with supply chain management, 
ü vertical integration - merging levels of government with instruments of action, 
ü hierarchical integration - merging simultaneous levels and elements of governance with economic 

and technical processes and logistics functions in full-structured organizations. [2] 
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In the case of a particular type of organization i.e. the common courts, a matter of interest is the integration 
of hierarchical processes and functions in a structural way within the organization, particularly in the court 
secretariats. The integration process should, however, be preceded by the identification and the 
standardization of specific, repetitive operations. The aim of this article is to propose a solution, which was 
introduced in the second half of 2011 in all courts of the judicial District of Gliwice which consists in the 
current assessment of the load and flexible moving of office workers between the court departments. 
Integration is a natural consequence of the approach to the organization as an open system [17], whose 
pillars are: logistics, engineering, computer science and management, and a numerous connectiona of 
organizations with other entities mean that it can be followed at the level of concepts and methodology of 
documentation. The factual basis of this kind of integration may be the use of widely available information 
technology, but first of all a new approach is required and in order to to achieve a radical improvement in 
the functioning of the organization, we must design new operation processes and systems.[4] Process 
integration is the highest degree of cooperation, preceded by informational and functional integration, 
related to the adjustment procedures, control measures, principles of operation, planning and 
responsibilities. The main objective of standardization is, however, to provide the basis for continuous 
process improvement.[15] 
The essence of the integration in common  judiciary may be the combination of general office activity, 
conducted in several departments, in order to allow the coordination of the entire system. 

2. STANDARDIZED WORK IN OFFICE MANAGEMENT 
Integration activities of the court secretariats should be preceded by identification of secretarial duties and 
establishing standards that would allow for alignment of the workload and, above all, to make comparisons. 
Standardization work is one of the 14 principles of Lean Management System, developed in the concern of 
Toyota and forming the basis of modern production.[21] A standard (norm, model, pattern) in the 
organization of work is considered to be a set of agreed working methods that effectively combines people, 
materials and equipment to ensure the quality, performance, safety and comparability. Standardization, 
according to Toyota, is far beyond just describing the list of consecutive steps to be taken.[19] Standard 
work consists of carrying out documentation of an agreed (approved) best way of performing the work. It 
serves as a basis for communication, training and improvement of process in the production’s cell. 
Standard operation is also understood to be the safest, easiest and most effective way of performing the 
work, which is now widely known. 
Application of the lean sourcing standard operating procedures and monitoring is good base for measuring 
performance and challenge deviation from the standard solution to assure efficiency of the process.[18] In 
practice, not all of the tools and techniques used in the manufacturing industry are appropriate for 
achieving cost saving and quality improvement in the public sector. It is argued that tools and techniques 
used in the manufacturing industry should be adapted according to specific conditions in the public sector 
before they are adopted.[14,13] Some typical and frequently applied lean tools and techniques adapted 
and adopted in the public sector include rapid improvement event [11,14], value-stream mapping [7] and 
Six Sigma.[12]  
The main objective of standardization is to create a basis for continuous process improvement. In the 
absence of established labour standards, all tasks are performed in different ways by different contractors, 
which creates the impression of uniqueness and randomness, and made improvements cannot be 
evaluated in terms of their relevance, because it is difficult to determine a starting point for improvement. [9] 
Each change results in an increase of process variation and continuation of improvements’ implementing is 
possible only after the stabilization of the current process. At that moment it may be helpful such 
standardization, which leads to a stabilization of process.[9] Standardization is a manifestation of 
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normalization of activities. Standards are a source of knowledge, in particular, of issues of technical and 
organizational nature. 

3. MEASUREMENT OF WORK LOAD OF SECRETARIATS - CASE STUDY 
The presented study is a proposal to measure the workload of the court departments’ secretariats, which 
should allow for an equitable distribution of civil servants between departments, depending on the amount 
of duties. The solution has been prepared by W. Hajduk, former president of the District Court in Gliwice, 
currently holding the position of Deputy Minister of Justice.[6] 
The starting point for discussion was the lack of methods which should be worked out for measurement of 
the workload of the courts’ staff in the light of the rules relating to the administrative supervision in the 
Polish common judiciary and possibility of application of practical solutions provided by the area of logistics 
and used successfully in other organizations. 
Lack of method causes increased confusion among employees of departments, both between judges and 
officials. Widely used "intuitive" placement of civil servants is incorrect and leads to substantial disparities in 
the load. The basis for the efficient operation of the court should be an analysis conducted correctly and 
measurement of the quantity of duties. This would force the secretariats which reach poorer efficiency to 
make an effort, will give a sense of fair treatment and will help build teams. The proposition presented by 
W. Hajduk is different from the attempts made previously to rationalize allocation of civil servants between 
the Departments e.g. via questioning employees or valuation of various secretarial duties or performance 
improvement through financial incentives (such as getting rid of slow workers and the distribution of their 
salaries among the remaining - proposed by the Ministry as part of the pilot program). 
The proposed solution can be used in all Polish courts, regardless of the level of development of the 
technology used. It allows for ongoing assessment of load and flexible shifting of personnel between 
departments, depending on the current capabilities and needs of the court. This does not preclude the pilot 
actions proposed to improve the efficiency and quality of work, this complements them only. The solution 
can be the basis for the development of "normal working hours" for the secretariats. The idea and its 
technical development were born out at the turn of 2004 and 2005 year as a result of the dramatic situation 
of human resources in the department led by W. Hajduk, which was associated with the process of the 
formation of the newly created District Court. 

4. STAGES OF ANALYSIS 
The starting point for discussion was whether the work of the various secretariats: civil, criminal, 
employment, family, etc. can be reliably compared with each other or whether there are any specific 
conditions of work of different departments that make comparisons impossible. Arguments about the 
differences in working conditions and specifics departments are placed in all the discussions on the 
evaluation of the work. In order to make comparisons, it was necessary to establish common standards for 
operations, to indicate the different activities and to examine which of these activities affect the timely 
completion of tasks within the activities of the secretariat. The next step was to establish the load 
measurement system which is common to all secretariats to allow the standardization of activities and to 
monitor them. Stages of the analysis were as follows: 
� determination of common and distinct secretarial duties for each department,  
� determination of activities affecting the timely completion of the tasks in the following secretariat,  
� determination of the load measurement system, same for all secretariats of the court’s 

departments. 
As a result of the Stage �  - the activities carried out by the secretariats of the court’s departments were 
indentified. They are as follows: 
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Ø taking the minutes of hearings, 
Ø making entries in office books, 
Ø copying, 
Ø files transfering / searching, 
Ø attaching documents to the file, 
Ø copying of documents, 
Ø seeing the enquirers / parties, 
Ø answering phone calls, 
Ø putting letters into envelops, 
Ø other. [6] 

Analysis of the secretariats’ work and determination of the secretarial duties led to the following 
conclusions: 

1. Tasks carried out by the secretariats are the same, but in some secretariats certain actions do not 
occur (e.g. in the Land Registry minutes of hearings are not taken); 

2. An employee who is taking minutes of hearings is at that time excluded from work of the 
Secretariat; 

3. The efficiency of office work (in terms of timely execution of orders) depends on the number of 
employees who are currently working in the secretariat (i.e. not taking minutes of hearings), and 
the amount of all secretarial duties attached to these workers; 

4. Time consuming of each activity is averaged between the secretariats when there is a large 
number of these activities. (An illustrative example can be given that in both the Civil and Criminal 
Departments short or long letters are copied; the cases are entered in registers where there are 
two parties as well as where there are a few or several dozens of parties. The statistical accuracy 
of the averaging is defineed by central limit theorem).[6] 

Formulated conclusions allowed to establish the activities affecting the timely completion of tasks within 
the secretariat function, determining the efficiency of its performance measured by timeliness of 
execution of orders: making entries of in office books, copying, files transfering / searching, attaching 
documents to the file, making photocopies of documents, seeing the enquirers / parties, answering 
phone calls and putting letters into envelopes (excluding taking minutes, because recording clerk does 
not perform actions that affect the efficiency of the secretariat), which led to completion of Stage �. 
Establishing the load measurement system for all secretariats of the court’s department - Stage � - 
aimed at identifying a common measure, which is in proportion to all identified common activities (- 
except taking minutes of hearings), which is the result of these steps, and reflects the efforts of the 
entire Secretariat. 

5. ALGORITHM OF WORK STANDARDIZATION IN COURT SECRETARIATS  
The load of the court secretariats is usually identified with two values: the number of judges in the 
department and the number of cases filed. In the light of W. Hajduk’s elaboration - these assumptions are 
wrong. It often occurs that in the department which employs only 7 judges, there is as much work as for 17 
judges. This shows that the number of judges is not a measure of the load of the secretariat and 
determining the number of staff of the Secretariat in relation to the number of judges is not correct. It also 
happens that 1000 applications for enforcement clause regarding bank writs of execution are filed with the 
Civil Court per month. At the same time, the Criminal Department has only two cases, including the first, 
where there are 300 accused and 1000 witnesses in, and the other of the 40 accused and 200 witnesses. 
The workload of civil and criminal secretariats associated with enetering cases in registers and their further 
handling, will be similar (or even greater in the Criminal Department). This example shows that the number 
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of cases filed with the Department is not significant for the calculation of load of the secretariat. If we look at 
all the secretary's operations, regardless of the number of judges and the size of the of cases filed, we can 
conclude that all of them are reflected in the number of correspondence sent. In these examples (1000 
cases filed with the Civil Department and 2 cases filed with the Criminal Department) - secretariat workload 
related to recording the cases in the register, preparing notices and summons for parties and witnesses, 
etc., will  be quantitatively reflected in a large number of correspondence sent. 

Therefore: „great workload of the secretariat = lot of the correspondence sent”. The functioning of the entire 
secretariat is finally reflected in the number of correspondence sent. The said correspondence remains in 
the permanent proportion to all activities performed by the secretariat (a statistical analysis in this area was 
conducted at the Superior Court in Gliwice). It was established, as a result of completion of Stage 3, that 
exactly the number of the correspondence sent is a real measure of the court secretariats’ workload which 
allowed to create an algorithm measuring the load of a “statistical” employee of each secretariat, e.g. per 
day, per month, per quarter, etc. (without attributing given tasks to given employees). The entire secretariat 
was assessed without regard to the division of duties.  

 

K - correspondence sent 
P - number of employees of department secretariat  
d - number of working days per month (assumed 20) 
s - number of sessions in the department 
w - the coefficient of difficulty generating correspondence 

 
Fig. 1 Loads algorithm of court secretariat staff [study based on [6] 

Fig. 1 shows the Loads algorithm of court secretariat staff, assuming that the number of session days per 
employee is equal to the number of sessions / number of employees. Number of working days per single 
statistical worker outside the courtroom = number of working days - the number of session days per 
employee. Therefore: load = correspondence / number of employees / number of days without session per 
employee. To illustrate the algorithm - Figure 2 shows a simulation of given data. 

 

Fig. 2 Example of calculation - daily load of court secretariat staff [study based on [6] 
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Indicated example illustrates the situation without taking into account “w” factor because it relates to an 
entity that has established and applies standardized secretarial duties. The described solution has been 
applied in the District Court in Gliwice and Regional Courts since 2007. 

 

Fig. 3 Examples of entries made correctly and incorrectly in the SAWA [6] 

The reliability of the proposed index, however, is dependent on a number of important factors contained in 
the standardization of secretariats’ work. For authoritative comparison of the work of individual secretariats, 
it is important that the work was done under the same or similar conditions. In order that time-consuming 
data entering in registers could be comparable - registers should be kept in the same form: paper or 
electronic. When keeping such dual office management, which takes place in some courts, the efforts to 
make entries in two registers are much bigger than when recording the cases in one type of register. 
Similar differences exist between the secretariats where office work is done in traditional (paper) or 
electronic form (e-letters significantly reduce the amount of work). There is also the difficulty in identifying 
the number of correspondence sent, if the secretariat does not have correctly made entries in the 
functioning of the SAWA tab. Examples of entries made correctly and incorrectly are shown in Figure 3. 
Information "service", "summons" is clear, and the "official record" does not inform about the fact of 
generated correspondence.  

 

Fig. 4 Tables spreadsheet showing disparities in the load of individual departments in several courts [6] 
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The problem may be the fact that employees knowing about loads measuring, try to send or show, more 
correspondence than required for the purposes of specific cases. For example, when the summons 
regarding the trial date, with a copy of a judgment entered at closed session and the copy of the 
adversaries’ writings should be sent, it may happen that the employee instead of sending documents in 
one, properly addressed envelope, generate three letters (generating unnecessary expenses to be paid by 
the Treasury), which automatically overestimate the load of secretariat. It is necessary to adopt uniform 
rules for all the evaluated entities. 
Figure 4 shows a spreadsheet tables showing disparities in the load of individual departments in several 
courts. Thanks to the data provided by the Presidents of three non Gliwice District Courts who sent 
information about the work of the secretariats, we can assess disparities in the load of individual divisions. 
The spreadsheets permit the automatic calculation of the Loads by entering specific data and can be used 
in all units. 

6. CONCLUSION 
The proposed solution does not indicate what should be the optimal load of statistical worker but it allows to 
make comparisons between the loads of the Departments and to make personnel transfers. However, it 
allows to determine at what level the desired load should be, and when it is excessive in relation to the 
other departments. In conclusion, it is clear that the solution is suitable for use without any expenses, at 
any time, regardless of the office software used by the courts. The basis for the success of is the 
reorganization of the secretariat work and training of persons responsible for its implementation. 
Standardization means that the same actions are taken in each secretariat and in the same way the actions 
and the documents flow are recorded (the time of performing these activities should be the same). It is 
advisable to achieve the same level of the use of office software in each secretariat. When workers and 
judges use properly configured templates of letters, orders and judgments, the workload of secretariat is 
reduced (from 30% to 50%). 
The most important factor determining the reliability of the assessment is adopting a uniform method of 
counting correspondence sent, by specifying the types of items that are included in calculation. It is 
necessary to issue an order which shall regulate the accurate and standardized use of the 
"CORRESPONDENCE SENT" website tab in SAWA software, which allows to make calculations quickly 
with different options, also allows to catch irregularities associated with excessive generation of 
correspondence. Entered standardization can become the basis for integration activities. Flexible 
deployment of staff (temporary transfers between the secretariats) in the case of unequal (increased in one 
of the departments) number of activities provides a basis for integrating the repeated operations. Such 
activities, however, require further analysis and simultaneous merger of management levels and elements, 
and economic and technical processes and logistics functions in full-structured within the organization. 
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