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SELECTED INNOVATIVE SOLUTIONS IN SUPPLY CHAIN MANAGEMENT 

WITKOWSKI Krzysztof1, STAJNIAK Maciej2, SZOPIK-DEPCZYŃSKA Katarzyna3, 
KONECKA Sylwia4 

1University of Zielona Góra, Faculty of Economics and Management, Poland, EU  
2Institute of Logistics and Warehousing (ILiM), Poznan, Poland, EU 

3University of Szczecin, Faculty of Economics and Managemen, Poland, EU t 
4Poznan School of Logistics (WSL), Poland, EU 

Abstract  

In the changing market managers have to use modern methods, techniques and ideas of management. They 
have to learn how to implement them into practice. In this paper the authors present selected issues connected 
to innovations and sustainable development, which allow many companies to improve their market position. 
Authors pay special attention to the need for efficient communication, both inside of organization and with co-
operating companies. This aim can be realized thanks to modern information technology. This could play the 
key role in connecting the engineering knowledge with the economical effectiveness represented by the 
managerial board. 

Keywords: Innovation, Sustainable Development, smart solutions, logistics 

1. INTRODUCTION  

In the era of globalization logistics plays a very important role. This applies not only to individual companies, 
but also to the national economy, and even to the world - we are seeing competition not just for individual 
companies but for entire supply chains. The pace of development of the modern economy means that 
companies are forced to constantly introduce new solutions. This innovation drives market progress. 
Companies are out in search of innovation in the logistics services market, and the technology is developing 
at a rapid pace. Bearing in mind the conditions and objectives of supply chain management, it should be 
emphasized that the development of innovation is increasingly a result of cooperation between business 
partners. Companies should use both external and internal sources of innovation. The cooperation of the 
supply chain actors for the development of innovation is open-minded and gaining increasing interest in 
research and business practice. The cooperation, collaboration and competition between engineers and 
managers should stimulate invention and innovation. 

The European Union, in order to reduce the gap between itself and the USA in the area of economic 
development, requires an industrial and technological base to provide the citizens in the EU and beyond its 
borders solutions for communication and movement in increasingly urbanized areas [16]. 

2. INNOVATION 

Innovation today is synonymous with progress and modernity in every area - from the social sphere, through 
the educational system, to the economic sphere in science and economy, looking for new solutions that 
contribute to competitive advantage in the market and thus raise the level of economic and social development 
and ensure a high quality of life. "Innovation is the difference between leaders and followers," Steve Jobs, 
Apple's famous CEO, would say [12]. Confirmation of this can be seen in graphs presented in the illustration, 
which show that most of projects based on innovation and high technologies are implemented in the US and 
thus the US economy is leading the world economy.  
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The concept of innovation was introduced to world economic literature by J. A. Schumpeter in 1912. He 
described development as historical process of structural changes, substantially driven by innovation which 
was divided by him into five types [14]:  

launch of a new product or a new species of already known product; 
 application of new methods of production or sales of a product (not yet proven in the industry); 
 opening of a new market (the market for which a branch of the industry was not yet represented); 
 acquiring of new sources of supply of raw material or semi-finished goods; 
 new industry structure such as the creation or destruction of a monopoly position. 

This definition is the starting point for a discussion about the importance of innovation in the economy. In terms 
of Schumpeter's definition, where innovation means putting new solutions into practice ("process  of  industrial  
mutation,  that  incessantly  revolutionizes  the  economic  structure from within, incessantly destroying the old 
one, incessantly creating a new one"), the author focused primarily on technical innovation and its impact on 
the economy. He is the creator of the so-called concept of "Creative destruction", which is a continuous 
destruction of old structures and the constant development of new, more effective ones. For Peter F. Drucker 
[3], in turn, "…innovation is the specific tool of entrepreneurs, by means of which the changes make them an 
opportunity to take up a new business or the provision of new services." In his opinion, "innovation does not 
have to be technical, it need not even be something material." Yet another definition of innovation can be found 
in the Operational Programme Innovative Economy, where innovation is understood as putting into practice 
new or significantly improved solutions regarding a product (good or service), process, marketing or 
organizational system within a company. According to the Oslo Manual: “an innovation is the implementation 
of a new or significantly improved product (good or service), or process, a new marketing method, or a new 
organizational method inbusiness practices, workplace organization or external relations” [10]. 

There are many definitions of the concept of innovation, however all boil down to determining that innovation 
is a process and not something that occurs in the short term. It is a process during which something completely 
new or improved is created, or which transforms something which already exists. It could be said therefore 
that it is a consequence of the progress of the processes of science and technology. Innovative strategies can 
raise the level of logistics customer service and logistics services, thereby enhancing the work and its 
conditions. This results in the shortening of customer service times, and a consequent increase in demand for 
such services. 

3. INNOVATION IN LOGISTICS AND SUPPLY CHAIN MANAGEMENT 

Innovation and time are the main competitive advantages [17]. Time, here, is understood as the frequency of 
the introduction of new or significantly upgraded versions of the product. Its growth changes and shortens the 
life cycle of such products in comparison to conventional products. The different phases of the life cycle are 
short in-time and rapid demand-dimension [18]. 

The development of innovation in the perspective of supply chain management is defined as the process of 
making changes in products, services and processes, resulting in the creation of new value for the organization 
and its customers through the cooperation of that organization and / or its partners in the supply chain [9]. In 
turn, innovation within supply chain network has been defined as a breakthrough or incremental change in 
processes, structures and / or technologies aimed at creating value for stakeholders [1]. 

Numerous authors have long been noticing the significance of innovation in building the competitive advantage 
of the enterprise as well as the entire supply chain [7]. Beside costs, quality and flexibility, innovations 
constitute the top priority of competitiveness of the supply chain [13]. General improvement, in terms of 
competitive advantage, of the entire supply chain is mainly determined by innovation diffusion [15]. However, 
leading logistic periodicals have not devoted too much attention to the wider comprehension of innovation [5]. 
Even a view that in logistic studies innovations were largely ignored has been formulated [4]. 
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As a result, the scope of literature concerning the innovation diffusion in the supply chain is limited. The 
literature focusing on the innovation diffusion in the field of logistics focuses mainly on the diffusion of specific 
technologies (Gan, Clemens, Hui Kao & Xin, 2007, p. 78). 

The authors examining the phenomenon of innovations in the supply chain concentrate mainly on the 
cooperative dimension of innovations and their contribution to the networks or supply chains. It is obviously a 
substantial matter, but also a mechanism of the diffusion of previously developed innovations in the supply 
chain of a given company is worthy of notice [7]. 

On the basis of the literature review, it is suggested that the innovation diffusion in the supply chain should be 
understood as the process of spreading innovation within the supply chain of one company leading in the field 
of the supply chain. There exists a distinction into an intrinsic innovation diffusion in the supply chain and a 
top-down managed innovation diffusion. The top-down managed innovation diffusion is intentional in its 
character, and it is the process controlled by the highest management level in the supply chain. The term 
"innovation diffusion in the supply chain top-down managed" integrates itself into the wider notion of "innovation 
diffusion in the supply chain"[6]. 

A consequence of the booming market, which is set up to meet increasing customer demand, has led to 
changes in the organization of enterprises. The most important are shortening product life cycles. The first 
generation Volkwagen Golf, for example, was produced from 1974 until 1983. (Convertible version until 1993, 
and the Caddy van to 1992, while in South Africa the car was produced continuously until 2009). The latest 
(sixth) generation VW Golf was produced from 2008 to 2012 (only 4 years). On the other hand, extensions to 
the range can be seen eg. cars of the same model are offered with many variations in engine, bodywork and 
equipment; all this in order to better meet the needs of increasingly informed and de-manding customers. In 
this specific race for customer acquisition companies are seen to offer newer products but with a lower level 
of quality than the previous versions, a phenomena that is especially noticeable is the consumer goods market. 
This leads to the creation of simpler, cheaper and more attractive products for the less affluent and less 
prepared customers. From this premise, it can be assumed that the life cycle of that product will be shorter 
than its earlier versions [16]. Such products are technologically excellent and good value, however their shelf 
life is limited - high technology and quality level but at the durability is poor. Such market changes have led to 
the appearance of the phenomenon of disruptive innovation [17]. 

4. THE INTERNET OF THINGS 

The concept of the Internet of Things was created by a British entrepreneur and founder of start-ups named 
Kevin Ashton. The Internet of Things is a network of people and objects connected via the internet, each with 
their own unique identifier and they are capable of transmitting data over a network without any direct human 
interaction [8]. It is believed that there are more devices connected to internet than there are people in the 
whole world, currently approximately there are 1.6 devices per user which are linked to the internet. It is 
expected in the next 5 years there will be an increase of about 33% of users which would be connected to the 
internet and about 400% increase in the devices or things which would get attached to the internet. Figure 1 
illustrates the increase of number of users and devices in the next couple of years. 

The Internet of Things (IoT) offers new possibilities in the area of performance. For example, road transport 
trucks can be automatically controlled to the specification of hosts, which will allow them to operate in 
predefined intervals and with a standard speed, so as to maximize fuel economy. The Daimler Group has 
invested in the development of mobile services such as car2go, myTaxi or moovel; General Electric, likewise, 
has invested in systems to operate equipment and factories use a system called "industrial design" (Internet 
industry); LG is preparing for "smart homes", producing televisions and household appliances which can 
connect to the Internet, enriching the offer of related services [11]. 
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Figure 1 Estimated increase in number of users and IoT devices in the next couple of years [8] 

The opportunities with Internet of Things are enormous, there are many companies and consulting firms who 
are analyzing the prospect and figuring out how big in terms of numbers is the opportunity with IoT. Some 
industrial analysts and pundits (in year 2014) predicted that by year 2020, the global market of the connected 
things could be between 50 billion and 100 billion devices [2].  

The logistics sector, among others transportation industry like shipping, trains, aviation, etc. are already 
benefiting using Internet of Things technology. To fully understand the scale of the phenomenon and the 
number of devices that can be found within the Internet of Things, below is a list of selected potential areas 
where the use of IoT solutions can be seen, according to the classification adopted by O. Vermes and P. Friess 
[12]: 
 (Smart) environment is a category of solutions, Internet of Things, which from the daily consumer 

perspective are the least visible. However, these are the basis for the safe operation of the entire 
anthropogenic environment (man-made - eg. Urban, industrial areas, agricultural areas) that make the 
ecosystem friendly to economic development and the functioning of societies.  

 (Smart) water management, a wide range of issues related to the administration and management of 
key resources for the functioning of the environment. This category includes, for example: The impact 
of water resources on the environment, their use and protection deficits, regulation of rivers and 
protection against floods, waterways, hydropower or security.  

 (Smart) industry is entering the area of the Internet of Things in solutions related to particular sectors of 
the national economy.  

 (Smart) production as well as intelligent industry, includes solutions that fall within specific sectors of the 
economy. These are both issues related to agriculture (eg. Temperature control and irrigation to prevent 
drought or the formation of fungi), breeding (monitoring living conditions and grazing livestock), and 
control of production lines (readers, sensors, video surveillance - useful in the management and 
inspections) as well as control of the rotation of products on store shelves and in warehouses.  

 (Smart) transport should be - apart from the above mentioned - a key element of supporting the 
economy. This category includes issues such as: the location of transported goods (eg. checking routes 
of hazardous, delicate or precious materials) control of the conditions of transport (eg.shock) or storage 
conditions (eg. flammable materials).  
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 (Smart) energy includes a number of solutions that enable management of utilities. These include the 
monitoring of individual consumption, as well as the processes for its production and use (eg. solar 
systems, windmills and water management).  

 (Smart) cities is another area in which the Internet Things can play an increasingly important role. Its 
capabilities promise a lot of applications - from the organization of pedestrians and traffic (eg. monitoring 
traffic congestion, parking spaces, intelligent roads, providing information about the state of roads, traffic 
problems, monitoring of weather or accidents on the road), the diagnosis of safety threats (eg. vibrations 
and strength of materials in buildings, bridges, historic buildings), noise, lighting (eg. adaptive to the 
level of cloud cover) and waste management (eg. filling level of containers).  

 (Smart) buildings is a whole range of facilities, which can be used both at the individual as well as 
industrial level: monitoring the property (eg. fences, windows, doors), motion sensors, smart irrigation, 
learning thermostats.  

 (Smart) apartments is a category of equipment, which are typically for individual application, eg. 
refrigerators (informing content, shelf life, the need to replenish), remote machines (allowing use of 
energy at lower tariffs), cookers (for remote setting of the oven).  

 (Smart) health covers a wide range of applications used in the monitoring of health and physical activity 
(eg. the elderly), vitality (eg. people active in sport), patient safety (both in hospital and at home).  

 (Smart) life is a whole range of consumer solutions aimed at comfort and safety. 

At present, several solutions based on Internet of things in transport have already been developed. These 
include the delivery of parcels to the boots of cars belonging to the recipients. Such solutions have been 
implemented by Audi, Volvo, Amazon and DHL. Through the use of appropriate systems, deliveries can be 
supplied directly to the car, even when it is locked. By using appropriate technology, the couriers themselves 
can track down customers’ vehicles. The driver receives a one-time access code that can be used at certain 
times. Late arrival requires waiting to generate a new sequence number. A special digital key allows a cou-rier 
to open the boot and leave the package intended for the owner of the vehicle. 

Internet of Things is a very vast field and it covers almost all the industries available globally. Logistics and 
supply chain management are the areas of application where the pace and scope of changes can be clearly 
seen. IoT combined with the Big Data concept create the next industrial revolution noted as Industry 4.0. The 
term “Industry 4.0” refers to the fourth industrial revolution. The “Fourth Revolution” will use digital product 
models, which will be formed to a large degree in compliance with the requirements of customers, and will be 
produced in Smart factories. 

5. CONCLUSION 

Logistics in all aspects requires constant and thorough improvement, and this is achieved mainly through the 
use of knowledge, competence, experience and what is widely understood as the intellectual capital of the 
organization. Nowadays, the vast majority of businesses, including logistics companies, are determined to 
implement product, technical, technological and organizational innovation. Enterprises are focused on creating 
value for the customer, who is becoming more aware and demanding in terms of increased customer 
requirements relating to lead time delivery services, product availability and reliability.  

Enterprises have to introduce innovative solutions, particularly in logistics because supply chain is responsible 
for the time and reliability of delivery. Today, companies are winning a competitive battle with efficient and 
efficiently managed supply chains. Well organized supply chain is becoming a key factor of competitiveness. 

Information and communication technology, and particularly mobile technology allows access to the system at 
a convenient time and place. This changes the image of traditional trade, business, government, education, 
introducing e-commerce, e-business, e-government, e-learning, and many other solutions. 
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Abstract  

For most enterprises the present method of business plan preparations applied based on index modification 
of plans related to the previous periods and/or on combination with the sellers´ method. The business plan is 
defined by expected volume of sales for individual customers. However, such business plan type fails to reflect 
burden on individual technological nodes as well as sales dynamics within individual periods of the year. 
Moreover, the plan is not prepared in detail up to the level of final products which exhibit significantly different 
requirements for capacity load of individual production nodes and equipment as well as distinct requirements 
for inputs, etc.  

Keywords: Business plan, dynamic model, forecasting, capacity potential and capacity demands 

1. INTRODUCTION 

The business strategy of each company should be established on good recognition of status and orientation 
of the market for the segment where the company operates. Similarly to other areas of the enterprise, also for 
trade and sale, the planning represents one of the most important factors affecting the ability of the enterprise 
to fulfill both the standard market´s demands and the changing ones in the future. [1], [2] 

Necessarily, the customer behaviour is to be known within the demand´s planning process. Ineffective planning 
of sales and production results in accumulation of stockpiles and then in consequential tying-up of the funds, 
oversizing of production capacity or, on the contrary, in deterioration of supplier´s service. Planning of sales is 
utmost important for proper allocation of resources - purchase of material, adjustment of needs for labour, for 
production capacities and for logistics infrastructure. [3], [4] 

Sales planning must be based on the analysis of sales historical trends according to assortment and customers 
completed with the inputs from the department of trade and marketing. Implementation of effective planning 
for trade and production requires corresponding information tools for gathering, analysis and sharing the data. 
[5],[4] 

The nature of production and market situation in the printing segment, where the company Chemosvit Folie, 
a.s. operates, generates high demands for all levels of planning, starting from operative planning and 
production scheduling in the form of production orders and ending with sales planning over a one year period. 
Bearing in mind the dynamics of environment and permanent modifications in customer´s requirements, it is 
necessary to keep under the microscope the capacity demands and to balance them against the capacity 
potential of production. As precise as possible planning of future customers´ demands and capacity for their 
implementation establishes a condition for long-term successfulness of company on the market and for 
satisfying the customers´ needs.  

The present situation in the market of film converting could be briefly characterized as follows: 
 Increase in the share of small job, average job size is in constant decline; 
 Pressure on job completion pace, shortening of delivery periods; 
 Keen price competition - declining prices of products, increasing prices of inputs; 
 Increase in insolvency; 
 Prolongation of payment deadlines for the invoices; 
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 Shortening of product innovation cycle (new designs, quantity of variations for one product, various 
competitions and sales promotion focused on attraction of the final customer) [6],[7] 

2. ANALYSIS OF THE CURRENT SYSTEM FOR BUSINESS PLAN PREPARATION 

When proposing elimination for limitations of present business plan, firstly, the list of parameters - coefficients 
is prepared of those the estimated and calculated values of which create a more accurate picture of demands 
and modification of ordering process of customers as well as subsequent production. By determination the 
function relations of new parameters and by permanent and ongoing automatic comparison and verification of 
facts and assumptions it is possible to achieve long-term stabile prediction of status in capacity demands for 
individual customers and to resolve possible conflicts in advance. Using a dynamic modelling for incoming 
demands and tenders a possibility occur to precise the decision making process significantly for both the trade 
management and the production.  

Setting of necessary model parameters is based on analyses and knowledge about orders from previous 
periods (historic data series from the periods N-1 and N-2) as well as on expert knowledge of personnel 
(heuristics) serving for individual customers. For some orders, information having a significant impact is that 
about contractual relationship of the customer with third parties, usually multiple stores, which the customer is 
undertaken to comply with and such information is unavailable currently.  

For preparation the dynamic model of annual business plan, the customer demand is needed to be understood 
and defined. For the business plan preparation, time of production is significant for particular products, 
assortments and motives and thus it is the case of job-order production.  

Majority of customers are the producers of food and non-food products. In order to pack their products, the 
customers require particular motives - designs, specific for each company with unique material composition. 
Minority of customers are the trade enterprises which sale the goods further to a particular producer with added 
value of communication, re-storing and financing.  

For defining parameters, basic information is a destination place of delivery - usually production plant of the 
customer which need to be long-term supplied on the ongoing and flexible basis during the contractual 
relationship. Usually, in the particular plant, the contractual share of one supplier is determined, e.g. 30 to 70 
% of annual consumption.  

The motives - designs of the customers are placed on the market. From the long-term perspective, the motives 
could be divided to core main motives with frequent occurrence of orders, e.g. 6 - 10 times per year and big 
volume, less often motives such as also mutation for various countries with less consumption and one-time 
promotion motives for a specific occasion such as sport, season motives, e.g. for Christmas market. The 
motives are divided by marketing - design to the own trademarks and the exterior - private marks, e.g. for big 
trade networks. This factor may significantly affect repeatability and size of the orders.  

The customer´s products - are their basic products that are produced in their plant as well as packed on 
installed packaging lines and that have usually default defined composition and long-term forecastable sales 
including seasonability effect.  

3. METHODOLOGY FOR PREPARATION OF THE DYNAMIC MODEL FOR THE BUSINESS PLAN 

3.1 Calculation of time demands for production in the technological nodes and of job size 

An assortment - a product - is defined by the individual internal number which defines strictly needed raw 
materials and technological operation for production of the product. The core technological nodes include in 
particular the print refining by rotogravure or flexoprinting and lamination - splitting the films by an adhesive. 
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Moreover, own production of basic films mostly that on the PE base by blowing technology is considered as 
the corenode.   

For modelling of time necessary for production in the selected node there exist a mathematically defined 
formula coming from the real production parameters of the assortment and the node.  

Total standard hours of job = Total time for installation + Total time for running-in + Total time for 
dismantling + Run time of the job 

The nonlinear relation between the volume and time directly affects total time needed for implementation of all 
customer orders, individually for various production nodes. According to the technological parameters of job, 
size of order and number of motives, total time for implementation is calculated and incorporated to the 
production plan in the individual nodes. [9] 

 

Figure 1 Production time in node - green colour - sample 

 
Figure 2 Production time in node - sample of non linear relation between volume in kg and production time 
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3.2 Effect of operative control of production  

There is a permanent tension between trade and production departments as the trade department exhibit 
a natural effort to achieve contracts for new jobs, to achieve new customers as well as to penetrate the new 
markets. However, production is limited at fulfilling the plans by maximum production capacity. From short-
term perspective, „matching“ of capacity potential and capacity demands is provided by operative planning 
based on the production orders. From long-term perspective in the one-year horizon, this task is satisfied by 
the business plan. [7], [8] 

Under present method of production management, all requirements of customers are transformed into a digital 
format of production capacity plan in individual nodes according to order and sources needed for 
implementation of each accepted order within its requested or even postponed deadline.  

Basic orders characteristics per year are: 
 Unique design,  
 Unique order size, 
 Unique frequency,  
 Design changes during the year, 
 Structure changes. 

 
Figure 3 Parameters of product design 

 
Figure 4 Parameters of product structure 
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4. DESIGN OF A DYNAMIC MODEL OF BUSINESS PLAN 

Aim of project are as follows: 
 Propose dynamic model of business plan which reflects orders frequency, order size, seasonality and 

market changes during the year, 
 To recalculate annual business plan to capacity utilization of the basic production nodes according to 

individual parameters of customers plants, quarterly  
 Continuously reevaluate and update business plan according to changes in customer demands and new 

opportunities 

 
Figure 5 Proposal of steps for new dynamic model 
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Figure 6 Proposal of application of new dynamic model  

5. CONCLUSION 

The main contribution of the article - the proposed model - is replacement of static method for business plan 
preparation which is based only on one-time estimation of total assumed volume of future sales for the 
particular customer by a dynamic model. This model comes from an idea that for the enterprise is not enough 
to know only the total future volume of sales for the customers or assortment groups but also to analyse in 
details behaviour of individual customers in individual assortments up to the level of structures and motives. 
This is because the capacity load but also a need of individual inputs into the production process depend also 
on the job size, frequency of job occurrence, assortment comprising its specific thickness, width, colour, 
preparation and termination periods, non-linear relation between the total volume and the capacity demand 
resulting from its implementation. Dynamics of the model lies also in the rolling re-calculation of the model 
during the year such as in the quarterly periods, incorporation of capacity changes from the producer´s party, 
modifications of ordered quantities according to the results of tenders in the customers´ companies as well as 
implementation of new products. Active controlling and correction of the business plan during the year in 
dependence on changes and development of customer´s demand and conditions on the market. Active control 
of portfolio based on the data from individual levels of the model represents also a possibility to propose various 
cost-saving projects, optimized purchases for the customer what becomes a significant added value. 
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Abstract 

Leading organizations agree on the need for a structured methodology for using performance measurement 
information to help set agreed-upon performance goals, allocate and prioritize resources, confirm or change 
current policy or program directions to meet those goals, and report on the success in meeting those goals. 
The evaluation of enterprise performance forms an inevitable precondition for maximum business success 
achievement. Any enterprise should be able to know their performance from the perspective of several 
interconnected and balanced indicators at any instant of time. Moreover, the successful application of 
performance measuring process makes it possible to identify the economy and efficiency of programs, 
processes and applied enterprise resources.  

Currently, there are methods and integrated tools designed to manage companies in a proactive way using 
strategic planning. Furthermore, they also help to monitor and evaluate enterprise influence using a balanced 
set of indicators and understand the aim of business activities. Even though current evaluation methods of 
enterprise performance offer sets of balanced performance evaluating indicators, in reality, the achieved 
results and outputs are not completely accurate and, many times, misleading. That is the reason why it is 
appropriate to focus on principles of performance multi-criteria evaluation that would be based on relevant 
mathematical and statistical methods using new approaches to aggregation of indicators at performance 
evaluation. 

Keywords: Balanced Scorecard, Business Process Management, Multi-criteria evaluation, Performance  
          Evaluation, Vector Calculus 

1. INTRODUCTION 

Nowadays it is common to say that “what cannot be measured, cannot be managed”. That is why successful 
application of a performance measuring process, thanks to which market leading enterprises can find out the 
economy and efficiency of programs, processes and applied resources, is one of the features of market 
leaders. The above-mentioned process of performance measurements does not end with the data gathering 
and analysis. Its main output is the improvement and successful implementation of the defined strategy. This 
can be solved by integrated tools, thanks to which it will be possible to manage enterprises in a proactive 
manner using planning, monitor business activities using “score-carding” and understand such activities using 
Business Intelligence. That is why there are so many auxiliary tools developed, the goal of which is to make it 
possible and easier for the enterprises to survive in a competitive environment in the long term.  

Strategic management, i.e. the highest level of enterprise management activities, closely relates to enterprise 
performance. The issue of strategic management and performance evaluation has been in the centre of 
enterprises’ as well as consulting and IT companies’ attention for a long time. The consulting and IT companies 
are trying to develop a solution for the given issue using well-established methods and software tools. In many 
enterprises both in the Slovakia and abroad, it is still more common to have traditional performance evaluation 
systems mainly focusing on financial statements and dealing with past performance. However, this is no longer 
sufficient. Financial indicators usually evaluate what was performed in an enterprise and do not focus on its 
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future efficiency. Furthermore, they do not evaluate enterprises comprehensively, i.e. non-financial indicators 
included.  

A number of enterprises are not satisfied with the existing state of reporting and management documents. It is 
necessary to develop a tool for the improvement of their long-term strategic planning and management. Survey 
results show that traditional activity measuring systems that are based on external data were insufficient. 
Moreover, the existing solutions, based on the Balanced Scorecard methodology, do not provide reliable 
aggregated information necessary for management control and decision making. Today's enterprises need an 
effective planning and management tool that provides information with the highest information value capability. 

2. METHODS OF BUSINESS PROCESS MANAGEMENT AND PERFORMANCE EVALUATION  

The evaluation of enterprise performance is based on principles, procedures, conceptions and methods of 
business process management. Performance evaluation closely relates to enterprise strategic goals of all 
management levels. 

2.1. The best known Business Process Management methods 

Process orientation, as it was described, is nowadays becoming an inevitable precondition for the enterprise 
to be able to make its mark in the environment of continuous changes. It is well-known that expected changes 
usually occur faster and more effectively if a process-based approach to enterprise management is applied 
and all the activities are managed as processes. There are quite a lot of methods that are based on process 
approach. The scope of this work, however, makes it impossible to deal with them all in detail. There are below 
described those of them that are the most important from enterprise process management point of view.  
a) Project management - its principles relate to the development of the network analysis and graph theory. 

It is a process of human, material and financial resources management and coordination during the 
project supposing modern management methods are used. This process focuses on the achievement 
of predefined goals in the extent, cost, time, and quality and project participant satisfaction given. 
Defined goals must be achieved under the condition of respected strategy defined and under the 
application of specific procedures, tools and methods related to the planning and management of 
individual project processes.  

b) Activity Based Costing (ABC) - this covers costs calculated on the basis of activities. This method 
was developed in the 80’s of the 20th century. When implementing the ABC method it is necessary to 
know in detail all company processes and their mutual relations, on the basis of which we classify this 
method as a concept based on process approach. The basic principle of this method says that it is the 
product and not the activity that invokes costs. Based on that, the method focuses on costs as process 
attribute. Identification of the process and activities.  

c) Balanced Scorecard (BSC) - the concept of evaluation indicator balanced system that talks about the 
balance of individual enterprise areas in the view of such enterprise strategy. The areas in question: 
financial, process and customer area and learning and growth dimension area. It is a tool used to enforce 
strategic changes that should serve the top management to start with and should be gradually developed 
downwards for all business units. This is a long-distance race. Fast and large-area deployment of BSC 
does not usually lead to success. It is not generally known that if BCS is to be successfully deployed a 
functioning process and information infrastructure in the operational and tactical company management 
must exist. Otherwise it would resemble “sales of vacuum cleaners in areas without any power line 
established”. The BSC method is one of the most renowned approaches to the interconnection of 
company visions, strategic goals and operational planning and decision-making.  
Basic points of view (perspectives): [3][4][5][6] 
o Financial perspective - it mainly focuses on the monitoring and evaluation of financial indicators 

such as cash flow, profit etc.; 
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o Customer-related perspective - it also focuses on indicators, but different ones, namely indicators 
important for the customer such as the price and quality of the product, services related to the 
product and of course customer satisfaction.  

o Process perspective - from this perspective, critical processes, i.e. those with direct effect on 
customer satisfaction are the subject to monitoring. These processes are measured and their 
level of effectiveness is defined.  

o Learning and growth perspective (education and innovation, i.e. potential); it tries to specify 
company characteristics required for its continuous progress, fulfilment of the goals defined and 
company ability to adapt to both, external and internal changes.  

d) Re-engineering based on process approach - it is a revolutionary approach of enterprise process 
improvement; re-engineering is a rather comprehensive concept based on process approach. A distinct 
feature of this method is the focus on process changes supposing that these changes have to be carried 
out in a radical manner. According to the authors of this concept, namely M. Hammer and J. Champy, 
re-engineering represents radical revaluation and reorganisation of company processes so as to 
achieve dramatic improvement related to critical performance indicators such as costs, quality, time 
period and promptness of reacting on customer requirements. [8][9][14]  

e) KAIZEN - a Japanese philosophy representing continuous improvement of company processes; it is the 
best-known and the most comprehensive method that enabled Japanese companies to achieve 
indisputable success. It is mainly based on Japanese life philosophy, according to which each 
subsequent day must be a little bit better than the current one. This approach tries to achieve gradual 
rather than rapid improvement by taking care of the smallest details that can be modified or improved. 
This concept is based on the absolute familiarity with processes. Without this familiarity no result 
improvement can be expected. That is the reason why it is classified as a process approach concept. 
Unlike the methods based on revolutionary changes, such as re-engineering, the goal of KAIZEN 
method is to achieve process gradual improvement, which is the feature also common for the following 
methods: 
o KVP (Kontinuierlicher VerbesserungsProzess) - improvement applied in VW an Opel automotive 

factories, 
o Continuous Improvement - continuous improvement developed in the USA,  
o Ideen Management - a method of improvement applied in Audi automotive factories, 
o ZEBRA (Zlepšenie Ekonomickej Budúcnosti Realizovaním Aktuálnych Nápadov/ Economic 

Future Improved through Current Ideas Implementation) - this method is applied in Škoda Auto 
automotive factories. [8][9][14] 

f) Other techniques - e.g. process benchmarking - this is a process of systematic comparison of 
processes, products and services as well as given enterprise performance indicators with other 
successful enterprises. Information the enterprise acquires this way must be turned into knowledge, the 
goal of which is to achieve business growth, provide for company development and ensure a strategic 
advantage.  

2.2. The Balanced Scorecard methodology - short description 

Balanced Scorecard is a strategic performance measurement system supporting strategic planning and 
management by synchronising the entire company activities through consistent objective understanding and 
through facilitating evaluation of the current company situation in relation to its strategic objectives 
accomplishment and achievement. This system has become the core management information system of most 
companies using Balanced Scorecard. 

2.2.1. Why companies need Balanced Scorecard ?  

Mr. Robert S. Kaplan and Mr. David P. Norton, professors of Harvard University, USA, introduced Balanced 
Scorecard methodology in report published in 1992 in the Harvard Business Review as a response to great 
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number of U.S. companies requirements that expressed dissatisfaction with current reporting and 
documentation conditions related to management. They were focused on financial statements and dealt mostly 
with past performance.  

The authors of Balanced Scorecard methodology sought to create a tool for improvement of long-term strategic 
planning and management. Results indicated that conventional measurements based on external data are 
insufficient. Information society organisations needed something more, an effective planning and management 
tool. For that purpose Kaplan and Norton introduced four various viewing angles enabling evaluation of 
company operation. They consist in financial scope, customer satisfaction, enterprise internal processes, 
education and innovation within the enterprise. 

The financial scope represents more or less a conventional enterprise performance measurement system. The 
other three scopes, the so-called perspectives, based on management or intangible assets evaluate the 
company success in the course of long-term operation.  

The formation process of the enterprise “balanced score” (Balanced Scorecard) implies to shape visions of 
respective strategic objectives and operation plans to reach these objectives. It includes therein the entire 
organisation i.e. the contribution of each individual to insure enterprise performance in future and to achieve 
the so-called balanced score between financial indicators and non-financial scopes. The Balanced Scorecard 
acts through testing in real time. The user can incorporate feedback from commercial and other company 
operations in favour of score modification and improvement.  

2.2.2. Balanced Scorecard methodology elements 

Balanced Scorecard methodology has more elements which are used during the performance evaluation 
model development. The global Balanced Scorecard framework is illustrated on the following Figure 1. 

 

Figure 1 The global Balanced Scorecard framework 

3. BALANCED SCORECARD - NEW APPROACHES TO AGGREGATION OF INDICATORS  

Current Balanced Scorecard aggregation approaches and methods have several disadvantages. The problem 
is an aggregation, respectively the summary of elements (indicators) from lower levels to higher in case of 
different units of measurement for some subordinate elements. Such cases are a routine when evaluating the 
enterprise performance.   

3.1. Disadvantages of current approaches and methods  

At present software tools use for aggregation of indicators with different measure of units so-called RANGE 
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function. By using the range limits, we can visualize and compare the values of elements. The range limits 
provide boundaries to the areas between range limits, which are called ranges. The value assigned to the 
range is helpful when comparing the elements. Since the elements may use different measure units, these 
range values help to provide a common unit by which the elements can be compared and aggregated. For 
example, if we have three ranges: Poor, Average, and Excellent, then they could be assigned the range values 
of 0, 5, and 10. These range values can be used in formulas to create a common unit for calculating the values 
of elements that use different measure units. From the above example we can see that the range values carry 
a relatively large uncertainty, which is compounded in the greater number of performance evaluation levels 
(measurements, group measurements, key performance indicators, etc.). One solution is to increase the 
number of range limits and areas between them, but we never achieve in this way accurate and relevant results 
from aggregated values. It is therefore appropriate to deal with the idea of finding new ways and means of 
data aggregation in enterprise performance evaluation by Balanced Scorecard methodology. 

3.2. Vector calculus and the most convenient algebraic operation 

Vector calculus is a branch of mathematics concerned with differentiation and integration of vector fields, 
primarily in three dimensional Euclidean space R3. The term "vector calculus" is sometimes used as a 
synonym for the broader subject of multivariable calculus, which includes vector calculus as well as partial 
differentiation and multiple integration. The basic objects in vector calculus are scalar fields (scalar-valued 
functions) and vector fields (vector-valued functions). These are then combined or transformed under various 
operations, and integrated. The analysis of vector calculus operations (sum of vectors, product of a vector and 
scalar, vector length, scalar product of vectors, vector product of vectors, mixed vector product) shows that 
the vector length is the most convenient operation for aggregation of performance indicators. The mentioned 
operation is defined in any n-dimensional space and the result is a scalar, thus the value of performance 
evaluation indicator, which fully meets the needs of aggregation of performance evaluation indicators. The 
vector length, which is also otherwise referred to as a so-called “quadratic average” also due to the fact that 
the length of the vector is proportional to the length of vector coordinates. The basic principle in performance 
evaluation process is to use the same method (operation) for all aggregations which occur in the performance 
evaluation model. It is all about the aggregation of indicators with different measurement units. Of course, the 
same method can be used also at the lowest levels of performance evaluation model, if relevant, but at these 
levels are generally used approved proportional economic and other indicators of performance evaluation of 
processes and organization as a whole. 

4. PROCEDURE OF PERFORMANCE EVALUATION IN THE USE OF VECTOR CALCULUS 

The issue of data aggregation with different measurement units is the subject of several research projects and 
publications. Approaches to solving this problem are varied, but the objective is the same, to achieve such 
performance indicator values which correspond to reality, and to their explanatory power. 

4.1. The current state of software tools to implement the Balanced Scorecard methodology 

Current software tools using the Balanced Scorecard methodology use the so-called RANGE function for 
aggregation of performance indicators with different measurement units. The function has the following 
features - see Figure 2. 

By using the range limits, we can visualize and compare the values of indicators. The range limits can provide 
boundaries to the areas between range limits, which are called ranges. The value assigned to the range is 
helpful when comparing the indicators. Since the elements may use different measurement units, these range 
values help to provide a common unit by which the elements can be compared. For example (see Figure 2 - 
Maximize case), if we have three ranges: Poor, Average, and Excellent, then they could be assigned the 
range values of 0, 5, and 10. These range values can be used in formulas to create a common unit for 
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calculating the values of indicators that use different measurement units. The same is the case when we aim 
to minimize the values of performance indicators, with the only difference that the various ranges are rotated 
180°, thus in the order bottom-up: Excellent, Average, Poor. If we want to stabilize the indicator values we 
define the lower and upper alarm and also lower and upper target. The application of RANGE function is similar 
to that in the above cases. 

 
Figure 2 Ranges in the indicator of “Sales” 

From the above examples it is seen that there come up to rather large inaccuracy in scoring at aggregation 
of performance indicators depending on the sensitivity (number of ranges) of defining individual ranges. 
Number of ranges is infinite, but this leads to a very complex, complicated and in practice unusable solution. 
Usually there are defined only alarm and target values and from them are derived individual ranges of 
performance evaluation indicators. 

4.2. The proposed method of aggregation of indicators in the Balanced Scorecard methodology  

The analysis referred to in the section 3.2 has showed that the calculation of the vector length is the most 
appropriate operation on the aggregation of performance evaluation indicators. Due to the fact that the 
measurement units of the indicators are at higher levels of a performance evaluation model usually different 
and of different range of values the first phase is to normalize individual indicators and transform them into a 
predefined range, the so-called cardinal extent. 

The procedure of standardization: 

Let: TAR = Target, ALA = Alarm, LALA = Low Alarm, LTAR = Low Target, UTAR = Upper Target and UALA = 
Upper Alarm, ACT = Actual Value, ATAR = Average Target, NTAR = Normalized Target, NALA = Normalized 
Alarm, NLALA = Normalized Low Alarm, NLTAR = Normalized Low Target, NUTAR = Normalized Upper 
Target, NUALA = Normalized Upper Alarm, NACT = Normalized Actual Value. 

In practice, the majority of cases are the type of “maximization” (the bigger, the better)” in the performance 
evaluation process. Other possible cases, “minimization”   (the lower, the better)   and   “stabilization” (the 
more stabilized, the better), we can transform to maximize cases to avoid inconsistencies in a given multi 
criteria performance evaluation. Most indicators of performance evaluation shall take non-negative values or 
they can be transformed into indicators with these values. For example, the indicator "Profit or loss before tax" 
we can replace by the indicator "Cost - revenues ratio", which shall be only of positive value. 
 

Individual cases will be therefore normalized as follows: 

a) MAXIMIZE case: 

In this case is valid: 0 ≤  퐴퐿퐴 < 푇퐴푅.  
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Then: 

푁푇퐴푅 =
푇퐴푅
푇퐴푅 , 푁퐴퐿퐴 =

퐴퐿퐴
푇퐴푅 ,            푁퐴퐶푇 =

퐴퐶푇
푇퐴푅 . 

b) MINIMIZE case: 

In this case is valid:  0 ≤  푇퐴푅 < 퐴퐿퐴.  

Then: 

푇퐴푅 =
푇퐴푅
푇퐴푅 , where TAR ≠ 0. If TAR = 0, then NTAR = 1. 

 

푁퐴퐿퐴 =
푇퐴푅
퐴퐿퐴

 , 
 

 

푁퐴퐶푇 =
푇퐴푅
퐴퐶푇

 , where ACT ≠ 0. If ACT = 0, then we substitute the ACT for any 
very low value (for example 0,001) that has a negligible effect 
on the operation result.  

 

c) STABILIZE case: 

In the case of stabilization is valid: 0 ≤  퐿퐴퐿퐴 < 퐿푇퐴푅 < 푈푇퐴푅 < 푈퐴퐿퐴. 

Let's define: 퐴푇퐴푅 =
퐿푇퐴푅 + 푈푇퐴푅

2  

The values of indicators we obtain from the following relationships: 

푁푇퐴푅 =
퐴푇퐴푅
푈푇퐴푅 ,    

푁퐴퐿퐴 =
퐿퐴퐿퐴
퐴푇퐴푅 .  

If ACT < ATAR, then 

푁퐴퐶푇 =
퐴퐶푇

퐴푇퐴푅
 . 

       
 

If ACT ≥ ATAR, then 

푁퐴퐶푇 =
퐴푇퐴푅
퐴퐶푇

 . 

In a similar manner we proceed in the case if there are more levels of the planned values, not just two (ALA, 
TAR), or four in the STABILIZE case (LTAR, UTAR, LALA, UALA). 

If an indicator can have also negative values, due to the elimination of inconsistency, we will use the above 
RANGE function (scoring method), where the result of the operation is divided by 10, so we got to the range 
with that we are considering in standardization. 

Calculation of indicators: 

The calculation of indicators, where relevant (various measurement units in subordinate items - coordinates of 
the vector), is performed according to the following formula: 

Let the indicator (vector) a = (a1, a2, ..., an) in normalized form, weights of coordinate squares are w1, w2, ..., 
wn,  then the vector length of a is as follows: 
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Recommendation:  

푤 = 1. 

We use the same formula for each type of value, i.e. NTAR, NALA, NACT and others, if defined.  

A geometric interpretation of using the vector length in performance evaluation process is shown on the 
Figure 3. 

 
Figure 3 A geometric interpretation of using the vector length in performance evaluation process 

5. CONCLUSION 

In order to evaluate performance based on predefined indicators, enterprises usually apply standard software, 
e.g. spreadsheet programs such as MS Excel, Open Office Calc, MS Visio etc.  

They, however, need more effective support software tools which would: 
o make the process of the Balanced Scorecard model generation and result more transparent and simpler,  
o determine mutual relations,  
o define appropriate action plans,  
o deal with selected parts of the model,  
o generate flow diagrams,  
o provide appropriate graphical environment and use available means of communication (internet, 

network connection etc.) in order to be able to use Balanced Scorecard and to automate any system of 
management strategy generation.  

Once the company decides to invest in the Balanced Scorecard solution, it is necessary to select an 
appropriate methodology and software tool. This selection should be mainly based on the functionality the 
BSC application software offers in individual phases of the implementation project. It should also stay focused 
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on the functionality in the time of its active application. The relevant software offers various advantages. It 
makes it possible to access strategic maps of other management functional areas (it also prevents 
unauthorised persons from accessing). Moreover, the software makes it possible to see whether the initiatives 
led to any change in indicator values, „comments“ on achieved goals and automatically generates warnings 
for the competent ones about any adverse trends of performance indicators. 

The current aim of many companies is to implement new concepts and methodology of process performance 
measurement so as to provide the most credible data for the evaluation of the company as a whole in relation 
to its strategic objectives. 
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Abstract  

In today's highly competitive environment, one of the ways for food industry companies to achieve success is 
by deepening cooperation with their suppliers and, within it, by applying methods such as CPFR (Collaborative 
Planning, Forecasting and Replenishment). This method can significantly contribute to streamlining material 
flow between the food industry company and its suppliers. Its implementation, however, requires the interest 
of both partners, i.e. the supplier and customer, as well as their subsequent cooperation in setting the form of 
supplies and their realization. The paper deals with opportunities to implement the CPFR method between 
companies of the food industry and their suppliers. It presents the results of both quantitative and qualitative 
research carried out at the purchasing departments of the food industry companies. 

Quantitative research in 101 food industry companies examined the importance of various elements CPFR 
methods (i.e. the importance of collaborative forecasting, planning and automatic replenishment) in the 
purchasing process of the main raw material and consumer chemicals. In accordance with the theoretical 
approaches, this part of the research demonstrated that the application of the collaborative forecasting, 
planning and automatic replenishment has a greater importance in procuring the main raw material than 
indirect material. However, subsequent qualitative research in two deliberately selected food companies 
showed that there are lower barriers to implementation of the method in the purchase of consumer chemicals 
as the selected indirect material. 

Keywords: Supply chain management, CPFR, food company, collaboration, purchase 

1. INTRODUCTION  

In recent years, the food market has undergone tremendous changes, including a change in customer buying 
behaviour. Consumers have shown a hybrid and smart buying behaviour demanding highest quality at the 
lowest price [1]. Thus, it becomes a necessity “to guarantee the provision of safe and healthy products that 
are fully traceable from farm to fork” [2] in an effective way. This requires a change in the management of 
supply chains that are created to deliver food to end customers. The former isolated management of single 
firms must be replaced by a vertical comprehensive management encompassing each individual member of 
the supply chain [1]. A new way of the interconnected management of material flows within a chain allows for 
streamlining business processes of the individual firms that make up the chain. The main purpose of 
collaboration is two-fold: one is to make internal functions effective and efficient, and the other is to 
retain/expand market share or to make market oriented strategies [3]. Collaboration should aim to fulfil the 
idea that closer inter-enterprise relationships and enhanced information exchange will improve the quality of 
decision-making, reduce demand uncertainty, and, ultimately, improve supply chain performance [4].  

Collaboration in the chain involves sharing information, creating the same goals, synchronizing decisions, 
sharing resources, and co-ordinating independent partners in the supply system [5]. It usually requires the 
sharing of human, financial and technical resources [6,7,8]. From the last decade onwards, issues related to 
supply chain collaboration (SCC) have been of great interest to researchers in the field [3]. It was found that 
companies in accordance with their requirements try to collaborate with supply chain partners to retain what 
they have and to generate what they do not have [3]. Firms that have high-quality partnerships (collaborations) 
with suppliers are better equipped to adapt to unforeseen changes, to identify and produce well-crafted 
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solutions to organizational problems, and to reduce logistics and inventory costs, all of which help improve 
economic outcomes [9, 10]. 

Collaboration in the chain built for the production and delivery of food products can be developed through an 
appropriate material flow management strategy. Efficient Consumer Response (ECR) is seen as a successful 
supply chain strategy for the grocery industry [11]. ECR promises lower operating costs, higher sales and 
especially a higher value for the consumer. But it is assumed that the degree of implementation of individual 
ECR strategies is still quite low [11]. The ECR promoted various types of partnerships such as vendor managed 
inventory (VMI), continuous replenishment (CR), and collaborative planning forecasting and replenishment 
(CPFR) [12]. CPFR is one of the most developed supply chain collaboration practices [1] [13]. In CPFR, the 
jointly developed business activities create an agile supply chain that can better capture demand uncertainties 
in the market [14]. 

And it is the area of CPFR implementation among food industry enterprises and their suppliers that has become 
the subject of primary quantitative and qualitative research. Both surveys were conducted at the purchasing 
departments of food industry enterprises. Quantitative research took place in 101 food businesses. The 
importance of individual elements of the CPFR method (i.e., the importance of collaborative forecasting, 
planning and automatic replenishment) in the provision of the main raw material and consumer chemistry was 
studied. Subsequently, qualitative research was carried out in two deliberately selected food companies 
focused on the in-depth understanding of the current method of cooperation between the enterprises and their 
suppliers and the opportunities for implementing the CPFR method. 

2. THEORETICAL BACKGROUND 

In the early 1990’s, a collaborative initiative, called efficient consumer response (ECR), emerged in the grocery 
and consumer packaged goods (CPG) industries [4]. In practice, ECR is often only tailored to IT concerns [1] 
but ECR should mean a philosophical shift from holding information internally to sharing strategic information, 
developing trusting relationships, and searching for efficiency improvements that would deliver enhanced 
customer value [15].  

ECR was expanded and adapted by other industries and served as the launch pad for additional collaborative 
approaches - including VMI, CR, and CPFR [4]. CPFR programs is viewed by many research participants as 
an outgrowth of the ECR movement [16]. Seifert [17] considers CPFR to be the second generation of ECR. 
ECR is a building block for CPFR because ECR created a strong foundation on which to build CPFR programs. 
With ECR, manufacturers and retailers started to work together to attack supply chain uncertainty [4]. CPFR 
programs, attempt to create supply chains that are more demand driven [16]. Therefore, it is suitable for the 
food industry, which is associated with specific features, especially a high product variety and fierce price 
competition, which causes volatile sales. The volatility in demand is not only affected by promotional 
campaigns, but also seasons, the weather and more flexible opening hours of grocery [14]. The grocery 
industry needs efficient planning and replenishment practices, because multiple decision-making points in 
complex grocery supply chains create inefficiencies in inventory management and replenishment [14]. The 
necessity to increase food safety and quality, to reduce costs and waste, to build customer and stakeholder 
value, and to achieve social and environmental stewardship requires the whole food chain to act jointly [18].  

CPFR, which was proposed by the Voluntary Inter-industry Commerce Standards (VICS) in 1998, was a three-
stage and nine-step procedure for companies who desired implementation of a collaborative project [19, 20]. 
CPFR is a common process of planning that uses an accurate and timely information flow between enterprises 
[21].The objectives of CPFR include improving the accuracy of collaborative planning, collaborative 
forecasting, and collaborative replenishment, and dealing with exceptional events through cooperative 
partnering [20]. The CPFR method can be implemented in a part of the supply chain, with at least two chain 
members having entered into an agreement, but the best results can be achieved by involving all chain 
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members [22]. The implementation initiative can be made by any link of the chain, but in any case it is 
necessary to respect the wishes, needs and requirements of the direct buyer, to which the supplier has to 
prepare an individualized offer including the required delivery system. The biggest barriers to the 
implementation of CPFR is the reluctance of the partners in the chain to cooperate, share information, and 
share the benefits of cooperation with the partners in the chain [23].     

3. RESEARCH RESULT AND THEIR DISCUSION  

3.1. Research Methodology 

Primary research focused on the application of the CPFR method among food industry businesses and their 
suppliers took place in two successive steps. In the first stage of the research, primary quantitative research 
was carried out. The main objective of the research was to determine the importance of the individual elements 
of the CPFR method (i.e. the importance of collaborative forecasting, planning and automatic replenishment) 
in the provision of the main raw material and consumer chemistry products (detergents, cleaning agents and 
personal hygiene products) in the food industry businesses. Data collection was conducted during January 
and February 2017 by electronic questioning in the purchasing departments of 101 food businesses (mainly 
bakers and confectioners and meat processors), whose products are intended primarily for the Czech market. 
The importance of the individual elements of the CPFR method was measured on a seven-point scale 1-7 
(where the importance grew with the increasing value on the scale). During the research, the classification 
features were also observed: the area of the company's expertise, the respondent's job and the length of 
respondent’s practice. The data obtained was processed using the IBM SPSS Statistics software. In data 
processing, methods of descriptive statistics and inferential statistics were used. The results were first 
processed in the entire sample, and then a difference analysis was carried out according to the observed 
classification features. The difference in the empirical distribution of respondents' responses was tested using 
the Kruskal-Wallis test (for independent samples) or the Friedman test (for related samples) at a 5% 
significance level. 

Subsequently, qualitative research was carried out in two enterprises of the food industry. The main objective 
of this research was to find out how the company is currently cooperating with suppliers in supplying the main 
raw material and whether the purchase process is any different from purchasing consumer chemicals. Another 
goal of the research was to find out whether the purchasing processes show elements of the CPFR method 
and whether it would be appropriate to implement this method in order to improve the purchasing processes. 
The collection of primary information took place in the first quarter of 2017 in the purchasing departments of 
deliberately chosen businesses. The first enterprise (Enterprise A) is medium-sized (employing approximately 
100 employees) and manufactures dried coffee substitute drinks and colonial products. It is oriented towards 
the market of the Czech Republic while exporting products to neighbouring countries as well. Its annual 
revenue is approximately CZK 300 million. The respondent in the company was the Purchase Executive. The 
second enterprise (Enterprise B) is small-sized (the approximate number of employees is 30). It manufactures 
bakery and basic confectionery products and supplies them to customers in the local market. Its annual sales 
volume is about CZK 10 million. With regard to the size of the company and its organizational structure, the 
respondent was the owner of the company.     

The respondents in both enterprises were interviewed on the basis of a prepared interviewing scenario (which 
included six thematic series of questions). After each interview, the completeness and logical accuracy of the 
information gathered was checked and the incomplete information was refined or completed in the next 
session. After the collection of information was over in both enterprises, the content analysis of the information 
obtained and the comparison of the information found in the two enterprises took place. Subsequently, 
conclusions were drawn regarding the current implementation of the CPFR method in the investigated 
purchasing processes and the possibility to improve these processes by implementing the method.     
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3.2. Results of quantitative research and their discussion    

Responses of 101 respondents were included in the processing of quantitative research results. The 
respondents used the full scale to evaluate the importance of individual elements of the CPFR method. The 
average value for all evaluated elements (in the purchase of both the main raw material and consumer 
chemistry products) is approximately in the middle of the scale used. It is obvious that the evaluated elements 
are of medium importance (see Table 1). 

Table 1 Importance of elements of the CPFR method in the purchase of the main raw material and consumer  
   chemistry products 

Type of stocks Element of the CPFR method Importance*) 

Mean Median Minimum Maximum 

Main raw material Automatic replenishment systems 3.8 4 1 7 

Collaborative forecasting 4.4 5 1 7 

Collaborative planning 4.6 5 1 7 

Consumer chemistry 
products 

Automatic replenishment systems 3.5 3 1 7 

Collaborative forecasting 3.7 4 1 7 

Collaborative planning 3.9 4 1 7 
*) Used scale from 1 = the lowest importance to 7 = the highest importance 

Primary quantitative research has shown that food businesses do not consider all the elements of the CPFR 
method equally important. In the provision of both raw materials and consumer chemistry products, 
cooperation in forecasting and planning material flows is of greater importance than automatic replenishment. 
The differences are statistically significant in the purchase of the main raw material (χ2 = 8.671; df = 2; Sig. = 
0.013). At the same time, it has been demonstrated that the application of CPFR elements observed (i.e. 
collaborative forecasting, planning, and automatic replenishment) has a greater importance in providing the 
main raw material than the overhead material. The differences are statistically significant in collaborative 
forecasting (χ2 = 5.453; df = 1; Sig. = 0.020) and collaborative planning (χ2 = 7.043; df = 1; Sig. = 0.008). 
Logically, food businesses are more committed to collaborating in forecasting, planning, and replenishment of 
the main raw material where possible supply outages endanger customer retention or, on the contrary, excess 
inventory reduces the efficiency of business. As for consumer chemistry products, this importance is also 
assessed as lower because potential shortcomings in the process of supplying consumer chemistry products 
can be relatively easily and quickly remedied, given the high competition in supplying this type of product and 
the territorial proximity of the suppliers. Finally, the further analysis did not show any statistically significant 
differences in opinions based on the classification features (the size of the enterprise, the length of practice). 

The relatively low importance of individual elements of the CPFR method formed the basis for the preparation 
and implementation of qualitative research, which focused on the simultaneous application of these elements 
and the possibility to implement the given method. 

3.3. Results of qualitative research and their discussion    

Qualitative research in two deliberately selected food industry enterprises has shown that the purchasing 
process implemented both for the provision of the main raw material and consumer chemistry products does 
not show the principles of supply chain management. There are no elements of the CPFR methods either. The 
purchasing process in both enterprises has the nature of traditional business operations.  

In Enterprise A, there are differences in the purchase of the main raw material and consumer chemistry 
products, both at the planning stage of the purchase and the replenishment of purchased items. The main raw 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

36 

material is purchased by the company after reaching the reorder point while consumer chemistry products are 
ordered in single quarters and surpluses are in stocks. For both types of purchases, the enterprise prefers 
stable, long-term time-proven suppliers; however, a long-term supply cooperation agreement has only been 
concluded with suppliers of the main raw material. It is trying to deepen relations with suppliers, but it is in 
areas other than purchasing. It does not build a system of collaborative forecasting and planning, nor does it 
provide suppliers with information to help them improve their own logistics planning. The suppliers are also 
unable to identify the need for delivery. The partners do not have interconnected information systems and 
neither do they use EDI. The company solves the general form of supply with the main raw material supplier, 
but retains full responsibility for inventory management. It expects suppliers to be able to fully meet its shopping 
needs without its own special engagement. That is why it is important for it that the suppliers supply on-time, 
in-full and error-free, and also with high flexibility.   

In Enterprise B, the purchase of the main raw material and consumer chemistry products is very similar, the 
only difference identified lies in complaints (the number thereof). The company has concluded long-term 
contracts with its suppliers and is addressing the general form of supplies, but there is no system of 
collaborative forecasting and planning, nor is there an information link between suppliers and purchasers. 
However, there is some cooperation in the field of material replenishment. The customer does not transfer 
responsibility for inventory management to its supplier, but it has introduced a replenishment mechanism with 
its suppliers that uses a stable order cycle time and stable order quantities. The risk of failure of the inventory 
replenishment mechanism is minimized by the customer by providing information on expected fluctuation (by 
telephone, e-mail, or production plan). 

Examination of the possibility of implementing the CPFR method has shown that the opportunity is not great. 
In both enterprises, some benefits of implementing the method are perceived, but according to the 
respondents' statement, the barriers to the implementation of the CPFR method are significant. 

In Enterprise A, the quantity supplied and/or delivery cycle cannot be properly determined, as there is 
insufficient information on the demand for the products of the company (as a purchaser). In addition, it 
considers impossible to provide its own purchasing and production plans because of the possible leakage of 
information (these plans are considered confidential by the company). The ignorance of the given method in 
the enterprise is also a barrier to successful implementation. If the company was ever considering 
implementing the CPFR method to improve purchasing operations, then it would be in the process of 
purchasing consumer chemistry products. In this case, it would not be a problem to provide information about 
the need. In addition, it would expect the supplier's willingness, stemming from both its territorial proximity and 
its efforts to increase the value of the enterprise as a customer. It would expect the supplier to perceive the 
implementation of the method as an effort to consolidate its competitive position by improving the service for 
its customer. In its opinion, the greatest problem in this case would be the right adjustment of powers and 
responsibilities. 

In the respondent's opinion, it is not possible to implement this method in Enterprise B for reasons of time and 
for financial reasons. Moreover, the respondent does not consider it possible to harmonize the corporate 
objectives and objectives of the individual processes. The problem would also be the need to coordinate certain 
processes with the supplier. The respondent does not believe that it is possible to implement integrated 
demand forecasting as he believes that this would imply sophisticated statistical methods. The need to modify 
its own information system to allow the provision and transmission of necessary information (e.g. on the actual 
amount of inventory of individual items) is considered by the respondent a significant barrier to the 
implementation of the method. Other barriers to the implementation of the method identified in the company 
were: the need to build an electronic network, to introduce communication technologies, automatic 
identification of inputs, and also the need to adapt the inventory records and possibly the production 
technology. As in Enterprise A, ignorance of the method as well as the employees' reluctance to learn new 
practices would be a barrier to successful implementation in this company. If the company was considering 
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introducing the CPFR method in order to improve the purchasing operations of consumer chemistry products, 
it would expect problems in communicating with the suppliers of these products. 

4. CONCLUSION 

The ECR and CPFR methods are recommended in the literature for improving material flows in chains where 
food companies are involved. Their application in these chains has been the subject of primary research 
carried out in two steps, quantitative and qualitative. However, the quantitative research examining the 
importance of individual elements of the CPFR method has shown that their importance to purchasers of the 
food companies is at the medium level. Their interest as customers thus points to small opportunities to 
implement these methods in chains with this type of product. Subsequent qualitative research in selected 
enterprises of the food industry explored in depth the current way of cooperation between food businesses 
and their suppliers. It has shown that this cooperation is at the level of traditional business operations with a 
rather marginal interest in developing cooperation based on the CPFR method. The purchasers of these 
businesses do not have a stronger interest in implementing this method in order to improve purchasing 
processes, especially for financial and time-related reasons as well as because of the threat of information 
leaks. It is also why it is not possible to expect any vigorous implementation of these methods in chains with 
food products in the near future. The primary research carried out makes it possible to state that Obersojer 
and Weindlmaier's findings [11] concerning the insignificant implementation of these methods in food chains 
also apply to the Czech Republic.    
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Abstract 

Overuse of trade sales promotion to keep fast-moving consumer goods (FMCG) in the range of retail stores 
results in a lot of negative impacts on all members of the supply chain network. One of the consequences is 
also an extreme increase in demand variability for FMCG manufacturers. However, such demand becomes 
unpredictable if only common forecasting methods are applied. This paper aims to find ways of forecasting the 
demand that is affected by frequent implementation of promotional events. Based on the case study conducted 
with a large Czech manufacturer of FMCG products, the paper first discusses the possibilities and barriers of 
the current theoretical approaches to demand forecasting of promoted products, which subsequently results 
in a proposal of a statistical forecasting method for over-promoted products. The proposed approach to 
demand forecasting combines a multiple linear regression (MLR) model with an autoregressive integrated 
moving average (ARIMA) model. By its application in the company involved in the research, they were able to 
decrease the simple statistical forecast error by 24%. 

Keywords: Autoregressive integrated moving average, demand forecasting, fast-moving consumer goods,  
         multiple linear regression, promotion 

1. INTRODUCTION 

A high degree of consumer price sensitivity in the Czech FMCG markets and a strong negotiation position of 
retail chains force manufacturers to make use of promotional events (particularly price discounts) on a frequent 
basis. As a result of this, most FMCG products are nowadays sold in the consumer markets during a 
promotional event. The resulting decrease in the sales per unit of goods is compensated by manufacturers 
and retailers for by an increase in the product sales price in the current period, as a result of which Czech 
consumers are only more and more encouraged to seek promotional events purposely in their effort to buy as 
many goods in sale as possible. In the current conditions, it is hard to get out of such a vicious circle, and so 
FMCG manufacturers have no choice but to adapt to these changes. 

Excessive implementation of promotional events has a significant impact in the form of extreme growth of 
product demand variability. Over-promoted demand is hard to forecast using the common methods, which 
results in ancillary expenses and losses relating to underestimation (stock-outs) or overestimation (short shelf-
life) of expected future sales. This paper aims to draw attention to the problems connected with application of 
the current theoretical approaches to demand forecasting during promotions and to propose a demand 
forecasting method for over-promoted products in manufacturing companies. 

The paper is organized as follows. In Section 2, we review the literature dealing with forecasting models for 
demand during promotions. In Section 3, we discuss the possibilities and barriers of the theoretical approaches 
to promotional forecasting in the case study conducted with a large Czech manufacturer of dairy products. 
Subsequently, we propose and evaluate a forecasting method for over-promoted products. In Section 4, we 
present the conclusions and discuss several options for future research. 
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2. DEMAND FORECASTING IN THE PRESENCE OF PROMOTIONS 

Demand forecasting at Stock Keeping Unit (SKU) level is usually based on the combination of a univariate 
statistical forecasting method and managerial judgment made by forecasters in the organization. The former 
provides an automatic baseline statistical forecast, while the latter is responsible for manual adjustment of the 
baseline in order to include market forces, promotions and other influences [1]. Apart from these traditional 
forecasting approaches, in the recent literature there is an effort propose such statistical methods that would 
be able to make reliable demand forecasts even during promotions without requiring adjustment by 
forecasters. Such solutions can holistically model trends, seasonality, sales promotions, prices, and other 
related factors that influence the demand using predictive analytics [2]. 

2.1. Traditional approach to promotional demand forecasting 

The traditional approach to forecasting, in the practice known as the base-times-lift approach [3], is a two-step 
procedure which initially generates a baseline forecast with simple time series models and then makes 
adjustments for any incoming promotional events as follows (1): 

푓푖푛푎푙 푓표푟푒푐푎푠푡 = 푀 ,                   푖푓 푛표 푝푟표푚표푡푖표푛
푀 + 푎푑푗푢푠푡푚푒푛푡, 표푡ℎ푒푟푤푖푠푒 (1) 

where Mt is the baseline forecast for time t (usually generated by a simple exponential smoothing model). The 
adjustment is estimated based on the lift effect of the most recent promotion and/or the judgments made by 
forecasters [4]. Promotional and advertising activities are the main reason for judgmental adjustment of 
statistical forecasts in practice. Unfortunately, such adjustments are costly and they represent a significant 
source of systematic errors [5]. 

An alternative approach to making adjustments is causal forecasting [6]. It involves building multivariate 
statistical models with inputs that correspond to the promotional features - price discounts, type of advertising, 
etc. [1]. In a simpler case, it could be a linear regression model with promotional variables [7, 8]. Sophisticated 
causal forecasting could involve particular hypotheses about customer response to promotional activities, and 
the data is used to estimate its parameters [9]. Machine learning techniques (such as regression trees or 
artificial neural networks), on the other hand, do not assume a particular relationship between the variables 
and involve a search through the functional form space as well as parameter estimation [10]. Moreover, Poh 
et al. [11] found that a neural network is able to capture nonlinear relationships in a causal model without being 
explicit about the structure, aiding in the short-term forecasting of a variable interest. 

As a result, the related sales promotional data needed to be stripped (cleansed) of the demand history, as well 
as the demand history adjusted for shortages and outliers. This manual process is time consuming and 
impractical. According to Chase [12], demand planners still spend over 80% of their time cleansing data and 
information across the organization, rather than using the data and information to improve forecast accuracy. 

2.2. Holistic approach to promotional demand forecasting 

Statistical forecasting methods can be divided into time series models and causal models. Time series models 
are based on univariate analysis that analyzes historical sales in order to extract a demand pattern that is 
projected into the future. Causal models rely on cause-effect relationships between sales and demand 
influencing factors. Holistic approaches to promotional demand forecasting combine time series and causal 
models. Therefore, they are often called hybrid models in the literature [13]. 

One of the possibilities is application of artificial neural networks (ANN) or a multiple linear regression (MLR) 
with inputs including not only external variables (promotional features), but also time variables. An example of 
successful application of MLR models is forecasting daily sales in retail stores in the Chicago area [3, 14]. The 
main advantage of MLR models is a transparent and simple regression style model structure (2) according to 
the literature [15]: 
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ln (푌 ) = 푖푛푡푒푟푐푒푝푡 + ∑ 훼 ln (푌 ) + ∑ ∑ 훽 , ln (푋 , ) + 휀  (2) 

where Yt is the demand in time t, L is the order of lags, N is the number of external variables X1,…,XN. 

A hybrid model that is most frequently mentioned in the literature is an autoregressive integrated moving 
average with external variables (ARIMAX) or its seasonal modification (SARIMAX). For example, Bratina and 
Fanagel [16] used an ARIMAX model to forecast daily beer demand in the Slovenian market. Lee and 
Hamzah [17] developed a SARIMAX model to forecast monthly sales of clothes in Indonesia. Their model had 
better forecast results than decomposition method, SARIMA or ANN models. A (S)ARIMAX model can be 
written in the general form (3) according to the literature [18]: 

푌 = 푏 + 푏 푋 , + 푏 푋 , + ⋯ + 푏 푋 , + 푁  (3) 

where Yt is the demand in time t modelled as a function of k external variables X1,t,…,Xk,t, and Nt is the residual 
(autocorrelated) series that is modelled as a (S)ARIMA process. 

In the case of promotional forecasting, the effect of a change in an explanatory variable does not show up in 
the forecasted demand instantaneously, but it is distributed across several time periods. And so the model 
should include not only explanatory variable Xt, but also previous (lagged) values of the explanatory variable 
(Xt-1, Xt-2,..., Xt-k). Such a model has made demand forecasting significantly more accurate, e.g. in a 
manufacturing company specializing in household products [1]. 

In addition to hybrid (S)ARIMAX models, some of the past studies also proposed hybrid (S)ARIMA-ANN 
models. One of the earliest hybrid ARIMA-ANN models was applied to forecast monthly sales of consumer 
goods for a Danish company [19]. Aburto and Weber [20] proposed another hybrid SARIMA-ANN model to 
forecast daily demand at a Chilean supermarket. 

Finally, Arunraj and Ahrens [13] compared seasonal naïve, SARIMA, SARIMA-ANN, and SARIMAX models 
used to forecast daily sales of bananas at a retail store in Germany. They found that SARIMAX models have 
better forecast accuracy than the other models due to their integration of seasonal adjustment using SARIMA 
and consideration of external variables using MLR. Although a SARIMA-ANN model considers the same 
factors, its forecast accuracy was lower than that of SARIMAX models due to some of important disadvantages 
of ANN, such as over-fitting and a complex design of a suitable neural network structure. 

3. CASE STUDY: DEMAND FORECASTING OF OVER-PROMOTED DAIRY PRODUCTS 

Problems related to application of theoretical approaches to demand forecasting within excessive use of 
promotions will be demonstrated through a case study conducted at a large Czech manufacturer of dairy 
products. 

3.1. Description of data 

This study uses weekly sales data of dairy product (creamy dessert) measured in SKU from January 2013 to 
December 2014. The creamy dessert was selected because of its short shelf-life (14 days) and its importance 
for the company (one of the key products, measured by annual turnover). The chosen temporal aggregation 
of sales (weekly sales) is directly directed to utilization of the given forecasts as the basic information input for 
short-term supply chain planning. Figure 1 illustrates the weekly sales data for 2014 in a time series plot and 
other statistics pointing to frequent use of promotional events. 

This time series is highly variable due to the presence of promotions. Almost two thirds of sales were made 
during promotions (price discounts). During a promotional event, which lasts a few days (usually a week), a 
customer buys a significantly larger quantity of product than usual. Due to the short shelf-life, which makes 
long-term accumulation of the products at the customers’ warehouses impossible, promotions only result in 
short-term deviations of demand (cannibalization effects of own and competing substitute products). A strong 
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negotiation position of large retail chains forces manufacturers to provide irregularly repeating promotional 
events, which must not overlap in time with events at competing chains. As a result of this, weekly sales are 
grossly distorted by promotions practically in each observation of the time series. 

 

Figure 1 Weekly sales of the creamy dessert in 2014 

3.2. Proposal of a forecasting method 

The basic problem of the studied time series is the impossibility of stripping it of the influence of promotional 
events on the SKU level. One of the possible solutions consists in cleansing time series on a lower level of 
aggregation, e.g. Stock Keeping Unit by Customer (SKUC) with unambiguous identification of sale of the given 
item to the given customer. However, the mentioned method would be disproportionately laborious (1869 types 
of SKUCs) and, moreover, sales time series already show the character of intermittent demand on such a low 
level of aggregation. In conclusion, the character of the time series makes it impossible to apply traditional 
approaches to promotional demand forecasting. 

A solution to demand forecasting in our case can be found in holistic approaches. The core of the problem is 
choice of suitable explanatory variables, which would be directly related to the volume of weekly sales on the 
SKU level. Suitable variables, which are at the same time available in the corporate database, include the 
above discounts provided within a promotion, the number of implemented events, or the number of customers 
who were provided with a discount in the given week. However, there is a question whether there is a real 
dependence between weekly sales and considered variables. Unfortunately, further time series analysis 
proved that within each time series observation, there were several concurrent events, where different 
customers were provided with different discounts. Similarly, there were situations where different customers 
reacted to a comparable discount differently. For this reason, even holistic approaches to sales forecasting on 
the SKU level would obviously show very low accuracy. 

Our solution consists in segmentation of customers into 24 segments and subsequent disaggregation of the 
sales time series on the SKU level to 24 partial sales time series on the Stock Keeping Unit by Segment 
(SKUS) level. The segmentation was based on a qualitative judgement of the sale manager aiming to group 
customers with similar reaction to promotions in the way to make the total volumes of sales in individual 
segments comparable. Therefore, some segments comprise one customer only (large retail chains), while 
other segments combine customers using common distribution channels or serving common end consumers. 
On the SKUS level, it is then much more senseful to forecast demand, as the chosen explanatory variables 
are already directly related to the volume of sales in the segment. Moreover, the relatively low number of 
created segments eliminated the problem with intermittent demand, which is typical for lower levels of sales 
aggregation. 

Time series forecast on the SKUS level was made using the hybrid ARIMA-MLR model, which included the 
influence of two external variables (N=2) and their k-lagged values: factor X1 (percentage of customers in the 
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segment who were provided with a discount) and factor X2 (average percentage discount in the segment). The 
residual series Nt was modelled as an ARIMA process. The forecasting model can be expressed as follows (4): 

푌 = 훽 + ∑ ∑ 훽 , 푋 , + 푁  (4) 

The final forecast for the sales time series on the SKU level can then be obtained through a simple sum of 
forecasts in M-segments using the following equation (5): 

푌 (푆퐾푈) = ∑ 푌 (푆퐾푈푆 ) (5) 

The parameters of the forecasting models were optimized on 2013 weekly sales in the environment of the 
software of SPSS Statistics on the basis of minimization of the Bayesian Information Criterion. Three types of 
forecasting models were tested to assess the importance of external variables: Model A (only factor X1 was 
considered), Model B (only factor X2 was considered), and Model C (factors X1 and X2 were considered 
simultaneously). 

3.3. Forecast value added analysis 

Cross-validation is primarily a way of measuring the forecasting performance of a model. Our way to cross-
validate a model is to test it on a set of data not used in fitting (sales during 2014). This study uses the root 
mean square error (RMSE) as the performance measure. We also use the forecast value added (FVA) analysis 
for evaluation of forecasting models. The FVA principle is based on using a benchmark model (e.g. a naïve 
model or an average model) to scale the forecasting performance objective. The FVA analysis outcomes are 
shown in Table 1. 

Table 1 FVA analysis 

Forecasting model RMSE (SKUs) FVA over Average method (SKUs) Comparative improvement (% points) 

Average method 23,497 - - 

Model A (X1) 17,896 5,601 23.8% 

Model B (X2) 21,628 1,869 8.0% 

Model C (X1, X2) 17,867 5,631 24.0% 

The FVA analysis implies that all the proposed methods can decrease the error of the Average method. As 
factor X1 (% of customers) explains the demand variability much better than factor X2 (discount), Model A and 
Model C show a comparable accuracy (RMSE error decreased by 24%).  

The relatively high residual variability, which we were not able to explain by the proposed models, can be 
caused by several facts. Some customers were provided by a discount at the turn of two weeks. The increase 
in the sales during the promotion then showed in two observations of the time series, but in different ratios, 
which could not be detected by any logical rules. The customer segmentation also resulted in generation of 
the segment of “Others”, which included diverse customers with random sales, which themselves showed high 
variability without relation to a company’s promotional activity. Finally, a forecasting model also cannot cover 
demand fluctuation caused by supply chain effects (bullwhip effect), as well as the situation where the 
customer does not always react to the same discount in the same way. 

4. CONCLUSION 

Current approaches to demand forecasting during promotions have a number of barriers for utilization in 
manufacturing companies, particularly in the cases of excessive implementation of promotional events. Based 
on the case study conducted with a large Czech manufacturer of dairy products, a forecasting method for over-
promoted products was proposed. It is a three-step procedure which initially segments customers according 
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to their reaction to promotional events. Subsequently, a forecast is made separately for each segment using 
the hybrid ARIMA-MLR model. In the end, the final forecast on the SKU level is calculated as the sum of partial 
forecasts in individual segments. 

Although the proposed method helped to increase the accuracy a benchmark model significantly (RMSE error 
decreased by as much as 24%), some factors that could additionally increase the model accuracy were not 
considered in our study. Therefore, future research in this area should be particularly focussed on seeking 
next (potentially better) explanatory variables. At the same time, it would be interesting to verify how the level 
of sales aggregation (or the way of customer segmentation) and the type of the used hybrid model affect 
accuracy of final forecasts. 
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Abstract 

To solve specific complex logistics tasks, for example, the creation of models of operational production plans, 
especially if the role is large, given by a large number of machines and equipment involved in production 
processes, a wide range of products, a long production cycle, the plan is being prepared for several planning 
periods, pass through several production segments and need to coordinate these plans, the model must 
respect different types of constraints, etc., then it is difficult or sometimes impossible to create a mathematical 
model. To adapt the problem to some known mathematical model, e.g. linear optimization model, or the 
dynamic programming model, which at first glance are addressing the solution /, i.e., Its idealization often leads 
to the neglect of the essential features of the modelling problem, thereby reducing the practical usability of the 
results obtained through such models [1]. But people, logistics, planners, managers, solve such problems 
routinely in business management. One and often the only option to solve such problems is to model the 
procedures for solving these expert-heuristic approaches, using the appropriate exact models and the 
possibilities of computer science in those activities where its strength is greater than the force of man. The 
article has a theoretical character, but it is a generalization of dozens of solved logistics through a heuristic 
approach in practice. [2] The article defines the properties of the heuristic models, it compares them with exact 
methods, it defines common characteristics and differences. The exact and heuristic methods are not in an 
antagonistic relation; on the contrary, the heuristic methods after a proposal, are applied on the principle of” 
precision lead method “as an exact method. The heuristic approach combines the strong stand of the both 
methodologies. From heuristic methodology, this is especially modelling of decision-making processes and 
creative aspects of solution, from the exact methodologies it is performance of information systems. 

Keywords: Heuristics, model, decision-making, assignment problem 

1. INTRODUCTION 

For example, the role of production scheduling needs to be addressed. 

We produce quantity of product M1 - product V1, M2 - product V2 ... 
M1- V1, M2-V2, M3- V3, M4-V4,…. , MPV- VPV where I = 1,2,3, ... ,PV is the number of products. 

We produce V1 to time DD1, V2 to DD2, V3 to DD3,... , VPV  to DDPV. It is technically necessary to produce product 
V2 before product V1 and the like. , i.e. the product sequence is not arbitrary. The products are manufactured 
on machinery, equipment, with capacities: 

KM1, KM2, KM3,…, KMPS, where J = 1,2,3,... , PS- number of machines. 

The operating time for product unit V1 on machine Z1 is t11. Generally, the operating time of product I on 
machine J is t I,j. The products can be manufactured by several processes. The operation can be performed 
on multiple machines [9]. 

This problem is a typical assignment problem. Standard analytical methods for solving the assignment problem 
are the linear optimization model (LOM), and the discrete dynamic programming method, nets methods, multi-
criteria methods, etc. [5], [6]. 
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If it is necessary to create a model for operational planning that ensures minimal production costs / for the 
problem formulated, we cannot solve the model based on the linear optimization model because it does not 
take into account the order of the manufactured products or the time of their production [3]. In fact, the problems 
are much more complicated. Unknown in the linear optimization model is the amount of product I produced on 
machine J-MI,J. However, this amount is calculated irrespective of time, technological limitations, etc. This 
model is unusable for practice, where we always have no one optimization criterion, Total cost of production, 
but also other criteria such as: 
 maximum profit, 
 max. use of equipment capacity, 
 maximum compliance with DDI terms, 
 minimization of energy consumption, 
 optimal sequence of products in terms of their chemical composition, dimensions, temperature, etc. 
 optimal production and transport batch and the like. 

The discrete dynamic programming method that can be used to optimally allocate a "resource" can be used 
if: 
A) The source that is distributed is the bottle neck of the production, 
B) If it is certain that, if the production manages a bottle neck, the other workplaces will handle it. 
C) Then, the generic discrete dynamic programming formula can be applied 

fN (KMJ) = max (MN*CN + fN-1(KMJ- MN * t N, J) 

where: fN (KMJ) is the maximum gain when using the KMJ source. 

The dynamic programming method has the following limitations [9]. We can find only a static place of 
production, even if the product is produced only in one way: 
 we can use it for unlimited sales, 
 we do not guarantee the static calculation of narrow spots that if you can handle a narrow place, you 

can handle other machines, 
 it is just one optimization criterion, 
 the method calculates how much individual products are to be produced in order to maximize profit, 

but the problem is defined oppositely. We know orders, how many products we have to produce in the 
given planning period, but we do not know in what order the production batches and so on, 

 for the calculation, the number of products is limited to a maximum of tens, due to the number of 
combinations being n. For this reason, dynamic programming is not a way to solve, for example, 
production scheduling tasks. 

2. HEURISTICS APPROACH 

People, experts, planners, and logisticians regularly deal with these roles in business. What are their practices, 
methodologies that they can handle? Previous reasons have forced to develop qualitative new methods of 
solving complex tasks by applying information technology, modeling the processes of human creative 
processes for repeatedly solving problems and problems in practice [8], [9]. 

Such approach is called a heuristic approach. A heuristic method is one that uses a heuristic approach, i.e. 
unlike accurate analytical methods, it is supposed to model the principles and rules derived from the analysis 
of processes that are repeatedly applied by man-expert in solving the problem for which we want to create a 
model for its automated solution. Such a model is called a "heuristic model". 
 By the L.D. Fogel [2] are define three type of the decision making processes: 

o deductive, abductive and inductive. 
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When: 
 Xi - inputs information to the decision making process 
 R - rule of decision-solution   
 Yi - output of the decision making 

 

Figure 1 Decision making process 

Than: 
 deductive decision making process: 

Yi = R(Xi), 

deductive decision making is exact, unambiguously to each Xi for the known rule Ri is assigned by Yi. 

 abductive decision, based on the use of previous attempts, i.e.  if, for example between inputs Xi 
and outputs Yi is detected relationship (R rule), then the most likely cause of a new effect Xi,Yi is 
a prerequisite; then we can write: 

Xi= R-1 (Yi), 

 inductive decision constitutes an inductive process of finding the most likely patterns (rules R) 
based on the known input information and anticipated solutions Xi Yi. 

R = f (Xi,Yi). 

Inductive decision making closest to the creative activity of man. It should be stressed that the operator / 
decision / - R is not unique. Deductive decision making is exact deciding, adductive decision is on the border 
and belongs to the exact and heuristics decision-making and inductive decision -making is heuristic. 

Deductive decision 
making

Abductive decision 
making

Inductive decision 
making

Precise ‐ analytical 
decision making

Heuristic decision 
making

 
Figure 2 Types of decision-making processes [2] 

The rules created by deduction are exact decision rules. Rules created on the basis of abduction and induction, 
need to form a repeat attempt, analogy and memory, therefore they are heuristic rules. They represent 
practice, experience, intuition. 
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Example of decision types: 
The type of decision we know is an unknown example 

Deduction                  XI, RI                      YI                           XI=2, RI  = XI2 

         YI=4 

Abduction                  YI, RI                     XI                           YI=4, RI = XI2 

         XI=2 or - 2 (ambiguous) 

Induction                    XI, YI                     RI                          XI=2, YI=4 

                                                                                 RI=? e.g.:   XI2, or 2XI, or 3XI-2... (ambiguous) 

But in case of a repeated attempt, the solution will be:  XI=2, YI=4 

XI=3, YI=9 

XI=2.5, YI=6.25… 

With repeated experiment / analogy, experience, practice /, the results are clear that RI=XI.2 

We mean heuristics in two meanings: 
A) How to model the model based on the application of principles, rules and procedures that a successful 

expert uses. 
B) As a rule, it is obtained on the basis of abduction and induction, based on repeated analogy. [2] 

3. PRECISION AND HEURISTIC METHODS, MATCHES AND DIFFERENCES 

By analyzing the models and programs that simulate human behaviour in solving different tasks, it shows that, 
in addition to the precise analytical methods, various heuristic studies are applied that allow and improve their 
solutions and applications. 

It is generally respected that algorithms are the basic form of presentation of models dedicated to precise 
methods in the development of computerization and automation models. The basic properties of algorithms 
according to [3], [10] are: 

 discretion, 
 determinacy, 
 elementality of steps, 
 direction, 
 massivity. 

Heuristic models, the more that many rules in them are hard to describe in mathematical terms, in their final 
applications are all realized in algorithms and programs. Their creation, perception, however, shows different 
properties as in algorithms of precise methods. If we want to compare them then best to compare them in the 
basic properties of the algorithms listed above. 

The algorithm is a process of sequential calculus of quantities, in a sequence of discrete time points, by 
inputting the final set of quantities at each input, and in each step the system of quantities is recalculated 
according to the defined rule into a new state. This is defined as the discretion of algorithms of the exact 
methods. 

Heuristic algorithms also apply discrete mode. The opposite of the exact methods algorithm is that each 
subsequent step leads not to a new state-system of quantities, according to one rule, but several new states, 
according to several possible rules. The rule is chosen from a set of rules, which need to be applied in the 
model to solve the problem. The choice of rules can be obtained heuristically again, from the activities of the 
experts, respectively. Based on the relationship between the rules or the base of a value of a variable during 
the application of the model. The rule selected with the application is excluded from the set of rules for the 
following calculation steps. If the rule is selected before the application in the next step, it is applied as a rule 
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in the algorithms of the exact methods. This property is called the selectivity of the rules. If the rule selection 
and the sequence of rules are implemented before the model is applied, the algorithm is executed as accurate 
when it is made, not when implementing the model application. 

The algorithm determines the property that the system of variables is defined by the set of variables in the 
previous step. As described in the previous heuristic methods, they are characterized by the "ambiguity" of the 
results in the individual steps, which does not, however, prevent outputs and the ultimate solution..The source 
of ambiguity / final / intermediate result is the character of the heuristic process of modeling as the invading 
process. The second cause of ambiguity is the position of the rule in the sequence of the applied set of rules, 
the priority of the rule. Order of application, we will get a new path, another model other results in individual 
steps and overall results. 

Elementarity of steps is the basic characteristic of algorithms of precise methods. For exact methods, the 
transition to the next state must be simple and local. [3] This rule in heuristic methods - algorithms does not 
apply absolutely. It results from the fact that the rules in heuristic models are the result of generalization - 
induction, empirical information, results of previous experiments, experience. That is why the principle of 
elementarity is applied as a "soft rule." The rules of law can be linked to the so- Integrated heuristics.  

Chain:   Si   Rj Si,j Rk Si,j,k 

We will replace:  Si   Ri,k Si,j,k  

where Ri,k is integrated heuristics 

Direction is another important feature of algorithms that determines the sequence of elementary step 
instructions. If in the exact methods the next step does not produce the correct results, it is the error of the 
algorithm construction. In the heuristic methods, in particular, solutions in the form of a decision tree, 
hierarchical structures is different. If a solution is not found within the defined rules, they need to be redefined. 
If this does not work, then it is not possible to solve these rules. 

Massivity - it results from the fact that if a number of rules are to be applied in the solution, for example, the 
number of possible solutions and the choice of "good" solution is almost infinite number of variants given by 
the sequence of rules. With the exact algorithms the solution variants can be changed only by a set of input 
Values, not order by rule, because it is given by the construction of the exact method. 
Abstraction, formalization, thinking in concepts and categories are the fundamental property that heuristics 
takes from mathematics, because modeling processes in the human brain are not yet known. 

Yet another characteristic is characteristic of heuristic models - algorithms of selectivity of rules. Under the 
selectivity of the heuristic algorithm, we understand that the selected criterion in the next step satisfies the set 
of solutions "A", and the set "B" does not suit. In the next process of creating the algorithm model, we only 
deal with the set "A". In addition, the applied rule excludes from the set the rule for the further construction of 
the model. Selectivity reduces a number of other solutions in the solution. Group "A" may, however, also 
contain unrealistic solutions, as the rules were also created on the basis of induction, resulting in their 
inaccuracy and uncertainty. 

When comparing totally exact and heuristic algorithms, they are different especially in the construction phase. 
It is unclear. The difference is the uncertainty of choosing the next step, because of the choice of the following 
rule and the uncertainty of heuristic rules, based on abduction and induction. But if we define the rules and 
their sequence before the model construction, then the difference between the precise and the heuristic 
algorithms is not the heuristic algorithm or the exact algorithm. 

Heuristic and analytical methods are not contradictory and are not mutually exclusive. Frequently the heuristic 
method by multiple use, refinement and mathematical description of elementary steps and rules becomes the 
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exact method. It can be said that the heuristic model is heuristic only in the process of modeling, and the 
application process is the exact solution. This property of heuristic algorithms is called "suicide". Heuristic and 
precise methods complement each other. 

4. CONCLUSION 

In the previous chapters, there has been shown that the theory of heuristic decision-making as a part of 
cybernetics deals with the mechanisms of perception, thinking and behavior from the point of view of 
informatics. Serious, specific information approach in the theory of heuristic decision-making and modeling is 
the human approach to problem solving, based on abstraction and acquisition of properties and rules from real 
bearers-experts, experts that are necessary for discovering procedures, conditions for solving particular 
problems, tasks. 

The fundamental role of the theory of heuristic solutions, from a technical point of view, is the realization of 
information processing on computer-based computer resources as they are carried out in highly organized 
living organisms - people who are associated with their productive creative activity. The problem of modeling 
is not only at the technical level of information technology and its equipment, but in the basic possibilities of 
modeling the lawfulness of the work of man's discovery, understanding, abstraction, formalization and 
transformation into algorithms and programs. 
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Abstract 

There is a fear that a sharp increase in air transport volume will result in an unacceptable increase in the 
number of accidents in the future. Experience demonstrates that before an accident occurs various incidents 
and numerous failures reveal the existence of safety risks. In this context, the risk assessment procedure 
consent the determination of the probability of the causes that generate accidents, and becomes an operative 
instrument, particularly efficient in the prevention of hazards. Airport operators deal with risk every day. The 
risk is sometimes under their control, and sometimes it is not. Although this approach has been successful for 
many years, safety performance needs to improve. With traffic growth, the number of accidents tends to 
increase when the level of safety remains constant. To preserve public confidence, the aviation industry, using 
new technologies and approaches like Safety Management System (SMS), needs to further reduce the 
chances of accidents. Safety Risk Management is the key operational component of an SMS - a creative 
method that looks into the future. Managing risk needs to be proactive and consider the specific characteristics 
of each airport. This article shows a process how to evaluate the performance of the SMS operations at Slovak 
international airports. The first stage was to acquire the seriousness and rankings of the SMS components and 
elements, and the second stage was to evaluate and rank their performance. The rankings of safety 
management system seriousness of components from high to low are: safety risk management, safety policy 
and objectives, safety promotion, and safety assurance. 

Keywords: Air transport, safety management system, method of risk management solution 

1. INTRODUCTION  

Safety is the state in which the risk of harm to persons or property damage is acceptable. The state in which 
the possibility of harm to persons or of property damage is reduced to, and maintained at or below, an 
acceptable level through a continuing process of hazard identification and safety risk management [1]. Risk 
Analysis is the process during which a hazard is characterized for its likelihood and the severity of its effect or 
harm. Risk analysis can be either quantitative or qualitative; however, the inability to quantify or the lack of 
historical data on a particular hazard does not preclude the need for analysis [2]. Risk Assessment is the 
process by which the results of risk analysis are used to make decisions. The process combines the effects of 
risk elements discovered in risk analysis and compares them to acceptability criteria. A risk assessment can 
include consolidating risks into risk sets that can be jointly mitigated, combined, and then used in making 
decisions. According to ICAO, a hazard is a “condition or object with the potential of causing injuries to 
personnel, damage to equipment or structures, or reduction of ability to perform a prescribed function.” The 
FAA uses this definition-“a condition that could foreseeably cause or contribute to an accident”. 

Some hazards are obvious, like a worn out tire. When driving, a flat tire may cause loss of directional control 
or braking capability, which may lead to an accident. Other hazards are more intangible. A passenger bridge 
operated by personnel with inadequate training may cause damage to an aircraft arriving at the gate [3]. Some 
hazards are common to all airports-jet blast or rotating propellers, and hazardous materials like fuel, oil and 
hydraulic fluid. The existence of these materials and equipment by themselves does not set up a hazard; but 
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when humans are exposed to them, or operations are conducted contrary to normal procedures, these 
materials and equipment can become hazards [4]. 

2. HAZARD IDENTIFICATION 

Each individual airport will also have unique hazards based on their configuration and procedures. Airport 
personnel recognizes and understands many of these unique conditions. These well-known hazards may 
affect many systems or situations in different ways and, therefore, are routinely identified during the SRM 
process. Developing a preliminary hazard list (PHL) is a timesaving SRM technique. The PHL can be a catalyst 
for proper hazard identification. Appendix E lists some common airport hazards [5]. 

 

Figure 1 Relationships of the 5M Model [5] 

Ways to identify hazards at an airport follow: 

 Checklists prepared for self-inspections may include the presence of FOD, pavement deterioration,  

 Observation and experience - operations inspector is continuously searching for anything that may pose 
a safety risk to airport operations, even when not listed in the self-inspection checklists.  

 Brainstorming - this is the most common method used during SRAs. A group of stakeholders meet to 
identify hazards and analyze risks.  

 Accident/incident investigations - when studying the causes of accidents and incidents, the hazards and 
contributing factors to the event are identified.  

 Job hazard analyses - this is a technique that uses job tasks to identify hazards. A job hazard analysis 
explores how the worker, the specific task, the required tools, and the work environment relate. 

 Preliminary hazard lists (PHLs): based on the safety issue or activity, preliminary lists of hazards can 
be prepared using a PHA [6, 7]. 
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Table 1 Definitions for risk severity to airport [5] 

Minimal Minor Major Hazardous Catastrophic 

No damage to 
aircraft but 
minimal injury or 
discomfort risk to 
passenger(s) or 
workers 

Minimal damage to 
aircraft, or Minor 
injury to passengers, 
or Minimal unplanned 
airport operations 
limitations (i.e. 
taxiway closure), or 
Minor incident 
involving the use of 
airport emergency 
procedures 

Major damage to 
aircraft and/or minor 
injury to passenger(s) 
/worker(s), or Major 
unplanned disruption 
to airport operations, 
or Serious incident, 
or Deduction on the 
airport's ability to 
deal with adverse 
conditions 

Severe damage to 
aircraft and/or serious 
injury to passenger(s) 
/worker(s); or Complete 
unplanned airport 
closure, or  
Major unplanned 
operations limitations 
(i.e.. runway closure), 
or Major airport 
damage to equipment 
and facilities 

Complete loss of 
aircraft and/or 
facilities or fatal injury 
in passenger(s) 
/worker(s); or 
Complete unplanned 
airport closure and 
destruction of critical 
facilities; or Airport 
facilities and 
equipment destroyed 

3. RISK MANAGEMENT PROCESS  

System safety is a specialty within system engineering that supports program risk management. It is the 
application of engineering and management principles, criteria and techniques to optimize safety. The goal of 
System Safety is to optimize safety by the identification of safety related risks, eliminating or controlling them 
by design and/or procedures, based on acceptable system safety precedence. The causes of an accident are 
factors, events, acts, or unsafe conditions which singly, or in combination with other causes, result in the 
damage or injury that occurred and, if corrected, would have likely prevented or reduced the damage or injury. 
A hazard is any condition, event, or circumstance, which could induce (cause) an accident. Risk is defined as 
the probability that an event will occur. A risk is “the combination of the probability, or frequency, of occurrence 
of a defined hazard and the severity of the consequences of the occurrence”. A risk is thus an attribute of a 
hazard [8].  

Risk assessment and risk management are important tools for understanding risks, defining acceptable levels 
of risks, and reducing risks. Risk management (RM) is based on the philosophy that it is irresponsible and 
wasteful to wait for an accident to happen, then figuring out how to prevent it from happening again. We 
manage risk whenever we modify the way we do something to make our chances of success as great as 
possible, while making our chances of failure, injury or loss as small as possible.   

Risk management is the systematic application of management and engineering principles, criteria and tools 
to optimize all aspects of safety within the constraints of operational effectiveness, time, and cost throughout 
all mission phases. To apply the systematic risk management process, the composite of hardware, procedures, 
and people that accomplish the mission or produce mishaps, must be viewed as a system.  

An airport has a lot of interfaces with the outside world, air traffic control has radio and telephones; there are 
navigational aids that communicate with aircraft, such as the distance measuring beacons and instrument 
landing systems; there are road links; there may be rail links; etc. We will consider an airside interface, the 
runway. It is “A defined rectangular area on a land aerodrome prepared for the landing and take-off of aircraft“ 
(ICAO 1995). It is the interface between the air navigation system and the ground handling area [9].  

3.1. Data requirement for risk assessment 

The current methodology requires some data to be available about airport movements and aircraft types 
followed, and for each accident/incident, about ground path (runway, taxiway, apron), phase of flight and 
aircraft type. Data about accidents/incidents occurring at Slovak airports are collected by Aviation and Maritime 
Investigation Authority, the Slovak agency for flight safety, and stored in their database.  

The phase of hazard identification is carried out according to other study, basing on historical 
accidents/incidents data obtained from aviation safety network database. 
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In order to characterize the airside risk level, we take into account the hazards that follow, aggregated by flight 
phase.  

Take-off and landing: overrun, veer-off, collision with obstacle, collision with another aircraft, ending short. We 
identify the causes which may produce the hazards listed above, and group them in four categories: aircraft 
performance characteristics, surface conditions, environmental conditions, human factors [10]. 

4. RISK ASSESSMENT 

In the present risk assessment methodology we use quantitative measures to determine the probability, and 
qualitative measures to determine the severity associated with single hazard. 
The risk assessment is based on the following formula: 

R = P · S             (1) 

Where: 
R = the risk of the event (overrun, veer-off, collision or landing short) 
P = probability that the hazard will occur 
S = severity of the hazard 

The probability is proportional to the cumulative probability of the causes identified for the hazard, so we used 
the total probability theorem in order to calculate the probability: 

if the events C1, C2, …., Cn are pairwise mutually exclusive, have positive probabilities and together form the 
whole space the following holds for every event A. 
that is: 

Hypothesis n° 1: C1, C2,…, Cn ∈A 
where:  
C1, C2,…, Cn = n causes; 
A = space of the total probability. 
Hypothesis n° 2: Ci ∩ Cj = ∅ ∀ i ≠ j ;  i,j = 1,….,n 

Hypothesis n° 3: P(Ci ) > 0 ∀ i = 1,….,n 

Thesis:           (2) 

where: 
P(E|Ci) = probability that, in presence of the cause i (e. g. heavy rain), the hazard (e. g. landing overrun) will 
occur (Conditional probability). 
P(Ci) = probability that the cause i (e.g. heavy rain) will occur. 
P(E|Ci) ⋅ P(Ci) = probability that the cause i will produce the hazard. 
We assume the frequency as the value of probability. 

           (3) 

where: 
NE = number of events occurred during take-off (landing), in a stated period, generated by the cause i. 
NMC = number of take-offs (landings), in a stated period, occurred in presence of the cause i. 
The probability P(Ci) of the cause i is assumed equal to the frequency, at which the cause occurred in the 
airport studied. 

           (4) 
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where: 
NMC = number of flight take-offs (landings), in a stated period, in the airport studied occurred in presence of 
the cause i (e.g. number of landings occurred in presence of snow). 
NM = total number of take-offs (landings), in a stated period, occurred in the airport studied. 

The total number of take-offs and landings occurred in the airport and the number of flight movements occurred 
in presence of the causes belonging to environmental and surface conditions categories are provided by the 
airport management company. The probability of the causes belonging to the aircraft performance 
characteristics category is not dependent on the airport where they occur, so data about failures, for each type 
of aircraft, should be provided by airlines companies. The formula for P(Ci) assessment belomes the following: 

          (5) 

where: 
NFj = number of failures associated with the cause i suffered by the aircrafts of the type j, in a stated period, 
to refer to total number of take-offs (landings), which an aircraft makes in the same period (e.g. if aircraft of 
type j had one engine failure). 
NMj = total number of take-offs (landings), which an aircraft of type j makes, in a stated period, in the airport 
studied. 

The probable cause of more than 70% of commercial aircraft hull-loss accidents has been cited as “human 
error”. Today, more accident/incident investigations have been focusing on the human factors in each 
operation during flight. This includes flight crew operations, air traffic control, ground operations, and 
maintenance operations. Human factors shall be systematically integrated into the planning and execution of 
the functions of world aviation authorities and activities associated with system acquisitions and system 
operations [11].  

5. CONCLUSION 

In the first section of this paper we dealt with risk management process, we analyzed the six steps, however, 
in the second section we propose a risk assessment methodology for a specific airport. The methodology 
consisting of the following steps: 
 data collecting, 
 hazard causes identification for each hazard, 
 probability and severity qualitative assessment, 
 risk level assessment. 

The original points in this methodology are the causes identified associated with each hazard by analyzing 
other studies and the hazard probability assessment through to the cumulative probability of the causes 
identified.   

Total probability theorem is the conditional probability assessment P(E|Ci) and was established by analyzing 
the national database for causes belonging environmental and surface conditions categories and by analyzing 
the international database for causes belonging aircraft performance characteristics category and hazard 
severity assessment by analyzing of national database [12]. 
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Abstract 

Today, in information time, creation of forecasting in an enterprise is not only associated with the preparation 
of plans and considerations about possible future sales of products. It is still widely and widely used in many 
business activities, levels e.g. maintenance, consumption of expendable supplies, transport, energy, etc. This 
paper shows to the continued importance of classic quantitative forecasting methods because their application 
is not so complicated and there is no need to have costly software to prepare forecasts from different 
departments of an enterprise. There are also some descriptions to the correct setting of parameters of some 
methods which, in addition to input data, require data for particular calculations. 

Keywords: Forecasting, parameters, planning, enterprise 

1. INTRODUCTION 

When defining the forecasting problem in enterprise logistics, the major issue will be defined as production 
and sales forecasting for plan production, production scheduling, or inventory management so that the main 
goal is to sell all products or effective material use. [1] A typical variable of forecasting interest is therefore the 
demand status. Of course, there are still more situations when a forecast can be created for some other 
purposes and it involves other types of variables or departments of an enterprise. [2] However, it is supposed 
that, despite many other purposes and situations, it is possible to create a system or model that will be valid 
for general usability. 
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Figure 1 Common objects of forecast applications in an enterprise 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

60 

At least it is possible to see the areas where the forecasting methods can be commonly applied in Figure 1 
when Looking at the general micro-logistics model of an enterprise. 

If the forecasting problem is to be defined, a decision-making problem must be started with. Information from 
the forecasting process is needed as input into the decision process. [3] Therefore, the nature of a decision to 
be made will depend on the characteristics of the forecasting system. Before proposing the structure of the 
forecasting system, the following questions need to be answered: what is the object of the forecast, what form 
the forecast should have, what items (areas) will be involved in the forecast, and what accuracy is desirable. 

It is necessary to define a set of variables to be analyzed and prepared for forecasting, when determining the 
prediction object. However, the degree of accuracy required is an important aspect, but it depends on the 
degree of use. For example: the production scheduling system may require a more detailed estimation of the 
demand in quantities (pcs, kg, l, m3) for each type of produced products, in order to plan production in the form 
of detailed production schedules as well as the inventory needs. On the other hand, a sales manager may only 
require a preliminary estimation of total revenue (in Euros) as an input to the draft budget of an enterprise. [4] 
In the first case, the forecast is more challenging, because it is the forecasting for particular items and practice 
shows that this approach (anyhow it is created), is also less accurate. In the second case, the forecast is built 
on an aggregate basis, i.e. this is the forecast of a product group and it is, therefore, more accurate. At 
production planning, it is advisable to create a forecast at a certain aggregate level (product groups or product 
families) first and then to decompose these aggregate forecasts into levels of particular items [5]. 

2. CLASSICAL METHODS OF FORECASTING 

This chapter describes experiences with the preparation of forecasts by using classical, quantitative 
forecasting methods. Quantitative forecasting methods can be applied when the following three conditions are 
fulfilled: 

 Past information is available; 

 This information can be quantified in the form of numerical data; 

 It can be assumed that certain aspects of the past pattern (behaviour of data) will continue (imitate the 
past) also in the future. [3] 

This last mentioned condition is known as the premise of continuity, it is the basic assumption of all quantitative 
and many qualitative forecasting methods no matter how sophisticated they may be. [6] 

2.1. Moving average 

The simple moving average (MA) averages a certain set of data - the number of data it averages is one of the 
input parameters m. 
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Where:  mMAN+1 - value of moving average for the period N+1 pre with defined parameter m, 

m - number of averaged values, 

Ai - real i-th value of time series, 

n - the total number of values in the time series. 

Figure 2 The example of the influence of parameter m with the averaging and smoothing character of MA 
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Figure 2 The example of the influence of parameter m with the averaging and smoothing character of MA 

Other variants of the moving average are: double or multiple moving average, weighted moving average, 
exponential moving average. 

2.2. Weighted average 

Weighted average (WA) is the average calculated in the way to take into account that particular values in the 
data set may have a greater or smaller influence on the calculation of the average according to certain data 
attributes. 
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Where: WAN+1 - weighted average for the period N+1 
Ai - real i-th value of time series, 
wi - i-th weight allocated to Ai value, 
n - the total number of values in the time series. 

The main parameter of this method is the wi weights that are predefined for each value. It is important, how 
they are defined or distributed throughout data series from the point of view of a forecasting. A study has been 
made by the author - how the forecast would look like, if there are used the weights distribution according to 
the following mathematical sequences: (arithmetic - AS, geometric - GS, power - PS, exponential - ES, 
logarithmic - LS, and harmonic - HS). The result is shown in the following time series: 

 

Figure 3 Time series of petrol E5 price development and variants of weighted average 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

62 

There are displayed the forecasts of weight average variants for period N+1 and real obtained value in 
period N+1 to compare the accuracy of WA variants in Table1. 

Table 1 Real data and forecast variants for period N+1 

AS d=1 GS q=2 GS q=3 PS x=2 ES x=e LS x=e HS Real value 

1.282 1.063 1.052 1.281 1.053 1.280 1.261 0.961 

The best forecast was achieved with WA variants using weights according to the geometric or exponential 
sequence. Similarly, this behaviour was reflected in most other cases. Therefore, it can be stated that weights 
with increasing differences in time are more suitable for the WA forecast. 

2.3. Exponential smoothing   

Simple exponential smoothing. Supposed, that there is the prediction of another value YN+1 of the time series 
Ai, but the present period N is still not finished, so the final value AN is still unknown. Thus, the simple 
exponential smoothing (SES) calculates the prognosis from the forecast from the present period N, corrected 
for the predicted error (AN-1 - YN-1) from the previous period (N-1):  

)( 111   NNNN YAYSES           (3) 

where: α - smoothing constant, α∈ <0, 1>; this constant is simply understood as a weight, 
AN-1 - the last known real value from time series Ai. 
YN, YN-1 - forecast for the periods N or N-1 

Holt exponential smoothing. Holt (1957) extended a simple exponential smoothing to linear exponential 
smoothing, allowing to respect emerging trends in forecasting. A trend component is assumed in the model, 
so the trend is also estimated in addition to the normal value of the variable. SES also has the disadvantage 
in late reaction to changes that are visible below (Figure 4). 

))(1( 11   NNNN TLAL           (4) 

11 )1()(   NNNN TLLT           (5) 

NNN pTLY 1            (6) 

where: LN - estimation of the level of time series in period N, 
 TN - estimation of trend in period N, 
 AN - the last known real value from time series Ai, 
 α and β- smoothing constants α∈ <0, 1>; β∈ <0, 1>, 
 p - the number of periods to be forecasted (the time horizon of a forecast). 

A comparison of forecast calculations using the SES and Holt methods is shown in Figure 4. There are used 
the same time series for three types of forecasts: the first by SES (value of α = 0.2), the second also by SES 
(but value of α = 0.7) and the third by Holt (values of α = 0.7 and β = 0.7). There can be seen the influence of 
the constant α to the calculation and the mentioned disadvantage of SES of its late reaction to a change. 

Therefore, it is advisable to use higher values of the constant α (higher than 0.5). Holt responds immediately, 
data behaviour is formed into a local trend. [6] 

Correct setting of parameters α and β is based on the MSE error indicator and it is true that: the smaller MSE, 
the better α and β values. MSEopt = f(αopt, βopt) → 0. 
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Figure 4 The comparison of forecast calculations by SES (with different constant) and by HOLT 

2.4. Combination of classical methods of forecasting  

Regression analysis. There can be considered linear regression as the simplest case of regression analysis. 
In this case, at analyzing data for the forecast, the main parameter that could be taken into account is the 
amount of data. If the solution is based on all data from time series, then the linear regression results so-called 
global trend. However, if the solution is based only on certain number of values from time series closed to the 
present, then the linear regression results to so-called local trend. Comparing these two trends will show 
whether the timeline development is steady (the local trend is identical to the global trend), or the timeline 
development is variable (the local trend has a different direction than the global trend). This comparison creates 
a new methodology that is based on simple linear regression analysis, but creates a new forecasting system. 

 

 

Figure 5 Comparison of the global and the local trend 
 

Combined model of forecasting. It is the model that is based on the idea of multi-criteria decision making 
process and assessment of the results from several forecasting methods in order to obtain the so-called 
synergistic estimation. The method of combining of the results of particular forecasts to one objective result 
is based on a weighted average but with a dynamic weighting "wj". The weights are assigned to the given 
method according to its suitability for use in a certain situation or for a given time series curve shape. If the 
methods are appropriate, the weights are higher, but always respecting the weight dividing: 

The characteristics about the weight variants were described in one of previous congress papers. 
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Table 2 Evaluation of chosen forecasting methods by weights according to the particular variants of time series 
behaviour 

Chosen method of 
forecasting Weights 1st variant of weights 2nd variant of weights 3rd variant of weights 

GT vs. LT (GT/LT) w1 = 0.2 0.3 0.4 

Harmonic weights (HW) w2 = 0.2 0.3 0.4 

Holt (ES-Holt) w3 = 0.3 0.2 0.1 

Weighted average (WA) w4 = 0.3 0.2 0.1 

ARIMA Model. ARIMA Model was created from the basic ARMA model - connection of the autoregressive 
model (AR) and the moving average (MA), but this is a very simple way of explanation. It can be said, that this 
is also a kind combination of two classical methods resulted in the ARMA model value, but suitable for 
stationary data. Modification of this ARMA model is possible through the differentiation of the time series data 
for the use at forecasting with unstationary data. This model is called autoregressive (AR) integrated (I) moving 
average (RA) - the ARIMA model defined by George Box and Gwilim Jenkins in 1970. [Makridakis]. This model 
is generally known and expanded in various software applications that is why this model is not described in 
details here. It was used program Minitab 18 for the forecast calculation in the application below (the 
chapter 3). [7] 

3. THE APPLICATION OF COMBINED MODEAL OF FORECASTING IN COMPARISON WITH ARIMA 
MODEL 

The application deals with the forecast of dead-burnt magnesite (magnesite for refractory products) sale for 
aggregate planning of Magnesite plant in Slovakia. Dead-burnt magnesite (OM) sales data are collected from 
years 2009 to 2014 for the quarters that are the basis for the annual forecast creation. The forecast is 
calculated for year 2014 by using the combined forecast model and the ARIMA model with parameters (3, 1, 1), 
and the real values of sale in 2014 will serve to verify both forecasts success through the MAPE error 
indicators. 

a)      b) 

 
Figure 6 Comparison of the Combined model (a) and ARIMA model (b) of forecasting 

The comparison of these two forecasts is done through the MAPE (Mean Absolute Percentage Error), which 
indicate the forecast accuracy in percentage, as shown in following table (Table 3). 
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Table 3 Forecast results and comparison of Combined model of forecasting with ARIMA 

 Dead-burnt magnesite sale forecast (magnesite for refractory products) 

 Period Combined model ARIMA 

1Q/2014 9476.3 10697 

2Q/2014 10170.8 10132.1 

3Q/2014 9842.1 10328.2 

4Q/2014 9526.4 10177.9 

MAPE: 16.98% 12.18% 

The forecast results of the Combined model are comparable to those of the ARIMA model. The similar results 
were achieved with other assortments of the Mine plant and its management agreed with these forecasted 
values of sale.  It can be stated that the Combined model use was reliable. The disadvantage of the ARIMA 
model is to perform multiple calculations to determine the correct p, q, r parameters for a given time series 
type. 

4. CONCLUSION 

This paper briefly points to the use of traditional quantitative methods. Although, not all of the methods from 
this category are mentioned and described, their common features are: the existence of history of the 
examined situation, the precision decreases with the increased time horizon, not every method is suitable for 
any situation or its behaviour, but especially fast applications with the use of ordinary office software. With the 
correct selection of a method or their combinations, reliable results of forecasts can be achieved in all sectors 
of industry and commerce. The actual application, which was briefly outlined in Chapter 3, points to the use of 
the forecast in a suitable combination of methods competing with the widely-known and world-wide ARIMA 
model, which has relatively complicated calculations. 
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Abstract  

The purpose of the paper is an analysis of the importance of logistics in city strategic management illustrated 
by an example of selected European capital cities. As a result of research a tool for the assessment of the 
scope of logistics involvement into strategic management in a city has been developed. On the basis of this 
tool a primary assessment of selected cities in this area has been conducted. According to the study there are 
still many European cities where freight transport is neglected. Despite the fact that all of the analyzed cities 
take into account objectives of freight transport in their development strategies, in practice many of them have 
not implemented any or a negligible number of projects in this area. The tool developed by the author will allow 
local governments to self-assess in a fairly simple way and based on it to take further steps to integrate logistics 
into all phases of strategic management in the city. 

Keywords: City logistics strategy, local authorities, strategic planning 

1. INTRODUCTION  

Urban logistics plays an increasingly important role in strategic management in the city. Problems with 
congestion, air pollution or lack of sense of security due to the increased traffic of people and goods in the city 
cause a need to take actions with long-term effects (over a year or even a few years). Although local 
governments are more often trying to implement different solutions, they are not always effective. This is due 
to many factors related to a lack of experience and knowledge, a lack of access to modern technologies, funds 
or simply insignificant involvement of local government employees and / or other urban logistics stakeholders. 
The purpose of the paper is an analysis of the importance of logistics in city strategic management illustrated 
by an example of selected European capital cities. In order to reach the goal the following questions have been 
developed: 

 What is the role of logistics in strategic management in a city? 

 How can cities assess the scope of logistics involvement into strategic management in a city? 

 What kind of long term projects have been developed regarding strategic goals in analyzed cities? 

As a result of research a tool for the assessment of the scope of logistics involvement into strategic 
management in a city has been developed. On the basis of this tool a primary assessment of selected cities 
in this area has been conducted. 

The structure of the paper is as follows: in the second section determinants influencing logistics in city strategic 
management have been described. In this sections external and internal factors influencing logistics in 
strategic management have been presented. The following section presents characteristic of a research 
method. In the next section an authorial tool for the assessment of the scope of logistics involvement into city 
strategic management has been described. Section 5 presents study results and the last section includes 
conclusions. 
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2. DETERMINATNS INFLUENCING LOGISTICS IN A CITY STRATEGIC MANAGEMENT  

One of the tasks of local government (city council) is the organization of city traffic, which takes into account 
the efficient and safe movement of people and cargo. For many years local governments in many cities focused 
their attention on neglecting urban freight transport [1, 2]. The scientific world became interested in the problem 
of freight transport in the city already in the 70’s of the 20th century locating it in the area of urban logistics. 
Nevertheless, a broad spectrum of interest in this area of research took place only at the turn of 1990 - 2000 
[3]. Over the last few decades, two streams of urban logistics emerged: fragmentary - focusing only on 
commodity flows and holistic - involving flows of people, goods, waste and related services [4, 5, 6, 7, 8, 9, 10]. 

This paper takes a holistic approach to urban logistics, defining it as "planning, implementing, coordinating and 
controlling processes related to the movement of people, goods and information related to them in urban areas 
in order to reduce costs and improve the quality of life achieved through the compromise developed between 
the differentiated needs of stakeholders " [11]. Among stakeholders such as: local government, freight 
operators, Logistics companies, manufacturing firms, retailers, public transport operator, residents and various 
associations, local government plays the most important role. It is responsible for the quality of life in the city 
and thus the safety of inhabitants, the protection of the environment and the efficient movement of people and 
loads in the city [10, 12]. While manufacturing and transport companies are interested in urban logistics 
solutions aimed at improving their efficiency, local government is keen for the interests of all stakeholders and 
much for the high quality of a life of the population. City logistics, therefore, should be one of the most important 
strategic management areas in the city, meaning "future-oriented planning and a choice of development goals 
and implementation objectives, implementation of the adopted provisions and monitoring and a control of the 
implementation of agreed arrangements" [13].  

Strategic management in a city is a process that encompasses the development, implementation and a control 
of a development strategy [13]. What distinguishes strategic management in self-government from private 
organizations is legislation restricting a decision-making discretion, a lack of ownership of management (city 
councils are elected), overriding goals of improving a quality of life, meeting the needs of different stakeholder 
groups rather than focusing on only on goals of improving efficiency. Considering the above, it can be assumed 
that strategic management in local government should holistically cover a variety of urban spheres so as to 
improve the quality of life of the population as a result of the implementation of the strategy. Long-term 
functional strategies are developed within the city's strategic management areas. One such an area is urban 
logistics which should facilitate access to a variety of public spaces [11]. The role of logistics in strategic 
management in a city is conditioned by a variety of external factors - independent from local government or 
internal ones, which are influenced by local government. Among the external factors can be listed legal 
regulations at European and national level. The European Commission has developed a number of strategic 
papers defining the long-term goals for urban logistics, including, inter alia, restrictions on moving in the city 
center of conventional cars [14, 15, 16]. The other external factors include local authority elections, budged of 
a city, access to modern technology, the openness of urban logistics stakeholders to cooperation with local 
government, the location of the city, the size of the city, etc. The internal factors include the openness of the 
city authorities to actions related to Including logistics for strategic purposes of the city in collaboration with 
other stakeholders, taking into account the urban logistics workplace in the city's organizational structure, the 
number and a type of urban logistics projects implemented and developing tools for their control. As a result, 
these factors influence the formulation of the city's logistics strategy, which should be complementary to other 
functional strategies and consistent with the main objectives of the city's development strategy. 

3. RESEARCH METHODS AND PROCEDURE 

In the paper four stages to implement the study have been developed: 

Stage 1. The development of research methodological foundations  

In this stage the domestic and foreign literature in the field of city logistics and city strategic planning has been 
analyzed.  
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Stage 2. Research tool’s development (questionnaire) 

The research tool has been developed on the basis of the relevant literature (Lindholm, 2012; Witkowski and 
Kiba-Janiak, 2014), knowledge and personal experience of the author. The purpose of the survey was to obtain 
information from European capitals about logistics in cities’ strategic developments. The survey consisted of 
four parts (A, B, C and D) and contained open as well as closed questions.  

Stage 3. The study results’ gathering and analyzing 

The research was conducted from 17th May 2015 to 15th March 2016. This extended period of the study was 
determined by difficulties which arose during the collection of the completed questionnaires. The 
questionnaires were sent via e-mail to mayors of 28 EU capital cities and to the employees of the division 
“Mobilität und Planung” in the City Hall of Zurich. As a result 9 completed questionnaires were obtained. Some 
cities regretted to fill in the questionnaire because of its extended scope (the questionnaire included questions 
regarding strategic planning and activities related to passenger and freight transport). Therefore the reduced 
version of the questionnaire has been developed and sent to those cities which hadn’t filled in the first version 
of the questionnaire. Finally, fifteen completed questionnaires have been obtained. The research results have 
been elaborated in Excel spread sheet.  

Stage 4. Development of a tool for an assessment of logistics’ involvement in a city strategic management 

As a result of the survey conducted among European cities a tool for identification of the scope of logistics 
involvement in a city strategic management has been developed. On the basis of this tool an attempt of the 
assessment of selected cities in this field has been made. For this stage of analysis 9 cities which completed 
the extended version of the questionnaire were selected.   

4. A FRAMEWORK FOR AN ASSESSMENT OF LOGISTICS’ INVOLVEMENT IN STRATEGIC 
MANAGEMENT IN A CITY 

The essence of urban logistics in strategic management in a city has already been recognized in scientific 
papers developed by [11, 17] who in their studies have noticed a little consideration of freight transport in many 
urban development strategies. In addition, Kiba-Janiak [11] has highlighted the need for an integrated and 
comprehensive approach to urban logistics (including the flow of people, goods and services related to them) 
in strategic management. Unfortunately, the approach to urban logistics is still selective in many cities. There 
are also no simple tools that would allow local governments to make a specific self-assessment of the extent 
to which logistics is integrated into strategic management in the city. In literature, basic model of strategic 
management covers four stages [18]. In this paper, these steps have been reduced to three: (1) environment 
analysis and strategy formulation, (2) implementation and (3) control and evaluation. Local governments can 
make so so-called initial self-assessment by answering questions pertaining to each of these phases (Table 1). 
The list of questions presented in the table below is based on surveys conducted in the analyzed cities. These 
questions are a preliminary diagnosis of local governments. Based on the responses received, local authorities 
can obtain information to what extent and areas logistics is included in strategic management in the city. Each 
question that local government responds to (yes) can be assigned one point, a question that local government 
responds ‘in developing phase/to a limited stage’ can be assigned a 0.5 point (if any action has been taken or 
is at “an implementation stage”) and in the case of negative responses 0 points. Points are awarded based on 
a questionnaire that contains profound questions for each area. For example, in a question about the 
implementation of infrastructure projects in the city, respondents could choose three types of projects for freight 
transport and four for public transport. So if the local government indicated that it had implemented all types 
of infrastructure projects then it got 1 point, if it even marked one project it received 0.5 points and if it did not 
implemented any of it got 0 points. A similar attitude was used for the remaining questions.  
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Table 1 A tool to assess the extent of logistics integration in strategic management in the city  

Stages of 
strategic 
management 

Selected questions verifying the importance of logistics in strategic management in the city 

Environmental 
analysis and 
strategy 
formulation 

1. Does the city include urban logistics (especially freight) targets for city development strategies? 

2. Has a local authority started to organize traffic in order to reduce the degradation of the 
environment? 

3. Has the city developed a freight transport plan? 

4. Does the city have an integrated plan for urban logistics (including passenger and freight 
transport and its related services)? 

5. Is there a position / person responsible for the organization of freight transport in the city? 

6. Does the local government cooperate with urban logistics stakeholders? 

Total scores for analysis and planning phase 

Implementation 1. Have projects in the city been implemented to improve the infrastructure in the area of urban 
logistics? 

2. Did the local government cooperate with urban logistics stakeholders when implementing projects 
related to the improvement of the infrastructure in the city? 

3. Have in the city been implemented projects related to land use management in the area of urban 
logistics? 

4. Did the local government cooperate with urban logistics stakeholders when implementing land 
use management projects? 

5. Have urban access projects been implemented in urban logistics? 

6. Did the local government cooperate with urban logistics stakeholders when implementing projects 
related to the access condition? 

7. Have in the city been implemented projects connected with innovation and ideas in the area of 
urban logistics? 

8. Did local government cooperate with urban logistics stakeholders when implementing projects 
related to innovation and ideas? 

9. Have in the city been implemented projects related to the promotion and dissemination of 
ecological transport in the area of urban logistics? 

10. Did local government cooperate with urban logistics stakeholders in the    implementation of 
dissemination of ecological transport projects? 

Total scores for implementation phase 

Control and 
evaluation  

1. Does the local government collect data on the operation of public transport? 

2. Does the local government collect data on the functioning of individual transport? 

3. Does the local government collect data on the functioning of urban freight transport? 

4. Does local government share data with city logistics stakeholders? 

Total scores for control phase 

Source: Own work 

Due to limited space in this publication, only general questions are presented without a detailed description. 
The presented tool for assessing the extent to which logistics is integrated into strategic management in a city 
serves as an initial assessment and requires additional tools based, for example, on Key Performance 
Indicators (KPIs) to intensify and more accurately analyze areas that have undergone incomplete scoring 
(below 1 point). Nevertheless, this kind of a tool can easily assist local governments in assessing the progress 
of logistics-related activities in strategic management in the city.  
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5. STUDY RESULTS 

Based on the tool presented in section 4, attempts were made to assess the importance of logistics in strategic 
management in selected European cities (Table 2). Considering analysed cities the best results were obtained 
by two such as Berlin (17 points) and Helsinki (13.5 points). Berlin gained the highest score in the second 
phase (implementation) and in the first phase it scored the same number of points as Helsinki city, which in 
turn gained the most points in the third phase "control and evaluation". Helsinki, compared to other cities is the 
only one gathering data on the functioning of urban freight transport. Nevertheless, the city did not cooperate 
with the other municipal logistics stakeholders (except for the project related to the introduction of the city 
logistics forum) during most of the implemented projects. What sets Berlin and Helsinki apart from other cities 
is the implementation of freight transport projects. Unfortunately, many European cities do not carry out freight 
transport activities, considering it to be a private business. Among surveyed cities the lowest score gained 
Athens. It should be emphasised, however, that the city has been included in EU projects, including the 
Novelog project, which will result in the development of a logistics strategy for the city. So in the short term, 
this city can significantly improve its position regarding logistics in strategic management. 

Table 2 Assessment of the extent of logistics integration in strategic management in the city  

Stages of strategic management in a city 
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Scores for analysis and planning phase 5 5.5 6 4 6 5.5 5.5 4 4 

Scores for implementation phase 4.5 2.5 8 5 3.5 2.0 4.0 4 1 

Scores for control phase 2 3 3 2 4 2 2 3 1 

Total scores 11.5 10 17 11 13.5 9.5 11.5 11 6 

Source: own work 

6. CONCLUSION 

The main purpose of the paper was the analysis of the importance of logistics in strategic management in the 
selected European capital cities. In the article the authorial tool for the assessment of the scope of logistics 
involvement into strategic management in a city has been developed. On the basis of this tool the assessment 
of 9 cities has been conducted. According to the study there are still many European cities where freight 
transport is neglected. Despite the fact that all of the analyzed cities take into account  objectives of freight 
transport in their development strategies, in practice many of them have not implemented any or a negligible 
number of projects in this area. Unfortunately, the most popular solution in the examined cities is the access 
restriction, which is a relatively cheap solution from the perspective of local authorities and not necessarily 
cheap from the perspective of private carriers. Despite the fact that the most advanced cities in terms of 
integrating logistics into city strategic management are Berlin and Helsinki, these cities also need some 
improvements in this area. Therefore, the tool developed by the author will allow local governments to self-
assess in a fairly simple way, which will show them the scope of logistics involved in strategic management in 
a city. Based on this assessment, local governments will be able to take further steps to integrate logistics into 
all phases of strategic management in the city. The tool presented in this paper is a very simplified version and 
allows for a first and a preliminary assessment of including logistics into strategic city management. In the 
future, this tool will be expanded to allow for a more profound assessment of the different stages of strategic 
management. For example,  Key Pefromance Indicators could be used.  
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Abstract 

The contemporary logistic systems are very complex and their control requires multidisciplinary range of 
expertise. Dynamic simulation is a tool allowing the decision maker to compare many possible scenarios and 
helps to find the optimal solution. It finds application in planning, designing, and optimization of production and 
logistic systems, including the allocation of material flows. Dynamic simulation represents the process of 
creating a mathematical and logical model of a system on a computer. Experimenting with the model enables 
user to discover logical connections among the processes and to evaluate the performance of many different 
structures in a relatively short time. Nowadays the market offers wide choice of simulation software. Part of 
the paper is devoted to describing the Witness simulation environment. Applications based on Witness 
dynamic simulation enable to configure optimal solution for material handling in warehouses and production 
plants. It leads to optimal utilization of resources and smooth material flow focused on customer, and so are 
satisfy his individual requirements. 

Keywords: Dynamic Simulation, Witness, Warehouse, Material Flow 

1. INTRODUCTION  

In today's global competitive market, companies must innovate and get the most from its resources to succeed. 
Companies have to face the turbulent changes on the market and customer’s raising requirements on the 
product. Firms try to supply demands of everyone at present profit formation that means each company tries 
to economize costs, to effective material flow control in the company as well as in all supply chain. 

Many companies are creating innovation initiatives and funding programs to develop innovation processes. 
This requires enabling its employees, business partners, and users with the platforms and collaboration tools 
that promote innovation. Cloud computing (CC) infrastructures are next generation platforms that can provide 
tremendous value to companies of any size. This type of innovation platform enables innovation by putting a 
structure around the innovation process and providing tools for innovators and early adopters to publish, 
experiment, provide feedback, and enhance innovations. [1] They help companies achieve more efficient use 
of their information technology hardware and software investments and provide means to accelerate the 
adoption of innovations. CC increases profitability by improving resource utilization. Costs are driven down by 
delivering appropriate resources only for the time those resources are needed. CC has enabled teams and 
organizations to streamline lengthy procurement processes. 

In this paper cloud application suitable for material handling system design and optimisation in supply chains 
is presented. This application based on Witness dynamic simulation enables to configure optimal solution for 
material handling in warehouses and production plants leading to optimal utilization of resources and smooth 
material flow. Basic structure and logical framework of simulation, input data requirements and outputs 
supporting decisions about investments for example to handling equipment are described. 

2. METHODOLOGICAL BASES 

The pressure on the company's competitiveness is constantly increasing domestic and international markets. 
The management tries to reach the top in its branch and to keep on the position in the future. One of the 
essential preconditions for achieving the objectives mentioned above is to know precisely the material and 
information flows in the company and to be able to manage them effectively. 
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Supply chain can be defined as the network of organizations that are involved, through upstream and 
downstream linkages, in different processes and activities that produce value in the form of products and 
services delivered to the ultimate consumer. [2] It consists of multiple firms, both upstream (i.e., supply) and 
downstream (i.e., distribution), and the ultimate consumer. [3] 

Supply chain management (SCM) is the management of physical, logical, and financial flows in networks of 
intra- and inter-organizational relationships jointly adding value and achieving customer satisfaction. [4] From 
a process-oriented or cross-functional perspective, SCM comprises planning, sourcing, production, and 
distribution logistics but is not exclusively focused on one of these areas. [5] 

Management of material flow in the supplier chain requires the knowledge of all inputs and outputs in individual 
elements of the chains. At present, supply chains are very extensive as they are required to fulfil the needs of 
any customer with different requirements for the final products. For this reason, use of computer simulations - 
namely the dynamic ones - brings great benefits in current turbulent environment. Computer simulation is the 
process of creation of a logical/mathematical model of a real-world object or system defined within the model, 
or of a decision-making process or implementation of a large number of experiments with such object [6]. 
Simulation is a method that allows you to predict the behaviour of a real-world system under changing internal 
or external conditions. In terms of the capability to simulate the operation of a complex real-world system, the 
use of business process simulation is quite broad and diverse [7]. Computer simulation can be most often 
encountered in the following cases: 
 Optimization of material flow and handling equipment 
 Production planning and management, including staffing and maintenance 
 Determining the optimum amount and location of stock 
 Minimization of shipping costs etc. 

Simply speaking, we can say that the simulation allows resolution of complex processes (such as supply 
chains), for which classical analytical methods are not appropriate. It allows the study of system behaviour in 
real time as well as in slow and accelerated motion, which brings great advantages when designing changes 
[8]. In the simulation, these changes and their effects on the behaviour of the system as a whole system are 
immediately visible. This allows the examination of various options and drawing the final consequences from 
them.  

There is a large number of simulation programs (such as Witness, Simul8, Arena, ProModel etc.); this paper 
describes the simulation program Witness developed by the British company Lanner Group Ltd. It is a very 
effective tool for management and determination of optimum solutions for production, service and logistics 
systems. To create a simulation model, you have to define the elements, which can then be Displayed, 
Detailed and assigned logical relationships. The basic elements for material flow management include 
(according to the Witness manual): 

 Parts 
Parts represent everything that moves between physical elements. They can be small microchips as well as 
a car transport containers. Parts are drawn into the model passively from the outside world, or enter actively 
as per the predefined rules. 

 Machine 
Machine is an element which can change a condition of a part to another condition. Depending on the number 
of parts the machine is capable of changing, different machine types can be defined: single, assembly, batch, 
generally etc.  

 Buffer 
A buffer has certain predefined capacity, which allows storage of individual parts for a certain period of time. 
There are various output methods for exiting the buffer (FIFO, LIFO). 
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 Vehicle 
Vehicle is an element that transports parts within the system model. For this element, we can define capacity, 
speed and loading/unloading times. Vehicle can refer e.g. to a forklift truck, car or lorry, crane or trolleys with 
automatic control system. Vehicles necessarily require the presence of Tracks elements to be functional. 

 Tracks 
A track is an element which defines the physical position of a vehicle, forming its overall path. Tracks allow 
easy identification of the locations for loading, unloading and parking of vehicles. 

Our experience with many real projects shows that Witness belongs to the most powerful tool in the 
optimisation of processes occurring in logistics such as manufacturing, storing and distribution. It suits perfectly 
as a core to our cloud application developed for material handling system design and optimisation. A cloud is 
an on-demand computing model composed of autonomous, networked hardware and/or software resources. 
[8] Cloud computing is the result of evolution and adoption of existing technologies and paradigms. The goal 
of cloud computing is to allow users to take benefit from all of these technologies, without the need for deep 
knowledge about or expertise with each one of them. Cloud computing aims to cut costs, and helps the users 
focus on their core business. [9] 

3. EXPERIMENTAL PART 

Simulation model of material handling system is proposed in Witness simulation software environment. It works 
with the assumption that material flow through for example production plant or warehouse can be divided into 
finite number of movements. A movement is characterised with a point of start, point of finish and a resource 
necessary to carry out this movement. Resources represent workers and handling equipment such as forklifts, 
tow trucks etc. Imagine for example material flow of palettes through intake area to a warehouse equipped 
with very narrow isle storage racks and forklifts. Palettes incoming in carriers has to be unloaded to intake area 
at first (movement 1), then these palettes are transported in front of storage racks (movement 2) and finally 
these palettes are placed in storage racks positions (movement 3). Point of start to point of finish distances 
are summarized in the matrix of distances and can be recalculated to a time of movement using speed of 
resources. [10] These distances are derived from a layout of modelled system usually with help of algorithms 
searching for the shortest paths in a graph (i.e. Dijkstra's algorithm). 

3.1. Dynamic Simulation of Material Handling System 

The architecture of simulation can be divided into three levels. All three levels represent Witness elements 
Machines and Variables. Although there are usually many different material handling units flowing through 
modelled system, simulation works only with one Part initializing and proceeding movements and generating 
and recording them to variables.  

Task of Level 1 Machines is to generate movement requirements and to record them to Level 2 Variables. 
These requirements initialize a flow of material. It is for example a requirement to transport one palette of 
finished products from a production line to a warehouse. Generating of initial requirements is described in 
Level 1 Variables representing production plans, order picking or production line supplying. These variables 
store information about frequency of movements and points of start and finish. 

Level 2 Machines search for available resources required for a movement requirement stored in Level 2 
Variables. In case, that resources are available the Level 2 Machines reserve resources for the movement 
requirement, assigns requirement to Level 3 Machine and erases it out of Level 2 Variables. Resources in the 
form of Variables are controlled with help of integer states ranging from 0 to number of possible movements 
involved in material flow. State 0 means that resource is available. States greater than 0 mean that resource 
is currently unavailable. Level 2 Machines repeat searching procedure in a relatively short time. 
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Level 3 Machines carry out movements in a way that each movement represents one Part moving through 4 
machines. These 4 machines simulate decomposition of movement to procedures: 
 Resources driven unloaded to point of start 
 Resources manipulates at point of start 
 Resources driven loaded to point of finish 
 Resources manipulates at point of finish 

Each procedure takes a time derived either from speed of resources and point of start to point of finish distance 
or from information about time of manipulation stored in Level 3 Variables. After finishing Resources 
manipulates at point of finish procedure, resources are again available for Level 2 Machine search (i.e. their 
state is set to 0) and other movement requirement is recorded to Level 2 Variables if necessary. 

Input data to each level in the form of variables can be summarized as follows: 
 Level 1 Variables - plan of manufacturing; plan of order picking; plan of manufacturing supplying; plan 

of dispatch; plan of warehouse replenishment etc. 
 Level 2 Variables - number of available resources; initialize position of resources. 
 Level 3 Variables - speed of resources; matrix of distances; time of manipulation during procedures 

Resources manipulates at point of start/finish; resources breakdown probability; times of resources 
refueling and charging. 

3.2. Results 

Outputs obtained from simulation are: 
 Utilization of available resources evaluated from observations of time spent in current state during 

simulation. 
 Utilization of available resources evaluated from observations of time spent in current procedure during 

simulation. 
 Optimal number of resources. 
 Time of reaction on movement requirement evaluated as a difference between time of inception of 

requirement and its satisfaction. 
 Space requirements in points of start/finish evaluated from queues of movement requirements during 

simulation run. 

These outputs are transformed to graphs displayed in Figure 1 and Figure 2: 

 

Figure 1 Utilization of very narrow aisle (VNA) forklifts evaluated from observations of time spent in current 
procedure during simulation 
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Figure 2 Space requirements in points of start/finish 

4. CONCLUSION 

Nowadays it is very important to effectively control material and information flows in the company, in the supply 
chain. One method for finding the optimal solution of real problem is simulation utilization. The principle of 
simulation is simple. Instead of monitoring the process behaviour or object behaviour in real time, we could 
observe the behaviour of its model that it is faster and easier to adapt according to specific conditions. It brings 
advantages. Simulation time could go much faster than real time. So we could analyse a large number of 
alternatives. Costs of simulation changes are not important compared to implementation of the project. The 
simulation program makes it possible to create a model of non-existent system and to suggest the new system. 

Described solution fits perfect to tasks dealing with material handling system design and optimisation. Outputs 
of simulation support decisions about investments to resources such as handling equipment or warehouse 
management system. Cloud computing ensures high speed of calculations and therefore an opportunity to 
check many varieties of a system structure in a short time. [11] Furthermore, simulation is available to work 
with stochastic inputs that provide users with great understanding how a system works under uncertainty.  
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Abstract 

Informatization, digitalization and automation of production and logistic processes became a part of a new 
industrial revolution especially due to the fact that specific and customizable software are used to manage 
these processes. Informatization and digitalization is the base of automation of production and logistic 
processes. The basis for informatization and digitalization represented by the development of information 
system, however, is a set of process innovations. These innovations arise as a consequence of process 
analysis, without which it is not possible to propose an optimal process structure and its characteristics. The 
paper presents the results of an empirical research whose aim was to analyse selected aspects of process 
innovations induced by introduction of production and logistics processes automation.  

Keywords: Informatization. Automation. Logistics. Innovations.  

1. INTRODUCTION 

Importance and mutual connection of production and logistical system is indisputable. While a production 
process presents the material base for functioning of all other processes and activities (Madicet al. 2016), a 
logistical process manages, ensures and realizes all the logistical flows and chains among these activities 
(Malindžák, 2010). Automation of company processes enables replacement of manual and often repeated 
activities by automatic performance by a suitable software (Abu Rub, Issa, 2012; Panayiotou et al., 2015). In 
this way a company gets a lot of benefits such as simplification of processes management and control, their 
mutual synchronization and coordination, decline of labour costs, energy and operating staff costs as well as 
increase of effectiveness, work quality, etc. Company management can dispose with adequate information 
concerning the course and duration of individual activities (Samaranayake, 2015, Hänel, Felden, 2015, 
Kabaale and Kituyi, 2015, Suriadiet al., 2015). According to Janiesch et al. (2014) the main goal of automation 
is to decrease times of performed tasks and increase their performance. It can be realized without a change 
of their execution. But the company processes automation itself is preceded by a process audit which is aimed 
at determination of actual state of company informatization and digitalization, i.e. utilization of information and 
communication technologies (ICT) and a possibility of information transfer to a digital form and their processing 
in an electronic form. Within a process audit it is necessary to carry out an analysis of production and logistics 
processes which presents an essential mean to find out their logical links and mutual interactions. This analysis 
enables organization to identify potential risks and opportunities and leads to higher effectiveness of their 
management and improvement of performance of the whole company (Pradabwonget al., 2015; Helquist et al. 
2012). Carrying-out of process analysis consequently allows taking the next step - this is modelling and graphic 
presentation of their mutual links. This is the base to get to know organizational configuration and a starting 
point for planning and analysing information systems supporting company processes management 
(Abderrahmaneet al., 2014). Process model sallow tracing of relations among company organizational units 
and these schemes can be modified at any moment in dependence on changing conditions (Jiménez-
Ramírezet al. 2015; Arunagiri, Ramachandran, 2015). Helquist et al., (2012) claims that virtual process 
simulation involves the creation of graphical models representing the process of interest and associated tasks. 
Graphical models representing the resources are also created. In general, company processes differ in 
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dependence on a character of innovation (Loarne-Lemaire, Maalaoui, 2015). Optimization of production and 
logistics processes is focuses on ineffective and incorrectly functioning processes (Samaranayake, 2015; Abu 
Rub, Issa, 2012). Their potential modification can concern processes structure, organization, allocation of 
human, technical, material and financial sources or a process course change (Rěpa, 2012; Lübbeckeet al., 
2015). The fact that after each process optimization it is necessary to update a company process model, while 
all the process changes must be recorded and communicated in the whole company should not be forgotten. 
The processes modified in this way can be automated. It is obvious that all the steps cause a lot of changes 
which in this connection can be marked as process innovations bringing a new state. They ensure working 
places optimization, increase of their performance, processes improvement and development of company 
production and logistics systems. Understanding the innovation process, the fact how innovation can be 
enhanced and how it can be measured present key steps to managing and enhancing innovation (Gambatese, 
Hallowell, 2011). According to Desouza et al. (2009) innovation is a crucial component of business strategy, 
but the process of innovation is difficult to manage and it requires a firm grasp of the innovation process. 
Spišáková (2008) claims, that processes innovations include new, respectively improved production methods, 
supply and distribution systems. According to Ritomský (2009) also changes in specific techniques, equipment 
or supply activities or safety risks determined to improved quality, effectiveness and flexibility of company 
activity can be included here. All the changes create the basis for informatization and digitalization presented 
by implementation of application program facility for company processes automation. Nowadays there a lot of 
companies providing customizable software solutions for processes automation. Samaranayake (2015) says 
that selection of a specific software application influences the performance of production and logistics 
processes. Hänel and Felden (2015) claim that its integration leads to processes higher efficiency and 
improvement. It is used as a way to change actually ineffectively functioning processes and enables companies 
working with a huge amount of data to obtain valuable information about company processes (Kabaale, Kituyi 
2015; Suriadiet al., 2015; Grladinovićet al., 2007). 

2. RESEARCH GOAL AND METHODOLOGY  

The fact that process innovation presents a lot of changes necessary to be done before the introduction of 
software to support automation of production and logistics processes has already been mentioned. The phase 
of implementation as well as adaptation, however, bring further changes related to the whole company 
economy functioning. Since it is a radical intervention in a company, it is necessary to specify economic 
impacts on it closely. That is the reason why the paper concentrates on presentation of the results of empirical 
research whose goal was to analyse selected aspects of process innovations induced by implementation of 
automation of production and logistics processes. According to Balanced scorecard (BSC) their impact on a 
company economy is evaluated in four areas, specifically growth, financial, process and customer aimed at 
production processes automation. The data obtained in this way will serve as the base for formulation of 
conclusions and findings which bring closer the facts of their real impact in practice. For the needs of the 
research we focused on medium sized companies doing their business in Slovakia, which due to SK NACE 
Rev.2 classification belong to section C, i.e. industrial production. Based on data provided by the Statistic 
Office the group was made up of 980 companies. There were 186 respondents participating in the research.  

3. RESULTS AND DISCUSSION 

The first step is verification of representativeness of a sample set which is made by Pearson coefficient. The 
basic characteristic is a type of production formed by 24 so called divisions. To calculate the 
representativeness of this sample of companies the following formula is used:  
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in which: ni - real values; npi - expected values. After substitution of real and expected values into the formula 

and by their calculation we get the size 2 , which in our case was 0.976. The size of this value is compared 
to the result which presents the data from a statistical table where the degree of variance is 22 (23 signs - 1) 
and the significance level 0.05 (it means assumption of 95% probability of representativeness). This situation 
is expressed by the formula:  

)1(2
1  k             (2) 

in which: α -significance level, (k - 1) - variance degree. The result is the value 33.924, and it applies here that 

if the value 2 is lower than a data from the statistical table the set is representative, and this applies also in 
our case. So if:  

)1(< 2
1

2  k            (3) 
it applies that the sample set is representative. Within the questionnaire survey we aimed at determination of 
the actual state of utilization of automation of production and logistics processes by the respondents. Out of 
the total number of 186 respondents up-to 114 - (61 %) of them pointed that the automation has already been 
implemented and 72 (39 %) say that these processed have not been automated yet. Based on these results 
we can conclude that most of medium sized companies already utilize automation of production and logistics 
processes. We found out the reasons of absence of processes automation provided by the respondents. Their 
opinions are presented in Graph 1.  

 

Graph1 Reasons of absence of processes automation in selected companies  

Among the other options the respondents included the necessity to execute a lot of changes, unsuitability of 
implementation due to the subject of business and impossibility of complex accreditation. Analysis of an actual 
state of utilized information and communication technologies (ICT) in selected companies was aimed at 
determination of the fact if medium sized production companies dispose with informatization supporting 
automation of production and logistics processes.  

 

Graph 2 Summary of innovation changes after main processes automation implementation  
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Out of the total number of the respondents, 71 % - based on the results of the process audit - had to modify 
actually utilized ICT, since it was proved that it is not sufficiently adapted to implementation of software support 
to automatize production and logistics processes. Only 29 % of them achieved positive results based on which 
they could immediately start with software implantation without necessary modification of the actual ICT. The 
survey of changes related to automation of production and logistics processes, so called process innovation 
is introduced in Graph 2. 51 % of these changes are changes concerning the structure of activities, 17 % are 
related to human resources allocation and 32 % are presented by other changes. Their precise determination 
is shown in the graph. Since there are a lot of factors which affect a company whether positively or negatively, 
one of the researched areas was to specify closely a number of advantages and disadvantages connected 
with implementation of processes automation shown in Graphs 3 and 4.  

 

Graph 3 Positives related to production and logistics processes automation  

 

Graph 4 Negatives related to production and logistics processes automation  

Table 1 Selection of indicators representing individual areas due to BSC 
Indicator  Perspective due to BSC 

Number of employees executing a process  
growth 

Labour costs for employees executing the process (direct labour in v €) 
Direct material (€) 

financial 
Costs of operation (€) 
Final production quantity (pcs) 

process % of faulty pieces (out of the total number of outputs) 
Process duration time  
Number of products sold (pcs) 

customer 
% of complaints  

14%
12%

9%
10%

9%
6%

7%
8%

5%
3%

2%
6%

4%
5%

simplification of manual and often repeated task
shortening of process duration time

simplification of process management
simpler monitoring and control of processes

increasing volume of production
decreasing of costs to human resources and energy

elimination of material waste
elimination of faulty/defective pieces

effective utilization of resources
setting of periods for duties fulfilment
setting of unique approval procedures

flexible modification and adjusting to changing conditions
simple and quick administration
higher quality of communication

Positives resulting from processes automation 

23%
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employees firing
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costs to retraining of employees
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risks related to a chance not to manage changes
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The next step is selection of economic indicators by which improvement or decline of economic situation after 
implementation of processes automation aimed at production process is monitored. Individual areas indicators 
- due to BSC method - are shown in Table 1. In this way the companies by using the scale from 1 to 5 assessed 
the size of change in comparison to the state before automation implementation. Since only 65% out of the all 
respondents claimed that they have already automated production process, the following results related to 
these companies. The results are presented in Graph 5.  

 

Graph5 Improvement of indicators after production process automation implementation  

Up to 98% of respondents whose production processes are already automated provided their responses 
related to improvement of selected indicators. Each indicator was monitored individually that is why percentage 
expression of each of them is equal to 100 %, presenting the total number of respondents per 1 indicator. It 
can be seen from the graph that monitored indicators achieved different percentage share at different level of 
the evaluation scale. In evaluation two main criteria will be used, percentage representation of respondents 
and evaluation scale which stands for the size or importance of change in comparison to the state before 
implementation of production process automation. In both cases three indicators which achieved the best 
results will be determined. In case of the second criteria only the indicators which achieved evaluation at the 
level 4 will be determined, since in the case of the level 5 (expressing the greatest change) only few 
respondents provided their opinions. The data acquired in this way are consequently evaluated also for four 
selected areas (growth, financial, process and customer). Table 2 briefly summarizes the results we obtained.  

Table 2 Evaluation of indicators due to selected criteria  
Criteria Indicator  

Representation of 
respondents (%) 

Percentage of 
deformities/faulty pieces 

(44) 

Process duration time  
(39) 

Fin. production quantity  
(39) 

Evaluation scale  
(value) 

Percentage of 
deformities/faulty pieces 

(4) 

Direct material  
(4) 

Fin. production quantity  
(4) 

In two cases there are two identical indicators in the table, and they are considered as the most positive ones 
in relation to the criteria we had selected. As to indicators - process duration time and direct material - it can 
be said that the first one achieved higher percentage representation but only for level 2, but if we look at this 
indicator from the point of view of the monitored value 4, the first indicator achieved 28% representativeness 
and the second one up-to 33%. So also in this case the indicator direct material achieves the better result. As 
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well as in a case of the first indicator the respondents mentioned the change at level 2 and for the second 
indicator at level 4. Based on it we can state better results for a direct material indicator. After evaluation of 
data for individual company areas we conclude that changes were seen especially in the process area which 
is presented by three out of selected indicators, particularly percentage of faulty pieces and final production 
quantity in both criteria, but identically also in financial area by means of the direct material indicator. So the 
changes are mostly visible in company process area.  

 

Graph 6 Decline of indicators after production process automation implementation  

As to negative impact, only 2% of research respondents mention decline in relation to implementation of 
production process automation. Clear minor representation in comparison to the previous graph is seen in the 
Graph 6. Indicators direct labour and costs of operation recorded worsening. But in case of the first mentioned 
indicator its importance is expressed only by value 1 in the evaluation scale and it presents the least important 
change and in case of the second indicator it is expressed by value 3, i.e. decline of the indicator at 
approximately average or medium level.  

4. RESULTS SUMMARY (CONCLUSION) 

Based on acquired data we can conclude that most Slovak medium sized companies (61%) already utilize 
production and logistics processes automation. The companies which do not use process automation  
(39 %) mentioned the following main reasons of this situation: satisfaction with the actual state, insufficient 
amount of financial resources, insufficient awareness of this issue, and among the other reasons they named 
a necessity to make a lot of changes, unsuitability of implementation due to the subject of enterprise and 
impossibility of complex accreditation. It results from the actual sate of IKT in selected companies that 71% of 
them had to modify actually utilized IKT before the implementation of production and logistics processes. Only 
29% of companies could implement software directly without a necessary modification of actual IKT. In relation 
to process innovations which are connected with process automation implementation our conclusion is that 
most changes concerned structural activities, lower percentage of changes was made of so called other 
changes, such as changes in technological procedure, documentation or production and the lowest percentage 
of changes concerned human resources allocation. Process of implementation of production and logistics 
processes automation brings lots of positive and negative impacts. According to the results of the questionnaire 
survey most companies claimed that simplification of execution of manual and often repeated tasks, shortening 
a process duration time, and its simpler monitoring and control are considered as the biggest positive impacts. 
As to negative impacts, most companies see them in connection with the necessity of initial investment in 
software support, unwillingness to accept changes on the part of employees and higher costs for their 
retraining. When reviewing improvements respectively decline of indicators which we had chosen after 
implementation of automation related to a production process, we concluded that most positively perceived 
indicators are a percentage of faulty products, since up to 44 % respondents expressed a change in this 
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indicator and in the level 4 which was monitored it achieved identical percentage representation (33 %). The 
second indicator is direct material, which at level 4 recorded positive evaluation by 33 % of respondents. And 
the indicator quantity of final production achieved evaluation 4 which represents up to 39 % of respondents. 
2 % of respondents said that they also saw decline but only in case of 2 indicators - direct labours and costs 
of operation. Expression of their size in comparison to previous state, i.e. before implementation of automation 
achieved in case of first indicator the value 1 and in case of the second indicator its vale was equal 3. The 
results do not present marked decline. The results indicate that if companies want to become more flexible 
and more competitive, innovative solution having a form of utilization of application program facilities for 
automation and management of production and logistics processes seems to be the instrument how to achieve 
required state. Each company has to be aware of its financial, material and capacity possibilities. If a company 
possibilities are restricted this change does not have bring success automatically. It requires not only 
investments but also professional knowledge and skills which present supporting pillars for successful 
integration and management of all process changes, which are perceived not only as a starting point for 
informatization, digitalization and automation itself but are also related to the phase of adaptation for these 
changes.  
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Abstract 

The article deals with the development of computer simulation with a focus on the use in the field of logistics. 
Computer simulation has passed since the last century long development. The beginnings associated with 
general program tools with a focus on random number generators have gradually replaced systems that are 
specially and exclusively oriented to modular, block creation of computer simulation models. At present, it is 
common and obvious that the computer simulation model is made up of blocks that perform precisely defined 
functions. Within logistics, the use of computer simulation is common and desirable. Logistics is made up of 
elements such as purchase - production - sales in relation to other identical chains. This chain allows simulation 
to use the same principle of creating computer simulation models that are made up of typed blocks such as 
input, queue, service device, output. Principles of computer simulation models still remain the same but 
changing the view of the resulting display and conduct simulations which enable new and realistic 3D and 
realistically oriented computer simulation systems. 

Keywords: Computer simulation, logistics, development, trends, systems 

1. INTRODUCTION 

Simulation and modelling as branches have come a long way, but their importance is still sizeable. Simulation 
is an established analysis method for manufacturing and logistic purposes. It is frequently used when decisions 
with high risks have to be taken, and the consequences of such decisions are not directly visible, or no suitable 
analytical solutions are available [1]. Simulation tools are becoming increasingly dynamic to capture the 
interaction between level of service and potential revenue generation. Since there are substantial economies 
of scale in logistics, increased demand offers the potential to reduce cost which, in turn, offers potential 
incentives to increase demand [2]. The use of simulation for manufacturing systems design and analysis is 
rightfully recognized by scientists and industrial managers. Traditionally, simulation has been used for offline 
decision-making. One of the limitations of its use for online decision-making is the considerable amount of time 
spent in gathering and analysing data. In real-time control, the three key issues are data acquisition, quick 
response and instantaneous feedback [3]. Simulation experiments can determine the best available trade-off 
in any particular situation such as achieving the lean logistics aim of minimum reasonable inventory whilst 
retaining high customer service levels [4].  

A simulation of the systems makes it possible to experiment besides real objects, resp. these objects do not 
have to exist in reality. Simulation as a term means an imitation of some real situation, thing, condition, action, 
event of process [5-7]. Simulation is a research method, the essence of which consists of the replacement of 
an essential dynamic system by its model, simulator, and we perform experiments with the purpose of getting 
the information about the essential system. The origins of the creation of simulation models goes back to the 
1950’s, when universal, general programming systems were used to create simulation models. A gradual 
development and progress is every area of production, science and practice required increasingly difficult 
simulation models and applications. General programming systems proved to be maladroit and not dynamic 
enough to create fast changes in the simulation models. A special category of programming systems has 
gradually been invented. These systems are called simulation systems. 
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Simulation systems are adapted for the purposes of simulation. They allow us to create program simulation 
models in such form to create models representing the simulated systems [8-11]. The simulation models allow 
us to perform quick changes in the created models, in case they are needed, in such a way that the created 
models correspond to the changes that can occur in a real system.  

For solution, realization, modelling and simulation of the logistics, transportation and production systems are 
important input data, quality of systems analysis, methods and methodology of solution and available and 
quality of simulation systems too [12-21].   

The evolutional phases of the simulation systems change in time and naturally evolve (Table 1) [22]. The 
recent state is characterized by object and realistically oriented simulation with the support of 3D animations 
and video on a professional level. 

Table 1 The Generation of simulation systems [22] 

Generation Years Characteristics Software (e.g.) 
Generation 1 1950-1960 General programming languages, no special 

support for the simulation 
FORTRAN, ALGOL, 
ASSEMBLER, ... 

Generation 2 1960-1970 Programming languages, support for 
generating random numbers, processing of 
statistics. 

GPSS, SIMSCRIPT GASP II, 
SIMULA, ... 

Generation 3 1970-1980 Discrete events, continuous and combined 
simulation 

GASP IV, ACSL, ... 

Generation 4 1980-1985 Special problem oriented simulators, 2D 
animation, simulation as a project 

SIMAN/CINEMA, SIMFACTORY, 
SEEWHY, ... 

Generation 5 1985-1990 Artificial intelligence and expert systems in 
simulation 

SIMKIT, SIMULATION CRAFT, 
SIMPLE, ... 

Generation 6 1990-2000 Object oriented simulation systems, 
mathematical modelling support 

SIMPLE++, ARENA, EXTEND, 
MATLAB, FLEXSIM, ... 

Generation 7 2000-2010 Object oriented simulation systems, 3D 
animation, 3D simulation 

EXTEND (4-6), SIMUL 8, 
WITNESS, TECNOMATIX, ... 

Generation 8 2010-
present 

time 

Realistically oriented simulation systems, 3D 
simulation, real display of systems, virtual 
reality, large-scale simulation projects, 
complex simulation of manufacturing 
systems 

TECNOMATIX, WITNESS, 
EXTEND (7-9), ... 

The main ideas of the article are possible to define as: 
 Where is going the development of simulation programs?  
 Are older simulation programs as good as new (in terms of simulation results not design of simulation 

models)? 

Goal of the article is to compare a several computer simulation programs for design of the same model.  

2. DESIGN OF THE SIMULATION MODEL FOR THE SIMULATION PROGRAMS COMPARING   

For comparing of the simulation programs will be used a simple queuing system (SQS) (Figure 1).  

(FIFO - First In First Out) 

Figure 1 Formal schema and parameters of the researched simple queuing system 
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2.1. Design of the simulation model in the General Purpose Simulation System - GPSS 

General Purpose Simulation System is system of 60´s years, the second generation of simulation systems. 
GPSS is still live and active system. GPSS is possible to download for example from links 
http://www.minutemansoftware.com/simulation.htm, http://www.wolverinesoftware.com/GPSSHProducts.htm. 
For our comparing we will use GPSS product of the Minuteman software company (Figure 2).  

       

Figure 2 GPSS simulation model of our researched system 

After the process of the simulation, the system offers us to save the report to the disk as a text document and 
opens the text document containing a complex statistics of the processed simulation (Figure 3). The report of 
the simulation shows us, that the researched system is utilized up to (0.813) circa 81%. The total number of 
requirements in eight hours was 47. The average time of service according to one requirement was circa 8.132 
minutes. The total number of inputs into the queue was 48. The total average time the requirements spent 
waiting in the queue was 5.014 minutes. The report follows, that the running of the system is adequate with 
one device. If there were more requirements attending the system, it would be necessary to buy one more 
device. If there was one more device bought to the system, the simple queuing system would become parallel 
service system, resp. multichannel service system. 

 

Figure 3 GPSS report of the simulation 
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2.2. Design of the simulation model in the EXTENDSIM 

EXTENDSIM is system of ends of 90´s years and beginning of the 21st century. EXTENDSIM belongs to the 
group of simulation systems, which combine the options of discrete and continuous simulation. This is the 
reason why EXTENDSIM is the most desired simulation tool for computers using Windows and also Macintosh 
platform. 

EXTENDSIM simulation system is the product of the company Imagine That, Inc. USA. The company offer 
EXTENDSIM in four versions which are different from each other in the use, resp. in the number of blocks, 
from which it is possible to create simulation models. The company offers the version EXTENDSIM Demo for 
the beginning creators free-of-charge and its actual version is downloadable directly from the website of the 
producer www.extendsim.com.   

The demo version is fully functional according to the process of the simulation, but its disadvantage is that it is 
impossible to save the created simulation models for further use and the simulation model cannot be created 
from more than 25 blocks. Despite these limitations, the demo version is sufficient enough to gain general 
knowledge about the work with this simulation tool. Our researched system is created from a several blocks 
(Figure 4) of the system EXTENDSIM.  

 

Figure 4 EXTENDSIM simulation model of our researched system 

After the process of the simulation, the system offers us to save the report to the disk as a text document and 
opens the text document containing a complex statistics of the processed simulation (Figure 5). The report of 
the simulation shows us, that the researched system is utilized up to (0.8) circa 80%. The total number of 
requirements in eight hours was 48. The average time of service according to one requirement was circa 0.133 
minutes. The total number of inputs into the queue was 48. The total average time the requirements spent 
waiting in the queue was 0.00 minutes. The report follows, that the running of the system is similar as in GPSS.  

 

Figure 5 EXTENDSIM report of the simulation 
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2.3. Design of the simulation model in the Tecnomatix Plant Simulation System 

Tecnomatix Plant Simulation system (TPS) is modern system beginning of the 21st century. TPS system 
belongs to the group of simulation systems, which are oriented to discrete simulation with quality of 3D 
animation. This is the reason why TPS system is very popular for modelling and simulation of processes in 
automobile industry.  

TPS system is the product of the company Siemens. The company offer TPS system in a several variations. 
The company offers the version TPS Student version for the beginning creators free-of-charge and its actual 
version is downloadable directly from the website of the producer 
https://www.plm.automation.siemens.com/en/academic/resources/tecnomatix/simulation-download.cfm. The 
demo version is fully functional according to the process of the simulation, but its disadvantage is that it is 
impossible to use it for commercial utilization. Our researched system is created from a several blocks 
(Figure 6) of the system TPS.  

 

Figure 6 TPS simulation model of our researched system 

After the process of the simulation, the system can show for us the report of the simulation process (Figure 7). 
The report of the simulation shows us, that the researched system is utilized circa 80.33%. The total number 
of requirements in eight hours was 48. The average time of service according to one requirement was circa 
8.00 minutes. The total number of inputs into the queue was 48. The total average time the requirements spent 
waiting in the queue was 0.00 minutes. The report follows, that the running of the system is similar as in GPSS 
and EXTENDSIM.  

 
Figure 7 TPS report of the simulation 

3. CONCLUSION 

After comparing of simulation programs and results of our simulation example we can consider that 
methodologhy of simulation system activity is still the same or very similar but system of simulation model 
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design is new. New computer simulation programs can realize 2D and 3D animation (Figure 8) what is 
impossible in the older simulation program versions.  

 

Figure 8 An examples of the 3D animations of advanced simulation systems 

In the next research of the simulation systems comparing we would like bring the answer for the question “How 
is quality of the simulation systems on the market?” For the future and in the next article we will realize 
comparing of the concrete simulation programs by examples of a parallel, serial and multichannel systems.   
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Abstract  

If a company is to generate profit it must actively react to the changing demands of the market. In order to 
meet current customer demands a company must make sure it is adhering to the 7R rule. With the modern 
market however, meeting this single condition may not be sufficient to maintain competitiveness. It is becoming 
increasingly common for today`s client to expect a product precisely matching his requirements (or 
personalized). This forces companies to create/design flexible processes and abandon MTS (Make to Stock) 
in favour of MTO (Make to Order). The company model discussed in this article specializes mainly in the 
production of windows, doors and window blinds. In the special products section, the client may influence the 
final look and functionality by choosing features such as shape, dimensions or accessories of the manufactured 
stock. This is a 100% custom production. One of such products is the HST Hebe-Schiebe-Tur window. A 
significant increase in demand forces changes leading to an improvement of the production process. A simple 
analysis allowed for the processes to be uniformized to a degree and to devise a new work-system organization 
proposal. 

Keywords: Cellular structure, Make-to-order 

1. INTRODUCTION 

In the Make-to-order production system it is not the manufacturer, but the client who decides on the final 
features of the purchased product. The manufacturer offers a range of components making up the final product 
[1]. This fact determines certain characteristics of the production system, which should ensure it is sufficiently 
flexible. In most cases such a process is set on executing small orders for no more than a few items, we may 
therefore assume that the MTO system executes piece production. [2] The planned production process and 
the structure it will be realized upon must be tuned to this assumption. In such conditions, meeting the logistic 
goals of the company is advised, i.e. cutting the production process execution time, which in the case of a 
Make-to-order system is a direct cause of shortening order execution time. For this reason it is necessary to 
aim at limiting needless transportation, stoppages and generally reducing the waste within the process. 
Production is initiated by an order coming in from the client, which determines the necessity of organizing 
production in the pull system. This way the manufactured amount of products exactly meets the markets` 
requirements. It may therefore be said it is best to create an uninterrupted product stream through the 
production cells.[3,4] The manufactured products may vary in size, shape, utilized materials or even 
functionality. This necessitates the use of a frame technology log for a certain family of products instead of a 
particular product. At the same time it is impossible to assume specific timeframes and a permanent production 
cycle. Order execution times will vary depending on the product being available immediately - from storage, or 
needs to be ordered, and on the actions planned for the product in question. The times of particular operation 
may also vary depending on the construction features of a particular product variant.  

Diversification of the manufactured products is typical for Make-to-order production. This however also causes 
the technology used varied for different products. This means that using expensive machines useful only for 
manufacturing a limited number of products and a high level of automation is pointless. The main characteristic 
for workstations used in the production structure should be flexibility. For this reason in custom production 
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departments it is common to use universal machines. The tools may be modest and may comprise of simple 
equipment, which in turn must be compensated with an experienced and highly skilled personnel. The above 
make up a versatile machine park able to cope with various tasks.  

However, the desire to maintain a continuous flow of material requires the application of a group layout [5] 
(Figure 1). Regardless of whether the production is carried out in the cells or on the production line, machines 
should be aligned in accordance with the order of the technology operations performed. [6,7]. 

 

Figure 1 Diagrams of exemplary cell structures:  
1 - U-cell, 2 - „equal sign” cell, 3 - S - cell, 4 - technology-based layout 

The make-to-order manufacturing system is by definition focused on the production of a wide range of goods. 
These are usually products with a similar overall technological process but it may vary significantly in terms of 
details, for example as regards the installed equipment. Each machine or device has an assigned task to 
perform one specific technological operation in line production, so their specialisation or process automation 
may be beneficial. As such, lines are used for the production of larger series and also for make-to-order 
production of, for example, products similar in terms of dimensions but with different equipment installed. In 
the production of custom goods, cellular layouts will have a wider application. [8] 

2. CHARACTERISTICS OF THE PRODUCTION PROCESS 

OKNOPLAST is a polish company manufacturing PVC windows, exterior doors, window shades and other 
accessories having an application in windows. The production process is governed by the MTO (Make to 
Order) concept. The client may choose: dimensions, profile shape, colour, and accessories (burglar-proof 
glazing and fittings, noise-dampening windows, shades). 
The basic elements making up the whole product (Figure 2) are:  
 vinyl polychloride - PVC,making up the structure of the leaf or frame, 
 internal steel profiles reinforcing the construction, 
 boundary profiles, elements responsible for functionality (opening, closing, pivoting) 
 double glazing, 
 window accessories (handles, drainage air inlets etc.) 
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Figure 2 Diagram of basic elements of the window. Items description : 1- slam, 2 - corner, 3- guide,  
4- schoulder, 5-closure, 6- upper hinge, 7- pin, 8- bracket, 9- lower hinge, 10- hook, 11-plug 

Nearly all components necessary to execute an order are delivered by external suppliers (Figure 3). The only 
elements manufactured by the company are glazing units. Executing a production task in accordance with the 
MTO concept requires preparing each component of the ordered HST window. 

 

Figure 3 Scheme of HST Windows production process 

Technologically preparing the elements for assembly takes place in the processing center. The prepared 
elements (after cutting, welding, milling, and drilling necessary technological slots) are being stored in buffers, 
from which they are subsequently collected onto the assembly stations. Figure 4 describes a general 
production schematic for sliding HST windows in Oknoplast S.A. 

 

Figure 4 Production process diagram for HST 
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In addition to classic windows (square shaped) the company also manufactures custom-shaped products 
(triangular, trapezoidal, round and oval). The custom production department also manufactures sliding 
windows - HST(germ. Hebe-Scheibe-Tür) HST are dooors manufactured in the lifting-sliding technology. The 
doors have a glazed surface of up to 13.8 m2, and due to the application of lifting-sliding fittings are easily 
opened despite their considerable size: 1600 to 6000mm in width, 1800 to 2600 mm in height. These fittings 
also allow the window to be set to a micro ventilating position and if electrically controlled, may ventilate rooms 
at specific times of day. The manufacturer offers four types of HST doors, depending on how they open: HST 
A - one sliding and one immobile leaf, HST D - two sliding leafs, HST C - two immobile (external) leafs, two 
sliding (internal), HST CC - two immobile leafs (external), one sliding (middle). 

Lifting-sliding HST doors are composed of: 
 a frame connected by screws and stiffened by aluminum profile, 
 a PVC sill reinforced with an aluminum profile, 
 leafs manufactured from PVC shapers welded in the corners and moving on a trolley riding along 

aluminum guidebars. 

Currently the assembly process takes place on five parallel stations -the entire assembly is executed in five 
nests, which includes (Figure 5): 
 assembling the frame and sill (screwing), 
 assembling immobile leafs, 
 mounting the immobile leafs into the frame, 
 assembling sliding leafs, 
 mounting sliding leafs into the frame. 

 

Figure 5 Current system of work organization 

The manufacturing process ends with quality control and preparing the ordered HST set for shipment to the 
client. Due to the considerable weight of the sets and safety precautions the prepared frame and leafs, glazing 
and protection strips are shipped in separate transport units. Assembly of the HST set takes place at the 
destination - the client. 

Installing the frame, immobile and sliding leafs requires many preparation and operational activities.  

3. RESEARCH AND ANALYSIS OF THE PROCESS 

Recently, the company has met a significant impact of the number of orders. With the current form of production 
organization, the productivity of HST windows assembly cells is insufficient to meet the current needs of the 
market. In order to improve the efficiency of the process. In order to improve efficiency in the HST window 
mounting sockets, a multilateral process analysis was carried out. It included: 
 identifying the movements of the employee during technological operations at the workstation, 
 timing all the performed actions. 
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Such analysis also allows establishing: 
 the incorrect sequence of performed actions 
 unnecessary actions, 
 the fact that the time of executing the same operational action may depend on the operator performing 

the task. 

As a result of a detailed analysis of the operators actions while executing tasks the following has been noted: 
 assembling the frame and sill: 29 actions, 
 assembling fixed leafs: 16 actions, 
 mounting fixed leafs into the frame: 8 actions, 
 assembling sliding leafs: 19 actions, 
 mounting sliding leafs into the frame: 6 actions, 
 quality control and preparing the set for shipment: 26 actions. 

All actions were timed on five assembly stations (Figure 7). 

Assembling a sliding HST window comprises of 6 separate phases. Table 1 depict a time summary for 
particular window assembly stages. The research indicates that the longest stage is assembling the frame, 
which on average takes 1 hour and 32 minutes. The shortest stage of the process is mounting the sliding leaf 
in the window, taking around 10 minutes. The total window assembly time from the moment of receiving the 
first frame part to putting the prepared HST window on the stand amounts to an average of 3 hours 34 minutes 
and 47 seconds (excluding break time). 

Table 1 Time compilation of subsequent HST assembly stages 

Action Frame 
assembly 

Assembling 
fixed leaf 

Mounting fixed 
leaf into frame 

Assembling 
sliding leaf 

Mounting sliding 
leaf into frame 

Quality Controll 
And  packing 

Total 
time 

Average time 
[hh:mm:ss] 01:32:26 00:37:24 00:17:58 00:41:08 00:10:36 00:15:16 03:34:47 

The assembly process requires many additional preparation actions (eg. - cleaning components, unpacking, 
measuring, additional cutting operations). Preparation actions take approximately 30% of the total window 
production time. These actions add the most time to the entire HST window production process.  

4. NEW SYSTEM PROPOSITION 

Currently each employee executes all production stages, (Figure 5) i.e.: 
 frame assembly, 
 fixed leaf assembly, 
 mounting fixed leaf into frame, 
 sliding leaf assembly, 
 mounting sliding leaf into frame, 
 packing, 
on a single assembly table. 

The new worksystem would depend on dividing tasks (Figure 6): 
 frame assembly: two employees, 
 leaf assembly: two employees, 
 mounting leafs into frame and packing: one employee. 
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Figure 6 Proposition of New working system. 

Table 2 summarizes the results of the analysis. 

Table 2 Time compilation of HST assembly in new system 

Action Frames assembly 
(2 work.) 

Mounting leafs 
(2 work.) 

Mounting leafs into frame 
and packing (1 work.) Total time 

Average time [hh:mm:ss] 00:34:35 00:30:41 00:30:27 01:35:27 

The production time of the window before the change was 3 hours and 34 minutes. After changing the working 
system, the window production time was 1 hour and 37 minutes. Thus, after the change, it is possible to 
increase the capacity of the slot from 10 to 14 windows per shift. 

5. CONCLUSION 

Sliding window production in OKNOPLAST S.A. is extremely advanced. Owing to the performed analysis 
based on execution time measurements of particular actions, excluding operations which did not add value to 
the process and changing the layout, it was possible to identify the most problematic areas which could be 
improved to increase efficiency. Basing on the performed analyses it was concluded that the greatest 
improvements could be made to material preparation operations. This part of the process takes 30% of the 
total time necessary to manufacture a window. The second area with a large improvement potential is the 
production system. Calculations suggest that once the nest system is introduced, productivity may rise from 
10 to 14 windows per shift, which equals to a 40% increase. It is worth emphasizing that the main benefits of 
the potential changes a faster client order execution, a more flexible production process and multiple savings. 
Task time analysis on several production stages allowed for a full understanding of the entire process and to 
identify the processes best left unchanged (e.g. assembly method), those needing to be changed (e.g. 
production system) and those which need to be eliminated (e.g. component preparation). 
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Abstract  

Each kind of transport is very sensitive to weather and its conditions, which might change in a short period of 
time. Proper information about the current weather is very useful in order to schedule the transportation. 
Information about the weather and its prediction could be obtained from diverse sources for waste areas all 
around the world. One of the most useful sources of meteorological weather predictions are the weather 
numerical outputs. These outputs must be correctly interpreted for numerous types of users. 

The data are delivered with various validity periods and in different forms. The information about weather and 
its correct explanation may produce better economical results  

Keywords: Transport, weather, numerical weather prediction 

1. INTRODUCTION  

Weather has a great impact on the quality and the accuracy of traffic. 

Frequently, the traffic is slowing down on unexpected weather conditions, and there is a risk of failure to meet 
deadlines. That is why, in the current fast-growing period, high-quality accurate and direct weather forecasting 
is in the forefront of quality logistics for all modes of transport.  

The weather has shown its great impact on transport in history. Let's recall the tragedy of the Hindenburg 
airship. When the airship landed in May 1937, the airship burst into the air. It is speculated about the numbers 
of reasons, from static electricity to the cold front, and its lightning, which ignited hydrogen in the air-ship [1]. 

There is no need to go so far in history. 

Let's just mention the great tragedy on the Island of Tenerife. Here, in March 1977, more than 300 people died 
in the crash of two aircrafts. The cause of the tragedy was fog [2]. 

Numerical model started to be used in meteorological forecast app 20-25 years ago. But its foundations have 
been laid in the 50´s of the last century, but with the boom of IT, numerical models are increasingly becoming 
part of everyday practice. 

2. CURRENT STATE  

With the current volume of traffic, information on the weather and on-site destination appears as a very 
important information. 

It should be remembered that each type of transport needs different weather information to ensure transport 
safety. 
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At the present time, predictive meteorological numerical models are used to ensure good weather forecasts 
for transport. They use all known mathematical, physical equations describing condition in atmosphere and 
current meteorological data from a large area of the world. The meteorological model provides broad 
meteorological data for the meteorologist to produce good weather forecasts for different users. The 
meteorologist has everyday updates of the predictive model on a different area. 

The model has a different resolution of area to predict atmospheric conditions. The 10x10 km area is the most 
common, but the resolution of 2x2 km is often used only when predicting local phenomena, e.g. a wind sheer, 
amount of precipitations, snow or thunderstorm. 

The numerical model also provides automatic prediction, but the meteorologist improves its predictive quality 
by its interpretation. 

3. OUTPUTS OF MODEL 

Each meteorological element has its output up to several hours ahead, usually 72 hours in advance. 

Based on this information, the meteorologist is able to prepare a relevant prediction for a larger area or point. 

The figures show the outputs of the humidity model used for rainfall modeling for Central Europe (Figure 1) 
and CZ / SK (Figure 2). 

 
Figure 1 Humidity output for Central Europe 
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Figure 2 Humidity output for CZ/SK 

4. CONCLUSION 

Numerical models are a useful source of weather information for a wide range of transport users. They provide 
information for secure logistics in rail, road, water and air transport. Proper interpretation of model outputs 
brings savings in time and money for all types of transport companies. 

REFERENCES 
[1] Airships.net, The Graf Zeppelin, Hindenburg, U.S. Navy Airships, and other Dirigibles [online]. 2009, [27.4.2017]. 

© Dan Grossman 1997-2017, Available: http://www.airships.net/hindenburg/disaster/. 

[2] 1001crash.com, Lessons learnt for aviation safety [online]. 2017, [27.4.2017]. 1001 Crash Copyright © | 2005-
2017, Available: http://www.1001crash.com/index-page-tenerife-lg-2.html. 

  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

104 

POTENTIAL OF SATELLITE-BASED EARTH OBSERVATION USE IN LOGISTICS 

LENORT Radim, WICHER Pavel, STAŠ David, HOLMAN David  

ŠKODA AUTO UNIVERSITY, Mlada Boleslav, Czech Republic, EU, radim.lenort@savs.cz 

Abstract 

The paper presents study of the satellite-based Earth Observation use in logistics and supply chain 
management. The study includes global market analysis (market perspectives, main market players, and 
sector segmentation), value-added services and products analysis, and logistics and supply chain 
management applications analysis based on concrete case studies. 

Keywords: Satellite-based Earth Observation, logistics, industrial company 

1. INTRODUCTION 

Nowadays, the satellite-based Earth Observation (EO) has many successful applications in a relative large 
number of branches. It is based on satellite imaging technology, which enables to acquire optical or radar 
images of the Earth's surface with reasonable time and resolution. Thus, use of satellite-based EO appears 
as very promising technology also in the area of logistics and supply chain management. 

The aim of the paper is to analyse possibilities of the satellite-based EO in logistics and supply chain 
management. 

2. GLOBAL MARKET ANALYSIS 

2.1. Market Perspectives 

The satellite-based Earth Observation (EO) belongs, and will belong in the future, among very dynamic and 
fast-growing world markets. This fact can be illustrated not only on the basis of historical data, but especially 
forecasts of leading international market research organizations. Northern Sky Research (NSR), a global 
leader in Satellite & Space Market Research and Consulting Services, expects that projects data, value-added 
services, information products, and big data analytics from satellite-based EO will represent a $43 billion 
opportunity over the next decade [1]. 

Technavio, a leading market research company with global coverage, states that by January 2014, around 
190 EO satellites were orbiting the planet and this number is expected to increase to more than 350 satellites 
by the end of 2022. Technavio’s market research analyst predicts the global satellite-based EO market to grow 
steadily at the Compound Annual Growth Rate of more than 14 % during the forecasted period [2].  

2.2. Market Players 

According to Technavio, the global satellite-based EO market is moderately competitive due to the presence 
of few large players [2]: 

 Airbus Defence and Space 
 DigitalGlobe 
 DMC International Imaging (DMCii) 
 ImageSat International 
 MDA 
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Currently, two-thirds of high-resolution commercial EO data sales come from only two companies: Airbus 
Defence and Space and DigitalGlobe [3]. 

2.3. Sector Segmentation 

EO data, value added services and products are utilized in sectors as follows [2]: 

 Defence 
 Weather forecast and meteorological application 
 Location-Based Services (LBS) 
 Energy 
 Agriculture 
 Insurance 
 Mining and oil and gas 
 Transport and logistics 
 Telecommunication and utilities 
 Living resources 
 Disaster management 

The defence sector accounted for more than 36 % of the market shares during 2015 and is expected to witness 
a steady growth during the next decade [2]. 

3. VALUE-ADDED SERVICES AND PRODUCTS ANALYSIS 

A comprehensive analysis of the satellite-based EO value-added services and products offered by 8 main 
market players enables categorization of these services and products into 11 groups. Based on Airbus Defence 
and Space group pallet of services and products [4] they can be defined as follow: 

 New images of a specific area - creation of the requested quality images of specific area in the future. 
This group can be divided into next 3 categories: (1) ASAP (as soon as possible), (2) specific day from 
the future, and (3) series of images if a customer need to see changes.  

 Historical images of a specific area - all mentioned companies have big archives of satellite images and 
offer access to them. 

 Base maps - this kind of images usually display wider areas like states or counties. Base maps can 
provide a background of geographical context for the specific maps which customers want to create. 

 Elevation images and maps - present elevation images, maps and models, which provides highly 
accurate height information (3D information). 

 Infrared images - usage of infrared part of the optic spectrum. 
 Images with detected changes - offering to spot, monitor and notify changes in the specific area or set 

of images. Analysis is usually performed by a special software and/or the team of trained analytics. 
 Outputs with deep analysis - special analyses according to customer needs. 
 Special software applications - there is several highly specific ready to use software on the market. 

Customers can just buy the final software product and filled it up with their own imagery data. 
 Special customize solutions & software - there is also possibility to cooperate on developing new 

software or application, which will be built exactly for specific customer needs. 
 Data services - all companies mentioned some variance in the delivering of products, mainly it is through 

clouds, FTPs, hard disks, DVD. Some of them also provide data storage on their own servers. 
 Training - training of customer employees in different kinds of tasks linked with satellite imaging. Mostly 

in analysis of the satellite images or usage of the specialized software products and applications. 
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4. LOGISTICS AND SCM APPLICATIONS ANALYSIS 

Based on a deep analysis of 73 specific applications by main 8 market players, 9 applications related to 
logistics and supply chain management were identified. From these application, can be selected 4 
representatives, which are described below. 

4.1. ISI KINGFISHER 

ISI KINGFISHER is a system developed by ImageSat International (ISI). The system combines sophisticated 
Artificial Intelligence and human expertise into a multi-layer, multi-sensor maritime intelligence solution, which 
provide coverage of enormous and dispersed surfaces and deliver vessel-specific insights and alerts. The 
system is used for sovereignty control, counter terrorism and piracy, counter trafficking, counter IUU fishing, 
and environmental protection [5].  

Used technology: 

 Very high resolution radar and optical satellite imagery 
 Coastal radar 
 Other maritime data sources 

Benefits from the logistics viewpoint: 

 Automatic identification and classification of vessels (see Figure 1). 

 

Figure 1 Vessel identification [5] 

4.2. Airport Mapping Databases 

High-quality Airport Mapping Databases (AMDBs) for international civil and military aviation markets are 
developed by MDA. Employing satellite-based EO techniques, MDA collects accurate aerodrome information 
and constructs geospatial databases that meet the quality and accuracy requirements for airports around the 
world (see Figure 2) [6].  

Used technology: 

 Radar satellite imagery 
 Aerial photography 
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Benefits from the logistics viewpoint: 
 Accurate aerodrome information  
 Taxi routes optimization 
 Flow efficiency maximization 
 Runway incursions minimization 
 Increasing safety 

 

Figure 2 Airport Mapping Databases [6] 

4.3. Land Intelligence Products 

MDA has developed the several geospatial 
intelligence products. From the logistics and supply 
chain management perspective are usable two of 
them [7]: 
 Change Classification Products - identification 

and classification of changes resulting in an 
intuitive colour-coded image product (see 
Figure 3) 

 Human Activity Product - detection of minute 
changes in the ground reflectivity, indicating 
potential areas of human activity 

Used technology: 
 High resolution optical imagery 
 Radar satellite imagery 
 Specialized software 

Benefits from the logistics viewpoint: 
 Detecting and tracking moving vessels and vehicles 
 Detecting routes of vehicle traffic 

4.4. Remote Sensing Metrics Support 

Remote Sensing Metrics (RSM), headquartered in Chicago, United States, provides corporations, investors 
and government clients with data focusing on retail parking lot traffic to help measure chain-wide and store-
level traffic and market-share, and forecast company sales and stock price. Airbus Defence and Space 
produces weekly Pléiades imagery of key retail stores in the United States for RSM (see Figure 4). This 

Figure 3 Change classification [8] 
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imagery is used to produce analysis of retail parking lots to determine year-over-year traffic growth, market 
share, and forecasts [9].  

 

Figure 4 A retail store satellite image [9] 

Used technology: 
 Very high resolution optical imagery 
 Software for automatic counting of cars 

Benefits from the logistics viewpoint: 
 Chain-wide and store-level traffic measurement 
 Market share measurement 
 Company sales forecast  
 Stock price forecast 

5. CONCLUSION 

The results of the analysis proved that there is very interesting potential of the satellite-based EO use in 
logistics and supply chain management, but no applications were found to support standard logistics processes 
in industrial supply chains. As main reasons could be seen long revisit time of satellites, which doesn’t allow 
monitoring logistics processes in real time and relatively small resolution of images (caused especially by 
government regulations), which doesn’t allow an accurate detection of smaller objects. Thus, the largest 
potential of satellite-based EO can be seen in the area of detecting and monitoring vessels, containers, trucks 
and routs of vehicle traffic. In the near future, real time applications can be expected, but these will focus on 
managing global supply chains with respect to the cost of satellite-based EO value-added services and 
products. 
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Abstract 

In many countries the solution of truck parking has been solved in last two decades. State of the art electronic 
toll collection systems can be utilised in many ways. Mainly autonomous (satellite) electronic toll systems can 
be seen as a more general transport telematics platform. To avoid multiple devices that the driver should use 
during his driving, the paper deals with the possible solution of intelligent truck parking system based on the 
infrastructure of autonomous electronic toll collection system. 

Initially the applicability of the toll on-board unit and other subsystems of electronic toll collection system is 
analysed. Then the functional requirements for intelligent truck parking system are specified. Afterwards the 
proposal of the system architecture is mentioned. The suggested proposal shows that the intelligent truck 
parking system based on electronic toll system should be not only possible, but also effective solution. 

Keywords: Intelligent Truck Parking, Autonomous Electronic Toll System, On-Board Unit 

1. INTRODUCTION 

Road charging is worldwide used as a financial instrument or/and measure for traffic regulation [1]. The 
European framework for technological solution of electronic toll collection (ETC) defines Directive on the 
interoperability of electronic road toll systems [2]. The Directive determines that toll systems based on On-
Board Unit (OBU) should use at least one of mentioned technologies (satellite positioning, mobile 
communications using the GSM/GPRS - Global System for Mobile Communications/General Packet Radio 
Service, 5.8 GHz microwave technology). So deployed systems can be microwave or satellite (also referred 
to as autonomous ones which are based on satellite positioning and mobile communications) [3]. 

 

Figure 1 Principle of a satellite system [9]  

In spite of undisputed advantages of satellite technology (flexibility, effectiveness, reliability, potential to offer 
value added services, …), the technology has broken through relatively moderately (Germany, Slovakia, 
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Hungary). Taking into account modern technological solution (in Slovakia the ETC system was deployed in 
2010 [1]), the question of possible multiplicative utilisation of available resources has raised [4]. On the other 
hand there are many areas where the telematics resources can solve specific technical requirements, e.g. in 
asset management [5], parking management [6], track&trace [7], Smart City [8] and so on. 

Generally the ETC system can be divided into three subsystems: central equipment (CE), On-Board Unit 
(OBU) and enforcement. The principle (Figure 1) of the autonomous (satellite) toll system is that OBU receives 
signals from GNSS (Global Navigation Satellite System) satellites (currently specifically GPS - Global 
Positioning System) on base which the location of the vehicle is determined and thereby the use of particular 
charged road segment [9]. The information from OBU is necessary to transmit to CE so what a mobile 
communication network serves on. On the purposes of enforcement (and in microwave systems also for tolling) 
a microwave technology dedicated short range communication (DSRC) is used. 

2. SLOVAK ELECTRONIC TOLL SYSTEM 

Since the beginning of operation of the system in Slovakia, ETC has been applied on vehicles and vehicle 
combination over 3.5 tones (excluding vehicles exempted from tolling duty according to law) which are 
obligatory equipped by OBUs. Till the end of 2013 charging was applied on motorways, highways and selected 
1st class roads. Since beginning of 2014 selected road network has been significantly extended on all 1st, 2nd 
and 3rd class roads (even though some 1st class road sections and all roads of 2nd and 3rd class roads with null 
rates) [10]. After the changes, the coverage of toll scheme is almost all roads in Slovakia (just local, commercial 
and specific roads are not covered). Particularly, total length of the motorways, expressways, 1st, 2nd and 3rd 

class roads in Slovakia is 18019 km of which 17559 km are selected in the framework of toll scheme (Figure 2). 
The selected road network is covered by 4134 toll sections and the scheme registers more than 255 thousands 
OBUs. 

Since first statutory the text of Slovak Act on electronic toll collection, the Directive [2] has been took over into 
Slovak legislation. Followed description shows that the Slovak OBU disposes all of the technologies that 
Directive requires. 

 

Figure 2 Map of road networks in Slovakia - tolled roads in 2017 [11] 

3. PRINCIPLEAS OF THE PROPOSAL 

As it was mentioned above, the basic idea of the proposal is to utilise the available resources of the ETC 
system and avoid to build a dedicated ITP system. The available resources are centralised in two ETC 
subsystems: CE and OBU. Therefore it is firstly necessary to assess applicability of the subsystems in the 
framework of the ITP system and propose the unavoidable modifications and upgrades of OBU and CE. 
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It is evident that the changes would be appropriate (relative to separate ITP system) and the modification of 
the ETC system must not affect its functionality, reliability and security as well. Secondarily it means that the 
ETC system disposes a sufficiency of computational, communication and energy resources in the all affected 
subsystems and levels. 

From operation point of view, the relationship between toll charger and ETC system operator has to be 
negotiated within consideration that a new service will be offered with resources of previously procured system. 
On the one had there is an utilisation of existing ETC system and on the other hand there are costs caused by 
investments and operation of a new commercial service. Investments and operation costs have to be adequate 
to new ITP service revenues to be a commercially interesting. The service should be public one and available 
through various communication means and be sufficiently flexible and scalable. 

4. DEFINITION OF CONDITIONS FOR ITP 

To define functional requirements for ITP, it is necessary to respect European trends in the area of 
harmonisation of ITS (Intelligent Transport Systems) services. Besides framework that defines Directive 
2010/40/EU on ITS [12], Development guidelines were defined for ITS services in the framework of the project 
EasyWay, namely ones also for Intelligent truck parking and secure truck parking [13]. Harmonised 
requirements on the service were defined from point of view of functional requirements, organisational issues, 
technical requirements and levels of service from point of view of security. Regarding to organisation scheme 
of the service (for example for the cases that operators of the parking spaces are different subjects and they 
have various business conditions and goals), it is not possible to define all details regarding to technical 
conditions for service. 

Truck drivers, hauliers and dispatchers need the information on petrol stations or rest areas on the routes not 
only pre-trip but also on-trip. It can be realised via information providers. Generally the information providers 
can be public or private ones. A typical functional architecture from point of view of information flow is 
segmented into three sub-functions - a vertical line consist of: (static and dynamic) data collection, 
management of information, transmission of information. Then the using of information follows. 

The basic functional requirement is that functional decomposition and provision of standard interfaces should 
be realised to be ensured interoperability in case the service is carried out by more than one subject. For each 
of sub-functions it is necessary to define a set of functional requirements. Moreover to ensure full 
interoperability a set of organisational (e.g. roles, processes, workflows, contracts and agreements, 
management plans, data maintenance, …) and technical (data exchange standard including used profile) 
requirements has to be defined. 

Regarding to logical structure, ITP system usually consists of four basic components:  

 devices for data collection - purpose: parking data collection (e.g. calculation of arriving and departing 
vehicles), 

 central and local parking information system - purpose: data processing and fusion, i.e. conversion of 
raw data into usable information, 

 telecommunication and information networks - purpose: transfer of data/information between system 
components, 

 devices for distribution and dissemination of information - purpose: broadcasting and displaying the 
information via different media. 

5. STRUCTURE OF ITP SYSTEM 

Mentioned components of ITP information system can be arranged into centralised or decentralised structure. 
In case of centralised system (Figure 3), the control units on all parking places in the system will process data 
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collected from sensors and detectors and transmit them to central parking information centre. There the data 
will be processed on information and submitted to particular information media. So this way the all processes 
will be performed centrally and local controllers have a limited function. 

 

Figure 3 Basic components of centralised ITP information system  

The advantages of such structure are: 
 information management is simpler and the operation of the system is more flexible, 
 parking and road information devices (typically variable message signs - VMS) can be utilised for 

different purposes, not strictly only for parking information, 
 such solution is more suitable for integration ITP system into complex system of traffic management, 
 system upgrades and supplementing of another kind of information dissemination are easier, 
 local system requires fewer functions and by that the local system is cheaper. 

The main disadvantages of the solution are: 
 more communication is required, 
 information process takes more time. 

Distributed parking information system will process parking data to information on the local level and 
consequently information transmit to relevant display devices and also to database of central parking 
information system.  

The advantages of distributed system are followed: 
 less communication needed, 
 system is more reliable and has less risks because data processing is distributed onto a number of local 

parking systems. 

Disadvantages of such structure are: 
 more complex local controllers are required, 
 devices for information displaying is not possible to use for displaying other information, 
 adding of a new displaying device is more difficult. 

Obviously a hybrid solution exists as well - it works as a centralised solution at ideal conditions but, in case of 
failure of a component, it switch into predefined distributed solution. Such benefit requires additional costs. 

From the mentioned analyse follows that central solution of ITP in Slovakia will be advantageous from point of 
view of availability of information for end users (getting information via mobile ICT devices has been still more 
preferred) and, in case of reservation service, the service will be available centrally for end users. Essentially 
it means that all supplementary operations with data will be realised centrally (e.g. occupation prediction) and 
equally processed information will be distributed from centralised point towards end users.  
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Regarding to organisational and operational issues in Slovak conditions two solutions can be considered:  
 building up a separate (dedicated) ITP central system (Figure 4a), 
 incorporating of ITP central system into National traffic information centre (NTIC), (Figure 4b). 

 
Figure 4 Logical architecture of a) dedicated ITP system and b) ITP system incorporated in the framework of 

NTIC - an example for information and reservation service  

   

Figure 5 OBUs used in the Slovak electronic toll collect system 

Obviously neither second approach should result in the situation that ITP system will be a separate system 
because it can be integrate into NTIC afterwards. Logically when the NTIC has been in operation yet it is 
naturally that the ITP system should be integrated in NTIC from the beginning.  

 

Figure 6 Idea of data interconnection of ETC and ITP system 

 

Figure 7 Structure of the system proposal 

As it was aforesaid above, two subsystems of ETC system would be affected by building up of ITP system 
based on the utilisation of the resources of EFC system. One of the subsystem is OBU. During operation of 
Slovak ETC system three generations of OBU has been used (Figure 5). OBU utilisable for such application 
has to been upgraded or of new type (with more suitable human-machine interface). In both cases OBU has 
to be extended on dedicated ITP application that would utilise available OBU´s modules (processor, memory, 
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GPS, GSM/GPRS). It also lead to upgrade a map data (parking places, specific roads, …). In respect of basic 
ETC service, it is evident that this service has to have a priority and the OBU´s trusted environment dedicated 
to ETC cannot be affected. It is obviously that instead of OBU any end user smart device (typically smart 
phone) can be utilisable for ITP purposes. 

Similarly CE has to be supplemented on dedicated ITP subsystem which main functionality would be filtering 
data received from OBU, i.e. ITP data are redirected to ITP central system (Figure 6). An interface towards 
ITP central system has to be part of this upgrade (because it concerns a data exchange between ITS systems 
the format of data exchange should be DATEX II (Figure 7).  

6. CONCLUSION 

The paper presents a possible utilisation of infrastructure of autonomous ETC system for purpose of ITP 
application. Modern user-friendly OBUs can serve as end-user devices for additional transport telematics 
services so that utilise available resources of OBU (mainly localisation and communication functionalities) or 
other subsystems respectively. The proposal shows that solution is possible and cost-effective.  
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Abstract  

Internet represents easy way to access global shopping opportunities. E-shops offer their customers various 
goods and services and after buying, they try to quickly distribute them to their clients. Some customers have 
a problem with electronic way of communication and distribution of goods. They want to pick up their goods 
directly from the seller or they should know where is the place for goods claim. These places are contact points 
of e-shops. 

This paper is dedicated to construction the real e-commerce contact points network through discrete allocation 
models. The contact points network consists from the nodes and links. The information about the orders of 
existing customers was used as a weight of the network nodes and network shortest road distance was used 
as a value for the links. The three variants of location of e-commerce contact points were found by using the 
facility location method (p-median). The all variants represent the opportunity for the best location of contact 
points in the conditions of Slovakia. The selected variant that will be applied in practice depends on company 
management. 

Keywords: Network design, ecommerce, contact points network 

1. INTRODUCTION  

Nowadays, the customer wants select goods without having to go to a shopping center or a classic shop, he 
wants to participate on ecommerce. It means that the brick and mortar shops are replaced with a virtual space 
where sellers are presenting goods and services in the form typical for the electronic environment. In most 
cases, ecommerce is mainly understood as sales or provision of services in the Internet environment. Despite 
the fact that sales in brick and mortar shops are currently declining also due to the development of electronic 
shopping, a large number of online sellers still consider them very important. For many e-shops, brick and 
mortar shops represent so-called showrooms, where they can display their products [1]. This allows for better 
interaction with the customer and that is why the majority of on-line retailers combine their business with 
traditional brick and mortar shops. When setting up a brick and mortar shop, first, it is necessary to understand, 
where are our potential consumers and related suitable placement of contact points with customers [2]. 
Distribution logistics serves to find answers and solutions to these logistical issues (construction of contact 
points network for e-shop). 

Distribution logistics, also known as logistics of distribution, ensures the physical, organizational, and 
informational interconnection between the source of the enterprise and the consumer, its entrance warehouse 
or point of receipting the goods [3]. Its task is to ensure the most suitable method, analysis, selection, and 
implementation of all activities, strategic and other decisions related to providing products to the customer in 
a way, where smooth operation of the market is ensured [4]. Distribution logistics solves how to determine the 
topology of the company’s distribution system, distribution networks system, and using the placement of 
distribution elements, it solves the design of the distribution region. All of these issues solved by distribution 
logistics form the whole distribution system of the enterprise [3]. We can use this distribution logistics theory 
not for construction distribution network, but for construction e-shops´ contact points network.  
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2. ANALYSIS 

Ecommerce gained worldwide popularity in recent years. The connection of an e-shop with a classic brick and 
mortar shop has existed for some time, however from the customer’s perspective, brick and mortar shops are 
perceived differently today than they were in the past. Graduate interconnection of the electronic and the 
classic brick and mortar shop create three combinations of the two ways of selling [5]:  
 e-shop with a classic brick and mortar shop,  
 e-shop as a superstructure of a classic brick and mortar shop,  
 e-shop cooperating with a network of existing brick and mortar shops. 

Alza is one of the most successful e-shops in the Slovak market in terms of turnover, volume of offered goods, 
and quantity of offered range. Alza.sk is an example of an e-shop with classic brick and mortar shop operating 
in the Slovak market. It uses these brick and mortal shops (11 contact points and 6 delivery boxes in Bratislava) 
as a contact points with the customers that prefer personal contact with the seller. 

 

Figure 1 Network of contact points of e-shop Alza.sk [5] 

The NAY Company is the largest retailer of consumer electronics in the SR with a market share of about 25%. 
Nay.sk is an example of an e-shop as a superstructure of a classic brick and mortar shop operating in the 
Slovak market. Firstly, they built the network of brick and mortar shops (36 traditional shopping stores) and 
later, they constructed e-shop to use Internet as a new distribution channel.  

 

Figure 2 Network of contact points of of e-shop Nay.sk [5] 
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Another possibility how an e-shop can get closer to customer, who prefer personal pick-up of goods is the 
cooperation with a network of existing brick and mortar shops. One of the reasons for the cooperation is high 
cost for building own brick and mortar shops. The method of cooperation is characterized by various shops, 
which have their own network of brick and mortar shops, provide e-shops their operations as distribution or 
pick-up points (gas stations, grocery stores, newsstands, etc.). In Slovakia, e-shops without their own classic 
brick and mortar shops or without own pick-up place use delivery companies to deliver their goods [6]. The 
largest company authorized to provide services in operations owned by another company, so-called 
franchising, and the largest number of distribution points in Slovakia is the DHL company (more than 600 
parcelshops and 6 depots).  

 

Figure 3 Network of contact points (distribution network) of DHL Slovakia [5] 

3. OBJECTIVE AND METHODOLOGY 

The main goal of this paper is to propose a specific position for the placement of contact points network for 
real e-shop in the territory of Slovakia using the methods of operational analysis. The result of this goal is to 
achieve a suitable position of the e-shop´s points of contacts with customers in a specific space, which has a 
significant impact on sales. For this reason, we need to created new network, that is based on the idea: “to be 
as close as possible to the customers”.  

4. RESULTS 

The network of contact points can be defined as a set of elements interconnecting the customers space, which 
includes all the contact points, transportation means, and the transportation network representing a model of 
the solution. The transportation network consists of two basic objects. The first are network nodes, which in 
our case are represented by cities and towns, where customers originate, who use the e-shop the most often 
[7,8,9,10]. The second are segments connecting two nodes of the network, which represent the existing road 
infrastructure between two places, city and town or two towns. 

The management of the e-shop provided data on all possible cities and towns, from which they had orders in 
the past three years. Together there are as many as 473 potential nodes for the placement of contact points, 
therefore it is necessary to reconsider whether specific nodes are suitable for this placement as soon as 
possible. When optimizing the number of nodes, it is necessary to consider the weight of individual node. 
Therefore based on statistical characteristics the arithmetic mean method seems to be the most suitable and 
most useful [6]. Using the calculated value of the arithmetic mean, it is possible to accurately determine, which 
nodes of the contact points network are below this value, which determines unfitting cities and towns for the 
placement of a warehouse and contact point of given electronic store [10]. Nodes, which are below the value 
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of the arithmetic mean, need to be optimized. The optimization of these undersized nodes can be done in two 
ways: the proposed node of the network for optimization is assigned to the neighboring node, which is closest 
to it or two or more neighboring nodes proposed for optimization are merged to create one new node of the 
network.  

Performed optimization re-evaluated all nodes and the total number of nodes, i.e. 473, was reduced to 83. 
These 83 cities and towns represent nodes, which are suitable for the placement of an e-shop contact points.  
The transportation network is an edge and node weighted graph G (V, H, c, w), in which elements of the V set 
are called graph nodes and elements of the H set are called graph edges. For each node is assigned a w 
number, so-called weight of the node and each edge is assigned a c number, representing the length of the 
edge [7,8,9]. Model of the e-shop´s contact points network consists of 83 nodes and the nodes will be 
connected by 206 edges. The model of the electronic shop network created by the designated and calculated 
values of the parameters of the G (V, H, c, w), graph is depicted in Figure 4. 

 

Figure 4 Model of e-shop’s contact point network [5] 

After creating the model of network, it is possible to address the localization tasks using discrete allocation 
models, which will be used to look for the optimum placement of contact centers of given electronic shop. 
Before we begin to find such best location and optimal number of contact centers, it is necessary to select the 
correct allocation model. Since the goal is to find the minimum number of contact centers, which under set 
criteria would serve all peaks with minimum costs, or all cities and towns with the highest number of customers 
of given e-shop, the p-median model seem to be the most suitable [10]. After defining input and decision 
variables of the p-median allocation model, it is possible to address the application of chosen model to find the 
exact number of contact centers under chosen covering distance [7,8,9]. The covering distance is the 
maximum distance that e-shop customers are willing to travel in order to pick up the ordered goods or buy the 
necessary goods at the e-shop´s contact points. Because such data does not have a given e-shop, we have 
concluded that we will consider 50 km, 70 km and 100 km in three options for the location of e-commerce 
contact points. This decision was consulted with e-shop management. 

Option A 

The formulated p-median model shows that it is necessary to place 37 contact centers to cover all requirements 
of the nodes and under the covering distance of 50 km. (See Table 1). Contact centers placed in this way will 
serve all 340.590 nodes requirements representing revenue from sales of products. The average weighted 
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distance between the distribution centers and covered nodes of the transportation network of the electronic 
shop is 6.01 km.  

Option B 

In Option B, we will look for such an optimal number of contact points and their location to cover all 
requirements of the e-shop's nodes at a cover distance of 70 km. To cover all requirements nodes at covering 
distance of 70 km should be placed 17 contact centers, while the average weighted distance between the 
nodes and covered allocated local node is 16.06 kilometers. In the resulting network model, the total number 
of allocated contact centers has been reduced compared to the A variant. This can lead to optimization of the 
cost of building a network of e-shop contact points. 

Option C 

Option C will look similar to the previous two alternatives for finding an optimal number of contact centers at a 
distance of 100 km. By using the p-median allocation model, we found that for the Option C, eight contact 
centers are needed at a covering distance of 100 km to cover the demands of every node. The average 
weighted distance of all covered nodes is 28.25 km. 

5. CONCLUSION 

By modelling individual variants for the optimum placement of the contact points center of the electronic store 
we have obtained sufficient information for the proposal of a new contact network of an electronic store, which 
will be beneficial especially for given e-shop (see Table 1).  

Table 1 Results of allocation contact points centers with different covering distances 

Covering 
distance 50 km 70 km 100 km 

Number of 
contact centers 37 17 8 

Locations of 
contact centers 

Košice, Bratislava, Žilina, Banská Bystrica, 
Bytča, Nitra, Piešťany, Martin, Trnava, 

Prešov, Štvrtok na Ostrove, Poprad, Levice, 
Prievidza, Pezinok, Bardejov, Brezno, 
Humenné, Nové Zámky, Michalovce, 

Spišská Nová Ves, Zvolen, Čadca, Dunajská 
Streda, Senica, Ružomberok, Púchov, 

Lučenec, Sereď, Rožňava, Dubnica nad 
Váhom, Malacky, Komárno, Partizánske, 
Krompachy, Tvrdošín, Kráľovský Chlmec 

Košice, Bratislava, Žilina, 
Nitra, Prešov, Poprad, 

Levice, Prievidza, Dolný 
Kubín, Nové Zámky, 

Michalovce, Zvolen, Púchov, 
Sereď, Rožňava, Michalová, 

Myjava 

Košice, 
Bratislava, 

Žilina, Nitra, 
Poprad, 

Michalovce, 
Zvolen, Myjava 

Average weighted 
distance of all 
covered nodes 

6.01 km 16.06 km 28.25 km 

After consulting the e-shop management, we concluded that given the financial difficulty of building 37 or 17 
contact centers, it is preferable for the e-shop to build an eight contact centers. That is because the average 
weighted distance (the average distance between the contact center and the weighted nodes) under this 
placement of the center is higher (but acceptable), and the contact centers are situated in main centers of 
Slovakia, where the e-shop has most of its customers. Similarly, it is also with operating costs, so at the eight 
contact points it is necessary to spend less of the costs associated with their operation and operation, as in 
Option A - 37 centers. 
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Figure 5 Proposed allocation of e-shop’s contact point network [5] 

For all three variants, the e-shop could use the option of a business franchise model based on cooperation 
with businesses with their own network of sites. Nevertheless, e-shop would rather have its own customized 
contact centers this option was rejected. Proposed contact points network constructed in this way is a 
prerequisite for further successful existence of the e-shop in the market place.  
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Abstract  

One of the most important business trend influencing future competitive - and so the strategic decisions - is 
sustainable development. Sustainability means the ability to take activities that meet pro-ecology, pro-social 
and economic objectives. One of the solution meeting the needs of enhancement of ecological sustainability 
is multimodal transport development. The aim of the paper is to present part of the results of the 
ChemMultimodal project that is under the development of the Interreg Central Europe Program. Presented 
results show part of the available methods and open-access tools for transport CO2 emission calculation. The 
study consists also of the results of the market research on multimodal usage and CO2 emission measurement 
within researched companies engaged in chemical supply chains in Poland. These results have been 
compared with companies’ declarations of corporate social responsibility and sustainable development 
strategy implementation. Majority of the respondents do not use multimodal transport and do not measure CO2 
emission in transport operations. Additionally there is lack or minor interest in CO2 emission measurement in 
the future even if the companies declare susutainable strategy implementation. It might be  coused by minor 
proportion of CO2 emission in transport in comparison to total CO2 emission by researched chemical 
companies. The other argument was that there are no regulatory requirements for such an activities. Therefore 
when analyzing whole activities of the company - and so also within its supply chains - some divergences and 
lack of consistency on operational, tactical and strategical levels might be observed. 

Keywords: Multimodal transport, transport sustainability 

1. INTRODUCTION 

Currently one of the most important trend influencing future competitive business models scenarios - and so 
the strategic decisions - is sustainable development. Sustainability means the ability to take activities that meet 
pro-ecology, pro-social and economic objectives. However to gain competitiveness by sustainable 
development the company should remain consistent in terms of operational, tactical and strategical level 
activities. Consistency means being able to make operational and tactical daily-basis decisions in line with the 
supply chain - and so the company’s - strategy. 

Freight transport is important for sustainable development. It can play significant role in terms of achieving 
competitive advantage. However it rarely comes up against the objectives of sustainable development. If the 
company strives to achieve consistency on operational, tactical and strategical level in terms of sustainable 
strategy implementation it should revise introduction of ecological transport modes into the supply chain. One 
of the solution meeting the needs of enhancement of ecological sustainability is multimodal transport 
development. However to gain strategic goals the specific Key Performance Indicators (KPIs) should be 
settled. One of the most obvious and important KPI is CO2 emission measurement and comparison for different 
types of transport modes. 

The aim of the paper is to present part of the results of the ChemMultimodal project that is under the 
development of the Interreg Central Europe Program. The project’s goal is to promote multimodal transport in 
chemical logistics in Central Europe. Presented results show part of the available methods and open-access 
tools for transport CO2 emission calculation. The next part of the study consists of the results of the market 
research conducted within companies engaged in chemical supply chains. These results have been compared 
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with their declarations of corporate social responsibility (CSR) and sustainable development strategy 
implementation. The research was conducted within companies operating in Central Europe during August 
and September 2016. In the paper the special attention is dedicated to Polish chemical industry solutions. 

2. SUSTAINABLE SUPPLY CHAIN MANAGEMENT - THE CASE OF MULTIMODAL TRANSPORT  

Companies have become more deeply interested in implementing CSR programs and activities supporting 
sustainability [1]. The idea of sustainable management of the company - and as a consequence sustainable 
supply chain management (SCM) - has become a strategic factor for companies worldwide [2]. The concept 
of sustainable supply chain management (SSCM) has arose. SSCM is defined as reformist SCM “which 
manages the material, information and capital flows as well as cooperation among companies along the supply 
chain while taking goals from all three dimensions of sustainable development, i.e. economic, environmental 
and social, into account which are derived from customer and stakeholder requirements” [3]. Companies’ 
improvements of sustainable supply chain performance (SSCP) can sharpen their competitiveness and 
financial and operational performance. SSCP is a company’s capacity to reduce the use of materials, energy, 
or water and to find more eco-efficient solutions by improving supply chain management [4]. Additionally 
performance should be measured to determine the efficiency and effectiveness of an existing system or to 
compare competing alternative systems, unable continues improvement, benchmarking, as well as being an 
important “support” in the planning, design, implementation and monitoring of systems [5]. According to 
Björklund et. al. some of the most frequently reoccurring environmental measurements are: air emissions, 
energy use, recycling, fuel use and water use [5]. 

At the same time several researches describe the main characteristics of management decisions made on the 
three managerial levels. Changes on strategic top level cover infrastructure planning (i.e. additional facilities, 
locations and make/buy decisions) and are characterised by long time horizons. Tactical decisions are made 
by middle level management and include i.e. capacity planning and utilisation of the equipment. Decisions 
made on operational level management concern matters such as scheduling and routing [5]. It must be 
underline, that there is a need for vertical integration between levels as tactical decisions are the base for 
operational and finally influence on the level and quality of strategic plan fulfilling. If the strategy is well 
introduced within the partners in supply chain than logistics or transport managers are able to adapt 
appropriate transport modes and tactics for transport management. 

Within transport activities there are several options that can support sustainability in supply chains. For 
example the World Forum and its subsidiary Working Parties have already considered a large number of 
measures to improve the energy efficiency of the vehicle fleet. There are especially: innovative engine 
technologies, advanced engine management systems, efficient vehicle powertrains, the use of other 
alternative energy sources such as liquefied petroleum gas (LPG), compressed natural gas (CNG) and 
sustainable bio‐fuels (liquid and gaseous, development of quality specifications for market fuels in relation with 
the vehicle emission levels and engine technology type, installation electric devices on vehicles of with a low 
energy consumption to reduce the energy consumption or development of Intelligent Transport Systems (ITS) 
[6]. However the most significant impact on sustainability in supply chain has the behaviour of managers and 
their daily-based decisions that should fulfil the strategy. In terms of transport activities managers can improve 
quality of transport-intensity activities. Therefore the following steps can be taken [7]: review product design 
and bill of materials (materials characteristics, possibility to recycling or reuse), review sourcing strategy 
(especially low-cost country due to the distance), improve transport utilization (empty loading spaces 
limitation), use postponement strategies (product customization can be finalized near point of use), review 
transport options (choosing eco-friendly transport modes, design vehicles and vessels, etc.). As the result of 
review transport options the multimodal solution for SSCM can be deeply revised. 

Multimodal transport is “carriage of goods by two or more modes of transport” [8]. In most of the cases 
multimodal transport concerns the door-to-door approach. 
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Multimodal transport can support SSCM in many different ways. This is due to the fact that in most of the cases 
multimodal transport consists of rail (or inland) mode. The railway is characterised by low costs but high 
volumes (economies of scale). This conditions supports competitive supply chains in terms of economic 
performance. Additionally using railway for most of the route brings positive effects on pollution. Therefore 
multimodal transport has a great potential for supporting companies and whole supply chains with 
implementation of CSR and sustainable development strategy. That influences also on quality of inhabitants’ 
life. However for conscious decisions managers should set appropriate method of measurement of CO2 
emissions when analysing transport modes and their impact on pollution.   

Transport environmental impact might be measure at least by two types of methodologies [9]: 

1. Energy-based approach (when there is an access to energy and/or fuel consumption data). CO2 
emission is calculated as the quotient of fuel consumption and fuel emission conversion factor. 

2. Activity-based calculation method (when there is no direct access to energy or fuel consumption data). 
CO2 emission is calculated as the quotient of transport volume by transport mode and average transport 
distance by transport mode and average CO2 emission factor per tonne-km by transport mode. 

Additionally companies can easily use an open-access CO2 footprint calculators available on-line. The most 
popular is EcoTransIT World [10] tool that is used by many Logistics Service Providers (LSP) and is based on 
European standards (EN 16258). It enables CO2 emission calculation for routes that uses road, rail, sea or air 
modes. This solution is used by most multinational European transport companies. However there are also 
other calculators available on-line like NTMCalc Freight, Climate care or LOG-NET. 

In terms of appropriate CO2 emission calculation and comparison between different types of transport modes 
some additional factors should be considered. For example the distance between point of departure and 
destination might differ, volume of loading also might be important, type of engine, driver’s skills in terms of 
eco-driving or transports frequency. Those factors might influence on CO2 emission level. On the other hand 
those factors might also impact on price and transit time. Those aspects are then one of the most important 
elements in terms of economic approach to changing transport modes on particular route. However it must be 
reminded that the supply chain strategy is the point of reference for the choice of transport mode. Therefore if 
company implements CSR or sustainable development strategy, the supply chain operations should reflect it 
in daily-basis activities. 

3. CHEMMULTIMODAL PROJECT - MULTIMODAL TRANSPORT FOR SUSTAINABLE 
DEVELOPMENT IN THE EUROPEAN CHEMICAL SECTOR 

ChemMultimodal project is implemented for promotion of multimodal transport of chemical goods. The Project 
aims to achieve this by coordinating and facilitating cooperation between chemical companies, specialized 
LSP, terminal operators and public authorities in chemical regions in Central Europe. The Project is carried 
out under the Interreg Central Europe Program between June 2016 and May 2019.  

The first part of the Project concentrated on diagnose on how physical flows of chemical goods are managed 
and what kind of tools are used in supply chain to support smooth and continues flows. This information is a 
base for a tool development that aims to promote increasing in multimodal transport usage. Project is 
conducted in seven countries or regions in Central Europe by fourteen Partners. All the Project’s activities are 
performed simultaneously in all Partners’ countries. 

In Poland Project is implemented by Warsaw School of Economics (SGH) and Polish Chamber of Chemical 
Industry. In the first phase of the Project the research was conducted within 49 main market players. It took 
place between August and September 2016. There were two groups of respondents invited to the study - 
chemical producers and LSPs that cooperate with producers or within chemical supply chain in Poland and 
abroad. Finally, 22 questionnaires were filled in - 13 by chemical producers and 9 by LSPs. Part of the 
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questions were dedicated to identify the share of the multimodal transport usage and practices of CO2 emission 
measurement. Additionally the interest of using tools for CO2 emission calculation was analyzed.  

In general chemical companies use multimodal transport rarely. Its average share in relation to other models 
is on the level of 15%. Transport of chemical goods takes place in Poland mainly through the use of road 
transport, which accounts for around 57%. The rest of the transport is carried out using rail and sea transport 
modes. In principle inland transport in Poland is not functioning. LSPs use multimodal transport mainly 
according to the clients’ requirements that are the base for creating portfolio of services. Those requirements 
concern in most of the cases short lead times and low costs. The modes of the transport is not the priority. 

Among the companies which reply to the question concerning the measurement of CO2 footprint of transport 
operations 68% indicated that they do not measure this value. Only three companies admitted that they 
measured CO2 emission in transport operations. Within the reason for not to measure CO2 emission 
companies informed that i.e. „We do not have own fleet, we use outsourcing”, „Fees for emissions calculation 
are flat rate”, „Goods are delivered directly to the customer”, „We do not have equipment for measurement”, 
„There is no need” or „There is no possibility”. 

However, there is a slight difference between responses from chemical companies and LSPs. First of this 
group is less engaged in measurement of CO2 emissions in transport operations. 77% of chemical companies 
that were researched do not measure this indicator. This might be mainly due to the fact, that transport is not 
their core competency and the logistics costs are not that high to pay more attention. The lower percentage of 
companies that do not measure CO2 emissions may be observed in the LSPs. 56% of them do not measure 
this indicator in their transport daily operations.  

Only 14% of researched companies acknowledged that they measure CO2 emission in transport operations. 
One LSP company admitted that they measure CO2 emission and have their own system that is able to 
calculate emissions divided per different type of transport modes.  

However as much as 50% of LSPs and 56% of chemical companies are not interested to calculate CO2 savings 
on transport and modal shift in the future. Those replies clearly state that companies do not have motivations 
for such an activities yet - neither as ‘penalties’ (i.e. due to the lack of regulations) nor as ‘incentives’.  

As mentioned in the previous section, transport management activities fall within the scope of tactical or 
operational levels’ responsibilities.  And those should be the result of the adopted and implemented supply 
chain strategy. This strategy again should be consistent with the company’s strategy. According to the 
information indicated by the analyzed companies it could be observed that most of them declare 
implementation of CSR and/or development of sustainable strategy. 68% of the companies stated that they 
carry out such activity and do care for natural environment. This is primarily the domain of the chemical 
industry. 92% of chemical companies declare that they provide that kind of activities, implement CSR and/or 
sustainable development strategy to save natural resources and reduce pollution. However they concentrate 
such activities mainly within production tasks. Therefore when analyzing whole activities of the company - and 
so also within its supply chains - some divergences and lack of consistency on operational, tactical and 
strategical levels might be observed.  

The situation is different in the LSPs’ CSR and/or sustainable development strategy declarations and 
implementation context. One LPS who implements sustainable development strategy simultaneously declares 
CO2 emission measurement. Next five companies who do not implement CSR or sustainable development 
strategy at the same time do not measure CO2 emission within their transport activities. While such a 
consequence might be recognized positively, the question is why LSPs are still not interested in implementing 
a sustainable development strategy. Surprisingly they do not even offer customers CO2 emissions calculation 
that could support the measurement of the implementation of their strategies, even if there are not too many 
of them. 
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When examining replies to the same questions from respondents from other countries, the situation is similar. 
For example respondents from Austrian chemical sector indicated that none of the chemical companies, who 
were questioned, use CO2 calculators regularly because it makes up a minor proportion of their total CO2 
emission. However statements of the chemical companies though, show potential for future use as importance 
of emissions will increase. In Italy researched chemical companies and LSP also do not measure CO2 emission 
except for one LSP cargo division who uses platform for CO2 emissions - EcoTransit World. In Hungary two 
respondents measured CO2 emission - they are LSPs. 

One of the ChemMultimodal Project’s next objectives is to develop, share and disseminate easy tool for 
supporting multimodal transport usage. This tool will consist of CO2 emission calculator, planning guidelines 
supporting multimodal transportation decisions, visualization of the freight flows and consulting services for 
assisting operational and tactical activities. It will be tested by the companies between 2017 and 2018. 

4. CONCLUSIONS 

Companies have become more deeply interested in implementing CSR programs and activities supporting 
sustainability. Therefore the concept of SSCM arose. It is based on managing the material, information and 
capital flows with respect to economic, environmental and social requirements. Multimodal transport can 
support SSCM in many different ways. This is due to the fact that in most of the cases multimodal transport 
consists of rail (or inland) mode that is environmental friendly. It might also influence on costs level. 

The introduction on ChemMultimodal Project is supposed to lead to increasing of multimodal promotion and 
usage within chemical supply chain in Central Europe. This project is carried out under the Interreg Central 
Europe Program between June 2016 and May 2019. The first part of the Project concentrated on diagnose on 
how physical flows of chemical goods are managed and what kind of tools are used in supply chain to support 
smooth and continues flows. There were two groups of respondents invited to the study - chemical producers 
and LSPs that cooperate with producers or within chemical supply chain in Poland and abroad. According to 
the research results, multimodal transport is still not popular transport mode in chemical supply chains in 
Poland. It is used on average in 15% of all of the transports. Additionally 68% of respondents indicated that 
they do not measure CO2 emission in transport operations even that transport environmental impact might be 
measured by an open-access CO2 emission calculators available on-line.  

More than a half of companies are not interested to calculate CO2 savings on transport and modal shift in the 
future. Those replies clearly state that companies do not have motivations for such an activities yet. However 
most of respondents declare implementation of CSR and/or strategy of sustainable development. Therefore 
when analyzing whole activities of the company - and also its supply chains - some divergences and lack of 
consistency on operational, tactical and strategical levels might be observed. That leads to the conclusion that 
implementation of sustainable development strategy should be revised in terms of its ability for introduction on 
operational level, i.e. within transport activities. Additionally the tool supporting multimodal transport activities 
might help managers to revise potential of competitiveness increasing by multimodal introduction on 
operational and tactical levels. This is the goal of ChemMultimodal Project implemented under Interreg Central 
Europe Program. 
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Abstract  

In the times of market-economy, all decision making processes play the key role in managing a company or 
organization. The more and more complicated level of production, logistics processes and logistics supply 
chains and networks, the growing competition or budget restrictions are some of the factors forcing the 
managements of companies to conduct continuous, dynamic and rational planning. Providing the continuity of 
the supply in logistic chain is a difficult challenge at the present time, with insights into the increasingly difficult 
to predict global threats such as floods, earthquakes and so on.The objective of this paper is to propose a 
universal concept of quantitative risk assessment related to the occurrence of different treats and hazards, and 
resulting in disrupting process continuity on a large scale. This problem is particularly important for the large 
scale complex systems, for instance, global supply chains. 

Keywords: Supply Chain Management Fuzzy Logics; Experts Knowledge 

1. INTRODUCTION  

Dynamical market situation, growing competition for customers urge businesses to look for newer and more 
efficient management methods, which are designed to assist in maintaining or winning competitive edge, and 
sometimes in an organisation’s surviving in the market. Contemporary enterprises have to operate in a highly 
complex, dynamic and competitive environment. In order to survive in such circumstances, they have to 
monitor the developments in the environment and plan their activity flexibly, but also creatively. Pressure from 
international organisations, increasing global communications and, quite recently, the technological leap all 
contribute to growth of international competition. Each enterprise has to continuously improve a customer’s 
satisfaction and look for new ways to reduce its cost of activity. In recent years, logistics has been playing a 
key role in the rationalisation of operations and processes ongoing at enterprises, as it proposes systemic 
organisational and technical solutions for processes along the entire chain from suppliers to production, to 
customers. When the increase in economic performance and maintenance of an enterprise’s market position 
can no longer be supported with production cost reduction, the efficiency of chains and networks, as well as 
logistics processes may prove a decisive factor of successful competition. More and more companies are 
turning to predictive methods to gain a better and more complete view of long, complex supply chain and 
distribution networks. “… Risk at any point on the supply chain is risk at every point, so it’s not enough just to 
focus on the internal threats facing your own enterprise. It’s equally critical that you have a handle on 
vulnerabilities among your suppliers and your distributors - and also in the markets where you find your 
consumers …” [1]. The biggest problem is related to integrating and consolidating risk management throughout 
complex global supply chains and assessing individual suppliers, manufacturer, distributors, vendors and 
consumers in a more and more complicated logistical environment.  

Professional literature devoted a great deal of attention to the problems of suppliers evaluation and selection 
[2, 3, 4, 5, 10]. Some of these works use artificial intelligence methods such as fuzzy reasoning and artificial 
neural networks to support decision-making [2, 6, 7, 8, 9]. On the other hand, relatively little attention is paid 
to the problem of risk on a holistic basis, namely the risk of ensuring the continuity of the product’s flow across 
whole supply chains and networks [11]. 
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2. DISRUPTION RISK CONCEPT 

The concept of risk is very broad and covers many areas of human activity, and therefore, it has a social 
character [12]. In the most general terms, it is understood as a situation involving exposure to danger [13]. In 
applied sciences, it was adopted at the beginning of the 20th century that the risk is objectively dependent on 
subjective uncertainty, and a little later F.H. Knight [14] published his uncertainty theory, dividing uncertainty 
into measurable one (i.e. risk), and non-measurable one (uncertainty sensu stricto). Based on these 
assumptions, in the following years a number of definitions of the concept of risk and their modifications 
appeared and were successfully used to model risk when making decisions in specific areas of activity. 

The object of our interest is the operational risk occurring in the large scale complex systems, such as global 
supply chains. One of the major operational problems in these systems is risk of loss of business continuity. 
We define the continuity as a system capability to deliver products and/or services at acceptable predefined 
performance level under the real work conditions. The continuity can be interrupted by disruptive events such 
as system failures, natural catastrophes and man-made faults. This type of risk is called disruption risk [15].  

The search for an universal definition of disruption risk can be based on the works of T. Aven [16, 17, 18], 
where he proposes a critical review of the literature on risk and a classification of the definition of risk, dividing 
these definitions into 9 groups.  

 Risk = expected value (loss)  

 Risk = probability of an undesirable event 

 Risk = objective uncertainty 

 Risk = uncertainty 

 Risk = potential (possibility) of a loss 

 Risk = probability and scenarios of consequences 

 Risk = event or consequence 

 Risk = consequences/damage/severity of these uncertainty 

 Risk = effect of uncertainty on objectives 

Based on the above discussions and taking into account the current possibilities of modelling uncertainty, the 
following definitions of disruption risk are proposed, from both the quantitative and qualitative perspective: 

Disruption risk - potential for realization of unwanted scenario leading to a disruptive event with possibility of 
negative consequences. 

RD = ({si}, {pi}, {ci})  for i = 1, 2, 3, …, n    (1) 

Disruptive risk metric - the triplet (si, pi, ci), where {si} is the i-th unwanted disruption scenario, {pi} is the 
uncertainty metric (probability or possibility) of that scenario, and {ci} is the consequence of the i-th scenario, 
for i = 1, 2, 3, …. n. 

The basic criteria typically utilized for supplier selection are: costs, delivery time, product quality, and service 
level. Traditionally most buyers consider cost as the primary decision factor, but recently more and more 
various criteria for the supplier selection are taken into account: performance history, warranties & claims 
policies, production facilities and capacity, financial position, procedural compliance, reputation and position 
in industry, desire for business, repair service, attitude, packaging ability, geographical location, amount of 
past business, and reciprocal arrangement. With economic globalization, companies can choose suppliers 
from anywhere in the world, and developing countries are becoming more competitive because of their low 
labour and operating costs. A free hand in choose of suppliers means that the currently exist supply chain or 
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supply network has a complex structure. Therefore they are exposed to unpredictable or difficult predictable 
factors such as natural disasters, terrorist attacks, etc. These types of events and their incidence are difficult 
to estimate by statistical methods. The expert estimate of risk as a probability of occurrence of this type of 
event was proposed in the work and universal algorithm of quantitative risk assessment related to the 
occurrence of different treats and hazards, and resulting in disrupting process continuity on a large scale. This 
problem is particularly important for the large scale complex systems, for instance, global supply chains [19, 
20, 21]. 

The disruption risk evaluation of a whole investigated complex system is a process that can be represented in 
the form of the general algorithm (Figure 1) implemented in seven steps [21].  

 

Figure 1 Algorithm of the framework for evaluation of complex system disruption risk [21]. 

 

Step 1 - Expert, or a group of experts selects potential sources of risk {RSi}, 

Step 2 - The set {RSi} is the basis for generating a set of threats and hazards {THj}, which actually may occur 
within the analysed system. Experts estimate the probability of occur of each event. 

A properly designed complex system, should be equipped with a security subsystem consisting of a number 
of proactive barriers {PBk}, which are designed to prevent direct exposure of the system to a loss of its ability 
to perform the function.  

Step 3 - Assess by the experts the effectiveness of barriers in case of each of the potential threats and hazards 
- P(PBk).  
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Figure 2 Bow tie diagram [22] 

These risks, which are not effectively blocked by proactive barriers (left part of Figure 2), become direct system 
exposures {EXl} and are defined as the initiating events that can interrupt the continuity of process {DEm} 
(disruptive events).  

Step 4 - lose control of the system (middle part of Figure 2). To these events we should prescribe the 
measures of uncertainty of their occurrence, e.g. in the form of probabilities {P(DEm)}.  

Step 5 - The next stage of the process is a comprehensive evaluation of resilience of the system to the 
exposure ( resilience - ability of a system to absorb and withstand the disruption impact, and still continue to 
deliver products and/or services at acceptable predefined performance level). The estimation of the 
susceptibility of the analysed system to individual exposure and the prediction of the effects of events {DEm} 
in the form of losses caused by these events {C(DEm)} (consequences).  

Step 6 - The next step is to assess the effectiveness of reactive barriers {E(RBn)} (safety subsystem), which 
are designed to protect the complex system and its environment against the effects of disruptive events. Then, 
we can evaluate the vulnerability of the entire complex system to the particular disruptive events - {V(DEm)}. 

Step 7 - The final step of the proposed procedure is to assess the overall risk of a disruption, taking into 
consideration all possible scenarios {si} and their consequences {cl}. The entire disruption risk will be 
expressed as a m-dimensional vector R = [{P(DEm)}, {V(DEm)}], where m is the number of a possible 
disruptive scenarios.  

In above procedure steps we suggest use of expert knowledge for the evaluation of numerical indicators Xi 
(e.g. P(.), C(.) and E(.)). For evaluation of each parameters we suggest use not a crisp numbers but fuzzy 
numbers. For example the team of experts evaluated each of the parameters by the three numbers 
corresponding to the maximum value, the most likely value and the minimum value of the indicators. These 
numbers were the basis for describing a triangular membership function of a random variable X in terms of the 
fuzzy sets theory.  

The fuzzy sets theory introduced by Zadeh in 1965 [23] is suitable for expressing uncertainty and subjective 
judgments in estimating probability using less precise formulations: high risk, low probability, significant impact. 
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These formulas can be defined mathematically and are subjected to arithmetic and logical operations. Below 
we presents the basic fuzzy operations that can be used in evaluation of risk procedure. 

The fuzzy set A in the space X is defined by the membership function μ_A (x) assigning each element x in the 
space X a real value from the interval [0, 1]. 

The fuzzy number is called the fuzzy set A = {x, μ_A (x)}, where x∈R and μ_A: R → [0, 1] and the membership 
function has the following properties: 

 is a continuous mapping; 
 assumes the constant value μ_A (x) = 0 ∀x∈ (-∞, a) and ∀x∈ (d, ∞); 
 is a function strictly increasing for x ∈ [a, b]; 
 assumes the constant value μ_A (x) = 1 ∀x∈ [b, c]; 
 is a strictly decreasing function for x ∈ [c, d]; 

where a, b, c, d are real numbers. 

For fuzzy numbers representing the probability P, x belongs to the interval [0, 1] (X = [0, 1]). 

Trapezoidal fuzzy number A is a fuzzy number A = (a, b, c, d), whose membership function is described by 
the relation: 

휇 (푥) =

⎩
⎪
⎨

⎪
⎧

( )
( ) 푎 ≤ 푥 ≤ 푏

1 푏 ≤ 푥 ≤ 푐
( )
( )

푐 ≤ 푥 ≤ 푑
0 푥 < 푎 푙푢푏 푥 > 푑

,     (2) 

where a, b, c, d are real numbers such that a <b <c <d. The trapezoidal function of belonging is a generalization 
of the triangular function for which b = c can also represent the interval and the singleton number. 

The arithmetic operations of two trapezoidal fuzzy numbers can be represented by formulas [23]: 

1. Add 

퐴 ⊕ 퐴 = (푎 + 푎 , 푏 + 푏 , 푐 + 푐 , 푑 + 푑 )    (3) 

2. Subtract 

퐴 Ө퐴 = (푎 − 푑 , 푏 − 푐 , 푐 − 푏 , 푑 − 푎 )    (4) 

3. Multiply 

퐴 ⊗ 퐴 ≈ (푎 × 푎 , 푏 × 푏 , 푐 × 푐 , 푑 × 푑 )    (5) 

4. Divide 

퐴 ∅퐴 ≈ (푎 /푑 , 푏 /푐 , 푐 /푏 , 푑 /푎 )     (6) 

The result of adding and subtracting two trapezoidal numbers is also a trapezoid number, while the result of 
multiplying and dividing two trapezoidal numbers is only approximately trapezoidal number. 

The concept of α-cuts [25] is used to determine the membership function for multiplication and division 
operations. Let Aα denote the α-cut of the set A being a closed compartment: 

Aα = {x|μ(x) ≥ α, 0 ≤ α ≤ 1}, Aα = [Aα, Aα]   (7) 

Multiplying and dividing two sections A α, A α  i [A α, A α]  is defined by [24]: 

(퐴 × 퐴 ) = [A α × A α, A α × A α]    (8) 

(퐴 ÷ 퐵) = [A α/A α, A α/A α]     (9) 
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The fuzzy set can be represented by α-cuts as: 

퐴 = ⋃ 훼퐴 (푥)∈[ , ]      (10) 

where U is the sum of fuzzy sets, and  훼퐴   is a special fuzzy set with the membership function such that: 

   μα α(x) = α             for x ∈ Aα

 0  for others x           

Based on the concept of α-cuts, the multiplication and division of fuzzy numbers is defined as:: 

퐴 ⊗ 퐴 = ⋃ 훼(퐴 × 퐵) (푥)∈[ , ]     (11) 

퐴 ∅퐴 = ⋃ 훼(퐴/퐵) (푥)∈[ , ]     (12) 

The use of fuzzy sets in expert evaluation allows more option in assessing of the probabilities. Determining 
the probability as a precise number could be a problem for experts, but application of fuzziness should help in 
the estimation of individual probabilities. An example of the application of the presented procedure with the 
use of fuzzy sets with triangular membership functions to the estimation of probability done by three experts 
can be found in work [21], and the framework for the risk and resilience analysis of steel mill logistic supplying 
systems can be found in work [25]. 

3. CONCLUSION 

The concept of risk is very broad and covers many areas of human activity. The object of our interest is the 
operational risk occurring in the large scale complex systems, such as global supply chains. One of the major 
operational problems in these systems is risk of loss of business continuity. We define the continuity as a 
system capability to deliver products and/or services at acceptable predefined performance level under the 
real work conditions. The continuity can be interrupted by disruptive events such as system failures, natural 
catastrophes and man-made faults. There are many ways to assess the incidence of this type of threat. In the 
paper we propose the use of probability as a measure of risk assessment and use expert’s assessments. Also 
we propose the use of fuzzy sets for probability estimation and calculation. This type of approach will help the 
analysis of imprecise expert’s assessments, which we should take into consideration when we want analyze 
complex systems such as global supply chains. 

ACKNOWLEDGEMENTS  

This research was supported by AGH Statutory Research 11/11.200.352 

REFERENCES 
[1] Driving a data-centric culture: The leadership challenge”, The Economist Intelligence Unit Limited 2014, 

https://www.eiuperspectives.economist.com/sites/default/files/images/Theleadershipchallenge.pdf, access 
22.05.2017 

[2] BORAN, F. E., GENC, S., KURT, M., AKAY, D. A multi-criteria intuitionistic fuzzy group decision making for 
supplier selection with TOPSIS method, Journal of Expert Systems with Applications, Vol. 36, No 8, 2009, pp. 
11363 - 11368.  

[3] BOSS, M. E., ZHAO, G. Supplier selection process in emerging markets - The Case Study of Volvo Bus 
Corporation in China, School of Economics and Commercial Law Göteborg University (2004).  

[4] DULMIN, R., MININNO, V. Supplier selection using a multi-criteria decision aid method, Journal of Purchasing 
and Supply Management, Vol. 9, No 4, 2003 pp. 177 - 187 

[5] GONZALEZ, M. E., QUESADA, G. AND MONGE, C. A. M. Determining the importance of the supplier selection 
process in manufacturing: a case study, International Journal of Physical Distribution & Logistics Management, 
Vol. 34, No 6, 2004, pp. 492 - 504 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

135 

[6] CHEN-TUNG, C., CHING-TORNG, L. A fuzzy approach for supplier evaluation and selection in supply chain 
management, International Journal of Production Economics, Vol. 102, No2, 2006, pp. 289 - 301 

[7] DONG, C. Failure mode and effects analysis based on fuzzy utility cost estimation, Int. Journal of Quality & 
Reliability Management, Vol. 24, No. 9, 2007, pp. 958 - 971 

[8] KUO, R. J., WANG, Y. C. AND TIEN, F. C. Integration of artificial neural network and MADA methods for green 
supplier selection, Journal of Cleaner Production, Vol. 18, No 12, 2010, pp. 1161 - 1170. 

[9] TORFI, F., FARAHANI, R. Z., REZAPOUR, S. Fuzzy AHP to Determine the Relative Weights of Evaluation 
Criteria and fuzzy TOPSIS to Rank the Alternative, Applied Soft Computing Journal, Vol. 10, No 2, pp. 520 - 528. 

[10] LEE, E. K., HA, S., KIM, S. K. Supplier Selection and Management System Considering Relationships in Supply 
Chain Management, IEEE Transactions on Engineering Management, Vol. 47, No. 4, 2001 pp. 307 - 318.  

[11] BUKOWSKI L., FELIKS J., MAJEWSKA K. Modelling and simulation of disruption risk in the complex logistic 
networks - a multimethod approach, Safety and Reliability of Complex Engineered Systems, Taylor & Francis 
Group, A Balkema Book, London 2015, pp. 3911 - 3918 

[12] ARNOLDI J. Risk, Polity Press, Cambridge 2009 
[13] Oxford English Dictionary, http://www.oxforddictionaries.com/definition/english/risk, 2014 
[14] KNIGHT F. H. Risk, uncertainty, and profit, Boston: Houghton Mifflin Co., 1921 
[15] BUKOWSKI, L. Concept of the generalized model of quantitative risk assessment, Forum Scientiae Oeconomia, 

Vol. 3, No 2, 2015 pp. 5 - 16 
[16] AVEN, T. On some recent definitions and analysis frameworks for risk, vulnerability and resilience. Risk Analysis 

Vol. 31, No 4, 2011, pp. 515 - 22 
[17] AVEN T. The risk concept - historical and recent development trends, Journal of Reliability Engineering and 

System Safety Vol. 99, 2012, pp. 33 - 44 

[18] AVEN, T. A new perspective on how to understand, assess and manage risk and the unforeseen, Journal of 
Reliability Engineering and System Safety Vol. 121, 2014, pp. 1 - 10. 

[19] STRAKA M.; BINDZÁR P.; KADUKOVÁ, A. Utilization of the multicriteria decision-making methods for the needs 
of mining industry, Acta Montanistica Slovaca, Vol. 19, No 4, 2014, pp. 199 - 206 

[20] RELICH M., WITKOWSKI K., SANIUK S., SUJANOVA J. A knowledge based approach to production planning 
and scheduling in a  metallurgical company, 23rd International Conference on Metallurgy and Materials, Brno, 
Czech Republic, TANGER, 2014, pp 1846 - 1851 

[21] BUKOWSKI L.  A., FELIKS J. Imperfect knowledge based prediction of disruption risk in large scale complex 
systems, In proceedings of the 27 European Safety and Reliability Conference, Portorož, Slovenia, ESREL, 2017, 
pp. 191 - 198 

[22] ERM Americas Risk Practice 
http://events.r20.constantcontact.com/register/event?llr=6quxcycab&oeidk=a07e5zzlwto9ff6b679, access 
22.05.2017 

[23] ZADEH L. A. Fuzzy sets, Information Control Vol. 8, No 3, 1965, pp 338 - 353 

[24] KLIR G. J., YUAN B. Fuzzy sets and fuzzy logic. Theory and Applications, Prentice Hall, 1995 
[25] FELIKS J., BUKOWSKI L., MAJEWSKA K. A modeling framework for the resilience analysis of steel mill logistic 

supplying systems, 25th International Conference on Metallurgy and Materials, Brno, TANGER Ltd, 2016, pp. 
1613 - 1619. 

 

  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

136 

MODEL FOR TRACEABILITY, VISIBILITY AND COMPONENT IDENTIFICATION IN THE 
AUTOMOTIVE INDUSTRY THROUGH RFID TECHNOLOGY 

KOLAROVSZKÁ Zuzana1, KOLAROVSZKI Peter1, TENGLER Jiří1, PERAKOVIĆ Dragan2 

 1University of Žilina, Faculty of PEDAS, Žilina, Slovakia, EU, zuzana.kolarovszka@fpedas.uniza.sk, 
peter.kolarovszki@fpedas.uniza.sk, jiri.tengler@fpedas.uniza.sk  

4University of Zagreb, Faculty of Transport and Traffic Sciences, Zagreb, Croatia, EU, 
dragan.perakovic@fpz.hr  

Abstract   

The article primarily deals with the application of AIDC technologies in logistic chain as well as connections 
with the issue of visibility, traceability and smart component identification in automotive industry. It describes 
the current state of automotive industry in Slovakia and the necessity of accurate identification of components 
with emphasis on the prevention of their counterfeiting, which can be achieved by standardized solutions. It 
focuses on RFID technology as a form of automatic identification and data collection and also Electronic 
Product Code (EPC standard). The article briefly specifies model which was created to ensure visibility and 
traceability and also describes software solution for component identification in automotive industry. Created 
web application presents a model for the registration and identification of transport and logistics units on a 
standardized EPC basis. It is also a model in which we point out the potential of goods identification through 
RFID technology across logistics chains in the automotive industry.  

Keywords: Electronic Product Code, Visibility, Model, AIDC technologies, Automotive 

1. INTRODUCTION 

Automotive industry is growing rapidly and the production of new cars are growing demands for the 
identification of parts, and sub-contracting the traceability of the entire supply chain. Slovakia has many of 
subcontractors who produce various components and used in transport various type of transport and handling 
units. Technology of automatic identification plays a significant role nowadays in all the fields of logistics and 
economics. Regarding the optimization of supply chains, the bar code technology is utilized for this purpose in 
a long term. The current topic is the traceability as well as the possibility of falsifying individual components in 
the automotive industry. One way to prevent this phenomenon is to use standards to identify the components. 
These are GS1 standards, either in the form of application identifiers located in barcode or 2D codes, 
respectively EPC code. Since it is a global standard known mainly in retailing, it can be used across the entire 
logistics chain and across all continents. The article focuses on model which was created to ensure visibility 
and traceability and also describes software solution for component identification in automotive industry. 
Created web application presents a model for the registration and identification of transport and logistics units 
on a standardized EPC basis. 

1.1. The situation in the automotive industry in Slovakia 

In 2016, a trio of Slovak car factories, according to data from the Automobile Industry Association (ZAP), has 
already crossed the border of a million manufactured vehicles for the second consecutive year. The production 
lines noticed more than 1,040,000 cars (record-breaking). Kia in city of Žilina produced 339,500 vehicles in the 
last year, which is more than in the previous year. There were 315,050 vehicles in the PSA Group Slovakia 
Trnava line, which is an annually increase of four percent. Volkswagen Slovakia in Bratislava produced 388 
687 vehicles. Below is a picture to compare ten consecutive years. [4, 6] 
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Figure 1 Car production in Slovakia in 2006 - 2016 [6] 

1.2. RFID technology overview 

RFID technology is complex, combining a number of different computing and communications technologies to 
achieve desired objectives. Every RFID system contains an RF subsystem, and most RFID systems also 
contain an enterprise subsystem. An RFID systems supporting a supply chain is a common example of an 
RFID system with an inter-enterprise. In a supply chain application, a tagged product is tracked throughout its 
life cycle, from manufacture to final purchase, and sometimes even afterwards (e.g., to support service 
agreements or specialized user applications). Radio frequency identification is a wireless data collection 
technology that uses electronic tags which store data, and tag readers which remotely retrieve data. It is a 
method of identifying objects and transferring information about the object’s status via radio frequency waves 
to a host database. RFID represents a significant technological advancement in AIDC because it offers 
advantages that are not available in other AIDC systems such as barcodes. RFID offers these advantages 
because it relies on radio frequencies to transmit information rather than light, which is required for optical 
AIDC technologies. [1, 2, 3] 

There are three basic components of RFID system, RFID tags, RFID readers and middleware, which is 
responsible for all data transaction in the system. Each object which has to be identified has a small object 
called a RFID tag stuck to it. Each RFID tag has a unique identifier that enables additional information about 
each object to be stored. [8, 10, 11] 

1.3. Electronic product code 

The Electronic Product Code™ (EPC) is syntax for unique identifiers assigned to physical objects, unit loads, 
locations, or other identifiable entity playing a role in business operations. EPCs have multiple representations, 
including binary forms suitable for use on Radio Frequency Identification (RFID) tags, and text forms suitable 
for data sharing among enterprise information systems. [5] 

GS1´s EPC Tag Data Standard (TDS) specifies the data format of the EPC, and provides encodings for 
numbering schemes - including the GS1 keys - within an EPC. When unique EPCs are encoded onto individual 
RFID tags, radio waves can be used to capture the unique identifiers at extremely high rates and at distances 
well in excess of 8 meters, without line-of-sight contact. The Serial Shipping Container Code EPC scheme is 
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used to assign a unique identity to a logistics handling unit, such as the aggregate contents of a shipping 
container or a pallet load. The Serialized Global Trade Item Number EPC scheme is used to assign a unique 
identity to an instance of a trade item, such as a specific instance of a product. [9] 

2. DESCRIPTION OF MODEL 

The generated model presents the registration and identification of transport and logistic units on the 
standardized EPC basis. It is also a model in which we point out the potential of identification through RFID 
technology across logistics chains in the automotive industry. 

The model consists of two main areas: the subcontractor area and the car manufacturer area. These areas 
are decomposed into particular zones (reading points) describing identification processes running within the 
logistic chain, respectively. material flow between the automotive component manufacturer and automotive 
manufacturers. [7]     

The following figures describe the individual count points and steps in the manufacturing and delivery process 
of components from a subcontracting company to car manufacturer. It is important to note that within the 
EUREKA project, which was the basis of this model, a number of tests were carried out directly at sub suppliers 
for the automotive industry. These tests were carried out in cooperation with our project partners. The steps 
are used to report the results to the system based on EPC: 

1. Labeling of a specific component or product with RFID tag 
 The reading point - the message product was made  

2. Packing of two pieces of a particular product into the box - the box will be labeled with the RFID tag 
 The reading point - the products were packaged in a box  

3. Packaging the eight boxes on the pallet, the pallet will be labeled with the RFID tag 
 The reading point - the boxes were packed on the pallet 

4. Store the pallet in the warehouse 
 The reading point - pallet storage 

5. Expedition 
 The reading point - pallet are going out from warehouse, loading pallet into the semi-trailer. 

In the first step, it is about labeling the component or product which will be subsequently packaged and shipped 
directly to the car manufacturer. In our case, it will be tires (respectively wheels) fitted with an RFID tag that 
will be pressed directly into the tire (e.g. Continental makes this happen at more expensive brands). The 
number will be in the form of SGTIN, which will accompany the product to the manufacturer's identification 
process and then assembly of the entire vehicle. Within the database, we will have an overview of all produced 
components or products tagged with the appropriate tags. As a source, we chose the Alien RFID tag shown 
in Figure 2. 

 

Figure 2 RFID tag used in model  

The product goes down the roller track to the reading point shown in Figure 3. Subsequently, the SGTIN 
number is written to the product database and a report is produced that the product has been manufactured.  

After the product is manufactured, the second step is the packaging of the selected number of products into 
the box (Figure 4).  
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Here are two options: 
1. A predefined number of pieces in a box for a given product. 
2. The number of units will be unlimited, depending on the size of the box and its capacity. 

With both options, the box will be equipped with an RFID tag. Within the system and the appropriate database, 
the RFID tag of the produced product will be assigned to the RFID tag of the given box. This means that after 
reading the RFID tag of the box, an enterprise will be able to find out how many pieces are in the box and what 
identification numbers they have. This will also know the additional features of the product that are written in 
the database. The output of this point is a report about packaging products into a box. 

   
        Figure 3 Loading of a manufactured product        Figure 4 Loading of the box with the placed products 

A third necessary step for automatic identification of product is the packaging of eight boxes per pallet 
(Figure 5), which will be labeled with the RFID tag. The given RFID tag has a data structure associated with 
the SSCC application identifier. This identifier is assigned to all eight RFID tags that are placed on the boxes. 
After the palette tag is readied, a report is created, that tells us about packaged numbers of boxes per palette. 
In addition, the system works only with the SSCC identifier, based on which we know how many boxes are in 
the pallet and what the total number of products on the pallet is. 

When the pallet tag is scanned and the palletizing process is finished, the palette is placed in the warehouse. 
The pallet passes through the identification gate and is subsequently assigned to the warehouse by the FIFO 
system. Based on the FIFO or the selection of a particular pallet tag, the pallet exits the warehouse (Figure 6) 
and is transported to the appropriate semi-trailer. 

  
       Figure 5 Loading the pallet after completion  Figure 6 Reading the pallet in warehouse exit 

Next comes the area of the car manufacturer, namely the process of package receipt.  
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The model in this second area includes the following steps (reading points): 

1. Receipt of the package 
 The reading point - the palette has passed through the receiving gate 

2. Storage of the package 
 Reading point - the palette was saved or stored in the warehouse. 

It is important to receive the package, which is expected by the car manufacturer. After expedition, a report 
about the number of boxes and products with the appropriate RFID tag representing the pallet is sent. After 
reading at the receiving site, it is verified that the given RFID tag is correct, expected and followed by the report 
“palette passed through the gateway for receipt”. Upon successful receipt of the shipment, the storage process 
takes place, where the pallet SSCC RFID tag is scanned and the pallet is stored at the car manufacturer. At 
the end of the chapter, we provide an overview of the identification within our model. 

 
Figure 7 An overview of the identification within the model 

 
Figure 8 Created model 
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For verification and presentation of the proposed solution we build also a reduced model of the supply chain. 
This model is equipped with real RFID technology, developed for the purpose of the already mentioned Eureka 
project. An integral part of this model is a web-based interface that provides relevant information about the 
movement of individual parts within the subscriber-supply chain. The whole model is built according to the 
EPC Global standard. 

3. CONCLUSION 

The current increasing trend in the automotive industry opens the door to a new area of monitoring and 
identification of transport components used in automotive. We are not talking only about internal identification 
of goods but for standardized external identification and monitoring of several types of components through 
the logistics chain. Our identification is based on electronic product code and GS1 identification keys, which 
are represented useful solution for this type of services. With our solution we can increase visibility and 
traceability of products and we are able to answer on questions where, when, what and why product was. We 
created also software configuration based on AMP open source platform and set all processes to be useful for 
our EPC based solution. During the upcoming days we would like to finished our web application and show 
our model to representatives of automotive industry. 
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Abstract  

The rate of urbanization in the world is constantly increasing. At present in the European Union nearly 70% of 
inhabitants that live in cities play an increasingly important economic role and are essential for the proper 
functioning of the economy. With the development and sprawling of urban areas, the way of managing cities 
are changing. Rising transportation problems have triggered the idea of smart mobility. A new approach to 
urban mobility means creating co-modality between public and private means of transport and optimizing the 
use of various modes of transport, often using modern ICT. The aim of this article is to present initiatives and 
projects undertaken in Gdynia on sustainable and smart mobility, and to explore citizens' awareness and 
opinions on these activities. An anonymous questionnaire was used to carry out the pilot survey. The questions 
verified the knowledge of respondents about the pro-ecological behavior and the concept of a smart city (and 
its areas). The accepted research hypothesis points to an insufficient change in the communication behavior 
of the inhabitants in the face of the projects carried out in Gdynia over the past few years. Thus the lack of 
adequate awareness of the inhabitants in the process of shaping intelligent mobility. 

Keywords: Smart mobility, sustainable mobility, pilot survey 

1. INTRODUCTION  

The rate of urbanization in the world is constantly increasing. At present in the European Union nearly 70% of 
inhabitants that live in cities play an increasingly important economic role and are essential for the proper 
functioning of the economy [1]. With the development and sprawling of urban areas, the way of managing 
cities are changing. Increasing use of ICTs and the need for an integrated approach to the management of 
modern cities have spawned the idea of creating smart cities. One of its key areas is smart mobility, which is 
based on the principles of sustainable development. A new approach to urban mobility means creating co-
modality between public and private means of transport and optimizing the use of various modes of transport. 
The aim of this article is to present initiatives and projects undertaken in Gdynia on sustainable and smart 
mobility, and to explore citizens' awareness and opinions on these activities. An anonymous questionnaire 
was used to carry out the pilot survey. The questions verified the knowledge of respondents about the pro-
ecological behavior and the concept of smart city (and its areas). The accepted research hypothesis points to 
an insufficient change in the communication behavior of the inhabitants in the face of the projects carried out 
in Gdynia over the past few years. Thus the lack of adequate awareness of the inhabitants in the process of 
shaping intelligent mobility. 

2. SMART MOBILITY AREA 

The concept of smart mobility is constantly evolving. Initially associated with ICT and Intelligent Transport 
Systems (ITS), it currently covers ecological solutions, sustainable development of the transport system and 
its accessibility, and citizens' views on its subject [2]. According to the Mapping Smart Cities in the EU report, 
21% of European cities use the concept of smart mobility [3]. 

The emerging literature defines the notion of smart mobility in a different way. The Vienna University of 
Technology has made its own model of "smart cities" (Figure 1). In this model, they conducted research in 
several dozen European cities, taking into account their smart behaviors. Smart mobility has been identified 
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as the third most important area in terms of the number of points awarded (after smart living and smart 
economy). Referring to Figure 1, within the framework, smart mobility was examined (from the most important 
ones): sustainable development of the transport system; ICT infrastructure; local transport system; 
international availability [4].  

 

Figure 1 Smart city model 

On the other hand, the staff of the University of Genoa in their analysis have shown that certain assumptions 
about smart mobility, considered obvious or essential, are not necessarily required. For example, there is no 
need for ICT to implement smart mobility activities. This may concern locals who have “better habits”; those 
who use public transport or bicycles in their daily travel instead of a private car [5]. 

The main assumptions of smart mobility are the limitation of traffic, pollution and noise emissions, and 
increased road safety. The role of smart mobility is to strike a balance between environmental protection, 
residents' needs, expectations, and associated costs. The smart mobility concept is built at the local level, so 
the cities form it themselves or in collaboration with other urban areas in the region [6]. The basic activities 
implemented in the framework of sustainable and intelligent mobility include: 

 Developing public transport (electric, hybrid, solar powered, etc.) 
 Promoting bicycle (also electric) as a means of urban transport and building urban bicycle systems 
 Demand management for parking (creation of paid parking zones, use of cameras and mobile 

applications) 
 Giving priority to public and bicycle transport (bus lanes, dedicated lanes and bays for bicycles, etc.) 
 Developing sharing economy, creating car-sharing and carpooling systems, separating high-occupancy 

vehicles (HOV) lanes 
 Park & ride, park & bike parking building 
 Mobility management, mobility plans, change of organization of traffic, e.g. woonerf (living streets) 

implementing 

3. SUSTAINALBE MOBILITY IN GDYNIA 

The development of sustainable urban mobility in Gdynia over the past several years has been influenced by 
many documents. Among them are the strategic documents of the European, national, regional, metropolitan 
and local levels. Gdynia has also embarked on a number of European projects to improve urban mobility, 
including Civitas Dyn@mo, FLOW, SEGMENT. This paragraph will present selected initiatives that play an 
important role in shaping sustainable and smart mobility in Gdynia. These include activities to encourage the 
activation of pedestrians and cyclists and the use of sustainable means of transport. 

Gdynia as a developing city faces many transport challenges. One of them is the increasing travel time and 
congestion, as a result of the growing use of passenger cars (Figure 2). A number of measures to promote 
public transport have been undertaken under the Civitas Dyn@mo project. Designated bus lanes were 
implemented in the city to encourage residents to travel by bus. Their total length is 2,120 m. Gdynia also 
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promotes ecological transport by modernizing trolleybuses. The trolleybuses of Gdynia have a 27% share in 
the entire public transport fleet that provides services for ZKM Gdynia. In 2016, in Gdynia there were 93 
trolleybuses used, running 16 trolleybus lines (on access and exit lines) [7]. Some vehicles are equipped with 
lithium-ion batteries for energy recovery during braking and traverse without traction. 

 

Figure 2 The daily average of motorized trips (non-pedestrian) in Gdynia since 2008 to 2015 year 

To improve traffic management in the Tricity area (Gdańsk-Gdynia-Sopot), the TRISTAR system has been 
implemented gradually since 2012. This integrated traffic management system provides commuters with 
access to full information on a range of traffic conditions through: traffic problems and speed limits, electronic 
displays showing the actual time of public transport vehicle departures, parking information signs with the 
quantity of parking places available and signs warning of weather conditions. Ultimately the system is 
supposed to include almost 80 crossroads in Gdynia [8].  

Currently the share of cycling in modal split is about 2% in Gdynia. To make the situation change in a positive 
way, the city participated in the European Cycling Challenge and led campaigns to encourage children and 
workers to cycling e.g. “I cycle to work” competition [9]. There is plan to implement Metropolitan Bike System 
in 16 boroughs in Spring 2018. The system will provide 3500 bikes with GPS module, electronic lock and alarm 
(4th generation system) [10]. 1100 of these bikes will belong to the Gdynia fleet. The city also develops bicycle 
infrastructure by creating new connections and bicycle parking. 

Gdynia does not provide car-sharing system and there is not any private operator that provides such 
comprehensive services. However, the first steps have already been taken. In March 2017, the office 
announced that talks were underway to implement the urban car-sharing system. In April, an electromobility 
cluster was created which will work on the prototype construction of an urban electric car for car-sharing. 

Gdynia is also trying to implement a project aimed at implementing renewable energy sources for public 
transport. It assumes adaptation of trolleybus roofs and installation of a photovoltaic power plant up to 499 
kWp. The annual power consumption of traction power is 9.5 kWh. According to the assumption, solar power 
has a traction network in about 5% [11]. 
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4. THE PILOT SURVEY REASERCH OF SMART MOBILITY IN GDYNIA 

A survey was used to verify the knowledge of respondents about the pro-ecological behavior and the concept 
of smart city (and its areas). The pilot survey was completed by 182 students of Gdynia Maritime University 
(151 full time and 31 extramural) and 19 employees of the university. The study consisted of 13 questions 
about transport and the concept of smart city.  

The respondents indicated public transport as the most used mode of travel, and in most cases, rated the 
quality of its operation well. Only 1.3% of the respondents use the bicycle in urban journeys. The respondents 
believe that the city should expand the road infrastructure and invest in intelligent traffic control systems 
(Figure 3). The issues of promoting cycling as a means of transport and a carpooling system are considered 
insignificant. Only 2% of people thought that motor traffic in the city should be limited. At the same time, 
residents are dissatisfied with Gdynia's efforts to solve transport problems or find them inadequate and 
ineffective. So most of them travel in Gdynia inconveniently, especially during peak hours. 

 

Figure 3 Respondens's opinion on investment in improving transport 

The respondents rated TRISTAR fairly well but also noted that the system is not currently fully functional. 
However, this may change in the future. In order to communicate with the inhabitants and gather their opinions, 
as well as to inform about the actions undertaken for transport, the city of Gdynia has created the 
mobilnagdynia.pl website. However, most respondents (59%) never used this portal, which limits awareness 
of sustainable approaches and ecological solutions. 

As part of the Enter.Hub project, car traffic is being shut down at Starowiejska Street at Gdynia's main railway 
station to improve the conditions for pedestrians, cyclists and public transport. 58% of respondents considered 
this to be negative because of the limited freedom of car movement. At the same time, 83% of the respondents 
said that promoting cycling to work as part of a cycling campaign is a good idea to improve the transport and 
environmental situation in the city. 

78% of respondents think that Gdynia is aspiring to be a smart city and may be in the future (Figure 4). 
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Figure 4 Reviews about Gdynia as a smart city 

5. CONCLUSION 

Contemporary metropolis have to solve transport problems to keep sustainable development. Many of them is 
connected to different economy aspects and require cooperation between several sectors [12]. Transport 
causes major environmental pollution particularly road transport. Gdynia, which promotes itself as a city of 
innovation, participates in many projects, both transport and innovative. The biggest project - Sustainable 
Urban Mobility Plan (SUMP) has been prepared within the EU project entitled CIVITAS DYN@MO and was 
implemented in Gdynia in 2012-2016. A good initiative for the future is to commence the implementation of the 
car-sharing system, the metropolitan bicycle system and the construction of a photovoltaic panel farm. 

In spite of the recognition of a bicycle promotion campaign as good, the survey shows that not all respondents 
follow the adopted strategies by Gdynia and few travelers are traveling in this way. Many prioritize the 
expansion of the car infrastructure. Attention is also drawn to the low awareness of the existence of the 
mobilnagdynia.pl portal. Many respondents consider Gdynia as a city aspiring to be a smart city in the future. 
They should remember, however, that smart cities are inhabited by smart people. These residents are aware 
of the principles of sustainable development and ecological problems. 

REFERENCES 
[1] European Union Regional Policy. Cities of tomorrow. Challenges, visions, ways forward. European Comission: 

Directorate General for Regional Policy. 2011. 3 p. 

[2] STAWASZ, D., SIKORA-FERNANDEZ, D., Zarządzanie w polskich miastach zgodnie z koncepcją smart city. 
Warszawa: Placet. 2015. 56 p. 

[3] Policy Department A: Economic and Scientific Policy. Mapping Smart Cities in the EU. Brussels: European 
Parliament. 2015. 44 p.  

[4] Vienna University of Technology, 2015, The smart city model. [online]. 2015. [Accessed 20 June 2017]. Available 
from: http://www.smart-cities.eu/?cid=2&ver=4  

[5] BENEVOLO, C., DAMERI, R. P., D’AURIA, B. Smart Mobility in Smart City. Switzerland: Springer. 2016. 26 p. 
[6] ZAJĄC, A. P. Biała Księga Mobilności. Zespół Doradców Gospodarczych TOR. 2015. 26 p.  
[7] WOŁEK, M. Gdynia’s Sustainable Urban Mobility Plan (SUMP) and its development. Gdynia. 2016. 51 p. 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

147 

[8] WOŁEK, M. Gdynia’s Sustainable Urban Mobility Plan (SUMP) and its development. Gdynia. 2016. 40 p. 
[9] Mobilnagdynia.pl, 2017, Zasady konkursu - edycja 2017. [online]. 2017. [Accessed 20 June 2017]. Available from: 

http://www.dopracyjaderowerem.mobilnagdynia.pl/o-konkursie     

[10] EU-CONSULT. Studium koncepcyjne Systemu Roweru Metropolitalnego dla Obszaru Metropolitalnego Gdańsk-
Gdynia-Sopot. Gdańsk: EU-CONSULT. 2016. 58 p. 

[11] Mobilnagdynia.pl, 2016, Trolejbusy w Gdyni częściowo zasilane energią słoneczną. [online]. 2016. [Accessed 20 
June 2017]. Available from: http://www.mobilnagdynia.pl/transport-publiczny/392-trolejbusy-zasilane-energia-
sloneczna   

[12] BINDZAR, P., IZOLOVA, J., BALOG, M. Project conception for city logistics with utilization of IDS element 
applicated to the Nitra city. Kosice: Acta Montanistica Slovaca. 2010. 73 p.  

  



 

 

POSTER SESSION 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

149 

APPLICATION OF GNSS SYSTEMS IN LOGISTICS 

BARTCZAK Krzysztof1, BACZYŃSKI Dariusz2 

1Warsaw University of Technology, Faculty of Electrical Engineering, Warsaw, Poland, EU  
Warsaw School of Economics, Collegium of Business Administration, Warsaw, Poland, EU, 

bartczak@ee.pw.edu.pl   
2Warsaw University of Technology, Institute of Power Engineering, Warsaw, Poland, EU,   

dariusz.baczynski@ee.pw.edu.pl  

Abstract The paper presents an analysis of the fields of application of GNSS systems (Global Navigation 
Satellite Systems) in logistics, with particular focus on GPS and GLONASS. It identifies advantages gained 
from GNSS systems and possible problems in the operation of the systems related to their deficiencies. One 
of the ways to enhance the precision of GNSS operation is to integrate data from various systems. The paper 
outlines the results of own research, which provide conclusions on how integration of GPS and GLONASS 
may affect the functioning of logistics and increase in its effectiveness and efficiency.  
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1. INTRODUCTION 

In this paper, attention will be focused on addressing the issues pertaining to the application of GNSS systems 
in logistics. Its objective will be to outline the areas of logistics in which it is possible to apply GPS and 
GLONASS systems, as well as advantages to be obtained therefrom. A separate issue to be addressed in the 
paper concerns problems which arise during the application of GNSS systems that are related to their 
deficiencies, and thus negatively influence logistics chains, as well as manners of preventing these problems. 

The paper poses the following research problems: 

• What problems occur during the operation of GNSS systems in logistics? 
• How can these problems be solved?  

2. ESSENCE OF GNSS SYSTEMS 

GNSS stands for Global Navigation Satellite Systems [1]. The notion was first used in 1991 during a meeting 
of the International Civil Aviation Organisation - ICAO [2]. The notion denotes all satellite navigation systems 
that are of a global nature, and thus may be applied on all continents and in all states of the world. The sole 
condition is their coverage of specific areas, and their user having relevant types of receivers. The operation 
of these systems provides scope for determining the current position of a certain point on Earth, regardless of 
the status of the weather and time of the day. This is done through measuring the distance travelled by a signal 
from a satellite located on a specific orbit to the antenna of the receiver placed on Earth. Notably, GNSS 
systems enable not only determining the position of a point located in one place, but also establishing the 
position of moving objects [1, 3, 14]. Presently, GNSS are made up of several systems. Considering that this 
paper will focus on two of the systems (i.e. GPS and GLONASS), it is the two systems that will be described 
here briefly. Although the systems are slightly different, the fundamental principles concerning their functioning 
share similar bases. This relates, in particular, to the elements that the systems comprise and that make it 
possible to determine position on Earth. These are the so-called segments, including: 

• Space Segment - its operation is based on orbiting satellites, 
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• Control Segment or Operational Control Segment - operates using different stations which are located 
on Earth, and which condition the effective functioning of the entire system and performing constant 
monitoring within its scope, 

• User Segment - made up of all receivers which, using built-in antennae, may pick up signals emitted by 
satellites [4, 5, 13]. 

As regards GPS, it should be noted that its development has occurred since the 1970s, though considerably 
earlier technologies and systems, for instance, the TRANSIT system, have been applied in the process. In 
1978, the first satellite of the system was launched into orbit, and in 1993, the service of SPS (Standard 
Positioning Service) positioning was enabled worldwide. Currently, the GPS system comprises 32 satellites 
following 6 orbits, and 22 Earth stations [6, 7, 10]. In turn, referring to the GLONASS system (abbreviation for 
the Russian Globalnaja Nawigacionnaja Sputnikowaja Sistema and the English Global Orbiting Navigation 
Satellite System), it should be emphasised that, similarly to GPS, it began to be developed in the 1970s. The 
first satellite of the system was launched into orbit in 1976, with the launch of the system itself taking place in 
1996. At present, it comprises 28 satellites, including 23 operational satellites (following 3 orbits), and 17 Earth 
stations [1, 8, 9]. 

3. PROBLEMS RELATED TO OPERATION OF GNSS SYSTEMS 

During the application of GNSS systems to achieve objectives connected with logistics, various problems may 
become visible. The problems result primarily from the deficiencies of the system, which may negatively 
influence the accuracy of measurements, thus implying obstacles to the functioning of undertakings, or 
organising and performing rescue actions. Among the problems is, among other things, the phenomenon 
particularly noticeable in urban environments, i.e. where there are many buildings, including high office 
buildings or blocks of flats. Due to the phenomenon, the effects of the so-called radio shadowing and signal 
multipath may occur, causing a signal sent by a satellite to reflect from high buildings and bend, and reach a 
receiver via different paths and with different delays. It has a negative influence on the accuracy and quality of 
measurements, and leads to, for example, setting incorrect coordinates of a receiver. A particularly 
unfavourable situation with respect to emission of signals sent by the satellites of GNSS systems occurs inside 
various buildings and tunnels or underpasses. Then, the satellite signal may disappear intermittently, making 
it impossible to establish the position. Within logistics, it may have a particularly negative influence when, for 
instance, a vehicle carrying certain goods is in a long and splitting tunnel [15]. Another problem concerns DOP 
(Dilution of Precision), i.e. the error of precision dilution. It results from an unfavourable position of satellites 
sending signals (the most optimal position is an even placement of satellites on the entire celestial sphere), 
and consists in the fact that a position determined via GNSS is at the point of intersection of the surfaces of 
spheres with the radii equal to measured distances between satellites and an antenna, and since 
measurements are never entirely error-free, the spheres are diluted and instead of a point there is an area of 
intersection of positioning surfaces [4]. Also GPS or GLONASS receivers themselves may be subject to various 
disturbances, which implies problems related to inaccuracy of measurements. The disturbances to, for 
example, receivers placed in individual vehicles, include: 
• electromagnetic disturbances generated by a broadband receiver, 
• electromagnetic disturbances generated by a narrowband receiver,  
• transient disturbances conducted along supply lines, 
• disturbances related to electromagnetic radiation [11, 12]. 

Other problems connected with the application of GNSS systems within logistics should further include 
problems referring to the phenomena defined as jamming and spoofing.  
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As regards jamming, it refers to jamming signals sent by satellites to particular receivers. Its main aim is to 
interrupt the accessibility of a signal that reaches the receiver, which occurs as a result of making it impossible 
for the receiver to decode any signal, with the phenomenon leading to even damaging the receiver [16, 17, 
18]. Spoofing, in turn, consists in falsifying information in order to set incorrect coordinates. This takes place 
through comparing falsified data in the process of replicating the GPS or GLONASS code, which leads to 
setting an incorrect position of the receiver [16, 17, 19]. Considering all problems described above, it is 
reasonable and necessary to use all methods to make determining position more precise and subject to 
relatively low risk of error. The methods include integrating GPS and GLONASS [20, 21]. An example of such 
integration will be described in the subsequent point of the paper.  

4. DEVICE DESIGN 

Using generally available components and applying the popular Arduino Leonardo platform, a device has been 
constructed to enable integration of GPS and GLONASS signals, accompanied with a presentation of the 
results on an LCD display and a record of the data entered into a memory card.  

A diagram of the device has been depicted below: 

 

Figure 1 Diagram of a device constructed on the basis of the Arduino Leonardo platform 

The device was equipped with two identical GPS/GLONASS - NEO-7M-C UART modules with a built-in 
antenna. Such modules were necessary to enable simultaneous collection of data from two different systems 
(only 8th generation u-blox modules enable simultaneous reception of GPS and GLONASS signals). 
Appropriate configuration of particular modules to operate in the specified systems and reception of certain 
data occur upon starting the device with the UBX command. The device is also equipped with a 2 x 16 
character LCD display used to present a currently calculated position, and a recorder with an OpenLog memory 
card by SparkFun. 

5. INTEGRATING GPS AND GLONASS 

Integration of GPS and GLONASS navigation systems is a relatively complex task. The major problem is the 
different structure of navigation data, different coordinate reference systems, and time. Integration of 
positioning methods used to examine GLONASS and GPS signals is nevertheless very similar to the standard 
positioning method of GPS itself. Both systems are based on the principle of triangulation, which calculates 
the distance between a satellite and a receiver, and the time shift.  

푆 = (푋 − 푋 ) + (푌 − 푌 ) + (푍 − 푍 )  

Where: 푋 , 푌 , 푍  - the coordinates of the satellite, 푋 , 푌 , 푍  - the coordinates of the device receiving the 
signal 

∆푇 (푡) =  푇 (푟) − 푇 (푠) 
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Where: 푇 (푟) - the clock of the device receiving the signal, 푇 (푠) - the satellite clock  

In order to establish the location of a receiver on the basis of values received from GPS and GLONASS, the 
least squares method is used: 

푥̅ = (퐻 푊퐻) 퐻 푊푣̅ 

Where: 퐻 is the designed matrix, 푊 is the matrix weight for specified GPS and GLONASS satellites, whereas 
푥̅ is the vector 푥̅ = ∆푥, ∆푦, ∆푧, ∆푡 , ∆푡 , 푣̅ is the pseudorange residual vector, 훼 is the observation 
value of GPS/GLONASS satellites). 

The designed matrix 퐻 comprises the coordinates of both GPS and GLONASS. 

퐻 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡ 훼 훼 훼 1 0

⋮ ⋮ ⋮ ⋮ ⋮
훼 훼 훼 1 0

훼 훼 훼 0 1
⋮ ⋮ ⋮ ⋮ ⋮

훼 훼 훼 0 1⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

As it was mentioned at the beginning, GPS and GLONASS systems also have different coordinate reference 
systems. GPS uses the WSG84 system, while GLONASS uses the PZ90 system. Therefore, additional 
transformation between needs to be performed between them in order to obtain the same spatial references. 
This is done through the use of the Helmert transformation, outlined below: 

푋
푌
푍

=
푋
푌
푍

+
푆 −푅 푅

푅 푆 −푅
−푅 푅 푆

푋
푌
푍

+
푇
푇
푇

 

6. RESULTS OF DEVICE OPERATION 

The research was performed with the use of the device described in point 6, along with the use of an application 
written in C++, and the libraries of the Essential GNSS Project, TinyGPS and Zenautics Matrix. Observations 
were carried out in the very centre of Warsaw on 7-8 November 2016. Calculations of the integration of 
GPS/GLONASS systems were performed at 60 second intervals. The results were subsequently recorded on 
the memory card. Figure 3 presents the number of visible GPS satellites and their comparison with respect to 
visible GPS/GLONASS satellites in the period from 9:00 am to 3:00 pm.  

 

Figure 2 Number of visible GPS and GLONASS satellites during observations 
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Another diagram provides a comparison of positioning results for the device placed in the centre of Warsaw 
among high buildings in a situation of applying the GPS system exclusively, as well as using the system 
integrating the operations of GPS and GLONASS.  

 

 
Figure 3 Comparison of results of observations with the use of GPS and the system integrating  

GPS and GLONASS  

7. CONCLUSION 

Summing up the deliberations presented above in the paper, it should be emphasised that GNSS systems are 
extremely widely applied within logistics. Indeed, they may be used in transport by road, rail, sea, or air, as 
well as in the course of storing procedures, rescue actions, or within the scope of crisis management. GNSS 
systems applied within logistics may bring an array of benefits to entreprises. The most important should 
include cost reduction, improvement in customer service, or increase in the effectiveness of logistic process 
performance. Despite such benefits, it needs to be noted that using systems like GPS and GLONASS may be 
related to an occurrence of a number of various problems. The most common include the so-called spoofing 
and jamming phenomena, as well as the occurrence of radio shadowing and signal multipath effects, and the 
so-called dilution of precision. In order to prevent the problems, it is necessary to implement certain solutions. 
What may be effective from among the solutions is integration of the operations of GPS and GLONASS. This 
is evidenced by conducted research, the results of which have been presented above. On the basis of 
observations made, conclusions may be drawn that - applying a relatively simple integration system - 
positioning exactness may be increased by about 7-10%, depending on the number of satellites used. It is 
worth noting that measurements for the purposes of the research were performed among urban buildings, i.e. 
where the problems pertaining to the occurrence of radio shadowing or signal multipath effects have 
particularly severe consequences. Integration of GPS and GLONASS systems may effectively prevent these 
problems and contribute to increasing the effectiveness of logistic process performance. 
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Abstract 

A significant and often problematic part of a local road, while solving the traffic within the city area, is 
the capacity of the local roads. Capacity of a local road can be defined as the maximum number of vehicles 
that can pass per unit of time by a pursued rust, strip or lane of local road under the favorable driving conditions. 
The article is aimed on analysis of the current situation of local roads with the case study in the city of Košice. 
The analysis will be carried out mainly in the terms of capacity of local roads. The solution may be a 
modification of the duration of green waves, modification of the number of traffic lanes and where appropriate 
adjusting the surrounding of the road, meaning a modification of organization and management of traffic in 
adjacent and follow-up roads.  

Keywords: City logistics, urban roads, traffic flow, traffic intensity 

1. INTRODUCTION 

The local roads are the land roads solely of local significance. They are an integral part of the transport 
equipment of each residential unit. The local roads connect the places of residence with the places of jobs, the 
places of social amenities or with the places of entertainment and leisure complexes [1]. 

Development of traffic on the local roads is affected by the society. The needs of society also have an influence 
on traffic, the type of transport system, the method and the quality of services in the city [2].  

The decisive criterion for planning the local roads is the design of its capacity. The design of capacity must be 
greater than its anticipated design congestion and once it is reached, the environmental capacity cannot be 
exceeded [3]. 

It is necessary to analyze whether the local roads meets the needs of current intensity of traffic. Further, it is 
also necessary to find out whether the parameters of roads can be modified in consideration of its surrounding 
buildings so as to accelerate and simplify crossing, and to increase the safety of roads. 

2. METHODOLOGY 

From the analysis, there are identified the values of allowed intensities. The following calculated allowable 
intensities are compared with the intensity measured during the National Traffic Census in 2015 [4]. The 
outcome of this comparative method is calculation the percentage of congestion of local roads. The 
classification of local roads according to congestion, which defines the levels of quality of transport mode, is 
determined on the basis of calculation the percentage of congestion. The traffic quality levels are determined 
from observations of the flow of traffic on the monitored areas and sections. The percentage of congestion is 
in the interface of 0-80%, while the percentage of congestion that is greater than 80% is indicated as „81 and 
more“. The descriptions and characteristics of individual levels of traffic are shown in the Table 1. 
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Table 1 Classification of local roads according to congestion 

Levels 
of 

quality 

Characteristics 
of quality of 

transport 
Characteristics of transport flow Percentage of 

congestion 

A very good Road drivers are rarely mutually influenced. Transport flow is fluent. < 30 

B good 
Involved vehicles in the choice of speed and driving lane are in the 
small range of mutual influence. The negligible delays imply of that. 
Transport flow is almost fluent. 

31 - 60 

C satisfactory 

The presence of other road users is noticeable. There is no longer 
the unlimited freedom of movement given. The flow of traffic is 
stable. In the case of undesirable event, the area decreases on the 
level of quality D.  

61 - 80 

D 
Unstable, 

sporadically 
unsatisfactory 

All of the road users have to keep in mind a possible presence of 
barriers. A congestion or a complete stop of vehicles occurs while 
short-term increase in traffic intensity. The transport flow changes 
from stable to unstable occasionally.  

81 < 

The permissible (design) intensity of the traffic flow Ip of the four-way bi-directional local road shall be 
determined for one direction only as [5], [6]: 

 (1) 

where lz      basic value of the allowable intensity [cars/hour]   

 ks          value of the width coefficient [-] 

Determination of the estimated annual average daily intensity (RPDI) from the result of the short-term survey 
is performed separately for each vehicle type x [5], [7]: 

 (2) 

where Im  the traffic intensity of the vehicle type found at the time of the survey [cars/survey period] 

km,d the transport intensity conversion factor at the time of the survey for the daily traffic intensity 
of the survey day (taking into account daily variations in traffic intensity) [-] 

kd,t conversion factor of daily traffic intensity on day of survey converted to weekly average traffic 
intesity a day (taking into account weekly variations in traffic intensity) [-] 

kt,RPDI conversion factor of weekly average daily traffic intensity to annual average daily traffic 
intensity (taking into account annual variations in traffic intensity) [-] 

The resulting value of the annual average daily traffic intensity for vehicles is determined by the sum of the 
annual average daily traffic intensities for each vehicle type [8]. 

 (3) 

By comparing the observed values of RPDI in extravilanes in the sections before the solved territory and in the 
area solved, we will determine the share of intensity of the intravilan at present. The prospective growth 
coefficients for intravilan are obtained as: 

szp kII .

RPDIttddmmx kkkIRPDI ,,, ...


x

xRPDIRPDI
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 (4) 

where  Ov forecast for number of ihabitants;  

Oss number of inhabitants at present; 

 PPv forecast for job opportunities;    

PPss job opportunities at present; 

 ROVv forecast of the annual circulation of the vehicle;   

ROVss the annual circulation of the vehicle at present. 

3. RESULTS AND DISCUSSION 

3.1 Analysis of intensities on the local roads in the city of Košice  

The Table 2 shows computed values of prospective congestion during peak hours. According to the table, an 
increase of congested, respectively over loaded, sections is seen. This will apply to the particular entrances 
into the city from outlying smaller boroughs like Kavečany, Zlatá Idka, Myslava, Pereš, Krásna pri Hornáde 
and at present already congested section going through Košická Nová Ves.  

The hardest part to drive through will be the main North - South. Roads in the city center will be congested 
approximately to 50%, which should be a continuous traffic except streets Rastislavova and Comenius. The 
best transitional sections remain the sections situated in the settlements Dargovských hrdinov and KVP. In the 
city centre the best transitional sections will be the streets Moyzesova, Národná trieda and Československej 
armády. Looking at the assessed cartogram it is clear that because of such an increase in traffic it is necessary 
to increase allowable intensities of the MK either by increasing the number of lanes, modification of the 
organization of traffic or other alternatives. 

3.2 Proposals for possible measures to increase allowable intensities  

In order to determine the cause of congestions of each section it is necessary to assess the main cause of the 
traffic congestion. The most often congested sections are the sections with two road lanes. In these sections, 
the main cause is a small number of road lanes. This problem can be solved by increasing the number of road 
lanes. It is possible (in case the surrounding region allows it) to increase the number of road lanes however it 
can be difficult to implement in the center of the city.  

Another possible solution is to change the settings of traffic lights. This proposal is financially less challenging 
though the efficiency is not such high [9]. The possible solution may also be a modification of traffic 
organization. To solve this fact requires more time.  

The analysis carried out in the previous chapter shows that the most congested section is Slanecká road that 
shows 261% of congestion during peak hours while during average hours it is still 121% of congestion. Along 
with these numbers Slanecká road is the most congested road and because of that it is important to devote 
increased attention. Considering the appropriate spatial conditions, it follows a proposal to increase the 
number of lanes in the driving lane from two-lane arrangement to the four-lane anargement MK.After 
recalculating the capacity calculations of a proposal communication is found a positive but also a negative side 
of the proposal. The positive one is that the design of proposal satisfies the current situation while after 
enlarging the communication, the quality of traffic will change from level D to the best level A, whose result will 
be a fluent transport. The negative one is the noticeable congestion of section during peak hours with the view 
of the year 2019. The congestion of peak hour would be identical to the current congestion of an average hour.  
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Table 2 A data showing forecast of traffic flow during peak hour in 2040 

 

 

Explanatory notes: 

Level of quality A   Level of quality C 
 Level of quality B   Level of quality D 

0-2542 Slanecká-Nižné Kap. Slanecká-Ukrajinská 3000 Z 15 16 728 721 881 1875** 121 260 247 531
0-0242 H erlian.-Sv.La.-O rtva. Sečovská-Zdoba 1350 Z 12 11 794 801 548 1100** 69 137 141 280
0-3993 Komen.-Wats.-H linko. Komen.-H viezdoslav. 1250 Z 5 5 734 734 581 629* 79 86 161 175
0-2541 Juž.t.-Alejova-Niž.Ka. Slanecká-Južné Nábr. 750 R 23 23 2141 2141 1602 1725 75 81 153 164
0-0222 Tr.L .S.-Hlinkova H linkova-Komenského 1500 Z 8 9 3694 3673 1941 3600** 53 98 107 200
0-0624 Moyze.-Štúr.-Rastisl. Rasti.-Jantár.-Juž.tr. 2250 Z 5 5 808 808 520 563* 64 70 131 142
0-2543 Slanecká-Ukrajinská Ukraji.-smer Vyš.Hut. 3500 Z 15 13 757 830 335 750** 44 90 90 184
0-3253 Výhľ.veža-Kavečian. Kavečian.-Kostolians. 1750 Z 8 8 334 334 122 300** 37 89 75 183
0-3251 Kosto.-Kaveč.-Vodar. Čermeľ.-Kosto.-Kome. 200 Z 10 14 898 867 346 725** 39 83 79 171
0-3992 SNP-Popradská Popradská-M oldavská 3600 Z 13 13 654 654 351 380* 54 58 109 119
0-0619 Moldavská-OC Opti. E50-Lorinčík 2000 R 13 13 2350 2350 1150 1239* 49 53 100 108
0-0243 Palac.-Jantar-Pr.faš.b. Palcekého-Južná tr. 500 Z 11 11 1814 1814 857 927* 47 51 96 104
0-0241 Sečovská-Prešovská Prešovská-Juž. Nábr. 250 Z 18 18 3880 3880 1731 1874* 45 48 91 99
0-0221 Prešovská-Hlinkova Prešovská-Sečovská 2550 R 19 19 2225 2225 988 1064* 44 48 91 98
0-0233 Sečovská-Zdoba Sečovská-Prešovská 1800 Z 13 17 2109 2055 804 1050** 38 51 78 104
0-0634 Štúr.-M oyzes.-Rasti. Štúr.-Kuzma.-Žižkova 150 Z 5 5 3183 3183 1355 1466* 43 46 87 94
0-2043 Čermeľ.-smer Jahod. Čermeľ.-Kosto.-Kome. 4000 Z 7 5 901 916 252 550** 28 60 57 122
0-0232 Prešovská-Juž.Nábr. Slanecká-Nižné Kapu. 3500 R 40 40 1786 1786 674 726* 38 41 77 83
0-3990 Mysl.-smer Bukovec T r. KVP-M oldavská 3000 Z 16 17 2026 1991 445 1000** 22 50 45 113
0-3252 Kostolian.-Ťahanovs. Kost.-Voda.-Kavečia. 1500 Z 12 6 856 900 171 450** 20 50 41 102
0-2055 Jant.-Južná tr.-Rasti. Juž.t.-Alejova-Niž.Ka. 1250 Z 8 8 3694 3694 1228 1329* 33 36 68 73
0-0635 Festivalovo nám-SN P SNP-Moldav.-Alejova 2850 Z 5 5 3687 3687 1193 1291* 32 35 66 71
0-0633 Hlinkova-Komenského Festivalovo námestie 1350 Z 13 13 4070 4070 1289 1395* 32 34 65 70
0-0229 E68-smer Prešov Prešovská-H linkova 5500 R 17 17 2268 2268 708 763* 31 34 64 69
0-2053 E50-M oldavská E50-Alejová 2500 R 29 29 2016 2016 589 634* 29 31 60 64
0-0615 SN P-M oldav.-Alejova Alej.-Niž.Kap.-Juž.Tr. 2250 Z 5 5 3762 3762 1051 1137* 28 30 57 62
0-3254 Kostolian.-Ťahanovs. Americ.tr.-Prešovská 2500 Z 8 8 3488 3488 930 1006* 27 29 54 59
0-0632 Palckého-Južná tr. Štúr.-Moyzes.-Rasti. 500 Z 9 9 3848 3848 1009 1092* 26 28 53 58
0-2054 Juž.t.-Alejova-Niž.Ka. Ul.O slobo.-smerVala. 2500 Z 18 18 3422 3422 801 867* 23 25 48 52
0-0622 M oldvská-T oryská Toryská-SNP 750 Z 8 8 2257 2257 499 540* 22 24 45 49
0-0225 G or.-Štef.-M as.-Hvie. Pr.faš.boj.-Palac.-Jan. 1250 Z 7 7 3511 3511 769 832* 22 24 45 48
0-0625 Pr.faš.boj.-Palac.-Jan. Jant.-Južná tr.-Rasti. 2250 Z 7 7 3718 3718 801 867* 22 23 44 48
0-0621 M oldav.-Alejova-SN P M oldavská-OC Opti. 1000 Z 7 7 3718 3718 801 866* 22 23 44 48
0-0631 Štúr.-Kuzma.-Žižkova Moldav.-Alejova-SNP 1500 Z 6 6 3740 3740 768 831* 21 22 42 45
0-2044 Čermeľ.-Kosto.-Kome. Komen.-W ats.-Hlinko. 250 Z 5 5 4180 4180 474 950** 11 22 23 46
0-2052 Juž.tr.-Štúro.-Palack. Juž.tr.-Rasti.-Jantáro. 1500 Z 5 5 3762 3762 546 591* 15 16 30 32
0-3991 Poprads.-Trieda KVP Trieda KVP-Myslav. 3000 Z 16 16 3834 3834 518 560* 14 15 28 30
0-0244 Tr.L.S.-Seč.-H erlian. Tr.L.S.-H linkova 3500 Z 15 15 3466 3466 438 474* 13 14 26 28
0-0623 Hviezdosla.-M oyzes. Moyzesova-Štúrová 1250 Z 7 7 3304 3304 419 453* 13 14 26 28
0-0224 Hlinkova-Národná tr. Gor.-Štef.-Mas.-Hvie. 1500 Z 16 16 3961 3961 439 475* 11 12 23 24
0-2045 Čsl.Ar.-Hviez.-Kuzma. Čsl.Ar.-Festivalo.nám. 750 Z 5 5 1164 1164 71 77* 6 7 12 13
0-0231 Prešovská-Juž.Nábr. Palckého-Jantárová 900 Z ***

* - špičková hodina bola vypočítaná podľa koeficientu špičkovej hodiny
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* peak hour was calculated according to the coefficient of peak hour 
** peak hour was calculated as the maximum hour of intensity during the period of a survey CSD 2005 
***in the section was not made a survey of traffic intensity during CSD  becaue of the roadworks and reconstructions  
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Table 3 Congestion of the current and future proposals for the section Slanecká road 

  

From the results it is concluded that a proposal of four-lane local roads is necessary, but it does not solve all 
the causes of road congestions especially when considering a view of the year 2040. If this situation is not 
solved there will be roads overloaded about 531% during peak hour in 2040. It this case it will be necessary 
to devise other proposals including modification of traffic management or elimination of vehicles passing that 
roads. The percentage of congestion of the current and future proposals for this section Slanecká road is 
shown in Table 3. The forecast is based on the models in [10], [11], [12], [13]. 

4. CONCLUSION 

From the results of the analysis we can conclude that the current state of the capacity of certain sections of 
local roads, especially during peak hours is unsustainable. Due to the traffic congestion of local roads and the 
constantly increasing traffic the flow of transport is greatly limited. 

Currently, the transport is not the only problem. After calculating the alarming growth rate and after 
recalculating the prospective period in 2040, the results of the survey processed in the tables and cartograms 
show that extensive congestion, respectively overload of local roads, still occurs. 

In the proposal of possible measures to increase the allowable intensity in the section 0-2542 Slanecká is used 
the method of increasing in the number of lanes. Increasing the number of lanes is recommended for areas 
where there is built-up area nearby. The clearly processed results show that increasing in the number of lanes 
in the driving lane is effective only for the current state of traffic intensity. The prospective period during peak 
hours is again a congestion of local roads almost identical to the current situation, which is an unsatisfactory 
condition. 

The biggest problem is how to avoid above-mentioned situations, so that traveling comfort has not decreased 
and that the protection of environment has been respected. In order to prevent occurrence of this difficult 
situation, we have to keep in mind this clarified problem at present as well. 

The conclusion of this publication indicates that the problem solving the capacity of local roads, which it deals 
with, is current and highly alarming. The situation needs to be solved comprehensively along the factors that 
directly and indirectly affect the intensity of local transport [14]. These factors do not only include the terms of 
the number of moving vehicles, but also, e.g. surrounding residential area, shopping centers, industrial parks, 
etc [15], [16]. 
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Abstract 

The concept of resilience is well developed as it has been studied extensively in last decade. The effort has 
been made to find ways to increase the supply chain resilience and thus to reduce an impact on supply chain 
long term performance. Supply chains and its management is a subject to globalization, which causes that 
suppliers, together with manufacturers and other shareholders of supply chains are getting more aware of the 
need to cooperate and find solutions to improve properties of all links to ensure proper long term functioning 
of supply chain and thus the prosperity of all links involved. There are still issues comprising how to build the 
overall supply chain resilience and how to support decisions regarding investments in the supply chain links 
to improve its properties and thus to increase its resilience. This article presents an initial experimental 
modelling of the impacts of investment on time to recovery after disruptions. The modelling approach assume 
that a mean time to recovery of specific links of supply chain can be reduced using investments to improve 
links properties and skills and availability of the supply chain is used as an indicator of resilience improvement. 
Modified transfer system model was used to model a studied system and Python 2.7.1 software with modules 
NUMPY and SCIPY was used to optimize the model using the SLSQP algorithm. 

Keywords: Resilience, supply chain, modelling, investment, transfer line models, time dependent failures 

1. INTRODUCTION 

The concept of resilience is considered a successive concept as the past leading concepts of leanness and 
others are fading with the volatile environment and various factors causing disruptions [1]. As many definitions 
of resilience occurred in past years the best fit for the presented article is the one considering resilience the 
ability of supply chain to return to its original state or to move to a new, more desirable state after being 
disturbed. According to the World Economic Forum (WEF) [2] the most important ones include: natural 
disasters, extreme weather changes, conflicts and political troubles, terrorism and sudden radical changes of 
demand. Extensive effort has been made so far in defining the whole resilience concept [3] as well as its 
measurement using various approaches such as [4] or [5] and [6]. As the supply chain exhibits similar 
characteristics as the transfer or production line with the difference of a scale considered, it is possible to 
approach to the modelling of supply chain the similar way as to of such lines. Modelling of manufacturing lines 
has been intensively studied since early 1950’s. As the nature of the problem, analytical models has been 
presented only for lines with two, and later with three machines in the sequence. Significant effort has been 
made in the field and large number of publications describing various approaches is available. For further 
reading and references we recommend historical reviews on the topic, including Buzacott [7], Schick and 
Gershwin [8], Liu [9] or very valuable review by Dallery [10] providing comprehensive explanation of the models 
characteristics, demands and properties. For the purposes of this article study by Tan [11] and his model was 
used to create the objective function subjected to optimization. 

2. PROBLEM FORMULATION 

As introduced above, global companies and supply chain managers’ faces disruptions to supply chains and 
its links respectively. With certain probability specific supply chain links will be hit by the force majeure with 
significant impact on functioning of the link and the whole supply chain. Such disruption and links’ temporary 
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decommissioning will stop all successive stages of supply chain and block precedent stages as it results in 
reducing the links capacity of production or transfer respectively. Such disruptions are exponential random 
variables occurring with certain probability which can be derived from historical statistical data on specific 
regions and various disruption causes. Disruptions are, unlike failures of manufacturing machines, time-
dependent which means they are independent of state of a links and of each other. After a disruption, the 
supply chain link can be and will be repaired and operational again after a certain period of time. Duration of 
this period of time is assumed to be a random variable and link specific, or region specific respectively. The 
main assumption made is that we can’t prevent occurrence of large scale disruptions but we can work on 
reducing its impacts on supply chain in the context of its ability to be operational again as soon as possible 
after a disruption. That is the paraphrase of the definition of supply chain resilience. We assume that the period 
of non-operational state of a supply chain link, and thus the whole supply chain, can be reduced under certain 
conditions and improvement of supply chain link resilience respectively. That will require an investment which 
will be used to finance and support the improvement of supply chain properties and thus resilience, which 
means, next time the disruption occur, supply chain link will recover faster. Then the question is how to decide 
where the investment should be allocated, which supply chain link is the bottle neck in the context of resilience 
improvement and what is the relationship between the money invested and supply chain resilience 
improvement. To answer these questions is the aim of this article.  

3. MODELLING APPROACH 

Four stages supply chain is considered in the study, see Figure 1 below. Subsequent stages of the modeled 
systems represent supplier, manufacturer, servis centre and distributor. Supply chain links are considered to 
be located in regions independent of each other in the context of disruptions occurring in specific regions. As 
links of the modeled supply chain are subjects to failures due to random disruptions, we assume, with respect 
to the context of resilience concept, that disruptions and thus failures caused are relatively long compared to 
processing rate of supply chain and so is the time of recovery. Mean time to disruption and failure and mean 
time to recovery are considered to be exponential, processing times are considered to be deterministic. For 
each supply chain link following parameters has been used in the model. Let mean time to failure of the link I 
(MTTFi), or failure rate respectively be represented by λ푛and let μ푛 be the repair rate, defined by mean time to 
recovery after failure due to a disruption (MTTRi) and its functional relationship with the investment allocated 
Ii , which is discussed below. Let t stand for the period of time at which we assess the availability of supply 
chain and Imax the maximal sum of resources allocated in the improvement of supply chain resilience.   

We assume a real supply chain usually operates as a discrete items flow or batches flow respectively. Batches 
varies in the size as a specific links of the supply chain perform different operations. According to a literature, 
discrete flows can be approximated with continuous materials flow models especially if the processing rates 
are much smaller that the failure and repair rates. No intermediate storages are considered in the system as 
in the real world they are usually located within the region of specific link and thus are also subjects to occurring 
disruptions. We assume high dependence of subsequent links of the supply chain, which means once a 
specific link is not working due to a failure after a disruption, the whole supply chain is not working. Thus the 
performance and availability of the supply chain is a random variable dependent on the failure rates and 
recovery rates of specific links. We assume that it is not possible to influence the failure rates as the 

Figure 1 Structure of the modeled supply chain 
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disturbances are usually of the nature of natural disaster, political conflict or unpredictable decrease of 
demand. What can be influenced, and thus optimized, is the time to recovery, recovery rate respectively. As 
we assumed that investments allocated in efforts made to increase the supply chain links resilience will lead 
to decrease of time to recovery and thus the availability of supply chain will be increased so more items will be 
produced in the certain period of time.  

As we assume the decrease of mean time of recovery with an increase of investment allocated, the linear 
functional relationship is considered. In future research, linear dependency will be replaced with function more 
corresponding with the real world. Specific links of the supply chain are considered to be located in regions 
with different conditions and thus the meant time to recovery and its functional relationship with the 
improvement after certain investment is also region specific. Thus four different profiles were defined for the 
purposes of the study, which are presented on the Figure 2 below. 

For the purposes of this article as an initial study in the field of optimizing investments allocation in resilience 
improvements modified model of transfer system developed by Tan [1] was used and the availability of the 
supply chain was used as an indicator of supply chain resilience increase. The original model was design to 
calculate instantaneous availability (A(t)) of a production system in the certain moment in time which is the 
probability that the system will be operational at given moment in time. The instantaneous availability of 
systems is asymptotically normal, which was used to simplify the optimization procedure and t of 20 years was 
used in the calculation. Later it was subject of the control calculation experiment, which is discussed in results 
below. Modeled system is assumed to produce discrete items in the rate of one item per one minute, random 
disruptions may occur with mean time of 3 years and specific links can be operational again after a random 
period of time with mean time of 20 to 80 days. With respect to the assumption, modeled supply chain is 
considered to process, or transfer respectively, one item per one unit of time, which is one minute in this case 
and modeled system is synchronized. Failure rate and repair rates are then recalculated with regard to the 
assumed production rate.  

4. RESULTS AND DISCUSSION 

For the purposes of the experimental work the modified Tans’ model in the form of availability calculation 
expression (equation 1) was used as the objective function for the optimization algorithm, as stated below 
together with expressions describing the linear functional dependence of mean time to recovery, or repair rate 
respectively, on investment allocated in the specific link improvement (equations 2-5). Bounds and constrains 
were defined for the model, as well as maximal amount of allocated resources (6) which were to be allocated 
into specific supply chain links to maximize the overall availability of the supply chain, for the purposes of the 
experiment 10 M EUR. 

퐴( ) = ∏ [ μ
λ +μ

+ λ
λ +μ

푒-(λ +μ )t] (1) 

Figure 2 Functional relationship of mean time to recovery and investment allocated 
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μ =
.

 (2) 

μ =
.

 (3) 

μ =
.

 (4) 

μ =
.

 (5) 

퐼 = 10 × 10  (6) 

Above described mathematical model has been subjected to the Sequential Least Squares Programming 
(SLSQP) optimization algorithm in Python 2.7.1 using modules NUMPY and SCIPY. Progress and results of 
the optimization iterative process are depicted in the Figure 3 below. The algorithm terminated after 42 
iterations with resulting availability A(t)= 0.926506 which can be ensured by allocation of the whole amount of 
maximal budget of 10 M EUR in the proportion of 2500:4000:1715:1785 into a links of order from l1 to l4. On 
the Chyba! Nenalezen zdroj odkazů. below, the course of the algorithm and provided solutions of respective 
iterations can be observed. On the Figure 4 the propagation of the solutions’ improvement is visualized. 

 
Figure 3 SLSQP Algorithm optimization process results 

 
Figure 4 Propagation of optimization process 

To verify the usability of acquired results in the context of using the instantaneous availability as a simplified 
indicator of improvement of supply chain resilience we run an experimental control calculation. The model was 
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recalculated using the set-up with results of the last iteration while the t was changed with step of 60 minutes, 
running from t = 60 minutes to 41 years. Results of the control experiment (see the Figure 5) showed that the 
parameter t is negligible when enough long period of time is used to optimize the model, which is in line with 
literature and which corresponds with the reality as in the long term the availability and thus performance of 
systems tends to stabilize.  

As the modeled system of four supply chain links in linear configuration is quite simple and does not meet 
modeling demands of complex production systems, this study is considered to be an initial effort made to 
outline the possible approach when building the supply chain resilience. Simulation experiments answering 
the same questions on resources allocation has been made so far, so using analytical approach could be used 
as complementary or substitute method. In the follow up research we will develop the approach and present a 
methodology of calculating an expected availability and throughput of the supply chain of more complex 
structure, which will more precisely follow the real world structures.  

 

Figure 5 Instantaneous availability stabilization with prolonging the parameter t 

5. CONSLUSIONS 

An analytical model to optimize the future investments allocation in the supply chain to increase its overall 
resilience was presented and the SLSQP algorithm was used to optimize it. Instantaneous availability of supply 
chain was used as an indirect indicator of supply chain resilience. Presented approach is usable for linear 
supply chains no matter how many links involved. The main limitation of the approach is the need to define, 
and thus average a functional relationship of recovery rate and investment allocated.  Further research will be 
focused on developing the methodology which will allow to allocate investments destined to increase resilience 
of complex global supply chains which will provide us a tool for support the decision making process in the 
context of strategic management. 
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Abstract 

The key point in global logistics is the integration between different sides in supply chains. Integration is 
indispensable not only between supply chain partners but also between intermediary logistics operators in 
these relations, which directly leads to increased operational efficiency and competitiveness for supply chain 
participants. Production/distribution/trading companies that decide to outsource their logistical functions 
outside the organization often go beyond logistics outsourcing, linking logistics companies with their business 
strategies based on strategic logistical partnerships. Such an operation enables to compete effectively with 
competitors and opens the door to the needs of requiring customers. Understanding the aspects that drive the 
partners working in the logistics partnership is crucial for logistic operators to create a concept for managing 
these relationships. The article is aimed at trying to identify the relationship models between a logistic operator 
and an institutional client, and to identify the factors that shape those relationships.  

Keywords: Supply chain, relationship model, logistics operator  

1. SUPPLY CHAIN PARTNERSHIP 

Recognizing the strategic buyer-supplier partnerships as a fundamental driver for the success of the Pacific 
Rim supply chain processes, the American and European firms have begun to emulate these supplier alliances 
[1]. Despite the important issues related to partnerships in the supply chain, there is no general agreement 
about how to define supply chain partnership [2]. According to Gardner and Cooper [3], traditional business-
to-business relationships are transactional, and the relation in a partnership style extends over a long period 
of time, involves sharing of benefits and burdens, requires careful planning, includes detailed exchange of 
operational information, and enables operational control beyond the borders of your own company. Żebrucki 
[4] highlights the partnership's goal of added value creating and increasing competitive advantage by 
overcoming the constraints of individual organizations, and points out that a strategic approach emphasizes: 
value chain configuration and partnerships’ relations, mission, dominant motives of partnership, partner’s 
market and supply chain strategies, the selection of partners, potential partners, the complexity of processes. 
Zybell [5], in turn, discusses of specially designed business relationships based on mutual trust, openness, 
risk and benefit sharing that give a competitive advantage that reflects business performance greater than 
could be achieved by an individual enterprise. Thus, in this research, supply chain partnership is identified as 
a strategic alliance to achieve business advantage and exclusive goals by paying attention to critical success 
factors, such as organizational commitment, coordination, leadership, trust, communication, conflict resolution 
techniques, and resources. In terms of the development stages of SCP, researchers have used different terms 
[6]. Although many researchers agree that identifying strategic needs is the first stage, they have used names, 
such as creating awareness and commitment [7] and preparation [8]. Taking into consideration a literature 
standpoint, undoubtedly, it can be stated that depending on partner's goals or other factors, the partnership 
can be held for a short time or permanently. (Figure 1). 
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Figure 1 Lifecycle of supply chain partnership [6] 

Another important factor influencing corporate partnership is culture and an organizational structure. Cultural 
differences, very often, at an early stage are not easy to characterize. It is important to remember that when 
two organizations meet within a partnership, each brings a clear cultural tradition and a set of operational 
assumptions. Mistakes in the definition of differences and the lack of flexibility to review existing culturally 
driven assumptions generate conflicts that can be counterproductive [9]. One of the most important elements 
of partnership is the culture of cooperation resulting directly from the organizational culture of co-operating 
companies. The concept of collaborative culture consists of numerous elements such as trust, commonality, 
exchange of information, as well as openness and communication (Figure 2), which Barratt distinguished [10]. 

2. BUSINESS PARTNERSHIP IN THE FIELD OF CONTRACT LOGISTICS 

Contract logistics is understood as co-operation, which is the subject of the contract and focuses on 
transferring logistical functions to an external contractor. This contractor is usually a logistics operator, 
specialized in providing specific groups of logistics services [11]. The success in partnership in contract 
logistics requires adequate management. 

 
Figure 2 The „cultural“ elements of supply chain collaboration [10] 
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Brekalo et al. [12] indicate three layers of partnership management: (1) operational logistical activities (micro 
level), focusing on the realization of contracted logistical processes; (2) contract management procedures 
(macro level) ensuring efficient alliance management and therefore process efficiency; (3) learning 
mechanisms (meta level) aiming at uninterrupted improvement in management procedures. 

 
Figure 3 Logistics alliance management capabilities model [12] 

Within the framework of a contract logistics project there may be numerous links between different entities, 
where in each case a separate form of a contract may exist. Collaboration within a longer, several-year contract 
involves reducing business risk for both parties. The trader is provided constant service throughout the duration 
of a contract. A logistic operator can be sure that expenditures will be paid back. Since it is not possible to 
predict how the market will change, including the demand for the products concerned, to avoid price risk, it is 
worth for the entrepreneur to ensure that the contract contains adequate notations. 

3. RELATIONSHIP RESEARCH IN THE FIELD OF CONTRACT LOGISTICS 

The analysis of partnerships in supply chains was based on surveys of a selected logistics operator within the 
scope of conducted contract logistics services with its clients in the following sectors: 
 Automotive, 
 FMCG (Food and Non-Food). 
 Chemical, 
 New technologies, 
 Trade (network, e-commerce etc.). 

The study was conducted in October 2016 on a sample of 122 companies. The research survey was directed 
to managers, process managers and logisticians. The survey questionnaire consisted of 12 questions and was 
divided into 3 parts: the study of cooperation motives, the intensity of relations between partners, the 
advancement of IT tools implementation, information exchange; evaluation of logistics partnership and metrics. 
In addition, due to the exploratory nature of the conducted research, the reliability of the survey questionnaire 
was evaluated, based on the Cronbach Alpha coefficient, which indicates whether the respondents' replies to 
each question are similar, i.e. whether the aggregate scale is "true", and not random. Because all Cronbach 
Alpha values were above the threshold of 0.7, there was a strong similarity between respondents, i.e. 
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respondents similarly interpreted the replies. The conducted survey indicated that the leading motive for 
establishing a partnership relation is: 
 costs reduction and profits increase - 72.62%; 
 the opportunity to acquire new markets - 64.29%; 
 the improvement of customer service level - 61.90%. 

Another important factor is the opportunity to enter new industries and sectors, which was indicated by more 
than a half of respondents - 59.52%. Analysing all research results in different industries, one can see that 
each of them has different priorities in relation to the motives for establishing partnerships, as shown in Table 1. 

Table 1 Motives for establishing partnerships by sectors 

Branch Dominant factor % 

Automotive costs reduction and profits increase 93.75% 

improvement of customer service level 87.50% 

New technologies increase in an activity scale 82.35% 

access to new technologies and new knowledge 64.71% 

FMCG costs reduction and profits increase 100.00% 

improvement of customer service level 71.43% 

Chemical 
 

opportunity to acquire new markets 100.00% 

costs reduction and profits increase 100.00% 

Trade improvement of customer service level 100.00% 

increase in the activity scale  80.00% 

Source: own preparation 

Forming partnership relations is strongly connected with logistics strategies implemented by companies. These 
include Just-in-Time, single sourcing, lean supply chain, rapid response strategy, CRM, effective customer 
service, and supplier inventory management. The most commonly used method by the surveyed companies 
was the Quick Response strategy - 84.52% (Figure 4). Many companies, including automotive, chemistry and 
trade pointed to a Just-in-Time strategy (66.67%). 

 
Figure 4 Logistical strategies realised by analysed companies [own preparation] 
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4. CONCLUSION 

Due to the increasing expectations of customers in the area of logistical services level, the cooperation of 
enterprises aimed at creating competitive advantage through appropriate relations between partners, including 
logistics companies, is becoming an important aspect. The literature concerning logistical partnership 
management identifies determinants to be considered in the design process of a successful logistical 
partnership. All literature positions have a common denominator, which is a set of factors that have a decisive 
influence on the logistics partnership, including: trust, information exchange, engagement, cooperation, profits 
and risks distribution, and the aspect of interpersonal communication. The conducted survey made it possible 
to identify the leading forms of logistics partnership used by corporate clients. Further authors’ research will 
be focused on evaluating logistical partnership with cooperating entities and developing the model of such 
cooperation. 
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Abstract 

The tools of the virtual reality are becoming more frequently used in planning, implementation as well as 
analysis of production processes. The simulation programmes which offer the possibilities of probable threats 
of negative impact on the production process allow the application of various corrective actions, which are 
about to improve the effectiveness of chosen systems and to implement priorities which are individually defined 
by a particular organisational entity. The article presents the analysis of the influence of the production growth 
on manufactural capacity of an enterprise as well as the level of generated costs. 

Keywords: Computer simulation, production systems efficiency, production process 

1. INTRODUCTION 

Computer simulation, in other words the mathematical-logical computer record based on simulation models, 
which objective is to reflect the real form of the analysed object under simulation. The mathematical-logical 
record covers the description of relations which aim is to define the object under simulation (the real object 
including its surrounding) in such a way that is allows its evaluation by the input signals and basic model’s 
parameters change or modification [1]. The complex structure of relations between the following parts of the 
manufacturing process as well as quite a big quantity of totally dependent parameters (that characterise the 
process capacities) make the proper production control and prediction of results difficult. The cause - effect 
results directly influence the effect of particular stages of the analysed manufacturing process [1,2]. The virtual 
tools for production processes planning and their verifying are used in a situation when the functioning of the 
linked relations system under analysis is of high percent of uncertainty and when working out the solution with 
analytical methods is too complicated or not possible [3]. Production enterprises tend to apply the tools of 
virtual simulation more frequently to plan new production systems or to verify the existing ones. Large 
popularity of computer simulation and dense competition of companies offering software contribute to wide 
choice of virtual planning tools on the market, beginning with the simplest based on the mathematical models 
finishing with the very advanced ones including stochastic system [1].  

2. DESIGNING SIMULATION MODELS 

During production processes the input raw materials change into a final object that is characterised by 
individual features defined at its designing level. Planning the production process is about defining methods 
used to manufacture a particular detail as well as designing and describing (in a form of technological 
documents) the performed operations. It is difficult to predict unambiguously the flow of production process 
due to great complexity of production processes and randomness of events. One of the methods that allows 
predicting theoretical results and reflects the real state of the existing production processes is the computer 
simulation and connected experiments carried out on simulation models [4].  

The basic cause that determines the need to carry out the experiment is the necessity of getting to know the 
behaviour of a chosen system (e.g. manufacture) or as well the structure of algorithms allowing its 
management and controlling. The term of simulation modelling concerns direct description of objects under 
simulation (on which the experiments are carried out). One of the main feature that characterises models is 
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the existence of similarities in structure of the defined object and the one being created. Each of the elements 
taking part in the process is assigned an analogical element of the model responsible for same function 
performed in the virtual image of the real production process. Therefore, in order to present the analysed 
process properly, it is necessary to design and build the model which will act as a simulator. The simulator is 
the outcome of many activities connected with differentiation of unique qualities of the system, their formulation 
as well as characterising the relations between them [1, 5].  

On the basis of the designed and built models describing the flow of particular manufacture processes it 
becomes possible to match characteristic volumes that determine the way how the whole system functions 
and its particular elements. While modelling the production processes structures it is necessary to reflect their 
dynamic character, which requires defining duration of technological actions, size of production stocks and 
logistic links that determine flow of the analysed manufacture process. The proper model designing and 
building is a factor that determines the effectiveness of simulation and precision of gathered data [5, 6]. The 
obtained (as a result of the conducted simulation) results constitute a foundation to conduct further research 
or may be directly applied on the real physical object. The possible margin of error in the existing misreading 
between the generated results (in the reality and virtual process mirroring) must be as small as possible. 
Underestimation ratio level of the assumed parameters may cause a high level of losses incurred by the 
production plant, and in critical situations, may prevent the effective work of the plant [1, 5]. 

3. VERIFICATION OF THE PRODUCTION CAPACITY OF THE MANUFACTURING SYSTEM UNDER 
VARIABLE PRODUCTION LOAD CONDITIONS  

Production capacity of the selected manufacturing system describes the number of elements produced in a 
given period of time. The value of the production capacity depends, first of all, on the production capacity of a 
given devices, availability of the required accessories which are crucial for production, possessed financial 
measures, workforce as well as appropriate quantities of reserves. Determination of the production capacity 
volume under hypothetical, constant process conditions is not complex. However, large number of chance 
events causing disturbances during the production process prevent precise determination of the real 
production capacity of the system. The most frequent disturbances, preventing the execution of theoretically 
assumed production volume, include: failures of the production devices, absence of production employees, 
failure to maintain time frames during the execution of technological operations and delays in supplying raw 
materials. Emerging problems with regard to disturbances in the production cycle and theoretical possibilities 
of their aggregation leads to underestimation of the production capacity which is directly connected to the 
acquisition of orders including reduced number of elements.  

Short time to decide on the acceptance of the order does not make it possible to determine the corrected 
duration of the production process which decides on the possibility to accept the order as well as costs volume 
and production profitability, if it is necessary to apply additional stations or production personnel. Computer 
simulation is one of the tools used for analyzing plant production capacity and visual mirroring of costs of 
manufacturing process under dynamic variability of process factors (input data and production capacity).    

The article analyzes the production process of rotary-symmetrical part X. The manufacturing process of the 
produced part covers seven technological operations. The volume of the production of X constitutes 1150 
items per one month (30 days) and the percentage of the lack of production oscilates at the level 2%. The 
following stations take part in the execution of the production process: saw, lathe, winch, metal station, grinder 
for holes, surface grinders and quality control station. This process is executed in single-shift system. Table 1 
presents the cycle times (tj) and preparation-completion times (tpz) determined by the technologist during the 
preparation of technological documentation. 
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Table 1 Time for the execution of part X 

Operation 10 20 30 40 50 60 70 

tpz [h] 0.15 0.3 0.3 0.1 0.43 0.17 0.1 

tj [h] 0.013 0.25 0.012 0.13 0.248 0.12 0.09 

For the execution of the assumed goal, namely the production of 1150 items of X, it is necessary to apply 20 
work stations and engage 23 employees executing defined technological operations. As a result of sudden 
increase in demand for parts produced in the plant, it was appropriate to increase the production level to level 
of 1700 items maintaining single-shift system (Table 2). 

Table 2 Data and assumptions regarding new production plan 

DATA AND ASSUMPTIONS 

Monthly production plan (30 days) 1700 items 

Percentage share of the lack of production 2% 

Number of work shifts One shift 

Used means of transport Forklifts 

Material reserves 30 days 

Number of shifts 1 

In order to verify the production capacity of the plant it was necessary to use the simulation model enabling 
determination of the costs generated by the new production plan assuming the increase in the production size. 
Created virtual models present the algorithm for placing all production stations, the way of flaw of semi-finished 
products and organization of the flow of production for assumed volume of produced parts.    

In order to assume the necessary number of production stations and operators enabling the execution of the 
assumed (increased) production plan, the calculation of station consumption for n-details (Sn), unit station 
consumption (Sj) and operational station consumption (So) of particular stations.   

Assumptions:  

tpz = preparation-completion time (Table 2) 

tj = cycle time (Table 2) 

n = 2 (volume of the production batch) 

ip =12 (constant) 

Fn = 176 [production hours] (station-related labour fund) 

Fp = 160 [man-hour] (employee-related labour fund) 

 Station consumption for n-details, Sn: 

푆 = 푡 + 푛 ∗ 푡  (1) 

 Unit station consumption, Sj:  

푆 =
푡
푛 + 푡  

(2) 

 Product station consumption, Sp: 
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푆 = 푡 + 푡 ∗ 푛 ∗ 푖                                                                                                            (3) 

 Operational station consumption, So:  

푆 = 푆 ∗ 100 (4) 

 Total station consumption, Sc: 

   푆 = (∑ 푡푗 ∗ 푛 + ∑ 푡푝푧) ∗ 푖푝 ∗ 100         (5) 

 Required number of stations, Ls:  

퐿 =   (6) 

 Required number of employees, Lp: 

퐿 =
푆
퐹  

                   (7) 

As a result of the executed necessary calculations (on the basis of possessed input data) results were acquired 
enabling the identification whether to produce the assumed number of items (1700 items) it is necessary to 
have: 26 production stations and 28 employees.  In comparison with the production of 1150 items it was 
necessary to launch 6 additional production stations and engage 5 additional employees. Change in the 
number of stations and employees concerned the following operations: 20, 40, 50, 60, 70 (Table 3).  

Table 3 Results determining the number of stations and employees 

Operation no. Sn Sj Sp So Ls 
Number of 

stations Lp 
Number of 
employees 

10 0.18 0.09 2.11 211.2 1.2 2 1.32 2 

20 0.8 0.4 9.6 960 5.5 6 6 6 

30 0.32 0.16 3.88 388 2.2 3 2.43 3 

40 0.36 0.18 4.32 432 2.5 3 2.7 8 

50 0.93 0.46 11.1 1111 6.3 7 6.94 7 

60 0.41 0.21 4.92 492 2.8 3 3.08 4 

70 0.28 0.14 3.36 336 1.9 2 2.1 3 

Total number of necessary production stations and employees for 
the execution of the assumed production goal = 1700 items  26  28 

Once the number of employees and production stations have been calculated (enabling the execution of the 
production of 1700 items) the algorithm of placing particular objects which take an active part in the 
manufacturing process were built and individual, characteristic (describing their work) volumes were assigned. 
All stations which take part in the manufacturing process have been divided into organizational cells and were 
separated with the intermediate storage facility. Once all elements have been placed on the simulation 
program' operating plate, connections between objects were defined - characterizing the direction of the 
executed flow of semi-finished products and the line for the executed production works. 

In order to obtain results regarding the volume of costs generated by the process which executes constant 
production plan (1150 items) and increased (1700), each production station was assigned with the assumed 
cost of work. The volume of the cost of work was calculated on the basis of the analysis of expenditures: 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

176 

faculty, general management board, theoretical costs resulting from the assumed selling price of the produced 
element and purchase price of raw materials (Table 4).   

Table 4 Costs of work per station 

Operation no. / production station Cost of work per station [j/h] 

Operation: 10 / station: saw 45 

Operation: 20 / station: lathe 60 

Operation: 30 / station: winch 60 

Operation: 40 / station: metal station 30 

Operation: 50 / station: grinder for holes 55 

Operation: 60 / station: surface grinder 55 

Operation: 70 / station: quality control 30 

Data on the level of costs were entered to FlexSim simulation program and then the simulation of the 
manufacturing process was executed (Figure 1).  

 
Figure 1 Sample simulation for cost verification 

4. COMPUTER SIMULATION AND DATA ANALYSIS 

During the first phase, the analysis covered the production process of 1700 items without the changing the 
structure of the plant (with the use of 20 production stations and 23 operators). These lead to the results on 
the basis of which it was was not possible to execute the assumed production plan owing to too high (exceeding 
the standard) level of the use of particular production stations (Table 5). The next phase covered the simulation 
for two production volumes with the use of existing and future system for placing production stations and 
including the increased number of operators (26 stations and 28 operators). 

Table 5 The load of production stations when producing 1700 items (20 stations / 23 operators) 

Operation no. 10 20 30 40 50 60 70 

Load 13% 99% 10% 96% 80% 90% 67% 

On the basis of the conducted simulation the results presenting total level of production costs (Kc), real 
production costs (Kp) (generated during the operation of the station) for two analyzed production volumes and 
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the level of load for the selected technical devices were obtained. In order to calculate the real time of 
engagement of particular stations, in the executed production process the percentage share with regard to the 
total time of the manufacturing process was calculated (Table 6).   

Table 6 Production process costs for two production options 

Number of items 10 20 30 40 50 60 70 ⅀ 

1150 
Kc [j] 7144 19107 14289 4760 21830 8732 4760 80578 

Kp [j] 621 18632 1321 4236 17027 7858 3094 52780 

1700 
Kc [j] 9238 24648 18480 6156 28233 11293 6157 104208 

Kp [j] 845 23145 1756 5432 22645 10451 4115 68389 

The total cost of the production process (Kc) when executing 1150 items and engagement of 20 production 
stations and 23 operators constituted 80578 j, while producing 1700 items and the use of additional number 
of stations and production personnel constituted 104208 j. Owing to direct impact of the duration of the process 
on the level of costs when producing 1700 items, the costs of station operation are higher than when producing 
1150 items (Figure 2).  

 
Figure 2 Costs generated by selected production stations  

5. CONCLUSION 

Dynamically changing conditions for business activities executed by production companies, intensity of the 
competence and the development of new technologies resulted in the fact that companies must seek solutions 
which make it possible to plan and assess the course of the executed process [8]. Virtual tools for planning 
the production process make it possible to execute complex calculations which enable to analyze given 
problems with a certain, not defined level of uncertainty. The possibility to verify organizational-process 
solutions make it possible to predict the results of their application and implement various corrective measures 
increasing the production capacity of the analyzed manufacturing systems. 
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Abstract 

Logistical systems are capable of generating considerable savings for the enterprise, but in many cases, if 
inappropriately managed may generate financial losses. It should be noted that the functioning of the logistical 
systems is determined by their recipients. They are limited by supply, warehousing and transport sources. The 
ability to forecast makes it possible to collect necessary stocks in advance and transfer goods so as to locate 
goods in the appropriate place and time.  

The aim of article is to presents the possibilities and the way to improve the flow of information from the 
production line by creating a real file importing data into the computer system in the logistic unit (quantity of 
items produced, number of defective items, production capacity and production time). 

Keywords: Manufacturing logistics, RFID, Barcode 

1. MANUFACTURING LOGISTICS 

Manufacturing logistics covers all of the processes linked with equipping manufacturing process with 
appropriate goods (auxiliary materials, resources, intermediate goods, consumables and parts of their 
purchase) and transferring intermediate goods and finished goods to the inventory warehouse and, 
immediately, to the client taking into account the satisfaction of the client [1].   

The production logistics may be defined as a system based on an integrated concept of separated materials 
flows at proper time to proper place in proper amount and quality in order to optimise completion of tasks and 
production processes. The development of the production logistics created specialised methods (Kanban, Just 
in Time, FMEA), systems (MRP, MRP II), ideas (Lean Production) which allow an effective logistical 
management in production [2 - 3] .      

An important factor for the manufacturing enterprise to function is a methodological approach concerning the 
improvement of the flow of information, taking into account the broadly understood phenomenon of risk 
assessment [2].      

Well organized manufacturing logistics allows [3-5]:  

 access to all materials, components and parts of a given product at the time of the commencement of a 
given order, 

 rhythm and continuity of the commenced manufacturing process, 
 favourable conditions to apply advanced internal transport, 
 adequate stocks of finished goods within the supply area,  
 possibility to shorten and improve the manufacturing cycles, 
 selection of packages (bulk and individual) for logistical units in order to improve the effectiveness of 

transport and warehousing, 
 possibility to apply automatic identification (Figure 1). 
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Figure 1 The aim of manufacturing logistics [3] 

Aims of manufacturing logistics may be achieved by applying the appropriate tools and instruments, such as: 
proper policy, research, modern management methods supported by information technology. There are the 
following sub-systems in the manufacturing logistics [1, 3]:   

 management - operations and practical knowledge linked with planning and steering (this is expected 
to achieve the client’s satisfaction, appropriate level of effectiveness, level of costs and profit),     

 manufacturing - the production of goods (components, parts, intermediate goods, assemblies, and final 
products), this notion refers to the physical operations necessary to manufacture goods,  

 warehousing - group of actions related to temporary acceptance, storage, warehousing, relocation, 
collecting, registration, maintenance and issuance of material goods, 

 resource manipulation - physical functions in the manufacturing logistics cover changes in the placement 
of materials, from the moment of their acceptance up to the issuance in the specific object zone.  
Manipulation covers acceptance, storage, internal transport, packaging, division and issuance. 

 flow of materials - path and direction of the transport of materials along with the order of their placement 
in the production line,  

 steering - a consolidated set of procedures, reports and data used to regulate and plan the supply of the 
production line,  

 control - covers the control of the assumed quantity of products with the order and the control of the 
compliance with the specification (accompanying document),    

 diagnostics and management of materials - the assessment of their efficient management (the note is 
made on the basis of material consumption production coefficient which presents the effectiveness of 
holding of materials: energy, fuel, lubricant, dynamics and the level of material stocks, growth in stocks, 
unit resource consumption, rhythm, level of productive material consumption,    

 waste treatment - removal, post-mining, production and post-consumer substance management as well 
as firm texture and liquid materials (not being sewage) not intended to be managed in certain place and 
time, not usable in the manufacturing site and removed post-consumer products,   

 flow of tools, 
 supplying the production area with utilities - all necessary utilities during the manufacturing process, 

namely: electricity, gas, water, liquid fuels, etc.,  
 post-sale service (assembly, service, transport, treatment), 
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 information - set of all elements and dependencies between them that have an important role in the 
process of information flow within manufacturing logistics sector. 

During the decision making process related to the manufacturing, solutions within the flow of information and 
goods appropriate to the created conditions and needs are shaped and include, among other: demand 
forecasting, product planning, placement of devices, project design, aggregated planning, productive capacity 
management and warehouse management. For that purpose, different devices facilitating the flow and 
identification of details within supply chain are applied [3 - 8].  

2. AUTOMATIC IDENTIFICATION SYSTEMS 

For many years, flow of large amount of goods within the supply chain has caused difficulties in the monitoring 
and identification. For this reason, automatic data identification was one of the first application of computing in 
the manufacturing logistics [4]. A close link between automatic identification systems and logistical process 
steering system makes it possible to optimize information system influencing development of physical flows 
[5]. Automatic identification systems are understood as devices and programs which allow warehousing, 
reading, processing and printing data represented by different carriers (e.g. barcode, RFID transponders,) [6]. 
Their essence is to directly introduce data to IT systems. Mostly, the following solutions are applied: optical 
(barcode), electromagnetic (radio wave), magnetic (magnetic tapes), biometric (differentiate voice) [5 - 9].    

Most frequently applied techniques in the manufacturing logistics are the following:  
1. Barcode - is the cheapest and the easiest method applied to optimize logistical management. To date, 

few hundred barcodes were created, among others, linear codes, reduced codes, composite codes, two 
dimensional codes, composite codes, but only several are commonly applied [7]. In the barcode system 
the reading is based on "the analysis of the signal generated by the laser beam which moves and reflects 
on the background with depicted code pattern. Reflected beam, via optical system of the scanner, is 
moved to the photoresistors battery and generates the flow of current within the electronic system of the 
scanner" [8]. This signal, in the form of partially flattened and irregular sinusoid, is amplified and then 
processed into the incrementally variable signal. Then, the signal is subject to subsequent processing 
by dividing into parts with the base time length similar to the length of the code module, namely the 
thinnest bar in the code [8]. 

2. RFID - (Radio Frequency Identification) is very promising for all types of enterprises [7]. RFID tags - 
tags or transponders, in the case of EPC product stickers, electronic product codes - occur in two types: 
active and passive. Active transponders are supplied from separate power sources. Their range varies 
between few dozen up to few hundred meters. Active tags are applied in various economic sectors. 
Passive tags are applied in industrial logistics. The aim of transponders is to transfer energy and 
information via radio transmission. The operation of passive transponder is based on the transformer 
operation. Station antenna and transponder antenna constitute air transponder. Radio waves (are 
electromagnetic waves) transfer energy. Then, this energy is processed and collected in tag capacitor. 
When the appropriate state of charge has been reached, in the second phase, the transmission system 
of sent data by the transponder antenna towards the station antenna is commenced. Commonly applied 
transponders operate on the basis of this system. The flow of data between the transponder and the 
system is based on the radio wave modulation, namely - keying. We may point out several ways of 
modulation: phase, amplitude, frequency. Thanks to the application of the co called digital farmer it is 
possible to achieve string of binary signs at the end of the process [8 - 13]. 

3. IMPROVEMENT OF THE FLOW OF INFORMATION WITHIN THE MANUFACTURING PLANT - 
CASE STUDY 

This article uses data from a company that manufactures brake systems. The basic product manufactured by 
the examined unit is a ventilated dual disk brake for passenger cars. Depending on the car model, the brake 
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discs are ventilated, drill ventilated or ground ventilated. Each of the brake discs is manufactured on one of 
the six production centers. Because of the limited ability to publish the data in the study, details have been 
omitted to identify the surveyed enterprise. 

In the enterprise each of the six production centers has planned capacity over a period of time (e.g. day, 
month). Capacity is calculated as a real quantity of manufactured items compared to the planned quantity. 
Capacity determines the manufacturing profitability. When all necessary operations related to brake disc 
processing are finished, the item is transferred to the special marking machine - DMC. DMC marking machine 
is responsible for Data Matrix code laser engraving and generating markings on the disc fits - product code, 
serial number, client and company sign as well as minimal thickness of the TH raceway.  

DMC marking machine is responsible for proper marking of the finished brake disc. Proper marking is 
extremely important for the client and the manufacturer.  

In the studied enterprise the proper course of Data Matrix Code engraving along with markings is performed 
by specially designed software produced by the manufacturer of the machine. Dishi DM-Fori is a machine 
steering program addressing mechanical properties. Evlaser program - SAMLight is responsible for proper 
code engraving along with the description. The third program is Simatic MV440 SR which, in a real time, 
presents actual camera readings (Data Matrix code) mounted inside the machine. The above mentioned 
programs are mutually linked and the activation of one of them results in the activation of the rest of the 
integrated software. Marking machine software is based on the operational system Windows 7 which, thanks 
to the wireless connection, (Netgear router) is able to connect with the internal server of the plant.   Dishi DM-
Fori program, in its catalogue, have a "Logs" folder in which only files in .Log format are located.  These files 
are in .txt format and their name is composed of a calendar date. Commonly referred "Logs" are saved 
automatically in a real time. Each separate file contains a database which gives the history of a machine 
manufacturing process from the last 24 hours.   

Table 1 Advantages of the import file with Barcode, RFID systems [6] 

ADVANTAGES 

IMPORT FILE BARCODE, RFID 

 clear, easy to use, 

 less expensive than Barcode and 
RFID  

 identical precision in the flow of 
information from the production line, 

 universal technology, possibility to 
import information from a given place,  

 possibility to change the file operation 
thanks to simple VBA code 
modification. 

 short time of the flow of information. 

 possibility to apply in all sectors of the enterprise operation,  

 accurate information on the quantity of the manufactured items and 
the possibility to transfer information  
on the product path to the client. 

 fast flow of information (40 tags per second), 

 tags serve as reading/recording devices 

 RFID ensures a high level of security. Data may be encrypted, 
secured by a password or set with the activation of "kill" function to 
remove fixed data. 

 after creating the system it can be activated with a minimal human 
contribution. 

The company noted that full usefulness of the file for logistics purposes requires the addition of the 
manufacturing selection option for a given production line. Thanks to the above, the user may intuitively select 
the list from the preferred line without the need to open different files in .xlsm format. Affordable solution for 
creating one file which optionally opens the selected production line is also file in .xlsm format referring to six 
earlier created files automatically importing data from marking machines. At the beginning it is necessary to 
create the file in .xlsm format automatically importing data from files in .Log format - each separate file is a 
separate production line. The construction of files is identical with macro scheme presented above, except for 
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the change of the socket number (file 1 - BLT1, file 2 - BLT2, etc.) at the end of the reference 
path:sPath=\\dabrowashare01\Bu_staff\MACHINING\TECHNOLOGY\EXTERNAL\DataMatrixMachines\BLTs
\LOGS\BLT(socket number from 1 to 6)\. The next step is to create a new file which will be available for the 
user. Thanks to Visual Basic for Applications it is possible to create a simple form which will be available when 
the file is open. Then, it is important to assign references thanks to which when the given button is pressed, 
the file will open created files importing actual data and present them to the user. Table 1 presents advantages 
of the import file with Barcode and RFID systems. 

4. CONCLUSIONS 

In the turbulently changing environment enterprises are forced to search for the most effective methods of 
process optimization [14]. The logistics in an enterprise plays the key role [15]. Introduction of new 
management methods and concepts is a response to the changing surrounding and increasing expectations 
of customers. Enterprises who fail to react to these signals cannot face the competition.   

The manufacturing logistics resulting from progressing changeability of the surroundings is a point of interest 
for many enterprises. It is a process of significant transformation for the organisation, which transformation is 
most frequently connected with the need for the enterprise to fit in the ever-changing environment. 

Based on the research conducted in the company it was found that automatic data identification systems are 
necessary industry logistics tools in each manufacturing plant.  Alternative solutions for professional logistical 
systems (among others, Barcode or RFID) which demand considerable financial resources are the creation of 
own solution based on the existing enterprise resources.  The creation and implementation of the project is 
based on the commonly applied software, minimizing costs of execution. Prepared files in .xlsm format 
presents actual manufacturing data from all production lines. Xlsm format makes it possible to freely execute 
further operations on the basis of prepared list. It is possible to extend the file operation to other production 
lines in the enterprise. The creation of the presented project minimizes costs related to the implementation of 
the advanced subcontractor's system. The time of the flow of information between the machine and the 
logistical unit takes only a few seconds (depending on the quantity and the size of files and clock speed of the 
processor).  
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THE EFFICACY OF A LOGISTICS OPERATOR IN TRANSPORT PROCESSES 

GUMIŃSKI Adam, DOHN Katarzyna 

Silesian University of Technology, Faculty of Organization and Management, Gliwice, Poland, EU  

Abstract 

The authors took a challenge to analyse the possibility of the application of a FMEA method for improving the 
efficacy of logistics operator’s activity, especially executed logistics processes. Searching for methods and 
tools for improving the efficiency of logistical processes requires both the development of new solutions and 
the appropriate modification of existing solutions. A good example is LFMEA, which requires specific 
assumptions for a proper analysing and evaluating logistical processes. The effectiveness of this method 
depends on the criteria and constraints that should be defined for a particular logistics operator. The LFMEA 
method can play an extremely important role in identifying and categorizing existing knowledge deficits that 
strongly determine the level of efficacy of logistics processes. The study was undertaken in Deutsche Post 
DHL, one of the key LSP operators. The study proved that the efficacy of a LSP operator could be significantly 
improved by using a LFMEA method to identify and to analyse transport processes. The study indicates that 
in a selected LSP operator, further improvements in its activity requires a deep analysis to identify deficits and 
determinants affecting transport processes and to undertake actions minimalizing their negative influences. 

Keywords: Transport processes, logistics operator, LMFEA method 

1. INTRODUCTION 

The measurement and evaluation of logistics processes is a complex, time-consuming and capital-consuming 
undertaking, that is an individual problem of every business to be solved which requires discipline and 
consistency, mainly in monitoring data needed for an analysis. To achieve the highest possible performance, 
a decision-making process should, as far as possible, be targeted at a set of objectives that is the base for a 
rational decision-making stage and enables a rapid reaction to changes. 

Adequate management of logistics processes requires knowledge of how to measure the efficacy of their 
realisation and the assessment, together with identifying the causes of internal and external errors affecting 
processes effectiveness, which is the source of knowledge in an enterprise about many aspects of its activity. 
Analysing the causes of errors provides information on solutions that generate costs, opportunities and threats, 
and non-value for your business. Properly defined causes make it possible to decide about the areas that need 
modification and develop strategies for improvement of logistics processes. 

The improvement of functioning of a logistics operator, in the context of a more efficient realization of logistical 
processes, should result in the increase of a logistic customer service level, which includes a set of components 
and interrelated activities undertaken by a company to meet customer's requirements for the transaction to be 
finalized [1]. Logistics customer service is a metaprocess that affects the communication between a 
manufacturer and a customer, and is also crucial for the future of the logistics operator. 

The article is focused on analysing key determinants affecting the efficacy of a logistics operator by making 
use of a LFMEA method. The study concerns one of key LSP operators on a Polish market. The area of an 
analysis was transport processes and their influence on the activity of a selected logistics operators. The study 
was based on the analysis of source materials and direct interviews with engineering and managerial staff of 
a selected company. The study results indicated crucial determinants affecting the functionality of an analysed 
operator and necessary actions to improve its efficacy.  
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2. LSP SECTOR IN POLAND 

Fulconis et al. [2] proposed a general, adequate definition of LSP (Logistics Service Provider). They defined 
LSP as a firm ensuring the performance of logistical activities on behalf of a manufacturer or a large retailer. 
But there immediately followed three LSP families, depending on the complexity of their service offer, not on 
their strategic position in supply chains: (1) conventional LSP, simply executing physical operations related to 
transport, handling and storage of customers’ work-in-process components or finished goods along a supply 
chain; (2) value-added LSP, which additionally includes the management of manufacturing operations (e.g. 
some form postponement activities), administrative operations (e.g. invoicing) and information operations (e.g. 
tracing and tracking); and (3) dematerialized LSP, which owns almost no physical resources, but builds a 
customized service offer for their customers by involving the resources from different partners [3]. 

In Poland logistics services sector is relatively young. Its beginnings are the 90’s of 20th century, and the 
greatest dynamics of development was observed after the accession of Poland to the European Union. As in 
other European Union countries, two main types of companies that provide logistics services dominate on the 
Polish TSL market. The first group are companies that focus on providing transport and/or freight forwarding 
services (and cargo logistics services). The second group includes 3PL logistics operators offering a wide 
range of services adapted to customers’ needs with advanced logistics and warehousing networks and using 
modern ICT tools [4]. Due to estimates, in Poland there are thousands of carriers transporting parcel goods 
and massive goods. They usually provide services to small and medium-sized loading companies, as well as 
they hire their fleet for large forwarding/logistics companies. This group also includes smaller shippers. They 
carry out their activities with the use of rolling stock of small carriers or using their own car fleet. Only a part of 
small carriers or forwarders can compete effectively with large logistics companies. 

A very important part of the Polish logistics market, which in Europe is, one of the fastest growing, contract 
logistics and e-commerce. This year Europe's e-commerce market will exceed half a trillion euros (455 billion 
euros in 2015). The online commerce in Poland grew by 17.8% in 2015, which is an impressive value against 
the rest of the EU. The value of the Polish e-commerce market reached 36 billion PLN in 2016. It is becoming 
increasingly clear that Poland is becoming one of Europe's key logistic centres - many warehouses are 
transferred from Western Europe and Scandinavia to Poland. The development of contract logistics also 
supports such phenomena as: an increased demand for personalized products, omnichannelling, and e-
commerce, m-commerce and modern technology development [5]. 

3. FACTORS AFFECTING THE EFFICACY OF TRANSPORT PROCESSES IN A SELECTED 
OPERATOR DETERMINED WITH A LFMEA METHOD 

The study concerns Deutsche Post DHL, which is an international leader in providing services in a TSL sector. 
The company has an extensive network of connections, a variety of fleet and many years of experience in 
freight and forwarding. These factors contributed to the perception of DHL as the global leader in logistics 
services. Express delivery business activity is dynamic and consistent, as this sector, which is at the forefront 
of the world's strongest pillars, is strongly linked to other industries. There are six specialized companies on 
the Polish market under the Deutsche Post DHL brand [6]: 

 DHL Global Forwarding Ltd. - offers freight services, warehousing and distribution, 
 DHL Exel Supply Chain Ltd.  - offers contract logistics services, 
 DHL Parcel Ltd. - offers services in the field of transport of domestic consignments and economic 

international consignments in Europe,  
 DHL eCommerce Ltd.  - it is a subsidiary of DHL Parcel, which established a partnership with the US 

Postal Service, 
 DHL Global Mail Ltd. - offers B2C mail service, operates in Europe, North and South America, Asia and 

also recently in Australia, 
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 DHL Express Polska Ltd. - offers services in the field of domestic and foreign shipments, as well as 
special services. DHL Express Poland operates within a network that covers more than 2,000 regular 
line connections, with approximately 30% of daily connections. It provides transport services for the 
sectors of food, textile, paper, electronics and pharmaceuticals. 

The study concerns the analysis of transport processes in Deutsche Post DHL making use of the LFMEA 
method to determine the key determinants of performance efficacy of an analysed logistics operator and to 
propose necessary actions to improve its functioning. The preliminary research enabled to identify main 
problems affecting the efficiency of transport processes in DHL Express Poland: 

 delivery delays - related to the breach of the principle of timely delivery of the goods, 
 damage to the goods - related to the inconsistent delivery of goods in a good condition; 
 failure to deliver goods - it can result from breaking a few paradigms of the principle 7W: delivering 

goods to the right place, to the right consumer. 

At the next stage, the LFMEA analysis was performed according to the procedure in the diagram in Figure 1. 
The significance of a problem ("S" in the Table 1), the frequency of a problem ("F" in the Table 1) and the 
possibility of its detection (“D" in the Table 1) are measurable aspects that characterize identified 
nonconformities. The measurement system is based on numerical scales defining the priority number (PRN). 
Each of the criteria is assigned a number from 1 to 10 for the estimated probability of occurrence, significance, 
and detection [7]. 

 

Figure 1 The procedure of a LFMEA analysis 
Source: own elaboration based on [9]. 

As a result of the LFMEA analysis, the main problems affecting the efficiency of a transport process, the 
potential causes for them, and a priority number for each problem were identified, recommended actions to 
minimize their negative impacts were proposed, and then the actions were prioritised. Table 1 identifies the 
most important causes for transportation problems for which the PRN exceeds 200. 
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Table 1 The LFMEA analysis of problems in transport processes 

 
Id. 

Problem 
cause Applied prevention S F D PRN 

The results of undertaken actions 
Recommended actions to 
minimize negative effects S F D PRN 

DELIVERY DELAYS 

1. 

The lack of 
willingness to 

mitigate 
conflicts within 
a supply chain 

Periodic conversations 
with contractors 

(monthly) 
6 5 7 210 

The choice of a central flow 
coordinator. The main 

tasks of the link include 
controlling the cooperation 

and eliminating 
uncoordinated decisions 

6 2 5 60 

2. 
 

Vehicle defects 
 

Periodic assessment of 
technical condition of 
vehicles (annually) 

6 7 6 252 
Technical evaluation of a 
vehicle by a courier every 
time before and after the 

execution of an order 

6 7 3 126 

3. 

The failure of 
the obligations 

of business 
partners 

 

Complaints of 
customers 6 6 6 216 

The choice of a central flow 
coordinator. The main 

tasks of the link include 
controlling the cooperation 

and eliminating 
uncoordinated decisions 

6 3 2 36 

DAMAGE TO THE GOODS 

1. 

Receiving 
damaged 

cargo from 
customers, 

Immediate inspection of 
the status of a 

shipment by a courier 
7 5 6 210 

Checking the status of the 
shipment by a courier in 
accordance with specific 

procedures 

7 3 1 21 

2. 
Cargo 

damages 
made by a 
contractor 

Periodic checks on 
contractors 7 4 8 224 

The choice of a central flow 
coordinator. The main 

tasks of the link include 
controlling the cooperation 

of contractors 

7 4 3 84 

FAILURE TO DELIVER GOODS 

1. 
The improper 

coordination of 
work 

Creating daily reports 
on an order execution 8 4 7 224 

Internal training of 
managers of individual 
departments in terms of 

goal-setting and 
coordination tasks of 

employees. 

8 2 3 48 

2. Employees’ 
mistakes 

Creating daily reports 
on an order execution 

and complaints of 
customers 

8 5 5 200 

Internal training of 
employees and daily hand-

over of instruction and 
procedures 

8 3 2 48 

3. 

The 
inadequate 

organization of 
a transport 

process 

Creating daily reports 
on an order execution 

by couriers 
8 5 6 240 

The use a SMED tool to 
improve a process 

organization along with the 
order of performance, as 

well as to improve the way 
employees communicate 

8 3 4 96 

The LFMEA analysis indicated that the most important causes for the mismatch of a transport process are: 

 the lack of willingness to mitigate conflicts within a supply chain, 
 vehicle defects, 
 the failure of the obligations of business partners, 
 receiving damaged cargo from customers, 
 cargo damages made by a contractor, 
 employees’ mistakes, 
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 the improper coordination of work, 
 the inadequate organization of a transport process. 

The LFMEA analysis enabled to identify the potential sources of nonconformity and areas particularly 
vulnerable to the emergence of potential errors. These are the elements of a transport process that require a 
constant control in order to plan, execute, monitor and implement actions to improve the effectiveness of a 
transport process. 

4. CONCLUSIONS 

The undertaken analysis of a selected LST operator enables the following conclusions: 

1. The development of a LSP market requires more and more sophisticated methods and tools that enable 
comprehensive analyses and the evaluation of the possibilities of improving logistics operators' 
performance in transport, distribution and storage. 

2. The use of a LFMEA method requires the initial development of criteria and constraints for an application 
in a specific logistics operator activity process. This approach makes it possible to focus on key 
performance determinants and significantly improve the reliability of the results of the research analysis. 

3. The use of a LFMEA method enabled to identify weaknesses and threats of a transport process, and to 
identify those elements of the process that require control and improvement. 

4. The LFMEA analysis indicated that the most important causes for the delayed supply error are: the lack 
of willingness to mitigate conflicts within a supply chain, vehicle defects, failure to comply with obligations 
by business partners. In the case of a "cargo damage" analysis, the analysis revealed that the most 
important causes were: cargo damages made by contractors and receiving of damaged cargo from 
customers. 

5. The improper organization of a transport process, employees’ mistakes, and the inadequate 
coordination of work are the main reasons for not delivering goods to the addressee are factors which 
have a key impact on the efficacy of a transport process.  
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Abstract 

Modern production strategic goals all over the world are based on zero defect and safety first. Both are key 
factors to achieve high goodwill and therefore to gain sales force. Main actor in these strategies is human. 
Whether is production based on semiautomatic or automatic production lines, human hand cannot be removed 
completely and so there is a risk of manmade defect. To achieve zero man made defect, it is necessary to 
standardize work processes and to constantly remind standard procedures. Teaching and reminding of these 
standard processes can be long and costly. For both, company and laborers, it is important to find fast and 
safe procedure for working activities in very short term and with minimum cost. Optimal method for this purpose 
is visual work instruction (VWI). Laborers can learn standard processes from simple VWI placed next to their 
work place so it is available whenever laborers need to recall them. Such instructions must have standard 
template so every laborer or group leader can easily use them. VWI can be created also for controlling purpose 
to maximize zero defect strategy. 

Keywords: Work instruction, picture-based work instruction, developing flowchart for standard work  
         instruction, standard template for work instructions 

1. INTRODUCTION  

Standardized work processes are already pretty common all over the world but there are different approaches 
almost in every company. These approaches differ according to type of production or whether it is used for 
operation standards (created for laborers, production leaders) or managerial standards (administrative 
workers, managers) [1]. Managerial standards are focused on personnel guidelines, administrative rules and 
administrative tasks while operational standards demonstrate the best and safest procedure on certain 
workplace. These standards are implemented not only to ensure quality and safety of production but according 
to [2] even to measure performance and to visualize the relationship between and errors and its causes. 
Thanks to these measurements there is an opportunity to provide stable processes and continuous 
improvements can take place. According to [3] standardized work instructions should include the operation 
time or sequences of process. Information about the responsibilities that each staff member has and what 
instruments and documents are used can be added to strengthen quality of production [4]. Standardized 
process itself doesn´t bring maximum work potential unless standardized work instructions are used. 
Standardized work instructions have to be established to ensure that work tasks are performed in proper 
manner and in the right quality level [5]. Work instructions are design to ensure processes consistency and 
controlling. These instructions should be placed near the laborers work place so they can easily recall old or 
follow up new instructions. Even operators in the company have benefits from using standard work instruction. 
Thanks to accelerated learning process monotones are reduced because laborers are able to change working 
place more often. Laborers can also find imperfection and contribute with improvement ideas that may lead to 
reward [6]. According to [5] operator should be involved in improvement of standard instructions because they 
are the experts of the work in certain production lines. If operators are involved in such improvement process 
they are more likely to follow new work instruction as they will be more satisfied with their work. The satisfaction 
will arise from fact that they are affecting their own situation [2], [3].  
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2. METHODS  

There are several types of work instructions. They can be divided into text based work instructions, picture 
based, video based or combination. To enhance information flow from work instruction digital technology can 
be used. Digitalization can even speed up process of work instruction development or speed up its 
implementation. To speed up instruction development standard template and flowchart for development itself 
have to be introduced. This article focused on creating such standard template for robotic controlling station. 
Controlling stations in robotic production lines are placed anywhere between input and output operation. There 
can be one or several controlling station in robotic production lines. Basically there might be controlling station 
after every welding or riveting station. To save time of creating work instruction standard flowchart and template 
is developed. For this purpose part of already developed flowchart (see Figure 1) will be use and upgrade to 
facilitate the needs of work instructions for controlling station.  

  

Figure 1 First part of a flowchart [6] 

To prevent laborers overloading by information there is need to divide work instruction for controlling operation 
to instructions focused on operation tasks and instructions focused on controlling parameters (see Figure 2). 
This division is necessary to emphasize different goals of these two work instructions. Operation tasks 
instructions have same goals and advantages as input and output work instructions, therefore similar flowchart 
can be used. Work instructions focused on controlling parameters are based on showing what has to be done 
by robots and how it should look or act. It should also show every possible defect so laborers can quickly 
identify which product is good to go and which isn´t.  
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Figure 2 Second part of a flowchart 

2.1. First assignments in flowchart 

First step in flowchart is definition of operation followed by definition of workers, products and used tools. In 
“Definition of operation” station number and operation name are defined. In “Definition of workers, products 
and tools” name of parts, product, name of unnecessary tools, type of worker and number of workers are 
defined. In last step “Filling in header and footer” information from first two steps are written in header according 
to Figure 3. In the footer are written instruction creator name, date of creation and pagination according to 
Figure 4. After these first assignments we have standard platform for new work instruction whether it is for 
input, output or controlling operation. 

  

Figure 3 Developed header of work instructions 

  

Figure 4 Developed footer of work instructions 

2.2. Instructions for operation tasks in controlling station 

It is possible to create one work instruction for operation tasks in controlling station if there is same control 
panel for manipulating with fixture and wagon. Ones work instruction for operation tasks is created it can be 
used in every controlling station if there isn´t special need for additional information. In this part we created 
next part of flowchart for this type of work instructions.  

2.2.1. Control panel picture assignment 

First step is to make real model picture of control panel. In work instructions should be used real pictures of 
control panels, wagons, fixtures or produced products. Most important part for worker is to learn quickly what 
several buttons in control panel means. This knowledge is presented by combination of picture and text. Picture 
of panel is placed according to direction of reading in the region. If direction of reading is from left to right best 
option is to place picture on left top side because in this area are people most likely to watch at first. Then they 
are going to read the text. In countries with different direction of reading should be used different placement 
but with same principle. Control panel picture height should be at least one half of page height or it´s wide 
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should be at least one half of page wide. Unlike for Input and Output operations scale of control panel and 
wagon shouldn´t be same size. 

2.2.2. Explanatory notes assignment 

Text in explanatory notes has to be strict and bigger gaps between buttons explanation should be used. Big 
impacts have font and height of explanatory text. Only simple, sans-serif fonts that are easy to read can be 
used. No beautification isn´t accepted. Height of text depends on number of explanatory notes but rule that 
gaps between notes should be as big as text height must be followed.  

2.2.3. Wagon picture assignment 

Wagon itself isn´t main action tool so smaller picture of wagon should be used to prevent unnecessary 
information overflow. However small picture of wagon had to be place so worker can identify movable object 
close to him for sake of safety. This picture is placed according to placement of control panel picture. If panel 
picture is placed in top left corner, wagon picture is placed in bottom right corner and other way around. Scale 
of this picture should be as big so it can fit the rest of the page. 

2.2.4. Last assignments  

At last arrows connecting concrete buttons with concrete explanation are added together with name of tools. 
According to ontology arrows are crucial in fast information flow so no exchange of arrows for numbers or 
signs are allowed (Figure 5). Also to ensure continuity of learning process order of button notes have to be 
same as order of buttons. In case of arrows intersecting other buttons or each other, panel picture replacement 
or bent arrows have to take place (Figure 6). In case of incoherent order of button explanation notes, picture 
replacement has to take place (Figure 7). There is no need to follow up direction of reading rule in this case. 
Name of control panel is placed underneath picture while name of wagon is placed whether underneath or 
next to it. One page long work instruction in these type of work instruction should be manageable. Developed 
flowchart is shown in Figure 8. 

 

Figure 5 Work instruction with exchange of arrows for numbers 
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Figure 6 Work instruction with arrows intersecting other buttons 

  
Figure 7 Work instruction with incoherent order of explanation notes 
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Figure 8 Final part of developed flowchart 
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3. RESULTS 

Based on developed flowchart example of visual work instruction for operation tasks in controlling station was 
created. Chyba! Nenalezen zdroj odkazů. shows final work instruction for simple control panel. In this 
instruction was defined operation name as “control” that refers to control operation. Numbers of workers and 
name of moveable tools was set. This information was written down in header and footer. Picture of control 
panel was created and placed accordingly. Explanation notes were written according to rules written in sections 
Chyba! Nenalezen zdroj odkazů.. Wagon picture was placed and last assignments were created. Last step 
was to check if the information flow is coherent. Thos control panel is simple and explanation notes were easy 
to set no additional changes were needed. For next visual work instruction was selected different control panel. 
All steps were same but in information flow check incoherent flow occurred. To prevent such incoherency 
additional moves of pictures, arrows and notes had to take place. Figure 4 is shown final work instruction with 
control panel that had to be move to prevent arrows overlapping and incoherent explanatory notes. Position 
of wagon picture was adapted accordingly. Name of wagon moved as well as there wasn´t enough space 
under the picture.  

 
Figure 3 Final Work instruction 

 
Figure 4 Final work instruction after additional changes 
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4. CONCLUSION 

In this paper approach to create standard template and flowchart for visual work instruction was shown. Base 
of this approach is developed according findings in previous work Chyba! Nenalezen zdroj odkazů.. 
Developing of standard template for work instruction is crucial to increase productivity, ensure safety and to 
reach zero defects in production lines. Proposed approach is focused mostly on input, output and control 
station in robotic cells or robotic production lines.  

After standard flowchart was developed several examples of incoherent work instruction ware created in order 
to show differences and to point out bottlenecks of information flow where speed loss in learning can take 
place. These bottlenecks were created by ignoring importance of explanation notes order, replacing arrows for 
signs or numbers and using disarranged arrows. All these bottlenecks disrupt intuitive function of arrows and 
notes order in visual work instructions. For this type of instructions just one page long instruction is created to 
prevent information loss. After these examples two final work instructions ware created in order to show right 
assignment of every instance. By shown assignment in standard template information flow from instruction to 
worker is speed up and safety is secure. Final work instruction is understandable, easy to remember and fast 
to produce. 
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Abstract 

What is the purpose of actual SCM concepts such as LARG SCM, SCM 2.0, Supply Chain Becomes Demand 
Chain? Is it maximising profit, quality, lead time, market share? All these maxims are supported by 
reductionistic way of system thinking, which declares that the whole is just sum of its parts and the best way 
which could be done is maximising the output of particular parts. Holistic way of system thinking declares, that 
this assumption is the same mistake as to lean the ladder against the wrong wall. Or in other words there is 
wrong assumption that disassembling the best possible components from best possible cars must bring 
together the best possible components able to create the best possible car. But it is nonsense. The car is not 
sum of its parts, same as businesses or supply chains. Reductionism way of thinking is responsible for the 
situation that maximal output of individual parts of any system leads to maximally average output of the whole 
system. Holistic system thinking organisation is customer-oriented so the purpose of its supply chains is 
maximal customer satisfaction, which derives the optimal output of its parts and its interactions. Customer-
oriented solution consumes around 50% less resources than the reductionism system thinking maximising the 
output of particular parts. 

Keywords: SCM, System Thinking, Holism, 3PL 

1.  INTRODUCTION 

System thinking and system theory are currently used in a wide variety of subjects in fields such as computing, 
engineering, information science, health, manufacturing, management, sustainable development and the 
environment. However, the whole potential of systems thinking has not been fully extracted yet, especially in 
the understanding of the essential properties of the systems, wholes, located outside the system, for optimal 
(not more, not less) output of particular parts and their interactions. The theoretical and practical world have 
not yet applied the research of essential properties of the wholeness. Social system properties are derived 
from the upper system which is the researched social system a part of. The essential property of the upper 
system, society and environment need to be defined, researched and these properties should derive why and 
how the researched social system should be proceeded to get optimal quantitatively and qualitatively output.  

Supply chain management interconnects potential customers, creating the final orders, with producers, 
suppliers, logistics services providers transforming the orders into deliveries of either semi-finished goods and 
services between particular chains or final goods and services to the final customers. Reductionistic system 
thinking and holistic system thinking creates different attitudes into the transformation. Logistics services 
providers (3PL) assure interconnections - logistics value added processes between production chains - 
production value added processes (suppliers, producers, etc.). One of the system definitions describes the 
interactions as a key assumption to reach superior system properties, which makes difference between 
reductionism and holism. Holistic approach, analysis and synthesis, to the logistics value added process is 
responsible for developing meaning full solution with half of the resources in the supply chain management. 
The goal of the paper is to prove the evidence of holistic solution in the logistics value added process on the 
example of world-wide 3PL logistics services provider. 
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2.  LITERATURE REVIEW 

Systems thinking is one of the core methodological approaches to SCM research. Activities in organizations 
are best understood and developed when seen as an interaction of various subsystems and processes 
constituting a whole [1]. It has been explicitly expressed by Christopher, one of the leading scientists in the 
branch of SCM in general. After almost 30 years of SCM concept development, he suggests a new direction 
of the concept, replacing the term supply chain management by demand chain management. Self-centred 
orientation of businesses and academic research should be replaced by customer-centred orientation, 
properties derived outside the system. Outside orientation has been seen only in the marketing departments 
so far and should be rolled out systematically to the whole supply chain [2]. Particularly mentioned by Ackoff's: 
Systems thinking definition - the essential properties of the system are properties which none of its parts have, 
the essential properties are derived outside the system and could be seen only in the containing system [3], 
and Bertalanffy: System thinking is recognized as the general science of wholeness [4]. Interactions between 
the parts creating the whole systems are the corner stone of the systemic thinking used in social sciences, 
which understands synthesis as tool to create the whole after taking the system apart by analysis [5]. Ackoff 
proposed an altered definitions of the system, which are used in methodological part describing system 
thinking [6]. Such an understanding of the synthesis and ability to understand is critical but has not been 
applied in the social system yet. The first indication of the environmental full system thinking attitude could be 
seen in practical use in companies like Toyota or Apple, but has not yet been recognized by academics to 
create coherent system thinking methodology in social systems.  The development of systems thinking or 
science in general could be summarized by leading system theorist Lazslo “In the history of European science 
atomistic and holistic thinking have alternated; the early scientific thinking was holistic but speculative the 
modern scientific temper reacted by being empirical but atomistic. We witness today another shift in ways of 
thinking, the shift to rigorous yet holistic theories, which means thinking in terms of facts and events in the 
context of wholes. It is the way of organizing or reorganizing our knowledge in terms of systems, systemic 
properties and intersystem relationships” [7]. 

3.  DESIGNED METHODOLOGY 

Reductionism system thinking - RST contains analysis as the main tool to learn how any system works. 
Analysis has 3 steps. The first is taking system apart. The second is understanding the parts taken separately. 
And the third is to aggregate understanding of the parts to understand the whole system. Furthermore, RST 
defines the whole as the sum of its parts (see Figure 1). Holistic system thinking - HST completed the 
intellectual level of understanding by synthesis. Synthesis includes 3 steps. The first one is identification of the 
superior system, where is researched system working. The second is understanding of the superior system, 
which is the researched system the part of. And the third is identification the role or the function performed in 
the upper system. Fundamental difference in understanding of reality is holistic definition of the whole. HST 
define the whole as something more than some of its parts (See Figure 1). The more represents the purpose, 
quality which is the researched system performing in superior system. The car is mechanical system. 3 steps 
of analysis disassemble the car to the components, understands the how the components work separately and 
aggregate the understanding of the components to the whole system. Synthesis identify the upper system - 
the society using the car. Understands the superior system - the society using the car. Identify the role of the 
car in the society - the purpose of the car, it could take anybody from point A to point B, it contains left-side 
driving or right-side driving, how many persons usually utilized the car etc. Based on the purpose of any system 
there could be defined the reasonable performance of its parts and interaction contrary to current situation, 
which leads very often to overutilization of resources due to maximizing of performance of particular parts. 
HST contribution is visible on the technical system such as the car. It is understandable that the best possible 
parts couldn´t create the car moving from point A to point B. Despite of, most of the supply chains are managed 
by RST to maximized performance of its parts rather than the performance of the whole system. Sociological 
system such as supply chain doesn´t have so visible purpose as the technical system, the car.  
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Figure 1 RST and HST contribution to the output of the whole system 

Figure 1 explains the significance of the purpose of any system declaring that system is more than sum of its 
parts. It is absolutely critical to define the purpose of any system first. Afterwards, derived the performance of 
all parts and interactions of the system from the purpose. This sequence is contrary to the actual status, which 
prioritize the RST logic, trying to maximize output of parts and interactions first. Furthermore, without 
understanding how the improved performance of the parts influenced to the purpose, the output of the whole 
system. The paper case study would apply three steps to understand and verify the advantages of HST 
attitude.  

1. Actual status, RST attitude - identification of actual output of particular parts and their interactions and 
superior, outside system properties of the researched system, if any. 

2. Optimal status, HST attitude - identification of superior, outside system properties of the researched 
system and deriving of optimal output of particular parts and their interactions.  

3. Implementation of new superior properties, purposes to the original system with its parts and interactions 
and comparing the output of its parts in transition from RST > HST.  

4.  CASE STUDY 

3PL provides to its customers logistics value added - time dependent availability of resources. A reductionistic, 
current, system view RST understood the whole as the sum of its parts, therefore reaching the best possible 
whole (total costs) requires enhancing the performance of the individual parts. HST states that the whole is 
more than just the sum of its parts. This higher property, purpose, then derives optimal performance of 
individual parts and their interactions. If the purpose of the 3PL system is the optimal availability of resources, 
its achievement cannot be ensured by the maximum utilization of the individual parts as it has been so far. 
Optimal availability is determined by the 3PL customer. Customer defines its logistic value - time, place, 
quantity, quality, and 3PL should be able to provide such value at a reasonable price. 3PL logistics services 
provider, described in case study, is world - wide logistics services provider which organizes the flow of roughly 
50 000 pallets/months for customers from different industrial branches. The flow is organized with the network 
of cross-docking centres (XD) and MilkRun (MR) or Full Truck Load (FTL) deliveries. 3PL is localized in the 
Czech Republic, serves to about 10 customers from roughly 100 suppliers. To ensure the flow it organises 
more than 100 transportations a day and uses about 4 000 sqm of cross docking premises. Actual status of 
3PL logistics value added activities could be summarized by RST principle. The purpose of 3PL system is 
delivering the logistics value added with minimum unit cost. It understands the 3PL logistics value delivery 
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system as the sum of its part. The optimal output of such understood system is obtained by minimum unit costs 
at transportation (MilkRun - MR, Full Truck Load - FTL) and cross-docking services.  

The case study contains 3 examples of RST practical application in 3PL logistics value added services (See 
Figure 2). 

          
Figure 2 Transition from RST to HST in 3PL System 

Example number 1 describes the first kind of overutilization of actual 3PL resources. The purpose of actual 
3PL system is the maximal utilization resulting to minimum unit costs. 3PL customers are delivering its products 
by Full Truck Load Deliveries (FTL) directly from supplier to customer. In case of disturbances, production 
changes etc. there is possibility to react flexibly due to 3PL Cross-docking centres, followed by distribution to 
the final customer. The other reason for overutilization of cross-docking centres and its inbound and outbound 
transportation is 3PL motivation to maximize utilization of its sources. Application of HST principle requires re-
design of current attitude. Customer is willing to pay for availability of its deliveries, not the maximal utilization 
of 3PL sources. HST solution consider the customer needs rather than performance of particular sources. 
Instead of combination of its deliveries HST applies the meaningful solution such as regular time-table, stable 
deliveries by FTLs as proposed. Redesign of the 3PL system requires close integration, pull principle, 
management of processes and logistics value added understanding as well. (See Figure 2) 

Example number 2 describes transition from 3PL cross-docking, inbound and outbound deliveries to MilkRun 
deliveries between suppliers to the final customers. Actual RST status results mainly from particular 
improvements of 3PL parts. The synthetised holistic approach shows the over utilization of resources. TPS 
defines over production as the mother of all waste. Over utilization of 3PL resources creates a huge potential 
for improving of 3PL performance. Especially in reduction of distances, useless manipulation in cross-dock, 
improved utilization of trucks etc. Cross-docking centres add logistics value in case of small volume deliveries. 
Optimal availability of resources point of view clearly shows that it is nonsense to over-utilized cross-dock 
centres with higher volumes. HST solution enhances the performance of the system as the whole, not only 
particular parts creating total costs less competitive (See Figure 2).   

Example number 3 shows the overutilization FTL deliveries. Based on analysis of available 3PL data, there 
is a serious rate of situations, where possible regular MR deliveries are complemented by FTL deliveries. 
Furthermore, FTL deliveries created more than 50% of total monthly flow. HST strives for optimal availability 
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of resources. Resource is not only full container with components but even empty container necessary for 
production of new components. The reverse flow of empty containers consumes the same cost as the flow of 
full container. Nevertheless, the flow of empties is underestimated in all parts of supply chains very often, 
which increases the total costs without direct influence to unit costs. Strong integration of all subjects within 
the supply chain with the attitude of HST is the key to reach a significant change in effectiveness of the whole 
supply chain. MilkRun deliveries are more demanding for integration and cooperation between particular 
subjects in the supply chain. It requires strict, regular timetables, 1:1 full empty exchange rate and regular 
routes. The serious advantages of MilkRun deliveries in cost, quality, flexibility are demonstrated in Toyota 
(Toyota Production System) [8], where the evolution of former deliveries of milk in England was developed and 
extensively applied. 

The serious impact of over utilized 3PL resources to the total cost demonstrates Figure 3. Important is basic 
logic of the figure. RST relies on the faith that particular reduction of unit costs results in minimal total costs. 
This assumption is wrong, because based on system thinking theory, it is evident that the whole system is 
more than some of its parts. The HST introduces the new and contrary logic. Management of any system 
should start from definition of the holistic purpose, which is critical for derivation of output of particular parts. 
Holistic purpose, for which is customer willing to pay is optimal availability of resources. This concrete purpose 
could be assured by far less resources actually consumed by 3PL.  

 
Figure 3 RST > HST transition effect to the 3PL costs 

Researched 3PL system verifies this evidence. The over utilization of resources coming out from maximal 
utilization of resources leads to the minimum unit cost. Nevertheless, it doesn´t say anything about total cost 
and the faith of RST principle is not enough. The total costs contain not only the sum of unit costs but even the 
overutilization of 3PL resources, which is theoretically estimated from 20-50%. 

Table 1 Estimated savings due to holistic system thinking (HST) in 3PL system 

 

Available data from a few months of deliveries enable to estimate the importance of overutilization of 
resources. Almost 30% of costs related to 50 000 pallets a month flow in 3PL logistics value added system 
could be saved due to meaningful solution. Meaningful solution coming out from HST point of view, which 
could easily show the negative effect of over utilization of available resources to maximize unit costs (very 
often motivated by short-term KPI of executive management). Important aspect of the performance enhance 
is distinction between efficiency (RST) and effectiveness (HST). The huge gap between the results (1% vs 

TOTAL CROSS FTL MILK RUN

3PL RST - Reductionistic System Thinking 50166 4 535 25 013 20 618 -1% x
3PL HST - Holistic System Thinking 50166 3 429 24 086 22 651 x -27%

TOTAL VOLUME                                                                          
pallets

EFFICIENCY 
(utilization, 

manipulation and 
distance)

EFFECTIVENESS 
(utilization, 

manipulation and 
distance)
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27%) declares the importance of distinction stated by Peter Drucker, that there is a big difference between 
doing things right (efficiency) and doing the right things (effectiveness) [9]. 

5.  CONCLUSION 

Holistic system thinking (HST) is focused on the effectiveness of any system, currently 3PL logistics services 
provider connecting suppliers and customers in supply chain management. HST replace reductionistic system 
thinking (RST) focusing on efficiency of the supply chain management system. HST synthesized the purpose 
of the SCM system - optimal availability - and uses this purpose to define the optimal output of particular parts 
and interactions (See Figure 4). 

 

Figure 4 RST > HST (doing things right > doing the right things) 

Optimal availability consumes optimal amount of resources of particular parts rather than maximal utilization 
of the parts consuming 20 - 50% more total resources to obtain minimum unit costs. HST could improve the 
output of 3PL by 27 %, instead of just partial optimization reached by RST 1%. Meaningful HLS solution 
enhance competitiveness of 3PL system.  
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Abstract  

Japanese investors' decisions regarding the location of these investments are determined by many different 
external and internal factors. Japanese investors in the location of their investments often choose developed 
countries with a stable socio-economic situation. Hence, there are important questions about the analysis of 
the behavior of Japanese investors and the assessment of the investment attractiveness of the countries in 
which Japanese capital is invested. In the work to evaluate the investment attractiveness of selected European 
countries (those countries were considered in which the most common Japanese investments were located) 
the results of the study were used on the competitiveness of the economies of the world published by the 
World Economic Forum, which were compared with the actual values of Japanese foreign investment. The 
purpose of the study was to evaluate the investment attractiveness of the Japanese investments in the 
concerned country .The result of the research include rankings of investment attractiveness. 

Keywords: Japanese investors, investment attractiveness, reference model, annuity of attractiveness 

1. INTRODUCTION 

Japanese investments, their determinants, the reasons for the change of location decisions and factors 
determining the Japanese investors' perception of a location as more attractive than others have been a 
subject to numerous scientific and practical considerations for many years, eg.: [1], [2], [3], [4], [5], [6], [7]. In 
addition to the obvious benefits of locating this capital in the country, a characteristic feature of Japanese 
investments is also the attraction of subcontractors or even competitors to the location of the investment [8]. 
Japanese investors are often chosen as the most competitive economies in the world with high development 
potential and a stable socio-economic situation [9]. This means looking at Japanese investment decisions from 
the perspective of the competitiveness of the economy of the country in which the capital is invested. 

The aim of the study is to evaluate the investment attractiveness of selected European countries, considered 
from the perspective of the competitiveness of the economy, countries in which the capital is located in Europe. 
The competitiveness of the economies of selected European countries was analyzed on the basis of the 
information published by the World Economic Forum as a part of the “Global Competitiveness Index” [10], [11]. 
This information was compiled with data on the size of Japanese investments in Europe from 2006 to 2015. 
Investment attractiveness was considered taking into account the actual volume of investment outlays made 
by Japanese investors in a given country. In the literature of the subject, attractiveness is most often assessed 
from the perspective of socio-economic development of a given country or region. The attractiveness in this 
way should be treated as potential investment attractiveness. The result of the research include rankings of 
investment attractiveness from the Japanese investors perspective. 

2. INTERNAL AND EXTERNAL CONDITIONS OF JAPANESE FDI  

Japanese investment decisions are conditioned by a number of factors that can be broadly divided into internal 
and external factors [12]. In this case, there are both specific internal determinants of Japan as the country 
making a decision to invest its capital outside its home country and external conditions for the countries in 
which the Japanese capital is ultimately invested. In the case of internal conditions,  
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factors such as: 

a) the specific location - Japan is located on almost 400 islands), the natural topography (over 75% of the 
country is covered by mountains) and the existence of almost 80 active volcanoes in the area, make 
geographical environment heavily influence on the development of the country;  

b) cultural condition (difficult language, different religion: Buddhism and Shinto, , hierarchical structure of 
social relations) [8]; 

c) socio-economic determinants (problem of deflation: in May 2016 deflation in Japan amounted to -0.4%, 
lower than expected level of 0.2%, and at the same time in the countries of the EU it amounted to -0.1%, 
low unemployment rate, very high density of population: 358 people per km2 [9], very high price of land: 
in 2016 market price of 1 m2 in Tokyo fluctuated from 651 000 to 40 100 000 yen and despite the 
increase the prices were at the level of one third of the peak prices from the 90s in the previous century) 
[13].  

Further growth of employment in the service sector and a decline in the manufacturing sector are also 
significant, which is particularly disadvantageous for the export-oriented country as it is more difficult to export 
services than products or technology [14]. On the other hand, the identification of external factors that 
determine the choice of a particular country or region as a location for investment in general (not just Japanese) 
may be conducted from the perspective of economic competitiveness, where competitiveness is analyzed here 
through the prism of the country's ability to attract investors. Internal considerations regarding Japan should 
be considered as independent factors. On the other hand, external factors influencing the localization 
attractiveness of particular country can be analyzed by assessing the competitiveness of particular economy. 
This is especially true for Japanese investors who choose well-developed countries for their investments. The 
flow of Japanese capital has changed over the years. This capital is still most often located in the United States, 
then in Asian countries, but more and more recent investments are also taking place in European countries, 
mainly in United Kingdom (89 228 mln US dolars in 2015) and in Netherlands (104 329 mln US dollars) [15]. 

3. RESEARCH METHOD 

3.1. Scope of the study 

In the literature [16], [17] investment attractiveness is most often considered under the multidimensional 
comparative analysis, in the course of which various areas of socio-economic development are assessed that 
cn decide about the attractiveness of a place for potential investors. These factors are analyzed in different 
systems and dimensions, treating them as a set of determinants that determine the attractiveness of a 
particular economy. A completely different approach to the study of investment attractiveness was presented 
by B. Guzik [18], who suggested that "the empirical (real) investment attractiveness of a territorial unit should 
be used to assess the amount of investment made in its territory”. The following assumptions were made in 
the present paper [18]: 1) estimation of investment attractiveness only on the basis of various types of 
measures, mainly determinants of socio-economic development, does not allow to determine so- called real 
investment attractiveness; 2) if we assume that the investment attractiveness considered from the perspective 
of Japanese investors is a consequence of evaluating different areas of economic competitiveness, it is also 
possible to estimate econometric models (regressive) describing investment attractiveness based on the 
information describing these competitiveness ratios; 3) the investment attractiveness determined by the 
method of multidimensional comparative analysis (WAP) should therefore be considered as potential or 
theoretical attractiveness.  

However, in order to obtain information on the real investment attractiveness, the results of such analyzes 
should be compared with the actual investment expenditure sustained by investors (in Japanese FDI) in a 
particular region [8] as "natural symptoms” of investment attractiveness. In the next part of this paper these 
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assumptions were verified taking into account the size of Japanese FDI in selected European countries 
compared to the results of the World Economy Rankings published by the WEF. 

3.2. Research material 

The basis of the analyzes presented in the paper were the values of indicators describing the competitiveness 
of the world economies published annually by the World Economic Forum (WEF) in the reports: “The Global 
Competitiveness Index" (GCI), compiled with information published by Japan External Trade Organization 
(JETRO) on the average annual value of Japanese foreign direct investment in 2006-2015 in European 
countries. The analyzes were conducted in 3-year cycles, it was assumed that the average value of Japanese 
FDI in European countries for example in 2006-2008 could be related to the level of competitiveness of the 
host country of those investments based on the indicators of 2006. The (indirect) way of predicting the size of 
Japanese investments in European countries based on an analysis of the determinants of their attractiveness 
seems to be useful when standard methods (such as trend extrapolation) prove useless. This is the case when 
analyzing the influx of Japanese investments into Europe. According to experts [1], [4] the inflow of Japanese 
investments is cyclical, which is quite different from that of US investments. 

3.3. Research stages and analysis methods used 

The econometric models (regression models) were used to study the investment attractiveness of European 
countries considered from the perspective of Japanese investors. It was assumed that the size of Japanese 
FDI is a function of the development of 12 pillars describing the competitiveness of these countries. According 
to the methodology of measuring the competitiveness of international economies proposed by WEF as a 
measure of competitive ability, the following were adopted: F1 - institution, F2 - infrastructure, F3 - 
macroeconomic environment, F4 - health and primary education, F5 - higher education and training, F6 - goods 
market efficiency, F7 - labor market efficiency, F8 - financial market development, F9 - technological readiness, 
F10 - market size, F11 - business sophistication, F12 - innovation.  

Thus, the competitiveness of international economies was considered by the prism of the relationship between 
the size of Japanese direct foreign investment and the factors describing the level of competitiveness of 
international economies. Three versions of the normative model were identified, namely the model determining 
the size of Japanese FDI that should occur in a given country with the adopted values of WEF competitiveness 
measures: 

a) linear model (L): Y=w1F1 + w2F2 + … + w12F12, 

b) exponential model (E): Y= exp (w1F1 + w2F2 + … + w12F12), 

c) power model (P): Y = F1w1 *F2w2 * … * F12w12. 

where: exp (X) means exponentail function ex, F1, …, F12 - the values obtained in each pillar of competitiveness 
according to the WEF methodology. 

The rest of the prescribed normative models are differences between the actual values of Japanese foreign 
direct investment in the analyzed European countries and the model values (estimated on the basis of models). 
Positive residues indicate that, for example, the actual investment value is higher than the normative value 
and the surveyed (European) country is attractive (or relatively) to Japanese investors and vice versa. The RAI 
(investment attractiveness pension) can be used to assess investment attractiveness (European countries) 
[18]:  

RAI object = e object/ Y average, where: Y average - average value of Japanese FDI per capita, e object  - the rest of the 
normative model, the difference between the empirical value (real) and the value from the model 
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4. STUDY RESULTS 

Table 1 presents selected reference models describing the relationship of Japanese FDI per capita to metrics 
describing the competitiveness of the economies of selected European countries where Japanese capital is 
most often invested. The model selection criterion was the degree of fitting the model to the actual data 
measured by the determinant R2. Presented models only include those explanatory variables that are relevant. 
Models were estimated using stepwise (progressive) regression. An empty place in the table means that the 
variables were irrelevant. 

Table 1 Reference models 

Pillars 
Dependent variable  

Y(6.7.8)  Y(7.8.9)  Y(8.9.10)  Y(9.10.11)  Y(10.11.12)  Y(11.12.13) Y(12.13.14)  Y(13.14.15)  

F1 1.26      -294.20  

F2 -1.17  -0.39  7.10 0.93 414.70 0.70 

F3 -1.10  -2.14 -0.50  -0.85 575.50  

F4     14.88  1109.50 2.70 

F5 1.91 -334.49 -1.76   0.06 -1240.20 -3.15 

F6 10.68 871.12 11.75 10.97 35.79 6.84 3235.90 5.90 

F7 0.79   0.98   -148.50 -0.69 

F8 -1.33  -0.84      

F9    -0.67     

F10  -159.65     818.40  

F11 -0.59  -3.45 3.92   -1684.00  

F12 -3.60 -274.67 -0.16 -5.63 -16.01 -1.44   

R2 (%) 97.20 86.19 95.36 96.73 94.10 90.28 97.63 91.28 

Model E L E E P E L E 

Matching the models presented in the table to real data is high. For all estimation models the determination 
coefficient (R2) is above 80%. The highest matching (97.63%) is for a model describing the average Japanese 
foreign direct investment per capita in 2012-2014. The model estimated for this period shows that the increase 
in factor 1 (F1), which describes the competitive capacity in the area of: unit by unit will entail ceteris paribus, 
a decrease of Japanese FDI in the analyzed European countries by an average of US $ 294.20 million dollars 
per 100 residents. A similar situation applies to factors that describe: F5 - higher education and training, F7 - 
labor market efficiency, F11 - business sophistication. It is also worth noting that the negative values for F5 were 
also obtained for models describing the average Japanese FDI for years: 2007-2009 and 2013-2015, F7 in: 
2013-2015 and F11 in: 2006-2009 and 2008-2010. Investment attractiveness does not always have to be 
positively correlated with the factors describing it and the increase in the value of measures, e.. in the area of 
labor resources will not always be considered attractive for foreign investors. It may mean, for example, an 
increase in labor costs (related to expectations of higher wages).  

Table 2 shows the RAI's relative attractiveness ratios relative to the average per capita Japanese foreign direct 
investment and the RAI's investment attractiveness index. Positive RAI values refer to countries in which: 
Japanese FDI is higher than the reference value. These countries acquire so-called attractive pension, 
whereas in the case of negative values this is so-called disability rent [18]. 
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Table 2 RAI measure for selected countries 

Country 
Incicator RAI for years: 

2006 2007 2008 2009 2010 2011 2012 2013 

Belgium -4.69 -43.16 -12.62 -9.54 -14.13 -4.18 -4.92 3.67 

France 4.35 34.61 12.69 6.36 5.96 15.53 -3.27 16.55 

Spain -1.43 -90.90 -6.33 -12.55 -11.94 -14.58 3.91 -5.34 

Netherlands 3.01 110.42 9.28 1.12 20.09 19.10% 7.74 13.60 

Luxemburg 2.74 12.54 0.77 3.26 -3.13 2.19 -2.11 0.80 

Germany -3.38 31.85 -3.15 5.98 6.51 9.62 -4.26 1.08 

Poland -1.34 37.95 4.91 5.96 5.81 5.94 -1.06 9.64 

Switzerland 1.71 -59.59 -0.45 -3.65 -5.41 -6.20 0.34 -8.08 

Sweden -1.88 6.32 -0.54 -2.80 -10.91 -10.35 2.62 -19.07 

United Kingdom -2.85 -56.85 -2.71 4.77 7.03 -16.11 -1.21 1.55 

Italy 3.76 16.81 -1.85 1.09 0.11 -0.96 2.21 -14.41 

Positive values of the RAI, e.g. so-called attractive pension for all analyzed years was obtained for the 
Netherlands. This country also has the highest occupancy rate in the whole ranking. In 2009 the attractiveness 
rating estimated for the Netherlands was as high as 110.42% of the average Japanese foreign direct 
investment per capita. A similar situation also applies to France, which in 6 out of 7 analyzed rankings also 
obtained so-called an attractive pension. The highest also in 2009 at 34.61%. Apart from the Netherlands and 
France, the most attractive rents were obtained for countries such as: 

On the other hand, the largest negative difference (-90.90%) between actual Japanese FDI and investment in 
the reference model relative to the average size of Japanese FDI was in Spain. This difference, as in the case 
of the attractiveness pension was related to 2010. In that country, the actual size of Japanese FDI was smaller 
than the amount of investment that it should take given the level of competitiveness of the country's economy 
estimated by the WEF.  

CONCLUSIONS 

In the paper, the method proposed in [18] is used to study the investment attractiveness of selected European 
countries according to which the analysis of investment attractiveness based only on indicators describing 
different areas of socio-economic development is insufficient. Considering the investment attractiveness of a 
particular country from the perspective of investments made by foreign investors, such as Japanese ones, it 
is also necessary to take into account some specific characteristics of these investments. Japanese investors 
in their capital locations often choose the most competitive countries with a stable socio-economic situation 
(e.ge. in Europe: Great Britain and the Netherlands and the United States in the world), and culturally or 
dynamically developing countries (e.g. China). This means theoretically the possibility of looking at the 
attractiveness of a particular country also from the perspective of its competitive ability. 

This way of acting allows to estimate  so- called attractive or disillusioned pensions, e.g. a difference between 
"in plus" and " in minus" respectively between actual Japanese FDI and investment resulting from the estimated 
reference model relative to the average size of Japanese FDI in the analyzed European countries. It is 
therefore a kind of two-stage procedure for studying investment attractiveness from the perspective of foreign 
investors, working on Japanese investments in the studied European countries. 
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Abstract 

Implementation of the circular economy concept involves the need to close the loop of the product life cycles 
and requires extensive activities related to reverse logistics. Correct execution and efficiency evaluation of 
these actions require application of appropriate indicators and measures. This paper presents considerations 
concerning measuring circularity at the product level. Basic circularity metrics at the product level are identified 
and characterized. In particular, the theoretical and methodological background to determination of the Material 
Circularity Indicator of a product (MCIP) is described. An analysis is conducted of example MCIP calculations 
that take account of the product various parameters, such as diverse feedstock from recycled sources, different 
fractions of the product collected for recycling at the end of its use phase, as well as changes in the recycling 
process efficiency and in the product utility. The analysis results indicate the key parameters for obtaining the 
best circularity and environmental performance of the product. 

Keywords: Circular economy, circularity measuring, material circularity indicator 

1. INTRODUCTION 

In recent years, the circular economy concept has received increasing attention worldwide due to the 
recognition of the fact that security of the supply of resources and resource efficiency are crucial for the 
prosperity of economies and companies. For this reason, it has become necessary to change the linear model 
of the material flow to a closed loop to capture an additional value from products and materials, to decrease 
the amount of waste going to landfills and to reduce the risk presented by the material price volatility and 
changing costs of the material supply.  

Introduction of the circular economy principles is not an easy task and necessitates transformation of the 
current production and consumption patterns. It also requires continuous monitoring of how effective a 
company is in making the transition from the linear to the circular model, and verifying whether the actions 
undertaken by the company bring about the intended economic, environmental and social effects. There are 
several different methods, tools and indicators measuring circularity at the micro, mezzo and macro level. The 
most commonly used is the Material Circularity Indicator (MCI), which makes it possible to measure circularity 
at the product and the company levels. The Material Circularity Indicator of a product (MCIP) is based on a 
combination of three product characteristics: the mass of virgin raw material used in manufacturing, the mass 
of unrecoverable waste that is attributed to the product, and the utility factor that accounts for the length and 
intensity of the product use. This article presents an analysis of diverse changes in individual parameters of 
the product and their impact on the MCIP score. The analysis results are to indicate the key parameters for 
obtaining the best circularity and environmental performance of the product.  

2. CIRCULAR ECONOMY AND ITS RELATION TO REVERSE LOGISTICS 

The circular economy is seen as an economic and industrial model where resources are used as long as 
possible and where the maximum value is extracted from products and materials as they are used, then 
recovered and reused. This model points to the relationship between the economy and the environment 
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emphasizing the need to reduce the consumption of virgin resources and limit the amount of waste and the 
waste harmful environmental impacts.  

The aim of the circular economy is to change the linear loop of material flows (“Take - Make - Dispose”) to a 
circular loop (“Take - Make - Re-use”), keeping the value of products for as long as possible and increasing 
the amount of products directed for recycling and re-use when they have reached the end of their life [1]. 
Achieving this goal requires implementation of eight main circular economy processes classified into three 
categories [2]:  
 processes making it possible to use less primary resources: (1) recycling, (2) efficient use of resources, 

(3) utilization of renewable energy sources, 
 processes making it possible to maintain the highest value of materials and products: (4) product life 

extension and (5) remanufacturing, refurbishment and re-use of products and components, 
 processes changing the product utilization patterns and making it possible to reduce the amount of 

products disposed of in landfills after their use: (6) product as service, (7) sharing models and (8) shift 
in consumption patterns. 

Implementation of the processes mentioned above requires activities such as the collection of goods after their 
use, transportation and sorting according to ultimate destination, e.g., remanufacturing, refurbishing, reusing 
or recycling. Therefore, it requires organizing reverse flows of used products, or their parts, from consumers 
or users and from the supply chain. These activities are undertaken in reverse logistics, which is the process 
of moving goods from their final destination for the purpose of capturing their value (by re-using, recycling, 
remanufacturing or refurbishing) or proper disposal [3]. It seems that, by capturing the value of end-of-life 
goods through closing the loop of the product lifecycles, reverse logistics plays an important role in transitioning 
to a circular economy.  

3. INDICATORS MEASURING CIRCULAR ECONOMY AT PRODUCT-LEVEL 

Introduction of the circular economy principles requires continuous monitoring of how effective a company is 
in making the transition from the linear to the circular models, and verifying whether the actions undertaken by 
the company bring about the intended economic, environmental and social effects. Several different methods 
and tools, including indicators, of measuring performance in the circular economy context have been 
developed in recent years. Most of them focus on measuring the product circularity [4]. The example indicators 
which can be used to measure the product circularity are as follows: 
 Material Circularity Indicator (MCI) - assesses circularity at the product and the company levels and 

makes it possible to measure the reduction in the input and use of natural resources, the level of valuable 
material losses and also the increasing share of renewable and recyclable resources and the product 
value durability [5], 

 Circular Economy Index (CEI) - measures circularity in terms of the ratio between the value of the 
material recycled from EoL products and the total material value in recycling processes needed to 
produce new versions of the same product (it focuses only on the recycling process efficiency) [6], 

 Cradle to Cradle Certified Product Standard - assesses the product circularity based on five key 
principles, including material selection, material reutilization, the use of renewable energy in the 
production system, water stewardship and social fairness [7], 

 Product-Level Circularity Metric - is based on the use of the economic value of the product parts as the 
basis for aggregating recirculated and non-recirculated elements into a combined measure of the 
product circularity [8]. 

Each of the indicators mentioned above enables assessment of the product circularity, but each of them has 
both advantages and disadvantages [9]. It follows from the analysis that the MCI is the most commonly used 
indicator, and for this reason further considerations of the product circularity measurement are focused on it. 
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4. MATERIAL CIRCULARITY INDICATOR - THEORETICAL AND METHODOLOGICAL BACKGROUND 

The Material Circularity Indicator (MCI), developed by the Ellen MacArthur Foundation and Granta Design, is 
an indicator which may be applied to assess both the product and the company circularity. The Material 
Circularity Indicator of a product (MCIP) measures the extent to which the linear flow has been minimized and 
the restorative flow - maximized for the product component, and how long and how intensively a product is 
used compared to a similar industry-average product [5]. In this respect, the product is assigned a score 
between 0 and 1. The MCIP is constructed by computing the following variables: 
 the total amount of virgin feedstock material (V) used in the product manufacturing, including the product 

every sub-assembly, part, or material, 
 the total amount of unrecoverable waste (W) attributed to the product, which takes account of the 

amount of unrecoverable waste generated at the time of collection for the product every sub-assembly, 
part, or material going to the landfill, the amount of unrecoverable waste generated in the process of 
recycling a relevant sub-assembly, part, or material, and the amount of unrecoverable waste generated 
to produce any recycled content used as feedstock, 

 the Linear Flow Index (LFI), which measures the proportion of materials flowing in a linear fashion, 
sourced from virgin materials and ending up as unrecoverable waste; the index takes a value between 
1 and 0, where 1 is a completely linear flow and 0 a completely restorative flow, 

 the utility factor (X), which takes account of the length of the phase of the product use (lifetime) and the 
intensity of the product use (functional unit). 

In order to compute the MCIP, the following formulae defining relevant variables need to be applied [5]: 
 the amount of the virgin feedstock material for each sub-assembly, part or material : 

V() = M() * (1 − FR() - FU())        (1) 
where: M() is the mass of sub-assembly, part, or material , FR() represents the fraction of sub-assembly, 
part, or material  derived from recycled sources and FU()) is the fraction of sub-assembly, part, or material 
 from reused sources; 

 the total amount of the virgin material: 

V =  V()          (2) 
 the amount of unrecoverable waste generated at the time of collection for each sub-assembly, part, or 

material  going to the landfill or directed for energy recovery: 

WO() = M() * (1 - CR() - CU())        (3) 
where CR() is the fraction of the mass of sub-assembly, part, or material  being collected for recycling at 
the end of the product use phase and CU() is the fraction of the mass of sub-assembly, part, or material  
going into the component reuse; 

 the quantity of unrecoverable waste generated in the recycling process of sub-assembly, part, or 
material : 

WC() = M() * (1 - EC()) * CR()        (4) 
where EC() is the efficiency of the recycling process used for sub-assembly, part, or material  recycling 
at the end of the product use phase; 

 the amount of unrecoverable waste generated to produce any recycled content used as feedstock: 

WF() = M() * ((1 - EF()) * FR() / EF())       (5) 
where EF() is the efficiency of the recycling process used to produce the recycled feedstock for sub-
assembly, part, or material ; 

 the total amount of unrecoverable waste associated with a product: 

W =  (WO() + (WF() + WC()) / 2)       (6) 
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 the Linear Flow Index: 

LFI = (V + W) / (2M +  ((WF() - WC()) / 2))      (7) 
where M is the mass of the finished product 

 the product utility: 
X = (L / Lav) * (U / Uav)         (8) 

where: L is the product actual average lifetime, Lav is the actual average lifetime of an industry-average 
product of the same type, U is the actual average number of functional units achieved during the product 
use phase and Uav represents the actual average number of functional units achieved during the use 
phase of an industry-average product of the same type. 

 the utility factor built as a function of the product utility X: 
F(X) = 0.9 / X          (9) 

 the Material Circularity Indicator of a product: 
MCI*P = 1 - LFI * F(X)         (10) 
MCIP = max(0, MCI*P)         (11) 

The MCIP makes it possible to measure the reduction in the input and use of natural resources, the level of 
valuable material losses and also the increasing share of renewable and recyclable resources and the product 
value durability. It should be noted, however, that the model is based on certain assumptions which  limit its 
use. For example, the model does not favour closed loops, which means that material recovered for recycling 
does not need to return to the original manufacturer. It also assumes that there are no material losses in 
preparing collected products for reuse, and the product mass does not change from manufacturing to the end 
of use (no part of the product is ‘consumed’ during its use). Because of all these limitations, the MCIP does not 
evaluate the product circularity to the full extent and it cannot be applied to all products. 

5. MATERIAL CIRCULARITY INDICATOR OF A PRODUCT - ILLUSTRATIVE EXAMPLE 

In order to indicate the variables that influence the MCIP score to the greatest extent, the indicator was 
computed for a hypothetical product. To simplify the calculations and to make them clearer, it was assumed 
that product was made of one component. In addition, it was decided that the analysis should not take account 
of the product fraction from reused sources (FU=0) or the fraction of the product mass going into the component 
reuse (CU=0). The recycling efficiency rates EC and EF were posited to be the same and equal to E. 

The calculations were performed using the formulae presented in section 4. Different variants were taken into 
account and they included various changes in relevant input parameters, such as the product fraction derived 
from recycled sources (FR), the product fraction collected for recycling at the end of the product use phase 
(CR), the efficiency of the recycling process (E), and the product utility (X). The results of the MCIP calculations 
based on different variants of the input parameters are presented in Figure 1. 

The results of the calculations reveal, inter alia, that: 
 the MCIP receives the full score of 1 for a product with a fully restorative flow (FR=1, CR=1, E=1), 

irrespective of the product utility; 
 the product utility (X) seems to be extremely important for the MCIP score. In particular, it concerns a 

fully linear product. For example, if FR=0 and CR=0, MCIP=0.1 (assuming X=1), MCIP=0.4 (assuming 
X=1.5), MCIP=0.55 (assuming X=2), and MCIP=0.7 (assuming X=3). In addition, the differences 
between the MCIP scores for different variants of parameters, with FR=0 compared to FR=1 and CR=0 
compared to CR=1, respectively, become much smaller as the product utility increases; 

 the product fraction derived from recycled sources (FR) and the product fraction collected for recycling 
at the end of the product use phase (CR) have a similar effect on the MCIP. If E=1, FR and CR affect 
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the MCIP to the same extent, irrespective of the product utility. If E<1 and 0<FR<1 and 0<CR<1, the 
effect of FR on the MCIP is slightly bigger compared to the effect of CR; 

 the impact of an increase in the recycling process efficiency on the MCIP score improvement, in 
particular, is important if FR=1 and/or CR=1.  

Figure 1 Results of MCIP calculations based on different variants of input parameters [own analysis] 
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6. CONCLUSION 

The need for rational management of natural resources resulting from their depletion should inspire the search 
for solutions enabling a transition from an economy with the linear flow of materials to the circular economy. 
One of the indicators that make it possible to define the extent of the transition from the linear to the closed-
loop model is the Material Circularity Indicator (MCI), which can be applied both at the product and at the 
company level. The Material Circularity Indicator of a product (MCIP) provides valuable information on the 
product circularity, both at the stage of the product design and improvement. 

The considerations presented in this paper indicate that for the product circularity it is absolutely essential that, 
without compromising its quality, the product should be manufactured using an increasing amount of recycled 
materials. Efforts should also be made to ensure that, at the end of its life, the biggest possible portion of the 
product components should be reused or recycled. The product utility, which is affected by the product lifetime 
and intensity of the product use, is of particular importance. The intensity of use can be increased by 
dissemination of the idea of the product sharing.  

It should be added that the product circularity will most often require taking account of complex supply chains, 
including reverse logistics, because the product components or the materials recovered due to recycling may 
become the starting point for another production process. The development of appropriate solutions in this 
area may require adequate forms of cooperation [10] and utilization of complex tools intended for the support 
of innovation and eco-innovation implementation [11,12,13]. 

ACKNOWLEDGEMENTS   

The research presented in the article was supported by statutory work 13/030/BK_17/0027 carried out 
at the Silesian University of Technology 

REFERENCES 
[1] BARAN J., JANIK A., RYSZKO A., SZAFRANIEC M. Towards a circular economy in Poland: are we moving to  

a recycling society? CLC 2016: Carpathian Logistics Congress - Conference Proceedings, November 28th-30th 
2016, TANGER Ltd., Ostrava 2017. 

[2] RIZOS V., TUOKKO K., BEHRENS A. The Circular Economy. A review of definitions, processes and impacts. 
CEPS Research Report No 8, 2017, 48 p. 

[3] OLARIU I. Conceptual issues regarding reverse logistics. Studies and Scientific Researches. Economics Edition,  
No 18, 2013, pp. 326-331. 

[4] BARAN J. Designing a circular product in the light of the semantic design areas. Proceedings of the 29th 
International Business Information Management Association Conference (IBIMA), Vienna, Austria, 3rd - 4th May 
2017, pp. 3276-3291. 

[5] Circularity Indicators. An approach to measuring circularity. Methodology. Ellen MacArthur Foundation and Granta 
Design, May 2015, Available on: http://www.ellenmacarthurfoundation.org. Accessed on 30th May 2017. 

[6] DI MAIO F., REM P. C. A Robust Indicator for Promoting Circular Economy through Recycling. Journal of 
Environmental Protection, vol. 6, 2015, pp. 1095-1104. 

[7] The cradle to cradle certified product standard. Version 3.1. MBDC in collaboration with EPEA, 2016 Available on: 
http://www.c2ccertified.org/resources. Accessed on 30th May 2017. 

[8] LINDER M., SARASINI S., VAN LOON P. A Metric for Quantifying Product-Level Circularity. Journal of Industrial 
Ecology, vol. 21, no 3, June 2017, pp. 545-558. 

[9] JANIK A., The analysis of existing indicators, methods and tools for measuring circularity in the context of their 
future development. 17th International Multidisciplinary Scientific GeoConference SGEM2017. Conference 
Proceedings SGEM2017, Albena, Bulgaria, 27th June - 6th July, 2017. 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

216 

[10] BRZÓSKA J., KNOP L., OLKO S. Organizational Forms of Cooperation in Clusters in the Metal Manufacturing 
Sector, METAL 2016: 25th International Conference on Metallurgy and Materials, Conference Proceedings, 
Tanger, Ostrava 2016, pp. 1701-1706 

[11] LOSKA A. Scenario modeling exploitation decision-making process in technical network systems, Eksploatacja  
i Niezawodnosc - Maintenance and Reliability, Vol. 19, Issue 2, 2017, pp 268-278. 

[12] SZAFRANIEC M. Selected issues of supporting environmental decision-making processes in company,  
15th International Multidisciplinary Scientific GeoConference SGEM2015, SGEM2015 Conference Proceedings,  
Vol. 3, Albena, Bulgaria 2015, pp. 553-560. 

[13] SZMAL A. The role of innovative initiatives in innovative activities in the enterprise, 2nd International 
Multidisciplinary Scientific Conference on Social Sciences and Arts SGEM 2015, SGEM2015 Conference 
proceedings, Book 2, Vol. 3, Albena, Bulgaria, 2015, pp. 915-922. 

  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

217 

SEGMENTATION OF GARAGES BY THEIR NEEDS AND REQUIREMENTS CONCERNING 
THE LEVEL OF COOPERATION WITH CAR OIL DISTRIBUTORS 

JELINKOVA Martina, LOSTAKOVA Hana 

University of Pardubice, Pardubice, Czech Republic, EU,  
martina.jelinkova@upce.cz, hana.lostakova@upce.cz  

Abstract 

Supply chains and networks require optimization of mutual cooperation between their members. An important 
tool for making mutual cooperation between supply chain members more effective is segmentation of 
distribution elements by their requirements concerning the way and intensity of mutual participation in car oil 
distribution. This paper presents the outcomes of a survey aiming to segment garages as one of important 
members of a car oil supply chain by their different needs and requirements concerning the level of cooperation 
with car oil distributors. Garage segments identified by the research show absolutely different preferences 
concerning different areas of cooperation with distributors, which means they require a completely specific 
approach from the point of view of distributors. Without any doubt, the research outcomes are practically 
applicable in management of mutual cooperation within car oil distribution to various garage segments to 
maximize the value for all involved parties. 

Keywords: Segmentation by needs, car oil supply chain, distribution channel management, garages 

1. INTRODUCTION 

In current markets, individual stand-alone companies cease competing with each other and there is a 
competition arising among entire value (distribution) chains. [1] As Jakubikova [2] asserts, the success of all 
members of distribution chains depends on the mutual cooperation since joint efforts within the distribution 
route help everyone. Thanks to this cooperation, a number of business risks are eliminated [3]. The 
optimization of mutual cooperation thus becomes a prerequisite for success. Companies with the best 
relationship management in the value chain have higher profits, thanks to an increased customer value and 
cost savings. But also the whole chain becomes more flexible and allows for faster adaptation to changing 
requirements of its customers [4]. A modern trend contributing to increasing the efficiency of relationship 
management in B2B markets or within distribution chains is the so-called multistage market segmentation [5]. 
This relatively new approach recommends performing segmentation not only with direct customers 
(purchasers), but reflecting the needs at each market level (i.e. with customers' customers) and thereby looking 
for opportunities for further growth and more effective cooperation within the value network. 

2. THEORETICAL BACKGROUND  

Segmenting the market according to needs, i.e. identifying and profiling various groups of purchasers that 
differ in their needs and wishes, is the basic pillar of the so-called targeted marketing, which is the most 
effective principle of operating in today's hyper-competitive markets.[6] It is a differentiated work with the 
market where, based on conceptual market segmentation, an enterprise optimizes its capabilities and 
resources and chooses only those customer segments where it can achieve competitive advantage by 
adapting all elements of the marketing mix, and thus creating an extraordinary, unique value that is required 
by the very segment of customers.  

According to Bouckova [7] and Koudelka [8] the essence of market segmentation can be expressed as a 
process of finding and identifying such groups of customers, segments,  
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that meet two basic conditions:  

 the homogeneity condition - customers within the segments are very alike s in terms of their market 
manifestations in the given market; 

 the heterogeneity condition - the segments are very different in terms of their market manifestations in 
the given market.  

A market segment can then be defined as a group of customers who are likely to have the same value needs, 
interests, requirements, revenues, behaviours and qualities, and thus respond in a similar way to the marketing 
tools used Kotler and Armstrong [9], Kasik and Havlicek [10], Vastikova [11].  

It is obvious that statistical segmentation tools such as factor and cluster analysis can be used to reveal market 
segments, but the managerial usability of segmentation in practice requires the development of an entire 
segmentation process, which according to Lostakova [12] can be divided into the following steps: 

1. Identification of segmentation variables (i.e. customer characteristics that are the reason for different 
customer requirements).  

2. Evaluation of segmentation variables according to their importance and selection of suitable 
segmentation variables for market segmentation.  

3. Implementation of market segmentation. 
4. Development of the profile of individual segments according to the level of segmentation variables and 

the characteristics of individual customers, including their requirements and preferences.  

This segmentation process can be used on both consumer and industrial markets. Segmentation of purely 
industrial (i.e. B2B) markets was studied in 1974 by Wind and Cardozo [13]. In their work, the authors 
recommend splitting segmentation in industrial markets into two phases. The first phase is the implementation 
of macro-segmentation, i.e. the grouping of organizations into homogeneous groups only on the basis of 
filmographic (demographic) characteristics. The second phase is the so-called micro-segmentation, which 
represents the division of macro-segments into smaller micro-segments based on similarities and differences 
between the individual operating units. This segmentation of B2B markets is also recommended by, for 
example, Bonoma and Shapiro [14], Harrison and Kjellberg [15], Lošťáková [16]. This classification of 
segmentation variables was first introduced by Bonoma and Shapira [14], but a number of contemporary 
authors based their work on it, such as Pelsmacker et al. [17], Kotler and Keller [6]. 

Table 1 Main segmentation criteria according to Bonoma and Shapira [14] 

MACROSEGMENTATION 

Segmentation criteria Segmentation variable 

Demographic(firmographic) Industry, size of company, location 

MICROSEGMENTATION 

Segmentation criteria Segmentation variable 

Operating Technology, user/nonuser status, customers’ abilities 

Purchasing 
Organization of purchase, structure of power, character of current relations, purchasing 

policy, purchasing criteria 

Situational Urgency, specific use, size of order  

Personal Similarity of purchaser and seller, attitude to risk, loyalty  

The above-defined classical segmentation approaches recommend that segmentation be performed with 
direct customers and find an optimal level of coordination, cooperation and interrelation for each customer 
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group (segment) defined. Some authors, such as Geiger et al. (2015), however, point out that the situation in 
the B2B markets is more complicated. These are the so-called multistage markets where it is necessary not 
only to deal with direct buyers but also with customers' customers. The issue of multi-tiered relationships was 
studied by, for example, Wuyts et al. [19], who found that immediate (direct or dyadic) relationships can be 
regarded as fundamental, but they are inadequate to describe the entire network of relationships forming the 
market structure. In their view, at least three levels of relationships (or triadic relationships) should be the focus 
of analyses. This idea was elaborated by Tang and Mantrala [20], who propose a three-dimension approach 
to the B2B segmentation, which includes customers' customers as well. In essence, their approach takes into 
account: 

 Purchasing behaviour of the purchasing company and other characteristics (customer on the first level); 
 Goals of the purchasing company or benefits that the purchasing company expects from the purchased 

product; 
 Characteristics of the purchasing company's customers (customer on the second level), including their 

needs, attitudes and behaviours.  

This issue is further developed by Thomas [5], who proposes the segment alignment in multistage markets 
(see Figure 1). 

 
Figure 1 Segment alignment in multistage markets Thomas [5] 

Figure 1 shows the segment alignment concept using the example of the chemical products market. Thomas 
suggests that the primary producer of chemicals not only perform the segmentation according to the needs of 
its immediate customers producing coating compositions, but also identify the needs and demands of the end 
users (furniture manufacturers) and segment this market as well. The author argues that the similarities 
identified between the segments may have both conceptual and managerial implications for achieving a 
competitive advantage and for a more efficient allocation of resources. It is possible to agree with the claim 
that the figure is very simplified because it does not include many other members of the value network, but it 
is a suitable outline of the issue. According to the author, the research and research methods in this area are 
still developing and will require a gradual learning about of these complex market structures so that there is a 
more complete understanding of these processes and a better direction of managers' thinking. 
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3. METHODOLOGY AND RESULTS OF PRACTICAL RESEARCH 

The idea of suitability to conduct segmentation on several levels of the market was also elaborated by our 
research, which was aimed at exploring the situation within the distribution chain of car oils (or motor oils). It 
is clear that the manufacturers of motor oils (0th market level) use several distribution channels to distribute 
them, and some of the direct customers are distributors, which could be called the 1st market level. We focused 
on the segmentation of garages (or car repair services) as another major distribution link of motor oils (2nd 
market level), identifying segments according to their needs and requirements for the level of cooperation with 
the distributors of motor oils. We believe that the research results are beneficial both for distributors and for 
producers of motor oils because there are strategic directions clearly outlined here to effectively manage the 
distribution channels of motor oils.  

From the point of view of classical theory of segmentation of B2B markets, it is a micro-segmentation in our 
case where car repair shops in the East Bohemian region (mostly up to 1000 repaired cars per year) were 
chosen as a macro-segment. To perform segmentation, a systematic approach of inductive segmentation was 
used (see Bouckova [7], Koudelka [8]). Factor analysis was used to cover important criteria, and segments 
were revealed using cluster analysis. Since the respondents did not use the full scale, it had to be transformed 
before performing the factor analysis. [21] 

The primary research involved data collected from 52 respondents and was processed in the framework of a 
thesis by Hejnova [22]. The data were processed using the statistical software of IBM SPSS Statistics, version 
23. 

In order to identify the specific segments of car repair shops according to their ideas of cooperation with the 
distributors of motor oils, a two-stage cluster analysis was used. Usability of the model was tested for various 
factors identified in the factor analysis. The best results were achieved using the following three factors: 

 Factor 1 can be referred to as "Collaboration to Get New Customers and in Intangible Customer 
Bonuses". 

 Factor 2 can be referred to as "Collaboration in Supply and After-Purchase Services Associated 
with Motor Oils". 

 Factor 3 can be referred to as "Collaboration to Promote and Enhance the Image of the Car repair 
shop". 

The program automatically offered 2 clusters with a fairly good quality of the model. The two clusters or 
segments obtained were then described more specifically. It was found that Segment 1 comprises 46 percent 
of the respondents and Segment 2 comprises 54 percent of the respondents. 

Based on the identification of the so-called centroids of clusters, it is obvious that Factor 1 has the greatest 
impact on the segmentation. This factor is very pronounced in Segment 2 while being the least influential in 
Segment 1. 

In order to identify the structure of the segments in terms of their perception of the benefits of the various fields 
of cooperation with the distributors of motor oils, a necessary step was to analyze the differences between the 
segments. This analysis of the differences was carried out within all the initially identified areas of cooperation, 
regardless of their relevance to the individually identified factors. The differences were tested based on the 
median of the responses obtained in the individual segments. These evaluation median values calculated for 
individual areas of cooperation with the distributors of motor oils within the identified segments are documented 
in Table 2. 
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Table 2 Medians of the evaluation of individual areas of cooperation with distributors within segments 

Form of cooperation 
Cluster 

1 2 Total 
1. Checking the quality of the delivered motor oils: 2 3 3 
2. Information support for car repair shop staff: 5 3 4.5 
3. Mode of the JIT deliveries of motor oils: 3 2 2 
4. Ensuring transport of products: 3 3 3 
5. Solving the claims: 3 4 4 
6. Disposal of used motor oils: 1 4 3 
7. Removal or disposal of empty packaging: 1 4 3 
8. Promotion of motor oil brands: 4 5 5 
9. Acquiring new customers for the car repair shop: 2 6 5 
10. Collaboration and participation in discounts on motor oils: 5 5 5 
11. Cooperation and co-financing of competitions for customers of the shop 1 5 4 
12. Cooperation and co-financing of events for car repair shop customers: 1 5 3.5 
13. Provision of small promotional items 3 6 5 
14. Collaboration on loyalty programs for car repair shop clients: 1 5 4 
15. Cooperation on the interior furnishings of the car repair shop, assistance 

and support of high-quality technical equipment of the shop 2 5 4 

16. Promotion of the image of the car repair shop: 5 5 5 
Note: Scale from 1 – highly unbeneficial to 5 – highly beneficial  

The statistical significance of the median differences in the individual segments and the whole set of 
respondents was further tested by a median test, and subsequently the identified segments were described 
only by variables with statistically significant differences. 

Segment 1 is characterized by a very low rating of importance of all areas of co-operation with the distributor 
that appear to be statistically significant for the description of the segments. This segment does not consider 
the areas of collaboration with the distributor to be important for acquiring customers or creating positive 
relationships with them. The following are the least important ones for the car repair shops included in this 
segment: disposal of used motor oils, removal or disposal of empty packaging and co-financing of events for 
car repair shop customers. The members of Segment 1 consider collaborating in provision of small promotional 
items to be somewhat more important, but this importance is insignificant compared to the second segment. 
This segment considers information support for car repair shop staff to be the most important area of 
cooperation with distributors, the rating is even higher here than in Segment 2. Other important areas are: 
collaboration and participation in discounts on motor oils and promotion of the image of the car repair shop.  

Segment 2, on the other hand, is characterized by a relatively high rating of importance for all areas of 
cooperation with the distributor that are statistically important for the description of the segments. It is thus 
clear that the members of the given segment consider areas of cooperation to be quite important if they want 
to acquire a new customer or maintain a positive relationship with the customer. The most important for this 
segment is cooperation in acquiring new customers for the car repair shop and cooperation in provision of 
small promotional items. Less important for this segment is cooperation in disposal of used motor oils and in 
removal or disposal of empty packaging. The least important for this segment is cooperation with distributors 
in the mode of the JIT deliveries of motor oils. The importance of this variable is viewed similarly by Segment 1, 
which was also demonstrated statistically. 

4. CONCLUSION 

The aim of our primary research was to show possible ways to streamline mutual cooperation between 
individual distribution links within the distribution route of motor oils. Two segments of car repair shops have 
been identified that show a different desire to cooperate within the distribution route and therefore require a 
different approach from the point of view of distributors and manufacturers of motor oils. It can be said that the 
market is slightly dominated by small car repair shops that are in Segment 2, for which cooperation with 
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distributors is valuable, particularly in some areas. An interesting follow-up research would probably be making 
a more detailed segmentation of distributors of motor oils according to their needs for cooperation with motor 
oil manufacturers. This might reveal interesting strategic options for improvement within the multi stage market 
with motor oils. 

REFERENCES 
[1] ANDERSSON, H., HOFF, A., CHRISTIANSEN, M., HASLE, G., LOKKETANGEN, A. Industrial aspects and 

literature survey: Combined inventory management and routing. Computers and Operations Research, 2010, vol. 
37, no. 1, pp. 1515-1536. 

[2] JAKUBIKOVA, D. Strategický marketing. 2nd ed. Praha: Grada Publishing, 2013. 367 p. 
[3] LELKOVA, M., LELEK, T., TETREVOVA, L. Risk Management in Synthesia Co. Chemické listy, 2015, vol. 109, 

no. 8, pp. 641-646.  
[4] STROM, M., et al. 10 Minutes on Strategic Supply Chain Management. In: PWC [online]. 2013 [cit. 2013-12-19]. 

Available at http://www.pwc.com/en_US/us/10minutes/assets/pwc-10minutes-strategic-supply-chain-
management-2013.pdf  

[5] THOMAS, R.J.: Multistage Market Segmentation: an Exploration of B2B Segment Alignment. Journal of Business 
& Industrial Marketing, 2016, vol. 31, no. 7, pp. 821 - 834. 

[6] KOTLER, P., KELLER, K.L. Marketing management. 14th ed. Praha: Grada Publishing, 2013. 816 p. 
[7] BOUCKOVA, J., et al. Marketing. 1st ed. Praha: C. H. Beck, 2003. 432 p. 

[8] KOUDELKA, J. Segmentujeme spotřební trhy. 1st ed. Praha: Profesional Publishing, 2005. 145 p. 
[9] KOTLER, P., ARMSTRONG, G. Marketing. 6th ed. Praha: Grada Publishing, 2004. 856 s.  
[10] KASIK, M., HAVLICEK, K. Marketing při utváření podnikové strategie. 2nd ed. Praha: Vysoká škola finanční a 

správní. Czech Republic, 2012. 274 p. 

[11] VASTIKOVA, M. Marketing služeb - moderně a efektivně. 2nd ed. Praha: Grada Publishing, 2014. 268 p. 
[12] LOSTAKOVA, H. Segmentation of Chemical Product Market. In Scientific papers of the University of Pardubice. 

Pardubice: University of Pardubice, 1999, vol. 4, series A, pp. 233 - 237. 

[13] WIND, Y., CARDOZO, N. R. Industrial Market Segmentation. Journal of Industrial Marketing Management, 1974, 
vol. 3, no. 3, pp. 153 - 165. 

[14] BONOMA, T.V., SHAPIRO, B.P. Segmenting Industrial Markets.1st ed. Lexington: Lexington Books, 1983. 140 p. 
[15] HARRISON, D., KJELLBERG, H. Segmenting a market in the making: Industrial market segmentation as 

construction. Industrial Marketing Management, 2010, vol. 39, no. 5, pp. 784 - 792. 
[16] LOSTAKOVA, H.  Marketingový management. 1st ed. Pardubice: Univerzita Pardubice, 2013. 234 p. 

[17] PELSMACKER, P., GEUENS, M., BERGH, J. Marketing Communications: A European Perspective. 5th ed. New 
Jersey: Pearson Education, 2013. 660 p. 

[18] GEIGER, I., DOST, F., SCHÖNHOFF, A., KLEINALTENKAMP, M. Which types of multi-stage marketing increase 
direct customers’ willingness-to-pay? Evidence from a scenario-based experiment in a B2B setting. Industrial 
Marketing Management, 2015, vol. 47, pp. 175-189. 

[19] WUYTS, S., STREMERSCH, S., VAN DEN BULTE, C., FRANSES, P.H. Vertical marketing systems for complex 
products: a triadic perspective. Journal of Marketing Research, 2004, vol. 41, no. 4, pp. 479-487. 

[20] TANG, Y., MANTRALA, M. A three-dimensional approach to b-to-b market segmentation: incorporating 
customers’ customers. In Proceedings of 32nd INFORMS Marketing Science Conference. Cologne: University of 
Cologne, 2010. pp. 1584-1611. 

[21] VLCKOVA, V., LOSTAKOVA, H., PATAK, M. Selected Problems Arising within Cluster Analysis Usage for Market 
Segmentation. In Metal 2014: 23rd International Conference on Metallurgy and Materials. Ostrava: Tanger, 2014, 
pp. 1932-1939.  

[22] HEJNOVA, A. Segmentace autoservisů podle jejich potřeb a požadavků na úroveň spolupráce s výrobci a 
distributory autoolejů. Diploma work. Pardubice: Univerzita Pardubice, 2016. 83 p. 

  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

223 

CONSTRUCTION OF THE ALGORITHM FOR DETERMINING THE STRUCTURE 
OF MARKETING PRODUCT CATEGORIES AND ITS SIGNIFICANCE IN THE 

DEVELOPMENT OF LOGISTICS DISTRIBUTION 

KOZIOŁ Agata1 

1WSB University in Wrocław, Wrocław, Poland, EU 

Abstract 

The article shows the idea of building the algorithm to examine the structure of marketing product categories, 
which could become the basis for shaping the logistics systems of distribution. In the face of changing needs 
of consumers as well as models of purchasing decisions, this approach may be an important factor in 
increasing the competitiveness of distribution companies. The algorithm is universal and can be used in 
different sectors of the economy where there is an independent demand. 

Keywords: Category management, logistic system, distribution 

1. INTRODUCTION 

Identifying the structure of relationships in the marketing product category is a complex process implemented 
in several stages, covering aspects of research on customer preference aimed at selecting products to a 
category in a way which would allow the fullest possible realization of the needs and expectations of customers, 
and at the same time would allow for standardisation of methods for managing flows of products and 
information in an enterprise 

The resulting effect, in the form of a structure of relationships, should indicate their number and strength, as 
well as allow for the use in management areas other than marketing, with a particular contribution of the 
logistics area, which is responsible for the proper, harmonious flow of goods and information. 

Marketing reasons are at the core of creating product categories, which means that an essential criterion for 
the selection of products to a category is the perception of these products by customers or the willingness of 
companies to create offers in such a way that customers perceive products as interrelated. This assumption 
can be derived from observing the impact of the way in which products are presented on the perception of 
their usefulness by customers.  

2. MARKETING PRODUCT CATEGORY 

Consumers are looking for solutions that maximize the level of fulfilment of their expectations, save time and 
energy spent, as well as the amount of money spent. This means searching for stores where one can buy not 
a specified product, but a product package that fully satisfies a specific need. Such customer behaviour cannot 
remain unanswered by the distribution sector. The organization of the flow of goods and information, in 
particular, information from the client, in the supply chain structures plays an important role, and must be 
arranged so as to efficiently and effectively meet these newly created needs.   

Category management is part of a broader concept of CPFR (Collaborative Planning, Forecasting and 
Replenishment) and develops the concept of ECR [1]. This approach imposes specific business practices 
related to intelligent collaboration of partners in the supply chain as part of planning and meeting customer 
needs. It enables the inclusion of a category management strategy, which represents a marketing approach 
to sales, into planning in the supply chain and operational processes to increase availability and flexibility while 
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reducing inventory, transportation, and logistics costs. Product category is an explicit, manageable group of 
products/services which consumers perceive as related and/or substitutable in meeting customer needs [2]. 

Category management is the pursuit of constructing interrelated product groups from the 
consumer’s/customer’s point of view. This approach significantly influences the perception of category 
management throughout the supply chain. It is a strategy which assists sellers in forming the right combination 
of products, at the right prices, with the right promotions, at the right time and in the right place [3]. Category 
management is considered one of the pillars of the ECR strategy. 

Category management involves creating cross-sectional teams identifying product categories, introducing 
solutions within categories by giving them the status of strategic business units. The objective is to achieve 
operational (current) results by sellers and associated partners in the supply chain, including manufacturers, 
distributors and intermediaries, by focusing on consumer needs [4]. It is a strategy of qualitative changes in 
the supply chain. The requirements of the strategy of category management force the supply chain participants 
to make qualitative changes in the chain. The basis for these changes is a different perception of product 
belonging and a different classification. 

3. STATISTICAL METHODS USED TO DETERMINE THE STRUCTURE OF MARKETING PRODUCT 
CATEGORY 

Studying the structure of product categories requires the disclosure of the relationships between the demand 
for particular products in the category. This is particularly important for links of wholesale trade and 
manufacturers, as the demand, which can be studied for these units, results from aggregated data about orders 
from a selected segment, and does not necessarily reflect the actual consumer demand. In order to make the 
study of category structure useful, it is important to pay special attention to the flow of information and the role 
of coordination in the supply chain. By implementing a strategy of cooperation and using the right tools, it is 
possible to influence the reduction of errors and fluctuations in demand and make the demand in higher links 
of supply chain as realistic as possible. 

Based on this approach to the problem, the following tools were used to examine the structure of product 
categories: 

1. Correlation coefficient, whose task is to reveal the strength of existing relationships between the demand 
for products. This coefficient will also introduce a division in a category: for products which build up the 
category structure and products which complement the category. The substantive interpretation will be 
aimed at identifying the products on which a particular emphasis should be put, given their importance 
in the category hierarchy. 

From among correlation coefficients, the r-Pearson correlation coefficient was chosen. The basis for making 
such a decision were the following considerations: 

 the study of dependency will involve two variables at a time. The correlation between each pair of 
products in the category will be examined, 

 data on demand are measured on a ratio scale, 

 a large sample was used to generate the data: for analysis, aggregated data from over 30 orders in 
each period were used,  

 variables have breakdowns which allow the examination with the r-Pearson correlation coefficient. 

The significance of the correlation coefficients will be studied with Student’s t-test at the significance level = 
0.05 and  = 0.01. 
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2. Factor analysis, whose task is to reveal the existence of factors which are difficult to identify and 
measure and which affect the grouping of products within the category. The procedure will be carried 
out according to the following steps: 

 creation of observation matrix, 

 standardization of variables by the least squares method, 

 selection of the number of factors - with scree method,  

 creation of factor loadings matrix, 

 creation of rotated factor loadings matrix, 

 creation of implementation factor matrix. 

Based on the results of the analysis of the correlation coefficients and factor analysis the structural subgroups 
of product categories will be created.  

 The graphical description will be made using a tree graph, which will be used to indicate the ways of 
division and the number of structural subgroups. The division shall take place in two steps:  

 step 1: the criterion of the division is the significance of the correlation coefficient. The result of the 
division is the creation of two subgroups of first-tier products with coefficients demonstrating the relevant 
relationships and products with coefficients not showing relevant relationships, 

 step 2: applies only to a subgroup of products with coefficients showing significant relationships. The 
breakdown will follow the criterion of attribution to factors and will help distinguish subgroups of the 
second-tier: the number of subgroups will depend on the number of main factors identified in the factor 
analysis and will be increased by a group of products not attributed to any factor. 

4. THE ALGORITHM FOR DETERMINING THE STRUCTURE OF PRODUCT CATEGORY 

Determination of structures of product category is the recognition of existing relationships and grouping 
products in subgroups, which form the backbone of the structure. 

The study of category structure involves the following steps: 

1. designation of product categories 

2. designation of correlation coefficients between products, 

3. tests of significance of correlation coefficients, 

4. designation of product categories, structure of relationships, control products, 

5. factor analysis, 

6. division into subgroups. 

The algorithm for determining the structure of product category is presented in Figure 1. 

Identification and analysis of the product category structure is the foundation for identifying the essential 
elements characterizing the product category, and then transferring these characteristics to logistics 
management. 
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Figure 1 The algorithm for determining the structure of product category; Source: own study 

Product category 

Study of demand 
correlation in a 

product category 

Do correlation 
coefficients 

show significant 
correlation? 

Products with 
coefficients significantly 

correlated     

Products with 
coefficients 

insignificantly correlated 

Does the 
factor analysis 
show the main 

factors? 

Creation of product 
subgroups attributed to 

factors 

Products not attributed 
to any factor            

START 

STOP 

YES 

YES NO 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

227 

5. THE IMPORTANCE OF THE STRUCTURE OF THE MARKETING PRODUCT CATEGORIES IN THE 
FORMATION OF DISTRIBUTION LOGISTICS  

Category management is a strategy based on marketing principals. Its basic assumptions are targeted on price 
management, promotion and arrangement in the shop space so that the consumer is offered the most 
attractive layout possible. 

Due to the way product categories are structured, managing them makes new demands for logistics, because 
of a change in product management approach. This change can be described as follows: we sell what 
customers want from us and not what we can offer to them. 

The essence of this statement lies in the assumption that the shape of the offer is mainly influenced by the 
recognition of customer needs and the dynamics of changes in the customer market, while the ability to meet 
these needs is the task of logistics. Apparently, it may seem that the change is irrelevant, but by implementing 
a strategy of product category management, new quality is created for the management of a group of 
differentiated products rather than individual products. 

The importance of structure of marketing product category can be viewed in terms of a few elements of logistics 
distribution: 

1. information systems - The flows of information in the supply chain of a product category should be 
dependent on its structure. This means the ability to use the knowledge of the structure of marketing 
product category to properly plan the relationships between partners in the supply chain, to properly 
prepare the procedures of product management so as to take into account the structure of the category. 

2. material flow planning - In product category management the basic reference for planning is the creation 
of category managers who are responsible for the category as a whole. In the science of marketing, 
managers are responsible for all aspects of marketing product management in the category. To maintain 
a high level of customer service, the category manager's marketing functions must include logistics tasks 
for the category. This is a fundamental change in the approach towards product management in an 
enterprise. The creation of units consisting of specialists from various departments (marketing, logistics, 
sales and others), gives the ability to manage product groups as a whole. This means moving from the 
approach based on the analysis of individual products or type groups to managing categories made up 
of different products coming from different sources. These units take over the role of supplies 
coordinators; functions properly operational in supply chains. 

3. shaping of product availability - Product availability is one of the most important elements of customer 
service which assesses its level. Customers expect the opportunity to purchase goods at the time of 
need, which results in the need to keep stock of products. Product availability may determine whether a 
customer makes a purchase or turns to competitors. Availability of products in the distribution process, 
point of contact with the end customer, is formed through cooperation with partners in the chain, and in 
particular with suppliers of products. This collaboration in product category management should 
primarily be based on good flow of information and the awareness of participation in building a category 
management strategy. The essence of this cooperation is the establishment of common principles on 
which a logistics system supporting the flow of products in the category should be based. 

Such specific aspects of implementing a structure of product category allow a broad perspective on logistics 
system and distribution processes in the context of marketing product category. 

6. CONCLUSIONS 

Recognizing the structure of marketing product category is of vital importance for logistics management in 
distribution processes. The ability to confirm the statistical dependency of demand for different products 
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provides objective information which can be used to shape the logistics processes of distribution through 
creating product availability where the customer wants to purchase them. The versatility of the presented 
model offers the potential to use it in different sectors of the economy where demand is independent and the 
factors which influence customer’s purchasing decisions can be studied. 
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Abstract 

In the paper will be presented the way performing the studies, particularly the selection and characterization 
of the survey sample and the analytical scheme of research. The results of this study will enable to answer the 
following questions: whether the use of SS (single sourcing) increases the likelihood and consequences of 
disruption and whether SS has been applied in an appropriate way. The main objective of the conducted 
research was an assessment of the relationship between the use of selected management instrument - SS 
and the risk of disruptions in the supply chain. While the scientific aim is to enrich the knowledge of the issues 
on the risk of disruptions to supply chain management. 

Keywords: Disruption risk, single sourcing, supply chain 

1. INTRODUCTION 

In modern enterprises searching for a competitive advantage, undertakes to cooperate in the supply chain and 
an integration of suppliers with buyers, which is expressed in the use of appropriate instruments for managing 
supply chains. These instruments include among others single sourcing (SS). The risk of disruptions, which 
has been present for a very long time, is currently becoming more meaningful in the context of integration 
within supply chain defined as “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” [1]. Not without significance is the fact that supply activities 
take place on a global scale − in various legal, political and social environments. The literature on the subject 
stresses the fact that in the last decade there have been several factors which increased the vulnerability of 
supply chains [2, 3]. These include: natural disasters as an earthquake in Nepal, terrorist attacks, highly 
unusual weather patterns across the world, months-long strikes and delays at major U.S. ports, streams of 
refugees and migrants crossing Europe on foot, the rapidly changing and unpredictable demand, shorter 
product life cycles, a reduction in the number of basic products components, reduced supplier bases, a 
reduction of buffers, e.g. in store levels and in delivery terms, more integrated and intertwined processes 
ongoing amongst businesses, more demand for JIT supplies, in shorter time windows, technological changes, 
cost pressure, the necessity to increase leanness and agility, increased use of outsourcing and off-shoring, 
dependence on suppliers. This is just a small selection of issues from last years. Our world is full of risk, and 
at any time we should expect the unexpected. Supply chains are crucial for all organizations - and the more 
global, the more complex. A disruption in a single node of the supply chain can have wide-ranging implications. 

2. RESEARCH PROBEM 

Some authors believe that higher vulnerability of supply chains defined as “exposure to serious disruptions 
resulting from the risk within the supply chain as well as from internal risks for supply chains” is a consequence 
of the application of lean supply chains strategies that has been taking place in recent years. In particular, it 
has become a general practice to keep inventories at extremely low levels which prevents buffering the breaks 
in the supply flow and causes disruptions. The above is stressed by Handfield, Blackhurst, Elkins and 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

230 

Craighead [4] who notice a conflict between the need to decrease the frequency and minimize the effects of 
disruptions in supply chains as well as a strive for cost reduction by implementing global economy strategies. 
The above results from the fact that on one hand the integration of supply chains and the use of lean 
management tools brings obvious profits, but on the other it affects such elements of supply chains which are 
believed to increase the risk of disruptions. 

Handfield and McCormack [5] define disruptions as major delays in the production, distribution links of supply 
chain, which have implications for the activities of the other entities of the supply chain. Disruptions are usually 
a bottleneck in one of the links, which, in effect, spreads throughout its supply chain. Any single event such as 
fire, quality problems, machine failures, delayed customer orders can cause significant disruption throughout 
the supply chain. 

Considering the fact that the evaluation of risk level is based on two elements, i.e. the probability of its 
occurrence and its effect, following the analysis of literature on supply chain strategies, one conclusion seems 
to be obvious: perhaps the strategies of SS - have a positive effect on the probability of disruption, however, if 
and when it happens, the effects of such disruption might be much more unfavorable than in the situation when 
the singe sourcing is not applied. To justify the need to take up research into the disruption risk of supply chain 
instruments an assumption was made that there is a relation between the level of risk and the applied SS in 
the supply chain. 

This manner of formulating the research problem leads to the following thesis that the use of such supply chain 
management instrument as SS affects the risk of disruption and 2 hypotheses. H1. The application of SS 
increases the probability of occurrence of disruptions; H2. The application of SS increases the negative effects 
of disruptions.This research aims to enrich the knowledge of the issues on the risk of disruptions to supply 
chain management. In the theoretical aspect, the research aim involves defining the notion of “disruption risk” 
especially in the contexts of its synonyms such as interruption, delay, deviation. Furthermore there is a need 
to identify the characteristics of disruptions in supply chains. Another theoretical aim includes defining the 
fundamental determinants of the selected supply chain strategies. The research calls for providing answers to 
the following questions which are relevant to the management of supply chains and the development of 
knowledge on the subject: Does the use of SS increase the likelihood and consequences of disruption? Has 
SS been applied appropriately? 

3. METHODOLOGICAL BASES AND LITERATURE REVIEW 

The methodological aim includes operationalization of variables used in the analytical scheme and defining 
the method of measurement of the variables related to the disruption risk in supply chains. The finally aim is 
to verify hypotheses formulated based on a constructed simulation model and the performed simulations to 
research methods with which achieved the answers for this questions and verification of hypotheses, include: 
literature studies, empirical research with the use of statistical methods. The source data for statistical analysis 
was obtained from questionnaires as it is impossible to use exclusively the data from secondary sources. The 
sample consisted of 195 enterprises, the use of SS was declared by 55 companies. 

The risk of disruptions is a particularly meaningful and frequently stressed category of risk in supply chains. 
The literature on supply disruptions has been growing during the past decade [6]. The issues of risk of 
disruptions are discussed by Polish authors. Świerczek [7] pointed to the transmission of disruptions, i.e. the 
expansion of the negative effects of risk to a higher number of supply chain participants in the contexts of 
becoming mutually dependent on the companies which act within supply chains. Kramarz [8] built a model of 
strengthening resilience of supply chains from the point of view of material division within the supply chain of 
steel products. A very recent article [9] summarizes this literature by organizing it into six categories: evaluating 
disruptions; strategic decisions; sourcing decisions; contracts and incentives; inventory; and facility location. 
Closer cooperation within a single supplier, while reducing the level of buffer stock and flow times, causes 
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more frequent occurrence of disruptions. Sinha et al. [10] - the need to control the effects of disruption in the 
process of planning, controlling and monitoring the relationship between the organization and its partners. 
Handfield and McCormack [5] saw a conflict between the need to take action to reduce the frequency and 
impact of disruptions in supply chains and the aspirations to reduce costs by the strategies of the global 
economy. Hendricks and Singhal [11] - an increase in the number of large and costly supply chain disruptions 
resulting from the introduction of lean management. Moreover, there is no publication that contains an analysis 
of the just in time in view of the risk of disruption. 

Secondary research carried out in economic environments points to the fact that the managers approach the 
eventuality of supply chain disruptions as one of the most important threats for businesses. [12] The main 
trends in risks in supply chains are: piracy, cargo theft, currency volatility, earthquakes, war and terrorism, IT 
and telecommunication failures, port congestion, cyber-attack, supplier trouble, severe weather, hurricanes, 
geopolitical disruption [13]. 

Based on a literature review the concept of disruption in the supply chain was defined as unplanned event 
leading to a break in the normal flow of goods and information, which has a negative impact on the supply 
chain. The most general notion is a disruption in the supply chain. Considering the problem of disruption from 
the perspective of the company and not the entire supply chain, we are talking about disruption of supplies. 
On the other hand, when we estimate the probability of occurrence of an identified potential disruption and its 
possible effects, then we can talk about the risk of disruption. 

4. THE ASSESSMENT OF THE IMPACT OF SS ON THE PROBABLILTY AND EFFECTS OF SUPPLY 
CHAIN DISRUPTIONS 

SS impact on the likelihood and consequences of disruptions, rated on the basis of the results of quantitative 
analyzes responses given to the question:... "Do you think that the use of a SS, as opposed to the situation 
that this instrument is not used, causes: [...]„. The answers are presented in Table 1. 

Respondent could agree with them or not. By checking in accordance with their feelings - on a scale of  
1-5: 1 - "definitely not" 2 - "probably not", 3 - "neither, nor so", 4 - "rather yes", 5 - "definitely yes". Given the 
questions, which used a five-point Likert scale, benefited from higher statistics measurement. The mean, 
standard deviation, and median. 

When analyzing the SS instrument and considering a question whether the probability of a supply disruption 
is greater when SS is applied, one cannot see any prevalence of either - "yes" or "no” answers.). There were 
respondents who rated this indicator to 1 - strongly disagreed that the use of SS increased the probability of 
disruptions (17 respondents) and 5 - strongly agreed with this statement (11 respondents). When assessing 
the increase in potential impact of disruptions, it may occasionally be seen - when analyzing the median - that 
half of the respondents did not perceive either a negative or positive relationship between the probability of 
disruption and the supply of one supplier. Thus, respondents do not agree with statement that the use of SS 
increase the likelihood of disruption.  

Based on this question, it should be borne in mind that both SS and those who did not have supplies from one 
supplier in the organization were respondents. 

The results for increasing the potential effects of the disruption, when used or not using the SS, were similar 
in degree of mediocrity. Most of the cited results, according to the respondents, would neither increase nor 
decrease in the case of the SS, as compared to the situation in which the SS did not apply. The average for 
all variables relating to potential negative effects when using SS oscillate around 3.0 (with a standard deviation 
of approximately 1.0). In each case, there were people who were determined to be so or determined. 

Although this is not statistically significant, and you can not draw conclusions on the whole population on this 
basis, you can compare the number of indications to 1 - "definitely not" and 5 - "definitely yes" for individual 
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variables. Using the SS, compared to the situation in which this instrument would not be used, definitely makes: 
if there is a supply disruption, the lost output will be higher, according to 32 respondents (16.67%), 11 (5.73%) 
strongly disagree with this statement; if there is a disruption in deliveries, the lost sales will be higher - 28 
people (14.58%) in opposition to 12 (6.25%), which marked 1; if there is a disruption in deliveries, its duration 
will be longer (the disruption will be over longer) - so 31 (16.5%) respondents strongly oppose this statement 
22 (11.46%); if the source of risk was external (eg natural disaster) and would affect our supplier, it would be 
more difficult for us to cope with its effects - with this variable, also 31 (16.5%) respondents strongly agreed 
with this statement and strongly opposed This statement 22 (11.46%); the disruption that would occur in our 
supplier would have affected us faster, with 29 (15.1%) respondents strongly agreeing, 11 (5.73%) definitely 
disagreed. 

According to 34 respondents (17.71%), the use of SS definitely did not cause the disruption to affect more 
links in the supply chain, a slightly smaller group - 23 people (11.98%) - This will cause the interference to 
affect more than one chain in the supply chain. 

With a statistical estimate of the increase in potential disruptive effect in the case of SS, only with reference to 
the variable - "if the supply disruption occurs, the lost sales will be higher," can be seen - by analyzing the 
median - that half of the respondents agreed with this statement. 

Table 1 Statistics for the question „Do you think that the use of a SS increase the probability of disruption risk  
   and causes pointed effects? 

Do you think that the use of a SS, as opposed to the situation that this instrument is 
not used, causes: [...] 

Average Median Standard 
deviation 

a higher likelihood of a supply disruption 2.93 3.00 1.06 

a situation when a disruption that occurs at our supplier’s end would affect us sooner 3.25 3.00 1.14 

a situation that if the source of risk was external (e.g. a natural disaster) and it affected 
our supplier, it would be more difficult for us to deal with its consequences 3.19 3.00 1.24 

a situation that end consumers of our product/service could find out sooner about our 
problems 3.03 3.00 1.19 

the disruption would affect a greater number of cells in our supply chain  2.94 3.00 1.25 

it would be more difficult to for the flows of information to return to their state from 
before the disruption 2.86 3.00 1.26 

it would be more difficult to return the flows of goods to their state from before the 
disruption 2.95 3.00 1.21 

if there was a supply disruption, its duration would be longer (it would be quite time 
consuming to overcome the fault) 3.16 3.00 1.25 

if there were a supply disruption, the amount of losses (financial) will be greater 3.19 3.00 1.14 

if there were a supply disruption, the sale losses would increase 3.33 4.00 1.14 

if there were a supply disruption, the lost production volume would increase 3.27 3.00 1.15 

5. IDENTIFICATION AND EVALUATION OF USE OF SS CONDITIONS IN THE CONTEXT OF 
DISRUPTIONS 

In the test sample, 55 organizations declared the use of SS. A set of reviews for this instrument was prepared 
and the respondents were requested to express their approval - by selecting the answer "definitely yes" or 
"rather yes" or their disapproval - by checking "definitely not", "probably not„. They could also choose a neutral 
reply by selecting a „neither yes nor no” answer. The answers are presented in Table 2. 
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Table 2 The answers for the question: Why did you decide to implement the SS in your organization? 

Why did you decide to implement the SS in your organization? Average Median Standard 
deviation 

Our competitors enforced the implementation of SS on us 3.31 4.00 1.13 

SS was imposed upon us by our client (we did not want to lose them) 3.28 3.00 1.03 

The use of SS was our idea, we imposed certain conditions for the good of both parties 3.37 4.00 1.12 

We would not have implemented the SS, if there had been no trust between us with 
respect to information sharing 2.98 3.00 1.16 

We would not have implemented SS without the support of integrated IT systems 3.30 3.00 0.94 

We have successfully implemented the SS because the supplier fulfills their quality 
management duties 3.72 4.00 1.02 

Long term financial profits from using the SS are higher that possible losses that might 
be caused by disruptions 3.43 4.00 1.11 

Before we implemented the SS deliveries we had considered the threat of increased 
risk of disruptions 3.23 3.00 1.08 

We had protected ourselves against the effects of disruptions within the SS by 
introducing penalties for failing to meet the terms of deliveries 3.41 4.00 1.32 

Thanks to the application of SS we cope much better than our competitors with external 
disruptions 3.63 4.00 0.98 

Since the time we have been relying on the supplier within the SS, the disruptions in 
their deliveries occur less frequently 3.54 4.00 1.01 

We apply the SS but we simultaneously monitor our supplier and support them in case 
external disruptions occurred 3.56 4.00 0.87 

SS is used only for the goods in regular and continually controlled demand 2.98 3.00 1.14 

We use the SS if the scale of flow from the supplier is substantial enough 3.12 3.00 1.20 

We have not decided to use the SS without standardization 3.07 3.00 1.18 

Within the SS we plan the purchase of product ranges with no guarantee of their quality 3.38 4.00 1.14 

We would not be using the SS if we could not be sure that we could eliminate the 
possible disruptions 3.67 4.00 1.01 

In order to ensure the demand we have set up a warehouse in the vicinity of our 
recipient so that we could meet their SS requirements 2.60 3.00 1.08 

Whenever there were disruptions within the SS deliveries, it caused substantial financial 
losses to our organization 2.70 3.00 1.11 

If we use the SS deliveries, it is only for the standard components for which 
replacements may easily be found 3.30 4.00 1.13 

Perhaps the value of granted answered here, seen in the context of statistical inference is not great, but from 
the qualitative analysis, the results of an opinion on the instruments used in the context of the conditions of 
their implementation and the possible effects on the risk of disruptions, they seem to be valuable. For each 
query the averages also oscillated around the "3", with a tolerance of "1". The analysis of the median points to 
the fact that half of the respondents „rather agree" with most of proposed statements. This are - inter alia: our 
competitors enforced the implementation of SS on us, the use of SS was our idea, we imposed certain 
conditions for the good of both parties, we have successfully implemented the SS because the supplier fulfills 
their quality management duties etc. 
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6. CONCLUSION 

It is convinced that the quality of delivered items/services, such as supplier's commitment to quality 
management are the basic issues to get advantage from SS implementation. Although the SS is being used 
as a factor to increase the sensitivity of the supply chain, respondents using this instrument argue that it is 
better to deal with disruptions better than the competition. Deliveries from a single supplier are less frequent, 
and companies using SS simultaneously monitor and support a supplier when external sources of disruptions 
occur. The motives for SS implementation vary, with half of the respondents saying they were pushed out by 
the competition and the other half that it was their own initiative. However, the deviations from these values 
are large enough (about 1.0), thus a conclusion that the use of SS increases the negative effects of potential 
disruptions would be an overstatement. The present studies show that the use of SS which is one of the basic 
tools of lean management does not increase the risk of disruptions in the supply chain. The analysis of the 
median suggests that a representative sample might prove that the use of this instrument increases the 
negative effects, yet it does not affect the increase in the likelihood of disruptions. The analysis should be 
based on conditions of the application of lean tools as well as on the correctness of their implementation. 
Therefore, it is suggested that risk analysis should constitute the starting point for the implementation of lean 
tools. 
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Abstract  

The collaboration in the distribution network, through the connection of entities as well as their actions and 
resources, takes the dimension of the new outline. Such a structure may form a dominated network or a 
network of equal partners. In the first and the latter case it is possible to indicate the organisation coordinating 
movements. In the dominated network this role is assumed by the flag enterprise. In such complex structures 
which are distribution networks the coordination (due to the management of interdependencies) requires taking 
into consideration of various kinds of factors disturbing movements of finished goods. Showing the concept 
the acquisition and gathering of the knowledge of disruptions for needs of streamlining coordination processes 
by the flag enterprise is a purpose of the article.  

Keywords: Knowledge acquisition, flag enterprise, distribution network, disruptions  

1. INTRODUCTION  

Distribution networks are created by independent enterprises cooperating both vertically and horizontally along 
the stream of added value. They are based on collaboration, which means that they are aware of the primary 
objective which is incorporated into individuals goals of every organization. In the distribution network it may 
be assumed that delivering a product in a particular place and time and hence providing the availability of 
products according to the customer needs will constitute the primary goal. Through collaboration organizations 
aim at achieving mutually non-contradictory objectives and therefore they coordinate completed sub-tasks 
resulting from the division of work and they take up mutually consistent and complementary tasks. The 
collaboration in the distribution network, through the connection of entities as well as their actions and 
resources, takes the dimension of the new outline. Such a structure may form a dominated network or a 
network of equal partners. In the first and the latter case it is possible to indicate the organisation coordinating 
movements. In the dominated network this role is assumed by the flag enterprise. In such complex structures 
which are distribution networks the coordination (due to the management of interdependencies) requires taking 
into consideration of various kinds of factors disturbing movements of finished goods. Thus, this article aims 
at indicating the concept of acquisition of knowledge of disruptions in movements of finished products for the 
needs of facilitating coordination processes by the flag enterprise.  

2. THE PROBLEM OF THE DISTRIBUTION NETWORK COORDINATION 

Coordination constitutes the most important substance of the management of interdependencies. In the 
broadest praxeological view, the collective effort should be carried out in an orderly manner, jointly organize, 
connect, unify and harmonise all actions and all efforts into one which will be the most relevant to implement 
the set primary objective of the collaborating organisations[1,2]. Therefore, in order to coordinate anything in 
the network distribution interdependencies must be identified - it is they who point out the potential scope and 
manners of coordination. In the coordination process of the distribution network resources must be constantly 
organised (identified and configured). Those resources which are interdependent (they contribute to the 
implementation of the primary objective of the network) must be found and allocated.  
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Coordination of logistics processes should be understood as all undertakings which lead to the arrangement 
of actions aiming at moving materials and delivering them in a timely and reliably manner [3,4]. Hence, the 
coordination of logistics processes in distribution networks will mean harmonisation in time and space of 
particular sub-tasks of logistics processes carried out by production and distribution enterprises collaborating 
with one another which aim at: obtaining the highest possible standards of logistics customer service, ensuring 
high efficiency of establishing time relationships in the flow of goods and information, determining principles of 
the use of joint resources. In the literature the network coordination is also described as the multiple 
coordination [5, 6]. It consists of three forms existing independently or interdependently: market one - based 
on the price, hierarchical - based on bureaucracy (structure, system and control level) and social - otherwise 
known as relational, based on trust. The mechanisms of coordination (pricing - the price, bilateral security 
interests, non-pricing - trust, social norms, the style of making decisions and flowing - VMI, QR, CPFR, ECR) 
constitute its key element.  

As far as dominated networks are concerned, it is possible to indicate another model of collaboration than in 
networks of equal partners and the role of the organisation coordinating the network is also different. However, 
constantly having knowledge of disruptions in movements is the problem in the coordination of movements of 
finished products. This knowledge is essential to the reliable implementation of tasks, counteracting disruptions 
or developing the strategy of reaction to events which cannot be counteracted.  

3. KNOWLEDGE ACQUISITION IN THE KNOWLEDGE MANAGEMENT MODEL 

Knowledge is a critical resource for organizations’ competitive advantage [7,8]. Organizations have to create 
new knowledge continuously to maintain their competitive advantage in rapidly changing environments. 
However, knowledge creation is not a process that necessarily creates completely new knowledge but an 
operation that recombines and reorganizes existing knowledge. The knowledge that transfers from knowledge 
sources becomes the raw material in knowledge creation for a recipient organization, and successful 
knowledge transfer is an important driving force in knowledge creation.  

The first stage of knowledge management is knowledge acquisition in the organization and in its environment 
[9, 10, 11]. Information turns into knowledge when it is interpreted and related to a context by its holder. 
Knowledge management in supply network refers to a wide spectrum of issues, including the manner of 
logistics decision making in particular organizations, gaining and processing knowledge about customers, 
organization of transport, the stock control, lead time, as well as identifications of information, accumulation 
and processing the knowledge of disruptions in material flows. Relatively little attention is devoted in the 
research to factors causing deviations from the planned material flows.  

System of logistics knowledge management in distribution network should embrace classic elements, as well 
as identification of sources of logistic knowledge, obtaining information, system of the knowledge acquisition, 
system of the knowledge processing, logistics knowledge base and (constituting the greatest challenge in 
supply network) system of sharing the logistic knowledge and the transfer of logistic knowledge to networks 
partners. Even though intrafirm transfers of knowledge are often laborious, time consuming, and difficult, 
current conceptions treat them as essentially costless and instantaneous. When acknowledged, difficulty is an 
anomaly in the way transfers are modelled rather than a characteristic feature of the transfer itself. One first 
step toward incorporating difficulty in the analysis of knowledge transfer is to recognize that a transfer is not 
an act, as typically modelled, but a process. Acquisition knowledge of disruptions should be the domain of all 
network nodes. The knowledge of disruptions should be gathered in one node which is responsible for the 
coordination of movements of finished products. In dominated distribution networks the flag enterprise is such 
a node. In the concept of knowledge acquisition it was assumed that the flag enterprise of the distribution 
network is at the same time the information and material decoupling point.  
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4. THE FLAG ENTERPRISE AS THE COORDINATOR OF THE DISTRIBUTION NETWORKS OF 
STEEL PRODUCTS - RESEARCH RESULTS 

The first stage of building the management system of the knowledge of disruptions in the distribution network 
is the selection of the flag distributor and identification of his role in the coordination of movements of finished 
products. The coordination of movements in the distribution network is focused on reliable delivery in time and 
place expected by the customer. Hence, the flag enterprise as the coordinator should create conditions to 
carry out tasks smoothly within the framework of processes in the network for which he is responsible. The 
organisation which is the coordinator of the movement of finished products, meeting additional objectives [12]: 
having a strong position in the network, having leadership competence (initiates, manages, consolidates the 
group's activity), creating the network and selecting partners, establishing principles of the network functioning, 
procedures, meeting the objectives of preferential adding nodes to the network (having high relation 
competences), is described as the flag enterprise.  

The distribution networks of steel products in which the research was conducted in the years 2008-2016 are 
dominated networks where flag enterprises being the network coordinator at the same time can be identified. 
Table 1 presents attributes of the flag enterprise allowing to select such an entity from the set of all distributors 
of steel products.  

Table 1 Attributes of the flag enterprise of the distribution network 

Necessary attributes Symbol 

Implementation of logistics processes (storing, transport organisation), implementation of deferred 
production processes 

Proc_sum 

Significant market share in terms of the marketing of steel products by tonnage, estimated by the 
ranking list of distributors of steel products (place in the first 30) 

Place_TLR 

Geographical range of serviced markets, at least domestic Range_ac_P 

Having own distribution network (regional warehouses, subsidiaries) Own_network 

Significant market share in terms of the marketing of steel products by value, estimated by the 
ranking list of distributors of steel products (place in the first 30) 

Place_OLR 

Source: Own study. 

The selection of attributes of the flag enterprise of the distribution network was proceeded by expert studies. 
Experts indicated those organisations which in the years of the Polish steel industry transformation assumed 
the role of coordinators of the distribution network, building the network of logistics partners at the same time. 
Thus a hypothesis was formulated that these organisations are flag enterprises of distribution networks. The 
stage of the exact selection of flag enterprises of distribution networks of steel products consisted of the testing 
stage of necessary attributes in order to include given organisations into the set of flag enterprises and the 
second stage in which sufficient attributes attesting to the strength of the flag enterprises in the distribution 
network were tested. Necessary attributes were used to divide flag enterprises in supply networks of steel 
products into two groups: flag enterprises and other enterprises. On this stage the discrimination function was 
applied. Attributes characterising the flag enterprise distinguished on the basis of the literature study taken into 
account of the discrimination analysis comprise: streams of movement of products by tonnage (in case of flag 
enterprises in the sector of the distribution of steel products they are determined by the qualification of the 
enterprise to the rank list presenting 30 enterprises with the highest marketing of steel products by tonnage 
published by the Polish Union of Steel Distributors, (Place_TLR)), the number of processes carried out in the 
stream of added value (Proc_sum), the impact range of the enterprise (Range_ac_P), the width of own 
distribution network (Own_network), marketing of products according to the rank list of the Polish Union of 
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Steel Distributors (in case of enterprises in the distribution sector of steel products they are determined by the 
qualification of the enterprise to the rank list presenting 30 enterprises with the highest marketing of steel 
products by value published by the Polish Union of Steel Distributors (Place_OLR)).  

The flag enterprise in the distribution network should be characterised by differentiated processes carried out 
in the stream of added value (processes connected with the management of supplies, the organisation of 
transport processes, the differentiation of processes within the deferred production area, the management of 
the logistics and marketing information, etc.), should service differentiated groups of addressees and provide 
versatile range ensuring a large capacity of its own distribution network built through the appropriate situation 
of warehouses and creation of local distribution subsidiaries increasing the market penetration which, as a 
consequence, translates into the stream of moving products in the tonnage view as well as provides high 
turnover of the enterprise [12, 13]. At the same time two views on the market share of distribution enterprises 
were taken into consideration: by tonnage and by value. The first approach emphasize logistics meaning of 
the flag enterprise in the distribution network, while the second one takes into account deferred production 
processes enabling the increase in the added value on the distribution stage. In order to provide the 
correctness of selection of the distribution sector representatives for further research, preliminary qualified as 
flag enterprises of the network (20 enterprises indicated by the group of experts), the discrimination analysis 
on the entire set of distribution companies associated in the Polish Union of Steel Distributors (67 enterprises) 
was carried out.  

The joint meeting of all necessary attributes allowed to qualify the entity to the set of flag enterprises of the 
distribution networks of steel products. It was examined which of the indicated variables (necessary attributes) 
have the largest power of dividing the set into flag distributors and other enterprises. Variables which have the 
largest power of identification of flag network units from the set distribution enterprises are: the range of the 
enterprise's activity (Range_ac_P) and marketing of steel products (Place_OLR).  

5. CONCLUSIONS 

This article has focused on two problems interconnected with each other. The first one concerned the multiple 
coordination and coordinators of the distribution network identified as the flag distributors (the flag enterprise 
of the distribution network). In the distribution network of steel products selected for the research by using the 
discrimination analysis flag distributors were distinguished. The second research problem dealt with the 
conceptualization of the management model of the knowledge on disruptions in distribution networks. Within 
this area the literature study was conducted. Due to the indicated attributes of flag enterprises of the distribution 
networks these are entities which should be central links having such a model and initiating its implementation 
in collaborating organizations. In the adopted objectives the system should include obtaining the knowledge 
of disruptions from all nodes of the network.  

Another step in the presented research concept will be the connection of the problem of obtaining and 
gathering the knowledge of disruptions with the problem of the network coordination by the flag distributor. 
Taking into account documents made available by flag enterprises it can be preliminary assumed that among 
distribution networks of steel products networks in the creation phase and maturity phase prevail. In the 
network preparation phase social forms of coordination dominated. In the phase of creation and consolidation 
market and hierarchical forms began to dominate, while in the maturity phase and developed norms of conduct 
in the network hierarchical norms were reinforced but due to the great significance of informal relations in these 
networks social forms of coordination are still of crucial importance. In networks in the phase of completion of 
collaboration market forms dominate again. These preliminary observations need thorough research both in 
terms of maturity phases of particular networks as well as coordination mechanism and connection of these 
results with the concept of the knowledge management system in the distribution network.  
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Abstract  

The article presents problem of sequencing multiversion car production. An issue of so-called Car Sequencing 
Problem, widely considered in the literature, is discussed. It is noted, that the problem presented by 
researchers is only a reduced problem in comparison with the problem occurring in real automotive production. 
Thus, some assumptions of the proposed approaches are questioned. For the sake of that, first a new 
formulation of sequencing problem is presented. The modified issue includes problems occurring on production 
line equipped with buffers and focuses on determining an order in which cars should be produced. Secondly, 
a new approach to the sequencing problem is proposed. The follow-up production control is suggested as a 
method of multiversion production sequencing.  

Keywords: Sequencing, car production, buffer, multiversion production, CSP, follow-up production control 

1. INTRODUCTION 

Sequencing problem is considered in many fields of science, for example airplanes sequencing [1] or in biology 
- sequencing of DNA [2, 3]. Sequencing problem is often considered also in relation to production processes, 
in which many versions of the same product are manufactured. Sequencing may be considered as short-term 
decision-making process, which aim is to set an order of execution production variants. It is important to meet 
demand for all products, planned under the Master Production Schedule (MPS). The follow-up production 
control can be one of methods intended for sequencing of product variants in multiversion, repetitive 
production. The example of this production type is car manufacturing - body color and equipment for each car 
may be different, which indicates multiversion production. In this case, the purpose of sequencing is mixing of 
car variants in the same process. Regardless of science area, in which the sequencing problem is considered, 
this issue concerns determination of certain order, whether amino acids, or airplanes or products on production 
line. The use of proper sequence is a way to improve the defined Key Performance Indicators of the analyzed 
problem. In the case of the production process it may be, for example, the throughput, the production time or 
the number of changeovers of machines or robots. In this paper sequencing problem is discussed on an 
example of multiversion car manufacturing on a production line equipped with buffers. 

2. CAR SEQUENCING PROBLEM - CASE STUDY 

Car production consists of several steps that are executed one after another, according to specific order. 
During initial phase, steel is provided to a press shop and is used to form individual components of car body, 
such as: doors, floor elements, mask, roof, fenders and others. Next, in a body shop (called Body in White), 
robots and operators weld various parts, supplied from the press shop, to form a right structure of vehicle 
depending on a model of a car. Then car bodies are sent to a paint shop, where they are painted in a required 
color by robots equipped with painting guns. In the last phase of the process, on an assembly line, various 
components (e.g. sunroof, radio, air-conditioning), which form appropriate variant of equipment, are installed 
in a car [4]. The question is which sequence of produced cars should be used (how to organize and plan the 
production) in order to ensure maximum throughput of the production line and offer the largest variety of cars 
(models and equipment). This issue, defined as Car Sequencing Problem (CSP), has been first described by 
Parello et al. in 1986 [5]. The original CSP concerned sequencing cars along an assembly line, in order to 
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install additional components in them. The solution of this problem was to find order of cars, requiring specific 
components, so that workstations capacity was never exceeded. This is due to the fact that each workstation 
is designed to handle a certain percentage of cars passing along an assembly line [4]. 

2.1. Definition of the original CSP 

An instance of the original CSP proposed by Parello et al. is defined by a tuple (V, O, p, q, r), where: 
 V = {v1…vn} is a set of vehicles to be produced, 
 O = {o1…om} is a set of different options, 
 p = {p1…pi}, q = {q1…qi} define the capacity constraint associated with each option oiO; this capacity 

constraint imposes that, for any subsequence of qi consecutive cars on the line, at most pi of them may 
require oi, 

 r = {0,1} defines options requirements, i.e., for each vehicle vjV and for each option oiO, rji = 1 if oi 
must be installed on vj, and rji = 0 otherwise. 

As can be seen, at the beginning the CSP included only problems relating to an assembly line, what was not 
sufficient to meet the requirement of real factories. After a few years, in 2005, it was noticed the need to expand 
the CSP to a problem which includes problems occurring on an assembly line as well as in a paint shop. Thus, 
additional parameters and constraints associated with body painting process were introduced to the primary 
definition of the CSP. The modified problem became a subject in ROADEF'2005 Challenge, organized by the 
French Society of Operations Research and Decision Analysis. 

2.2. Definition of the challenge CSP 

An instance of the challenge CSP based on the tuple proposed by Parello et al., but this instance was extended 
with following parameters and assumptions [4]: 
 OH = {oH1,…,oHm} and OL = {oL1,…,oLl}, OH ⊂ O, OL ⊂ O - two subsets of options were introduced, because 

installation of each option has a different influence on the throughput of an assembly line, 
 C = {c1,…,cd} - a set of colors, 
 B - a batch size limit, 
 σk - a sequence that contains the last k vehicles sequenced during a previous day, 
 wCC, wLPRC, wHPRC - weights for: color changes, low priority and high priority ratio constraint violations, 

where {wCC, wLPRC, wHPRC} is a permutation of {1, 103, 106}, such that wHPRC > wLPRC. 

The cost of a feasible solution was the weighted sum (1) of the number of color changes (NCC), the number 
of high priority ratio constraint violations (NHPRC) and the number of low priority ratio constraint violations 
(NLPRC):  

cost = wCCNCC + wHPRCNHPRC + wLPRC NLPRC            (1) 

Solution of the challenge CSP was to find an arrangement of vehicles in a sequence, thus defining the order 
in which the vehicles pass through an assembly line.  

3. CAR SEQUENCING PROBLEM AND THE REQUIREMENTS OF AUTOMOTIVE INDUSTRY 

Over the years, a lot of algorithms used to solve the original and modified CSP were proposed by researches. 
The solution was sought using both exact approaches, e.g. Constraint Programming [6,7,8], Integer Linear 
Programming [9], Branch and Bound method [10] and heuristic approaches, e.g. Local Search [11], Tabu 
Search [12], Genetic Algorithms [13]. Unfortunately, virtually, none of these proposed methods were suitable 
to solve the industrial Car Sequencing Problem because of the time needed to find the solution. Furthermore, 
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in many cases several aspects, which call into questions the approach to the challenge problem, were not 
taken into account. 

3.1. Questionable assumption of the challenge problem 

Formulation of the challenge CSP was the first step towards approximating the original CSP to the real 
problem. However, analyzing the formula (1) carefully it is not known, how the weights were calculated. But it 
should be clearly explained because a combination of weights has fundamental influence on the obtained 
solution. Furthermore, it should be noted that the weights were not normalized. These aspects raise serious 
doubts about the validity and reliability of the proposed objective function. In addition, even the modified 
approaches, proposed by many scientists, can still not be directly used in industry. Despite taking into account 
additional parameters, related to the paint shop, the challenge CSP was still too simplified in comparison to 
requirements of modern automotive industry, as follows: 

1) One of fundamental problems, which was included neither by Parello et al. nor later, is an assumption 
that a paint shop and an assembly line are treated as a permutation flow system. Thereby determining 
a sequence of cars must be specified before production start, so it is not possible to change the 
sequence during production, what is one of the requirements of today's automotive industry.  

2) It is also important to remark that in the case of the challenge CSP the use of paint system based on 
filling the painting guns with portions of paint was assumed - hence it follows batch size limit. Such 
systems belong to solutions rarely used in the industry.  

3) The painting process takes place in several steps, not as it was assumed in just one - painting on base 
color.  

In summary, the CSP, presented by Parello et al. as well as the more expanded problem are a good example 
of search for solutions to the sequencing problem, but only at the academic level. The solutions to these 
problems are not useful for modern automotive industry, like all used exact and heuristic approaches. 
Consequently, this article proposes a new approach to the problem of car sequencing that reflects to problems 
occurring on an actual production line. This problem has been defined as Car Sequencing Problem with Buffers 
(CSPwB). 

4. CAR SEQUENCING PROBLEM WITH BUFFERS 

Despite the huge amount of research done over the last years, there is still a vast bridge between the methods 
considered in the literature and the current industrial problems. For this reason there are difficulties in direct 
use of these methods in practice. Therefore, it is suggested to modify the CSP in accordance with following 
remarks:  
1) Currently can be observed a move away from Make To Stock production (MTS) to Make To Order 

production (MTO), which requires the use of mechanisms for the sequence changes during production 
and for adaptation sequences to incoming orders. Therefore, structure like buffers are used primarily 
between body shop, paint shop and assembly line, so particular departments are more independent of 
each other. The purpose of buffers is to ensure continuity of production and the ability to change the 
sequence depending on demand. Buffers are also found inside a paint shop in order to become 
independent of individual steps of body painting, so it is necessary to take into account parameters of 
buffer structures. It should be also noted that bodies are painted in several steps: painting on primary 
color, painting on base color and painting on colorless paint (this painting step does not affect the 
sequencing process because there is only one kind of colorless paint). 

2) The most commonly used paint system is a system based on continuous filling the painting guns, so 
there is no batch size limit because the gun is not intended for storing paint, it only serves as an 
intermediate element in painting process. The use of such a system necessitates periodic cleaning of 
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painting guns what should be included in order to optimize painting process. Such cleaning may occur 
for example once a week or even at the end of each work shift. Each cleaning increases consumption 
of both the paint and the paint solvent, which is used to wash painting guns.  

3) Given that car bodies are painted in different colors, an analysis of paint consumption should be 
conducted separately for each color. It is not only important, how many times robots had a changeover, 
as suggested in the Challenge, but also how much paint (remaining in the painting guns) was not used 
because of changeovers and what color was the paint. The analysis should include both the primary 
color and the base color. Conducting such a statistics allows in turn to optimize management of stock 
and production resources and to provide with material requirement planning. 

Taking into account the observations presented above, it is proposed to formulate a new instance for the 
proposed Car Sequencing Problem with Buffers. 

5. PROBLEM FORMULATION 

Table 1 presents input parameters for CSPwB specifying order details, technological constraints in paint shops 
(periodic cleanings) and on assembly line (capacity constraints). 

Table 1 Input parameters  

Order Description Lines/ 
buffers 

Description Technological 
limitations 

Description 

NV Number of vehicles 
subject to sequencing NiBS Maximum number  

of indexes in body shop 
NVPerClnPrPS 

Frequency for 
periodic cleanings 

in primary paint 
shop NP Number of car 

parameters NiPrPS 
Maximum number  

of indexes in primary  
paint shop 

NM Number of possible 
models NiBsPS Maximum number  

of indexes in base paint shop 
NVPerClnBsPS 

Frequency for 
periodic cleanings 
in base paint shop NCf Number of possible 

configuration NiAL Maximum number  
of indexes on assembly line 

NCp Number of possible 
components 

NrBPrCl, 
NcBPrCl 

Dimensions of buffer  
for primary paint shop 

xNPossVLSubS 

Assembly line 
constraints 

defined for each 
component 

NPrCl Number of possible 
primary color 

NrBBsCl, 
NcBBsCl 

Dimensions of buffer  
for base paint shop 

NBsCl Number of possible 
base color 

NrBAL,  

NcBAL 
Dimensions of buffer  

for assembly line 

The proposed cost function is the weighted sum (2) of the total number of cleanings in primary paint shop 
(tnClnPrPS), the total number of cleanings in base paint shop (tnClnBsPS) and the total number of violations 
of assembly line capacity constraints (tnViolAL): 

F = w1tnClnPrPs + w2tnClnBsPs + w3tnViolAL→ min,         (2) 

where {w1, w2, w3 } is a set of weights for sum components.  

As can be see, before solving the problem weights in function (2) should be appropriately chosen, what is a 
subject of future research. The solution to CSPwB is to find not one sequence but six: an input/output sequence 
into the buffer for primary color, an input/output sequence into the buffer for base color and an input/output 
sequence into the buffer for assembly line. The division into six sequences ensures that individual departments 
are independent of each other. To find these sequences, it is proposed to use the follow-up production control. 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

244 

6. FOLLOW-UP PRODUCTION CONTROL 

The follow-up production control (FUPPC) [14] is one of the methods that can be used for ongoing decision 
making in the paint shop. These decisions concern tasks (sequences) which are assigned to execution at the 
time of completion of tasks performed previously. In the FUPPC method each order for a production system 
appears at the beginning of a certain current period of operational planning and contains a process ID, which 
informs about the tasks to be performed. In the analyzed process, the order contains information about the 
number of cars and color, on which they should be painted. In addition, in the variant of the FUPPC, intended 
for sequencing, future orders are determined together with forecasts of time of arrival to the system and 
planned due times. In the event of overcapacity of the paint shop, the load-planning algorithm may transfer a 
part of the orders to later periods. It can be interpreted as division of production orders or their parts into smaller 
orders. Car bodies that are assigned to these orders, need to be kept in a buffer, located before the paint shop.  

The follow-up production scheduling (FUPPS) method is a local algorithm in a hierarchical production control 
system. It is intended for current generation of executive plans implemented in a paint shop in such a way that 
these plans follow-up the operational plans, coming from the coordination unit of the system. Calculation of 
load planes is an operational planning, while executive planning is generated by the follow-up production 
scheduling. The decisions of the FUPPS method are based on the state of the algorithm, which consists of 
previously taken decisions and the state of arrears in the implementation of the operational plans by the 
executive plans. The arrears are cumulative differences between these plans in subsequent periods of 
executive planning. The operational plans are introduced with a regular period, which is a multiple of the 
executive planning period. The FUPPS algorithm works in a feedback system analogous to a tracking system, 
whereby operational plans act as target values, executive plans act as follow-up values. In the analyzed 
process the operational plans are production orders. Every reading of the operational plans causes an increase 
of a backlog (the number of car bodies to be painted). The subsequent executive plans generated by FUPPS 
algorithm reduce these backlogs. In general case, the FUPPS algorithm, which operates at the end of working 
period or during downtime of production cells, makes a current decision, whether to work or stop. Due to the 
nature of production process, carried out in the paint shop, only a decision to work should be excepted. 
Stoppage will be permitted in the absence of sufficient number of production orders. In the case of work, it is 
a decision on a sequence of car bodies to be painted. 

Due to the main purpose of the current control of the paint shop, it may seem that the decision to work should 
always be made when there are any backlogs in the implementation of the operational plans and the length of 
the sequence should be as large as possible. The batch size of the individual color in a sequence should be 
equal to the arrears. The paintng process can be conducted in smaller batches, but it should be noted that 
color change is a time-consuming and coslty process, therefore the size of a batch should be carefully selected.  

In the process of making a decision on the sequence for current working period (how many car bodies, what 
colors, what orders) following priority rules can be used:  

 LPT - Longest Processing Time, 

 SPT - Shortest Processing Time, 

 FIFO - First In - First Out, 

 LIFO - Last In - First Out. 

Applaying these rules to the proposed sequencing problem requires some modifications in accordance with 
following: the LPT rule selects the color for which the number of car bodies in the buffer is the largest; the SPT 
rule specifies the color for wich the number of car bodies in the buffer is the smallest; the FIFO rule chooses 
the color for which the number of car bodies in the buffer at the earliest reaches the threshold of backlogs, the 
LIFO rule determines this color to execution for which the number of car bodies in the buffer at the lates 
reaches the threshold of backlogs 
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7. CONCLUSIONS 

The Car Sequencing Problem, widely considered in the literature, is only a simplification of problem occurring 
in automotive industry. The expansion of the CSP to a real problem requires inclusion of many parameters 
and access to actual data, based on which the studies can be carried out. A new formulation of the original 
Car Sequencing Problem is introduced in the article. This problem has been defined as Car Sequencing 
Problem with Buffers (CSPwB). It is necessary to use different sequencing methods to solve the proposed real 
problem. The articles presents the possibility of using the follow-up production control to find appropriate order 
of cars.  
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Abstract 

Stocks are the most important elements of the logistic process at each stage of the manufacturing company's 
operation, e.g. supply, manufacturing and distribution. They allow efficient flow of materials and may also play 
an important role in the case of risk and uncertainty.  

The aim of article is to presents modified method based on the Economic Optimal Quantity (EOQ) to optimize 
moving stock volume in the manufacturing company. The article also considers the necessity of incremental 
order to make use of a price discount for specific raw materials/components. The results of the research are 
presented on the basis of data from a company from the metallurgical sector. 

Keywords: Optimization, moving stock, price discount, Economic Optimal Quantity 

1. SUPPLIES MANAGEMENT 

Inventories are a very important part of the business and they are "material goods stored in larger quantities 
than they would be from current needs" to be used appropriately when needed. According to Stanislaw 
Krawczyk [1, 2], the concept of stock is closely related to storage, since stocks are stored goods. Storage is a 
stored quantity of something whose size is greater than the demand at a given moment. H. K. Compton and 
D. Jessop formally invent stocks [3, 4]. According to them, it is "a set of all the materials, as well as the goods 
and services that are used in the company whether purchased, delivered or created on the spot." 

Inventory management consists of the following processes: planning, organization, and execution and control 
of stages whose flow rate is zero. These processes depend on the rules adopted in the flow of information and 
goods between entities that take part in flows or the separation of their flows into dependent and independent 
demand. Entities operate irrespective of each other (independently), and information is exchanged by nearby 
links, leading to the fact that the demand data goes to everyone, for example in the form of an order [5-9]. 

Inventories are also tangible and in-house assets are used for their own needs, converted into finished goods 
or purchased for further resale. Turnover assets are raw materials, semi-finished products, finished products 
and goods [3]. 

Inventories are expressed in units of natural, valuable and time units. In places where a great variety of 
materials exist, wages are expressed in unit of time. This is to ensure continuity and a better assessment of 
the degree of uniformity of production [8, 9]. 

Inventories in economic terms are influenced by decision variables such as volume of supplies in terms of 
quantity and temporal delivery cycle. The delivery cycle is the delivery time that is necessary to set the time 
limit for placing an order [5, 7]. 

One of the basic stock management objectives is strive to cover independent demand properly through 
optimization of the level of created rotating stock. The element of great importance is the methodological 
approach towards risk limitation [1]. Each of gathered stock, material or commodity may take part in two 
different situations, such as: it takes part in disposals and incomes or it does not show any rotation. Rotating 
stock is commonly used both in production and sales and it should ensure proper functioning of an enterprise. 
It has to be highlighted that the rotating stock is mainly connected with consumption (demand), which has 
regular character, as well as with deliveries, which are to cover current and planned (forecasted) demand on 
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particular assortment. Practical experience indicates that its renewal uses informative level and interim review.  
[2,3]. 

2. OPTIMIZATION OF THE ROTATION STOCK - CASE STUDY 

The purpose of the research was to modify the method based on the Economic Optimal Quantity (EOQ) to 
optimize moving stock volume in the manufacturing company. In research also considers the necessity of 
incremental order to make use of a discount price for specific raw materials / components. This study uses the 
data (Table 1) from an enterprise focused on production and sales of metallurgical goods. Due to limited 
possibility of data publishing details allowing to identify the enterprise have been omitted.  

Table 1 The factsheet of data connected with supply of a chosen metallurgical enterprise   

No. Raw 
material’s 

Name Unit Weekly 
demand 

Unit price 
[euro] 

Value 
[euro] 

1. S1 high strenght low alloy steel Sheet 40 155.50 6220.00 

2. S2 steel for laser cut Sheet 85 76.00 6460.00 

3. S3 steel for pressure vessel and boilers Sheet 25 208.50 5212.50 

4. S4 steel for gas containers Sheet 33 145.95 4816.35 

5. S5 high carbon steel Sheet 50 100.25 5012.50 

6. S6 weldable steel, fine-grained, normalized Sheet 35 162.84 5699.40 

7. S7 steel for enamelling Sheet 73 55.64 4061.72 

8. S8 steel for pipe production Sheet 38 115.39 4384.82 

9. S9 steel for cold processing and deep rolling Sheet 53 85.30 4520.90 

10. S10 construction steel Sheet 103 53.45 5505.35 

Meanwhile information was received that the sost related to one delivery (order) equals 350 euro, and rate of 
annual unit cost of stock maintenance equals r% = 26% of purchase price. 

In the literature quite a lot of methods may be found due to which the volume of demand can be defined, taking 
into consideration various and proper factors for certain cases [10,11]. In this optimization of rotating stock a 
classic method of order amount optimization was used, which is based on minimization of overall cost of the 
rotating stock complement and maintenance, and the formula looks as follows [12]: 

KZC= SKUzZR + ZKUzZR + SKUtZR + ZKUtZR                                         (1)  

where: 

SKUzZR - fixed costs connected with rotating stock complement, 
ZKUzZr - variable costs connected with rotating stock complement, 
SKUtZR - fixed costs connected with rotating stock maintenance,  
ZKUtZR - variable costs connected with rotating stock maintenance. 

In chosen methods of rotating stock optimization with appliance of Economic Volume of order in accordance 
with suggestions of the literature on subject [11] a few initial assumptions were made such as:  

 Level of order’s volume, which does not influence significantly on fixed elements of stock costs function 
of the rotating stock not influencing the result of optimization,  

 The independent variable is the volume of order,  
 The function of the rotating stock cost KZR may be presented by this dependence:  
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            (2) 
 
where: 
WZ - order’s volume,  
PPo  - volume of demand in considered period of time,  
ku - cost of order and one delivery that results from it,  
C - unit price of particular assortment,  
r% - rate of stock maintenance cost.  
is minimal because the first derivative to volume of order equals zero (appearance of extremum as 
necessary condition). It has to be highlighted that the level of delivery volume is the same as the level of 
order.  

In the following stage of own studies optimization of the rotating stock cost was performer in situation when 
demand is unequally spread in chosen periods of evaluation. In this case the chosen periods will be quarter, 
which is three months, as it was stated that planned demand in these periods spreads quite unequally during 
the year:  

 volume of demand in I quarter: 15% of annual demand; 
 volume of demand in II quarter: 20% of annual demand; 
 volume of demand in III quarter: 30% of annual demand  
 volume of demand in II quarter: 35% of annual demand. 

In the first instance the amount of planned demand was calculated PP for particular year (Figure 1 - column 
D) multiplying demand by number of weeks in year, which is 52. Next the volume of planned demand was 
estimated in each quarter PPI, PPII, PPIII i PPIV (Figure 1 - columns from G to J).   

 

Figure 1 Estimation of demand volume in the following quarters 

oPPKZR = SKUzZR + ku   + SKUtZR + r% C 0,5 WZ
WZ
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Applying slightly modified Wilson’s formula:  

              (3) 
      

Where: 
PPk - volume of planned demand in each quarter (k = I, II, II or IV); 
kui - cost connected with order, i.e. one delivery of one assortment  
Ci - unit price of particular assortment,  

Economical volume of order has been defined EWZk for four quarters (k = I, II, II or IV). The gathered results 
were presented on Figure 2 - in columns K, L, M and N. 

The volume of quarter unit cost of stock maintenance rate r%k with the assumption that between four quarters 
there are no significant differences in conditions and at the same time in stock maintenance cost - annual unit 
cost of stock maintenance rate value was divided r% equals 26% (0.26) of purchase price by four, i.e. r%k = 
6.5% (0.065) (cell F15 - Figure 1).  

Cost connected with one delivery service (order) kui equals 350 euro. Volume of overall rotsting stock costs 
for each of four quarters KZRk (k = I, II, II or IV) was calculated according to the relation: 

                  (4) 

The obtained results KRZk are presented on Figure 2 - in columns O, P, Q i R. 

 

Figure 2 Optimization of volume of rotating stock costs based on EWZ calculated in particular quarters  

The volume of overall costs of rotating stock for each of four quarters ΣKZRk estimated in cells O12, P12, Q12 
i R12 (Figure 2) were the basis for calculating the overall rotating stock cost in particular year KZRC: 

KZRC= ΣKZRCI+ ΣKZRCII+ ΣKZRCIII+ ΣKZRCIV        (5) 

k
k i k i k
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PPKZR =  ku + r% C 0,5 EWZ
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On the basis of obtained results of calculations it was stated that the volumes of overall rotating stock cost in 
particular year KZRC  taking account of diversity of demand equals 68985.39 euro (cell O13 - Figure 2).  

To compare a following situation should be considered in which for each of raw material (from S1 ... S10) same 
value was estimated EWZi (formula 1).  

That is why to calculate EWZi the following relation was used:  

           (6) 
where: 
PPi - volume of demand on particular assortment in evaluated year,  
kui - cost connected with order, i.e. one delivery of one assortment,  
Ci - unit cost of particular assortment,  
r% - rate of stock maintenance cost.  

The results of assessment of economical order volume for every assortment (S1.. S10) were presented in 
column K (Figure 3). Volume of overall rotating stock costs for every of each quarter KZRk* (k = I, II, II or IV) 
was calculated according to the relation: 

        (7) 

Obtained results KRZk* were presented on Figure 3 in columns L, M, N i O. Volume of overall rotating stock 
costs for every of each quarter ΣKZRk* estimated in cells L33, M33, N33 i O33 (Figure 3) were the basis for 
calculating the volume of overall rotating stock cost in particular year KZRC*: 

KZRC*= ΣKZRCI*+ ΣKZRCII*+ ΣKZRCIII*+ ΣKZRCIV*                    (8) 

It was stated that the volume of overall rotating stock cost in particular year KZRC* not including diversity of 
demand in evaluated quarters equals 69899.59 euro (cell L34 - Figure 3), and it is by 914.20 euro higher that 
including diversity of demand.   

 

Figure 3 Optimization of volume of rotating stock costs based on EWZ calculated within whole year  
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Figure 3 (Continued) Optimization of volume of rotating stock costs based on EWZ calculated within whole 
year  

3. CONCLUSION 

In the turbulently changing environment enterprises are forced to search for the most effective methods of 
process optimization [13]. Stock management is the basic role of an enterprise. Proper steering of storage flow 
and management constitutes the foundation of effective management e.g. of production plant in a way that 
allows to gain previously set goal, which may include minimization of costs. As the research results showed 
the optimization of rotating stock volume in unequally spread demand may be done on the basis of evaluation 
of order’s economical volume. The example presented in the article may act as a tool to optimize stocks in 
conditions of unequal demand.  
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Abstract 

The aim of the article is to demonstrate that logistics costs are a basic measure of the quantity and efficiency 
of logistics processes, and therefore their precise identification and detailed analysis are important. Logistics 
costs have a major impact on the overall performance of an of the enterprise's economic activity and on 
shaping the final financial result that determines the level of value added.  

The issue of logistics costs is one of the most difficult and complex problems, resulting from the extensive and 
blurred structure of these costs and the difficulty in identification. Moreover, logistics cost definitions are 
numerous and ambiguous, they appear in various aspects, and are used in any way that impedes their 
identification and analysis. However, due to the growing share of logistics costs in total enterprise costs and 
their role in gaining and retaining a competitive position, they need to be identified, understood and structured. 

Keywords: Logistics costs, cost sources, logistics cost structure, physical flows 

1. INTRODUCTION 

This article aims to demonstrate that logistics costs are a basic quantity measure of the efficiency and 
modernity of logistics processes, and therefore their precise identification and detailed analysis are important. 
Logistics costs have a major impact on the overall business performance of a company, shaping its final 
financial performance that determines the generated level of added value (Ficoń K., 2001., Ficoń K., 2004., 
Ficoń K., 2008., Kumar S., Wilson J. 2009, pp. 143-162). 

The problem of logistics costs is one of the most difficult and complex issues, resulting from the extensive and 
vague structure of these costs and the difficulty of identifying them (J. Twaróg, 2003, K. Ficoń, 2001). What is 
more, definitions of logistics costs are many and they contradict each other, appearing in different aspects and 
being applied as one sees fit (J. Twaróg, 2003, P. Blaik, 2010), which impedes their identification and analysis. 
However, due to the growing share of logistics costs in total enterprise costs and their role in gaining and 
retaining a competitive position, they need to be identified, understood and structured. 

Logistics costs are directly attributable to the effectiveness of internal logistics processes in the company, and 
are analyzed in a broader external market context, between the individual business counterparts of the 
company. The share of logistics costs in the overall costs structure of the company is significant. Their level 
varies depending on the industry in which the company operates. Excessive logistics costs significantly reduce 
profits and negatively affect competitiveness. 

To sum up, costs of logistics processes are characterized by: 

 dispersion among many groups of costs according to traditional cross-sections 
 high and often increasing share of total costs, 
 variation of size in particular periods, 
 separation of responsibility for the development of these costs on many organizational units, 
 effort in determining the size of these costs. 
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2. THE ESSENCE OF LOGISTICS COSTS 

Cost analysis is one of the elements of the decision-making process, including the decisions regarding the 
offer of logistics services and products. Such decisions require analyzing customer needs, the system of 
logistics and, on that basis, determining the global costs and the costs and prices of individual 
products/services (T. Pirttila, J. Huiskonen, 1996, p. 45). 

According to the Accounting Act, costs are the probable reduction in economic benefits of a reliably determined 
value in the form of a decrease in the value of an asset or an increase in the value of obligations and reserves 
that will lead to a decrease in equity or an increase in its deficit other than withdrawal by shareholders or 
owners (Accounting Act 2015, Journal of Laws 2013 item. 330). Costs are the main criterion for choosing the 
company's decisions and they are referred to as money-expressed, intentional consumption of fixed capital, 
equipment, intangible assets, materials, energy, fuel. Costs also include expenses that do not reflect the 
consumption of inputs, and are incurred in relation to the normal business activity of a given unit of an 
enterprise which results in useful products/services (J Matuszewicz, 2000). 

Like J. Twaróg, K. Ficoń believes that logistics costs make it possible to evaluate the efficiency of modern 
logistics management methods and concludes that separating them among other costs is extremely difficult 
due to: 
 excessive coherence of processes, causing administrative and organizational obstacles to clearly 

identifying only the costs associated with the logistics activities of the company, 
 complex logistics cost structure and interrelations within it do not allow for their calculation according to 

individual divisions (K. Ficoń, 2001, p. 351; Twarog J., 2003). 

The difficulties with identifying logistics costs are confirmed by P. Blaik in his reflections, according to which 
there is a lack of regular and comprehensive analysis of this cost group in Poland. The reason for this is the 
level of sophistication of information systems used by companies that rely on outdated accounting methods 
and does not provide the right information for quality logistics professionals (Blaik P., 2010). The difficulty in 
identifying logistics costs in other countries are discussed, inter alia, by F. Straube H-C. Pfohl (F.Straube, H-
C Pfohl, 2008, pp. 48-49), R.Z. Farahani (R.Z. Farahani, N. Asgari, H. Davarzani, 2009, p. 60) czy Q. Dianwei 
(Q. Dianwei, 2006, p. 592), who point to the problems in this area. Almost each of the authors considering the 
subject at hand believes that the separation of logistics costs is hampered by the fact they are nested too well 
in the entirety of recorded costs and that without accurate identification it becomes impossible to assess the 
efficiency of the logistics system. Traditional accounting methods used in companies constitute the main barrier 
to determining logistics costs. These methods provide the necessary information that covers the financial 
activities of the whole company, but they do not solve the problems of modern logistics. The task of the logistics 
system is to ensure the highest level of coordination of logistical processes and optimal use of available 
resources, which influences the development of logistics costs that should be controlled (B.Slusarczyk, S. Kot, 
2013, pp. 7-11). 

The problem of identifying, interpreting and analyzing the costs of logistics processes is evident especially in 
the context of the definitions contained in the literature. According to K. Ficoń, logistics costs - as well as the 
costs of other economic processes - cover many different components, including mainly financial, material, 
time-related and personal expenses (Ficoń K., 2008, p. 255). M. Kufel believes that logistics costs form a 
specific category of costs, reflecting the monetary nature of the company's material consumption due to 
planning, implementation and control beyond the technological processes of time and space displacement of 
all forms of materials (M. Kufel, 1990). According to J. Kwejt, logistics costs should include: planned logistics 
costs (transportation of supplies, production, maintenance and aging of inventories and loans, etc.), unplanned 
logistics costs (maintenance of excessive inventories and loans, etc.), losses due to faulty material 
management (J. Kwejt, 1982). M. Nowicka - Skowron states that logistics costs are financially determined 
expenditures to accomplish logistics tasks (M. Nowicka-Skowron, 2000, p. 90). B. Szałek believes that logistics 
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costs include direct costs (transportation, warehousing, stocking, handling, communication) and indirect, fixed 
and variable costs, production and distribution costs, material and immaterial costs, costs of logistical 
elaboration, logistics-entrusted undertakings, and strictly logistics costs (B. Szałek, Logistyka 1994, p. 163). 
Cz. Skowronek assumes logistics costs to be the money-expressed use of live labor, work means and items, 
financial expenses and other negative consequences of extraordinary events caused by the flow of material 
goods (raw materials, materials, goods, products) in the company and between companies, and also stock 
maintenance (Skowronek Cz., 1999, p. 3). 

The importance of logistics costs in business operations is determined by the fact that the account of these 
costs is the basis of important business decisions. Measurable costs generally expressed in financial terms 
are analytical materials for working out both short-term operational or tactical decisions as well as far-reaching 
strategic decisions. 

3. THE STRUCTURE OF LOGISTICS COSTS 

Logistics costs are mainly due to the need to handle physical material flows and the information flows that 
accompany them - see Figure 1. 

 

Figure 1 The structure of logistics costs 

Execution of flows results in specific costs associated with the logistics sphere of the company, which has a 
large impact on its economy and naturally reduces its profit. Implementing efficient flows in the logistics sphere 
requires: 
 large capital in the form of fixed assets that build up the company's logistics infrastructure (production 

and administrative buildings, storage buildings, equipment and means of transportation, information 
processing systems, etc.) 

 employing appropriate staff to handle physical processes of material flows and of information and 
decision streams, 

 accumulation and maintenance of appropriate material stocks, which condition the stability of economic 
activity, and the proper continuity and appropriate intensity of logistical processes (Ficoń K., 2001., Ficoń 
K., 2004., Ficoń K., 2008). 

Projects shown in Figure 2 involve financial costs that are proportional to the intensity and scale of the 
company's logistics activity, plus the need to involve specific capital and investment inputs and the necessary 
human resources to handle logistics processes. 

The costs of logistics processes are primarily the costs of physical flows and the accompanying information 
flows, as well as depreciation costs of fixed assets and personnel costs of handling these processes.  
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Figure 2 Costs associated with the structure of physical processes 

4. COSTS OF LOGISTICS FLOWS 

Logistics costs are most often expressed in practical terms and can be presented in various information cross-
sections, according to various classification criteria. The logistics costs of the logistics processes must be 
based on credible data demonstrating the actual expenditure incurred over a specified period of time and 
should be calculated according to a uniform financial system (quantitative one). The most important practical 
significance are the so-called. structural cross-sections of logistics costs such as those based on logistics 
phases (places) of origin, those based on logistics processes, those based on wear factor or those based on 
the criterion of relative cost stability. 

 
Figure 3 The structure of the system of physical flow costs 

The costs of physical flows are related to the movement of all kinds of material goods that are involved in the 
logistical processes of a business. Material logistics processes generate the following costs: costs of supply 
phase (raw materials, materials, semi-finished products), costs of production phase (materials, parts and 
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components, intermediates), costs of distribution phase (semi-finished products, finished products, goods) 
costs of waste phase (finished producs, materials, recyclables).  

In general, the logistics costs of physical flows in a company should be considered in the system of internal 
flows within the enterprise, as the costs of the storage, production and waste phase, external flows connecting 
the enterprise to the market environment as supply, distribution and return costs. The structure and volume of 
physical flows directly determine the costs of the flow of material goods in a company. These, meanwhile, 
belong to the internal costs class and are determined by: the size of the technical infrastructure of physical 
flows, the involvement of labor resources in the flow processes, consumption of consumables in transportation 
and storage processes, additional charges and other financial obligations. 

The size of global physical flow costs is a complex function made up of a number of variables and sub-costs, 
where the most important are the depreciation costs of fixed assets involved in logistics processes, labor costs 
along with logistics overheads, technical and material consumption costs, fuel and energy costs, costs of 
external services such as transportation, storage, fixed costs, e.g. taxes, insurance. 

Physical flow costs are a predominant component of overall logistics costs, and therefore their minimization 
reduces the overall costs proportionally and thus increases the profitability of the business. At the same time, 
these are costs with well-defined origins and established financial parameters, so optimizing activities are 
strictly defined and rationally justified. 

5. CONCLUSION 

Logistics processes condition the running of a business in time and space, and the cost of their implementation 
has a significant impact on the company's overall financial performance. The execution of logistics processes 
is an inherent part of the business activity of any company and is an important factor shaping its economy and 
its ability to operate an active competitive strategy. New possibilities in this respect are offered by 
parameterization of the cost of risk of logistics processes. 

In traditional accounting and reporting systems, the costs of logistics processes - although important 
determinants of corporate profitability - are very broad and inaccurate. The difficulty of strict accounting of 
logistics costs is due to their very complex nature and large dispersion in various enterprise accounting 
systems. Running a strict logistics cost accounting is hampered by an extensive spectrum of objective and 
subjective, procedural and random, as well as historical and economic factors, as evidenced by many 
publications in the field of logistics (Ficoń K. 2008., Nowicka-Skowron M. 2000., Kristianto Y. 2010, Kull T. 
2008, Kumar S., Wilson J. 2009, Lambert D. (red) 2006, Lee H., Tang C. S. 1997, Janssen M., Feenstra R. 
2010, Celik N., Lee S., Vasudeavan K., Son J. 2010 , Chan H., Wang W., Luong L., Chan F. 2009, Chen Y., 
Lin Ch. 2008, Chopra S., Meindl P., 2007, Chopra S., Sodh M. S., 2004, Chopra S., Reinhardt G., Mohan U. 
2007, Christopher M., Towil D., 2005, Christopher M., Lee H., 2004, Christpher M., Peck H., 2004), as well as 
the research study in question. 

The costs associated with logistics processes should be sought mainly in fixed assets constituting substantial 
assets in the form of buildings and storage facilities, transportation means, auxiliary machinery and equipment, 
technical equipment and specialized telecommunications infrastructure, which constitute the logistics 
infrastructure of the company. Material stocks of fixed assets in the form of supplies, raw materials, semi-
finished products and production stocks, such as production in progress or semi-finished products, as well as 
goods and finished products, are also an important source in this regard. A very large cost group is the 
workforce that generates personnel costs and associated overheads, plus variable costs that arise from the 
implementation of production processes. 

Maintaining the highest possible rate of economic turnover is determined primarily by the efficiency of logistics 
flows of material goods and information streams. In turn, the higher the efficiency of logistics processes, the 
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lower the cost of their operation. In this sense, the unambiguously identified costs of logistics processes can 
determine the economic efficiency of the logistics activity and the efficiency of the logistics processes that 
serve it. 

The research conducted by the author shows that not all expenses incurred in the company are properly 
qualified, i.e. they are not associated with costs caused by risk factors. These costs, instead of increasing the 
profit and loss account items, stem instead from the lack of proper identification of such items as the cost of 
products sold, the value of goods and materials sold, and the cost of products, goods and materials sold. In 
addition, the costs of risk factors can be sought in the cost of sales, general administrative expenses, i.e. gross 
profit (loss) on sales. 

Developing a costing model enables more accurate estimation, levelling or reduction of costs to an acceptable 
level, thus translating into net profit. This is of particular importance in the implementation of logistics processes 
since this sphere of operation of production companies is mostly associated almost exclusively with costs. 

Key separation areas of production companies cannot be analyzed separately. This is important in the 
decision-making process, the correctness of which depends on a comprehensive perspective of the problem 
at hand. 

The costs of logistics processes have a decisive influence on the economic performance of the business, 
which is why their precise identification and analysis must be conducted very reliably, using modern economic 
methods such as the AWZR model (E. Kulińska, 2011). 

In the case of complex and inaccurate systems of logistics cost classification, with great dynamics and large 
dispersion, the current logistics costs and the creation of risk registers are crucial. Accounting for logistics 
costs is a very powerful basis for dynamic control of the development of these costs, both in cross-sectional 
areas as well as in particular time periods, and also by place of origin. There must be a parallel record of the 
costs incurred in accordance with the established estimate. Monitoring logistics costs rationalizes the cost 
management strategy, which in turn should reduce logistics costs. It should be noted that the goal of logistics 
is to find a logistical process management strategy that minimizes global costs by maintaining a certain level 
of customer service. The theory of logistics costs and the problem of their minimization is the primary task of 
logistics managers in the process of planning and organizing logistics supply chains, both in the company as 
a whole and in all phases of that company’s business operation.  
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Abstract  

This article will try to define which type of cost calculation will help generating the highest economic value by 
the supply chain in a situation in which a steel-making company is facing a decrease of market demand. In 
such a situation, production and sales of the company are decreasing in time. This leads to an increase in 
fixed cost assigned to products. In a standard situation, the company will try to increase the selling price of 
such products to cover the fixed cost increase but in our situation the market will not allow it. Some products 
can now generate negative profitability and the company may decide to stop selling them for the price that the 
market allows, because it seems that they are generating loss. This will lead to further decrease of production 
and again, an increase of fixed cost for products. This spiral makes the situation worse and worse. To avoid 
such a development, the company must change its approach to job cost calculation. Methodology must be 
changed in a way which will support accepting all jobs that will help cover the fixed cost in the maximum 
possible amount. This approach will ensure that the supply chain will generate in this complicated situation the 
highest possible economic value. This is one of the necessary measures that can make the company one of 
the final market survivors.  

Keywords: Supply chain; cost calculation  

1. INTRODUCTION  

One of the objectives of business activity is achieving profit. To maximize the profit and economic value 
generated by its supply chain, a production plant needs to know the profitability of its products. On the basis 
of this information, different commercial, production and logistic strategies are employed for individual 
products. The goal is to focus on production and sale of the most profitable products. To determine profitability, 
it is necessary to know the selling price on one side and production costs on the other side. Cost calculation 
then consists of two main parts, variable costs, which depend on the volume of production, and fixed costs, 
whose volume remains unchanged when the volume of production changes, or changes in steps when certain 
levels of production growth are reached. The other group is logistic costs incurred from a specific job. [1] 

2. EVALUATION OF PROFITABILITY OF JOBS USING CALCULATIONS 

Plan calculations for pricing - their objective is to provide a basis for establishing of an optimal selling price 
of products, which will generate the required level of profit. These calculations are done for individual types of 
products and subsequently compared to their regular selling price on the market. On the basis of this 
comparison, the appropriate marketing strategy is determined, alternatively, the established selling price is 
adjusted to a level that the customer accepts. 

Job calculations - these are calculated for specific jobs with the goal of determining their profitability. They 
are based on plan calculations of products for pricing and they add logistic costs incurred directly from the job. 
Based on them, the commercial department decides on the acceptance or rejection of the job. 
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When calculating plan calculations of products, a company normally bases them on their production plan. 
Calculation of unit costs is based on appraisal of consumption in the bill of materials of the individual products 
according to their plan prices. On the basis of the planned volume of production the total variable costs of 
individual products and the total fixed costs of the production plant are defined and then these are allocated to 
individual products. The result is plan calculations of costs of individual products per unit of production. In the 
case of plan calculations for pricing, the target selling price is established by adding the desired profit figure, 
alternatively, the selling price is set by the market and the levels of cost or profit are established. In the case 
of job calculations, the planned costs of a product are increased by the logistic costs of a specific job. Total 
costs calculated this way are then compared to the selling price of this job [2]. 

3. ECONOMIC IMPACTS OF DECREASE OF DEMAND 

Decrease of demand for a single product 
In a situation when demand for a single product starts to decrease, its price starts to drop as well as a result 
of the market mechanism. Such product will start to exhibit lower margin of profit and the company will start 
prioritizing production of other products. In the ideal case, the company will manage to compensate for the 
lower volume of production of the problematic product by selling other products and the calculated fixed costs 
remain unchanged. In this case, the above stated calculations work correctly and help the company focus on 
profitable production and maximize the value generated by the supply chain. 

Decrease of overall demand for multiple products of the company 
A more severe situation arises when the company has to face decreasing demand across its entire product 
range. In such situation, it is not possible to compensate for the decrease of the selling prices and volume of 
sale by increasing the sale of other products from the portfolio. The amount of the produced and sold products 
then decreases absolutely and consequentially leads to an increase of unit fixed costs. 

If the company uses total fixed costs established, for example, on the basis of an annual plan, for plan 
calculations of its products, the calculated profitability of products will decrease in the short term only on the 
basis of decrease of the selling price. In the moment when an update (decrease) of the sold volume in plan 
calculations occurs, the calculated the unit fixed costs increase. Here, the company can react to a bad market 
situation by reducing its fixed costs across the entire supply chain, but the principle of fixed costs does not 
allow them to be reduced evenly with decreasing production. This is when products start becoming less 
profitable not only because of the decreasing selling price but also because of increasing unit fixed costs.[3] 

If the company does not adjust the decision-making process of accepting jobs in this situation, the ones that 
become less profitable or unprofitable because of increasing the unit fixed costs may start getting rejected. 
However, the company is not capable of compensating for this decrease of sale by selling other products, 
because the demand is decreasing for the entire product range. As a result, this situation leads to further 
increase of unit fixed costs. It is then apparent, that if the company does not react and change its methodology 
of establishing job and pricing calculations, it will get stuck in a spiral which, because of decreasing economic 
value generated by the supply chain, eventually brings the company to a loss-making, its available funds will 
decrease and if the situation on the market does not improve quickly, this can all lead even to the extinction of 
the company. 

4. JOB CALCULATIONS IN A SITUATION OF DECREASING MARKET DEMAND 

There are two types of decrease of market demand, permanent and temporary. In the case of permanent 
decrease, the company assumes that there will no longer be any increase of demand in the future. In such 
situation, the only option is to find products that customers demand, make the necessary investments to adjust 
the supply chain and adjust the production portfolio [4]. When the company assumes the decrease is only 
temporary, it is necessary to adopt such measures that, until demand is renewed, the company minimizes its 
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losses and thus the outflow of available funds. This relates mainly to reducing overall costs across the supply 
chain and variabilization of the fixed costs. However, it is advisable also to adjust the process of assessment 
of individual jobs and the methodology of calculation of job and plan calculations for pricing decisions. 

4.1 Contribution margin and profit as a criterion for accepting jobs 

When an unprofitable job cannot be compensated for with a more profitable one, it is advisable to change the 
assessment criterion for assessment of individual jobs. An appropriate indicator in this situation is the 
contribution margin and profit. It tells us what amount the job will contribute to help covering the existing fixed 
costs of the supply chain or profit after it covers the variable costs incurred from its production. Even after 
variabilization of fixed costs a certain part of them will remain constant irrespective of the production. Accepting 
jobs with a positive contribution margin has a positive effect on the financial results [3]. 

4.2 Plan calculations for pricing at the level of standard fixed costs 

Another way to react to an overall decrease of sale and production as a result of decrease of demand is to use 
standard fixed costs per unit of production. These are based on the assumption that calculations should include 
such fixed costs that reflect standard use of the production capacities in the sector under consideration. On 
the basis of available information about utilization of production capacities of the competitors and after factoring 
in the market situation in the sector under consideration, the company establishes the standard level of 
utilization of production capacity and allocates its fixed costs to this level of production. The unused production 
capacities then no longer affect the increase of the unit fixed costs and thus the decrease of profitability of 
individual jobs in job calculations. 

On the basis of calculations with standard unit fixed costs, even in a situation of temporary decrease of 
demand, the company can keep using job calculations as a means for rejection of such jobs that would, even 
in a situation of normal (standard) level of production, be unprofitable. If this approach were used by all 
competitors on the market, it would lead to an increase in the selling price of the products, whose price does 
not correspond with the standard production costs, because no manufacturer would be willing to produce them 
for the low selling price. 

5. EXAMPLE OF TYPICAL BEHAVIOR OF COMPANIES IN A SITUATION OF DECREASING 
MARKET DEMAND 

In practice, companies react to decreasing market demand gradually. Examples of behavior of companies 
given below are based on the situation on the market of pipe manufacturers for the oil industry following the 
outbreak of the oil crisis: 

• Identification of the problem situation 
Following the outbreak of the oil crisis, a significant decrease of new projects for oil wells and oil pipelines 
occurred. For this reason, the demand for pipes for oil wells and pipelines decreased dramatically, which 
led to a decrease of the selling price of these products. In the first step, companies started to reject these 
jobs because they generated loss in job calculations. Companies tried to focus on a different product 
range. However, it did not fully compensate for the decrease of demand for oil pipes, and this led to a 
decrease of utilization of the production capacity and to an increase of the unit fixed costs across their 
entire product range. The majority of companies reported losses and this created pressure to reduce fixed 
costs across the logistic process. However, even all the adopted cost saving measures did not cover the 
decrease of production and the companies still remained unprofitable. 

• An attempt to minimize outflow of financial resources 
In this situation managers of the companies realized, that every job which has a positive contribution will 
contribute to covering of fixed costs and thus reduce the outflow of available funds. What is limiting here 
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is a situation when, because of unprofitable jobs, the fixed costs would have to be increased significantly, 
i.e. for example increase of shift working by hiring new workers. The decision then was to stabilize 
production at a certain level and prioritize jobs that are still profitable and fill the remaining available 
capacity with unprofitable jobs that generate contribution margins as high as possible. In this situation, 
the supply exceeds the demand and the selling prices reach a level which, in a normal situation, none of 
the manufacturers would accept and the supply chain becomes ineffective in the long term. However, in 
a situation where the companies are fighting for survival, they have to accept even these low selling 
prices.[3] 

• Identification of standard fixed costs 
When the situation on the market slowly starts improving, what occurs first is an increase of demand. The 
company sees an opportunity to increase shift working and utilization of its production capacity. However, 
if the company management does not identify the essence of the market situation in time, the company 
can still accept jobs generating only the contribution margin and, to cover for the increased demand, it will 
hire new workers and increase shift working. However, very soon it will find that increasing utilization of 
production capacity and the increased volume of production do not yield the expected profit, because the 
prices of jobs are still at a low critical level. At this moment, it is advisable to start using calculations with 
standard the unit fixed costs as the criterion for accepting jobs and to only accept those jobs that would 
yield profit in the standard market situation. By rejecting unprofitable jobs, their selling price will increase 
and they will gradually start returning to their normal level.[5] 

• Stabilization of the market 
As soon as an increase of the selling prices occurs and demand returns to the standard level, companies 
will start generating a standard level of profit and their utilization of the production capacities will return to 
the standard levels. To maximize the value generated by the supply chain, it is advisable that the company 
again starts using plan calculations with the unit fixed costs based on the level of utilization of the 
production capacities corresponding to the standard level of demand as the criterion for making decisions 
on accepting jobs.  

6. CONCLUSION 

From the above we can conclude that for the company to maximize the economic value generated by the 
supply chain, it is necessary to change the criterion for making decisions on accepting jobs according to the 
current situation on the market. In the case of stabilized market, it is advisable to use calculations with 
distribution of fixed costs, which are based on the level of utilization of production capacities at the level of the 
company plan. In a situation of temporary dramatic decrease of the market demand, it is advisable, along with 
optimization of costs of the logistic process, to use for assessment of acceptance of jobs the contribution 
margin and profit.[6] Thanks to this, the company will achieve the best possible economic result and minimize 
outflow of available funds. Once the situation on the market starts improving, it is advisable to use calculations 
at the level of standard unit fixed costs, which will create natural pressure on growth of selling prices of 
products, whose prices dropped below the level, where their production is profitable. As soon as the market 
situation stabilizes, it is advisable to start using calculations with the level of the unit fixed costs corresponding 
to the company plan again. Changes of methodology of establishing plan calculations for pricing according to 
the current situation on the market thus allow the company to be making the product range that maximizes the 
economic value generated by the supply chain at all times. 
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Abstract: 

People are met with waiting in queues every day. They wait in queues in shops, at gas stations, elevators etc. 
It does not have to be only people, it can also be planes circling around an airport waiting to land, machines 
waiting to be repaired, cargo trucks waiting to be loaded etc. The problem of queue management tends to be 
complicated, because the scope of provision of services of various types grows quickly. The goal of these 
problems is establishment of an appropriate level of services. The method that enables solving these types of 
problems is called queueing theory. 

The goal of the article will be to implement optimization of cargo truck loading and to identify how much money 
a company can save by the eventual acceleration of loading.  

Keywords: Optimization, queueing theory, truck loading 

1. INTRODUCTION 

Distribution of goods by cargo trucks is a typical situation during which provision of services occurs. On the 
one hand, demand for services is not constant, fluctuation in certain periods occurs (e.g. queue of cars at the 
beginning and at the end of a shift). In addition, unpredictable changes of demand also occur. On the other 
hand, the time of service may change due to special requests of those who request the service [1]. As a result, 
it is difficult to satisfy a request immediately after its emergence, especially during peak hours. 

The only way to satisfy requests immediately at all times is to build a service capacity so high that it always 
satisfies the peak demand. It is typically very expensive to build, operate and maintain service facilities so that 
they always satisfy all requests as soon as they emerge. It is very costly to keep changing and adapting the 
service capacity to emerging requests [2]. Service systems are designed so that their capacity is lower than 
the peak demand. Whenever the demand exceeds the capacity, a queue is created. This means that 
customers will not receive the service immediately after requesting it and they will have to wait. In other cases, 
service units will have idle time. With a high service capacity, customers will not wait long, but the service units 
will often be unused and their costs will be high. With a lower and less costly service capacity, idle time will be 
lower but customers will have to wait longer [3]. 

Management of services is a truly complicated process. If the management wants to satisfy the customer, it is 
very expensive and sometimes not even possible to satisfy everyone immediately at all times [4]. The 
management strives to find the appropriate level of services [5]. The theory for these problems is called 
queueing theory. 

2. INDICATORS OF PERFORMANCE IN MODELS WITH QUEUES 

When evaluating variants of service, indicators of performance are used especially if we are monitoring costs. 
These indicators are calculated from three input variables: 

λ - average rate of arrivals, 

μ - average rate of service, 

K - number of service units. 
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Indicators of performance: 

Average time W - time spent by the customer in the system - waiting for service: 

푊 =  
 

=  
 (  )

           (1) 

Average duration of waiting in queue Wq - the average duration the customer spends waiting in queue before 
they start being served:  

푊 =  
( )

=  
( )

          (2) 

Probability of inactivity of service facility P(0) - the probability that there will be no customer in the system 
(facility will be inactive): 

푃 (0) = 1 −  = 1 −  휑          (3) 

Probability of activity of the system Pw - this probability is identical to the probability that the system will not be 
inactive, that is: 

푃 = 1 − 푃(0) =  =  휑          (4) 

There are many more indicators of performance of queues, these are sufficient for solving the given problem. 

3. CALCULATING COSTS OF SYSTEMS WITH QUEUES 

In certain situations, it is possible to evaluate costs of waiting in monetary units. This is done on the basis of 
total costs TC, which consist of two components: costs of service facility CF and total costs of waiting customers 
CW. 

TC = CF + CW            (5) 

Costs are established in one of two ways. Either as “costs per unit of time” or “costs per served customer”. 

Cw = W λC = LC           (6) 

W - average time per customer in the system 

C - costs of waiting per customer per unit of time  

L - average number of customers in the system 

CF - these are made up of both fixed and variable costs. Annual fixed costs (taxes, depreciations and 
insurance) and variable (hourly) costs must be converted to the same units of time that are used in the equation 
(6) so that both cost components can be added together. Costs of service facility can be evaluated per hour 
(50 CZK per hour), per served customer (500 CZK per customer) or per unit of service capacity (300 CZK per 
every customer that can be served). 

4. OPTIMIZATION OF CARGO TRUCK LOADING 

A company distributes its production by cargo trucks. An average duration of loading is 20 minutes per truck. 
Cargo trucks come in at an average rate of 2 trucks per hour. The management feels that the existing loading 
facility is more than satisfactory. However, drivers complain that they have to spend more than 50% of their 
time by waiting. The goal is to identify how much money the company can save by accelerating loading, when 
the truck waiting costs are 30 euros per hour. The working time is 8 hours. 
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λ = 2 

μ = 3 (20-minute service means 3 per hour) 

After substitution into the formula (4), the probability of waiting in queue is: 

푃 = 1 − 푃(0) =  
휆
휇

=  
2
3

= 0.667 ∗ 100 = 66.7% 

complaints of drivers are therefore justified. According to the formula (2), the average waiting time of drivers 
in queue is: 

푊 =  
휆

휇(휇 − 휆)
=

2
3 ∗ (3 − 2)

=  
2
3

ℎ푟. =  40 푚푖푛푢푡푒푠 

there are 16 loading operations (2*8) per day 

푊 =  
휆

휇(휇 − 휆)
=

2 ∗ 16
3 ∗ (3 − 2)

=  10.67 ℎ푟푠. 푝푒푟 푑푎푦 

The total costs according to the formula (5) are: 

TC = 10.67*30 = 320 euros 

Hence the company should consider suitable variants that would reduce costs. For example, implementation 
of an automated facility that is able to serve 10 trucks per hour for 200 euros per day of operation compared 
with the existing facility.  

then 

푊 =  
휆

휇(휇 − 휆)
=

2
10 ∗ (10 − 2)

=  0.025 ℎ푟푠. =  1.5 푚푖푛푢푡푒푠 

there are 16 loading operations (2*8) per day 

푊 =  
휆

휇(휇 − 휆)
=

2 ∗ 16
10 ∗ (10 − 2)

=  0.40 ℎ푟푠. 푝푒푟 푑푎푦 

The total costs according to the formula (5) are: 

TC = 0.40*30 = 12 euros 

The total daily savings are: 

320 - (200 + 12) = 108 euros 

For clarity, all is shown in the following table: 

Table 1 Comparison of costs of truck loading 

System 

Costs of 
service 

facility CF 
(euros) 

Costs of waiting 
Total costs 
(euros/hr.) 

Total costs 
(euros/day) λ 푊  C (euros) CW (euros) 

Current - 2 0.667 30 40 40 320 

Automated 200 per day 
(25 per hr.) 2 0.025 30 1.50 26.50 212 
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The Table 1 clearly illustrates that implementing the given automated system of service will result in saving of 
costs and reduction of waiting times spent in queue.  

5. CONCLUSION 

The queueing theory is a tool that is used mainly to calculate indicators of a service system. The management 
uses this information to design a system of service and to improve its functioning. The main cause of 
occurrence of queues even in cases, when the average rate of service is greater than the average rate of 
arrival, is that both rates fluctuate in an unpredictable manner. This results in temporary changes in both the 
rate of arrival and the rate of service. This leads to unutilized capacity in certain periods of time and waiting in 
other periods of time. 
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Abstract 

The world literature experiences the deficit of scientific publications illustrating the problems of humanitarian 
logistics from the perspective of regional association. Thus, the article refers to infrastructural aspects of 
humanitarian logistics development that are characterized by regional convergence. The unification of 
activities requires a wide scope of investments. The précised preparation, efficient reaction as well as effective 
reconstruction plays a key role in undertaken activities. Infrastructure determinants refers to transportation 
systems, energy policy, ecological aspects and general logistics ratios. Therefore, the research problem 
consists of two questions. The first one is: what kind of infrastructural determinants have an impact on 
humanitarian logistics development? The second question is: what is the role of the regional community during 
natural disasters? The methodology of the article consists of a multivariate data analysis. The results underline 
the role of coordinated, integrated and internationalized humanitarian supply chain that is configured at the 
regional level in ASEAN.  

Keywords: Humanitarian logistics, infrastructure, determinants, development 

1. INTRODUCTION 

The purpose of this paper is to present infrastructural determinants of humanitarian logistics development. The 
objects of analysis are ten countries that are members of ASEAN Community. The methodology of the article 
consists of a multivariate data analysis that has been visualized in a two-dimensional space on the basis of 
the variation in time (2007-2015). There are two main reasons for choosing the particular region. The first one 
confirms that a localization in the Pacific Ring of Fire area determines higher number and intensity of natural 
disasters in the field of material, people and economic losses [1]. The second one is associated with integrated, 
coordinated and internationalized logistics operations carried out at the community level. ASEAN is the very 
first region that cover up humanitarian actions across boarders. 

Considering the above facts, the author formulated the research problem: what kind of infrastructural 
determinants have an impact on humanitarian logistics development? Furthermore, what is the role of the 
regional community during natural disasters? 

Firstly, the world literature experiences the deficit of scientific publications illustrating the problems of 
humanitarian logistics from the perspective of regional association. The existing publications and articles 
discuss primarily the role of the State in the undertaken activities, or characterize the fragmented operations 
carried out by individual units [2][3]. In case of the government sector the approach taken is limited to one of 
the factors of humanitarian logistics convergence [4], i.e. crisis management, which takes the form of just 
forcing the development of activities and processes to be performed in the course of particular humanitarian 
logistics phases in the situation of disasters. 

Hence, both humanitarian organizations and the government sector take a fragmented approach to the overall 
problem of humanitarian logistics along with the humanitarian supply chain, which results in a significant 
number of gaps and inconsistencies in the carried out activities [2][3]. The coordination of all undertaken 
humanitarian actions requires an excellently developed and thus effective supply chain, which should be 
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defined as the coordinated network of entities involved in providing humanitarian aid, mutually related by 
certain feedbacks and permanent information flow, which create value in the form of products and services of 
exclusively humanitarian nature [4]. 

2. FINDINGS 

Humanitarian logistics operations depend on the legislation in force in a given area, the regional culture as 
well as the available infrastructure and the level of economic development. It aims at its unification based on 
logistics processes and activities. Approaching all entities, engaged in providing aid, as equal participants of a 
humanitarian supply chain and taking their needs and possibilities into account in crisis oriented planning as 
well as the undertaken activities remain the crucial and indispensable aspects having direct impact on the 
effectiveness of carried out activities. Therefore, the involvement of the regional association and public sector 
in the cooperation with private sector results in the reduction of the occurring disasters’ effects [2, 4].  

The harmonization of activities performed by particular entities, systems’ monitoring, data measurement, risk 
analysis, preparing plans and potential scenarios altogether result in a more effective cooperation and safety 
improvement. Coordination, integration and internationalization remain fundamental within the framework of 
humanitarian supply chain in order to minimize the effects of disasters [4, 5]. The humanitarian logistics 
development means progress in processes associated with improvement and modernization of institutions, 
economy, social aspects, IT and infrastructure. All of this groups are defined by particular indicators that 
compose the comprehensive research. 

The uncertainty of time, place and type of disasters occurrence creates the problem of the reserved resources 
quantity, available to eliminate their effects. Putting each time a human being in the centre of all logistics and 
humanitarian analyses and defining tasks based on local and regional determinants results from 
internationalization which influences the efficient elimination of natural disasters’ effects in diverse areas. The 
development of logistics humanitarian processes and assigning adequate owners coming from the respective 
regional, public and private sectors exerts impact on effective cooperation and coordination of the carried out 
logistics operations [5]. 

Therefore, infrastructural aspects of humanitarian logistics development are characterized by convergence. 
The unification of activities requires a wide scope of investments. The précised preparation, efficient reaction 
as well as effective reconstruction plays a key role in undertaken activities. Hence, a modern technology 
adaptation and structural regeneration of infrastructure raises the levels of development [4]. Moreover, a fully 
prepared society for natural disasters’ consequences has an adequate framework. Its modernization is a key 
determinant of humanitarian supply chain configuration. An advanced road, rail, air and maritime transport 
systems are responsible for the entire infrastructure development [6]. Thus, an effective usage of trucks, planes 
and boats (both river and sea) should be adapted in natural disasters’ prevention, reaction and reconstruction. 
What is more, container transport that is associated with a high level of investments represents a potential for 
effective relief distribution. Especially, that it represents involvement in a global economy.  

Infrastructural determinants of humanitarian logistics development are also correlated with broadly defined 
energy. It is absolutely a very critical source of financial and material losses [7]. An energy intensity of the 
modern economy demonstrates a higher levels of primary energy consumption. Therefore, it results in higher 
energy costs for the particular country. Besides, sustainable development policy is correlated with exploitation 
of renewable energy. It should be important factor for humanitarian logistics processes due to involvement of 
the local communities. All the more so ecological determinants are an external aspect of humanitarian supply 
chain creation [3].  

Furthermore, effectiveness of that chain as well as infrastructural efficiency is associated with electricity 
production. It determines a long term development that cover logistics operations during natural disasters. 
Early-warning systems and two-way communication in real time require a wide access to electricity. However, 
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all the IT aspects should be analysed as the informational and social determinants of humanitarian logistics 
development rather than infrastructural.  

Another justified aspect are greenhouse emissions. They may increase an intensiveness and number of 
cataclysms [8], therefore should be included in the further analysis. The last feature informs about operations 
efficiency and performance. The level of infrastructure connectivity among countries of the association affects 
the global network connection. Though, a flexible and efficient activities involve natural disasters’ prevention, 
reaction and reconstruction. 

Considering the above facts, eleven ratios have been chosen for the infrastructural determinants analysis. 
These are: share of concrete roads in % (CONC_ROAD), number of trucks per 1,000 people (TRUCKS), 
freight air transport in t / km (AIR_TRANS), container transport in TEU (CONT_TRANS), electricity production 
in kWh (ELECT_PROD), level of primary energy consumption in % (PRIM_ENCONS), renewable energy 
consumption in % (RENEW_EN), greenhouse gas emissions in kt (GGAS_EM), Logistics Performance Index 
(LPI), Linear Shipping Connectivity Index (LSCI) and total infrastructure quality (INFRA_QUAL).  

Author of this article used R language in RStudio software with package ‘smacof’. It provides a 
multidimensional scaling based on stress minimization by means of majorization [9]. The procedure consists 
of data collection, variable normalization, distance estimate for objects as well as two-dimensional (2D) and 
three-dimensional (3D) scaling if necessary. Due to the length restrictions of the article two first steps will not 
be presented. Respectively, it is necessary to display a scatter plot in the 2D space (Figure 1).  

 

Figure 1 Scatter plot in the 2D space 

Groups of similar objects (States in a particular years of analysis) may be distinguished. Ipso facto, Cambodia, 
Lao PDR and Myanmar are in a one group of humanitarian logistics development in the infrastructural aspect. 
These are the countries that are characterized by undeveloped economy, high level of central planning, low 
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intensity of innovations as well as low quality of transportation systems. Moreover, the natural disasters’ 
negative consequences are higher than in other part of the ASEAN Community.  

The rest of the States represents their own individual level of development. Singapore, Brunei Darussalam, 
Malaysia, Philippines, Thailand, Vietnam and Indonesia are in the separate groups. The three first countries 
are highly developed States on the basis of economy (Malaysia is located between highly developed and 
developing level). The high intensity of innovations, connection to the global transportation network (Singapore, 
Kuala Lumpur) and extensive investments determine infrastructure quality in the means of humanitarian 
logistics.  

Nevertheless, geographical determinants of ASEAN Community as well as natural disasters’ impacts make 
the logistics operations difficult. Philippines, Thailand and Indonesia represents developing countries that have 
to cover infrastructural investments problems. Such situation has enormous repercussions on the humanitarian 
supply chain activities. Another country whose economy becomes more open recently is Vietnam. Thus, the 
modernization of transportation systems as well as critical infrastructure investments are being gradually 
conducted. It results in logistics operations effectiveness. 

However, grouping States into the similar classes is not a sufficient activity in that method. There is a necessity 
to interpret a correlation ratio for both dimensions (Table 1). Such interpretation indicates significance and 
importance of the particular variables. 

Table 1 Two-dimensional correlation ratio 

Variable name \ Dimension Dimension 1 Dimension 2 

CONC_ROAD 0.88893213 0.193700515 

TRUCKS 0.83533265 0.170721856 

AIR_TRANS 0.79312367 0.153804072 

CONT_TRANS 0.85916413 -0004655502 

ELECT_PROD 0.48491621 -0.757668077 

PRIM_ENCONS -0.13783915 0.454272715 

RENEW_EN -0.90994954 -0.179007538 

GGAS_EM 0.01690002 0.801098940 

LPI 0.94211692 0.042110339 

LSCI 0.88186202 -0.060594107 

INFRA_QUAL 0.76395514 0.332855600 

Therefore, the first dimension is associated with variables: CONC_ROAD, TRUCKS, AIR_TRANS, 
CONT_TRANS, RENEW_EN, LPI, LSCI and INFRA_QUAL. It represents transport, energy independence and 
general logistics aspects. The higher value of this dimension means higher level of humanitarian logistics 
development in the field of transportation system as well as level of autarky. Singapore and Malaysia are 
absolute leaders in ASEAN Community. Next in order are Thailand, Brunei Darussalam, Indonesia since 2009 
and Vietnam since 2011. Philippines and Vietnam (between 2007 - 2010) have an average level of 
development in that field while Cambodia, Lao PDR and Myanmar are decisively underdeveloped. 

The second dimension refers to the variables: PRIM_ENCONS, ELECT_PROD and GGAS_EM. It indicates 
energy policy and environment attitudes. A better position in this dimension is associated with efficient policy 
and sustainable exploitation of resources. Thus, Brunei Darussalam leads the ASEAN Community with 
Singapore, Philippines and Lao PDR on the next places. These countries’ policies enter the sustainable 
development paths according to the second dimension of infrastructural determinants of humanitarian logistics. 
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An extensive energy and environment policy is domain of Myanmar, Cambodia, Malaysia, Vietnam and 
Thailand. The lowest quality levels of that dimension belongs to Indonesia. Therefore, the characterized States 
are more likely to increase an intensiveness of natural disasters’ consequences.  

The three-dimensional scaling may also be prepared in order to group ASEAN countries. However, it does not 
change the interpretation presented above. Groups are quite similar as in the two-dimension scatter plot. 
Furthermore, the meaning of variables (Table 2) is almost identical due to the mirror reflection of the first 
dimension. So it refers to transport, energy independence and general logistics aspects. The second one 
indicates only PRIM_ENCONS variable, while the third one ELECT_PROD and GGAS_EM. Thus, the efficient 
policy and sustainable development has been split. If we take it to consider in a wider context it does not 
explain infrastructural determinants of humanitarian logistics more. Therefore, the three- and more-
dimensional scaling processes are unnecessary. 

Table 2 Three-dimensional correlation ratio 

Variable name \ Dimension Dimension 1 Dimension 2 Dimension 3 

CONC_ROAD 0.890326569 0.07850642 -0.14586623 

TRUCKS 0.834601798 0.03895035 -0.19756748 

AIR_TRANS 0.784349400 0.38271502 0.07849175 

CONT_TRANS 0.856423696 0.29132572 0.21919784 

ELECT_PROD 0.501699826 -0.52536305 0.66389067 

PRIM_ENCONS -0.138622070 0.91081275 0.21544773 

RENEW_EN -0.909138193 0.02440886 0.26549866 

GGAS_EM 0.001838753 0.47039519 -0.81074530 

LPI 0.940110946 0.15095573 0.04267814 

LSCI 0.881991253 0.13614678 0.16430737 

INFRA_QUAL 0.756608826 0.28301549 -0.28300857 

3. CONCLUSION 

The standardization of procedures and logistics operations at the regional level in ASEAN is an evidence of 
coordinated, integrated and internationalized humanitarian supply chain. Its external determinants have an 
enormous impact on the humanitarian logistics development both at the country and regional level. The multi-
dimensional compounds of infrastructural determinants indicate the stage of that development in the fields of 
transportation systems, sustainable development and energy policy as well as general logistics aspects.  

Mutual cooperation of all entities involved in disaster relief distribution within highly developed, developing and 
underdeveloped countries on the basis of economy is possible through the regional humanitarian supply chain. 
A noticeable progression of the presented determinants in the particular States advocates a convergence 
processes. Therefore, a further analysis should be prepared. Logistics convergence in humanitarian supply 
chain [4] is a theory that may explain ASEANs effectiveness in disaster relief operations.  

The set of the presented variables define the role and the potential of infrastructural determinants. Obviously, 
they should be independent and flexible within countries and global economy. However, some special 
geographic and / or cultural determinants should also be included. That is why, author has excluded indicators 
defining the level and quality of rail transportation system due to the lack of the data in several States. However, 
omitting the missing data did not produce an unbiased estimate. 
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To conclude, higher levels of infrastructural determinants remains the vital component to eliminate the gap in 
mutual cooperation, transportation systems quality and connectivity as well as to the defragmented logistics 
operations during natural disasters. Humanitarian logistics is not a chance only, it is also the requirement which 
should be fundamental for the developed activities, scenarios, plans and policies.  

REFERENCES 
[1] EM-DAT The International Disaster Database. Centre for Research on the Epidemiology of Disasters - CRED, 

http://www.emdat.be/  

[2] PAZIRANDEH, A. Sourcing in global health supply chains for developing countries: Literature review and a 
decision making framework. International Journal of Physical Distribution and Logistics Management, 2011, vol. 
41, no. 4, pp. 364-384. 

[3] KESSLER, M. Logistics Network Design in Africa. Integrating Aid Flows and National Self Supply. Berne: Haupt 
Publisher, 2013. 

[4] MARCINKOWSKI, J.M., Japanese and American approach to humanitarian logistics in natural disasters’ 
prevention. LogForum, 2017, vol. 13, no. 2, pp. 171-182. 

[5] DAUD, M.S.M., HUSSEIN, M.Z.S.M., NASIR, M.E., ABDULLAH, R., KASSIM, R., SULIMAN, M.S., SALUDIN, 
M.R. Humanitarian Logistics and Its Challenges: The Literature Review. International Journal of Supply Chain 
Management, 2016, vol. 5, no. 3, pp. 107-110. 

[6] GOŁEMBSKA, E., SZYMCZAK, M. Logistyka międzynarodowa. Warszawa: Polskie Wydawnictwo Ekonomiczne 
PWE, 2004, pp. 73-75. 

[7] WorldRiskReport 2016. Berlin, Bonn: Bündnis Entwicklung Hilft and UNU-EHS. 
[8] THOMAS, V., LOPEZ, R. Global Increase in Climate-Related Disasters. ADB Economics Working Paper Series 

No. 466, Manila: Asian Development Bank, 2015. 
[9] MAIR, P., DE LEEUW, J. Multidimensional Scaling Using Majorization: SMACOF in R. Journal of Statistical 

Software, 2009, vol. 31, no. 3, pp. 1-30. 
  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

275 

SUPPLY CHAIN OF PRODUCT-SERVICE SOLUTIONS - CASE STUDY 

MATUSEK Mirosław1  

Silesian University of Technology, Faculty of Organisation and Management, Institute of Management, 
Administration and Logistics, Zabrze, Poland, EU, mmatusek@polsl.pl 

Abstract 

The main purpose of the paper is identify the key actions of servitising manufacturers in the supply chain 
market business-to-business context. The chosen method for this paper is an explorative, in-depth, single case 
study. It adopts a case study in the product-service supply network of multinational company operates in in the 
field of industrial automation and dedicated IT solutions for its products. It was assumed that due to the growing 
range of services offering by producers and the increased role of interaction with intermediaries, competitors 
and customers, one can specifies activities that are crucial for them. At the end of the paper, the conclusions 
in terms of the theoretical contributions and managerial implications are presented. 

Keywords: Supply chain, services, case study 

1. INTRODUCTION 

For several decades in business practice and management field, the growth trend of specialisation of 
enterprises has been observed. As a result, there is a need for access to resources available to outside 
companies. Academics, using the resource-based view, stressing the importance of and the need to focus on 
the key resources and competencies. [1, 2, 3] The nature of servitisation dictates that it is mainly used by 
organisations that supply complex, long-life products that require through-life support.[4] Manufacturers, 
suppliers, intermediaries and customers are mutually connected by three levels: actors, their activities and 
resources.[5, 6] In place of the individual transactions, the focus has moved towards a relational exchange 
(co-creating value) and building long-lasting business relationships.[7] This trend is consistent with the 
characteristics of the phenomenon of servitisation. In general, the concept of servitisation is understood as an 
increase in the share of services in the structure of the researched phenomenon. [8] In manufacturing 
companies, servitisation is the development and delivery of innovative solutions through integrating the goods 
and services. The manufacturing company moves from exchanging goods with the customer toward delivering 
solutions. It can be said that this allows companies to try to gain competitive advantage not through low cost 
or distinctive quality, but by changing product and market strategy [9] and creating a more sustainable 
approach to business [e.g. 1, 10, 11, 12]. As a result, companies are able to provide customers with a broader 
range of offerings, increased sales revenues and increased profitability. [13]  

Studying the phenomenon of changing the business model of manufacturers towards service-oriented 
business is still at an early stage and requires further effort to know it. [13] The cognitive gap results for at least 
three reasons. First, knowing the essence and defining what (industrial) services are, as opposed to goods, is 
still insufficient. In addition, the use of theories and techniques already developed in “pure” service industries 
(such as banking, commerce, healthcare, etc.) directly to industrial services is often impossible to apply. 
Manufacturers of industrial goods, to transform themselves into suppliers of servitised products (integrating 
goods and services into solutions) must face the challenge of choosing the right manner of delivery. Secondly, 
research into the transformation of manufacturing companies towards service dominant logic focuses primarily 
on changes within the organisation. It examines configurations such as organisational culture, human 
resources management, organisational structure, information systems and decision-making processes.[14] 
However, the transformation from goods dominant logic to services dominant logic requires changes both 
within the organisation and external relationships with suppliers, customers or competitors.[6, 8, 15] Supply 
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chain literature suggests closer coordination between its actors and a greater degree of integration of the 
supply chain.[e.g. 6, 16 ] Ellram et al. (2004) suggest that the differences in the delivery of solutions already 
require specific supply chain management strategies. Unfortunately, research into the integration of supply 
chains of goods and services is often carried out separately for them. [18] 

In this paper is assumed that the phenomenon of servitisation affects the structure of the supply chain. Due to 
the growing range of services offered by manufacturers and the growing role of interaction with intermediaries, 
competitors and customers, it is possible to identify key processes within supply chains for servitised products.  

Hence, the main research question in this article is: what are the key activities of manufacturers on the path of 
service provision in the business-to-business (B2B) supply chain in categories such as the content of the 
proposed offer to customers and the operations and processes required to deliver the product or market 
services? 

In the rest of the article the research design and sample was described (section 2). The case study findings 
are in section 3. In section 4. analysis of the results obtained were presented. Implications for logistics filed 
and practice as well as the limitations of this research are discussed in Conclusion, too. 

2. RESEARCH DESIGN AND SAMPLE 

A case study, one of the qualitative scientific research methods was selected for the research. This case study 
is an empirical inference that affects the phenomenon in its natural context, especially when the boundary 
between the case study and its context can not be uniquely defined. [19] In the literature, the case studies are 
perceived as an attractive method for solving problems in the field of economics, business theory, strategic 
management, organisational culture, decision making, networking, strategic marketing and international 
management. In this case, qualitative research provides an empirical, in-depth insight into the structure of the 
global supply chain in the context of the servitisation phenomenon. The case study is well suited to research 
in new areas and/or in the case of unrecognised areas of knowledge about the complex phenomenon (herein, 
the phenomenon of servitisation and a global network of enterprises consisting of many entities). As 
emphasised in the literature, the choice of a qualitative approach is not due to the researcher's preferences. 
The use of this method should be based on the nature of the research questions raised. R. Yin (2013, p. 10) 
recommends using the case study method in situations where it is necessary to find answers to exploratory 
questions, such as "how" and "why". In the research described, the research question was formulated as: what 
key actions on the manufacturer's side are implemented within the structure of the global supply chain of 
servitised products? 

Case study was performed through semi-structured interviews. Then, on the occasion of the annual partner 
meetings, a workshop was organised to verify and supplement the data collected during previous interviews. 
Semi-structured interviews were used as the main method of data collection (n = 12). However, other sources 
of data such as workshops, source documents provided by the company, and information on the official 
website of the investigated company and intermediaries were used to validate the data collected to ensure the 
reliability of the study. 

Respondents were selected on the basis of their role in the company. Informants included the employees 
responsible for new products and services development, sales and marketing, establishing and developing 
partnerships with suppliers/distributors and other intermediaries in the supply chain.  

The informants were mainly managers (n = 8) but also workers at operational level (n = 4). The interviews 
focused on topics such as internationalisation, sales and marketing, customer relationship management and 
collaboration with intermediaries. The interviews focused on the characterisation of the product and service 
offerings offered by the company, their authorised distributors and dealers and the forms of their cooperation 
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in practice. They were also asked to identify factors that would favour and impede cooperation with 
intermediaries. The time of interviews ranged from 1 hour to 2 hours. 

3. CASE FINDINGS  

The company is a manufacturer of industrial automation and IT solutions. In addition, the company is a leading 
global supplier of industry solutions for drive technology, control and software. The scope of services provided 
by the surveyed company includes: sales, technical advice, technical support 24/7, management of install base 
projects, implementation of comprehensive production systems, customer and partnerships training at both 
primary and advanced levels. Its services and products are delivered to more than 80 countries around the 
world. The company employs around 22,000 employees, its annual revenue for 2014 was 6.62 billion U.S. 
dollars (with a net income of over 800 million U.S. dollars). The manufacturer's customers are manufacturing 
and service companies from various industries. To list but a few, they include: heavy industry, transport, food 
and catering, pulp and paper, electronics, telecommunications, automotive, pharmaceutical and medical 
technologies. Its production facilities include, inter alia, in USA, Mexico, China, Poland. In Poland, it has two 
production sites, a software development centre, a technical support centre, a financial service, a sales and 
service centre. 

In order to meet individual customer requirements, the company actively develops a network of relationships 
with partners whose role is to support the broadening of the offer through their capacities and competencies 
in various industries and the possession of technological know-how. To this end, various affiliate programs 
were developed and implemented. They support the creation of enterprise networks that participate in the 
development and delivery of servitised products. Delivered servitised products help customers increase 
productivity, support innovation and sustainability. By developing an affiliate program, a company can offer a 
wide range of solutions, create conditions for easier access to knowledge (for himself, and for their partners 
and customers) and improving customer business results. The multipartner network of focus firm consists of: 
1. strategic alliances, 2. sales and supply companies, and 3. companies providing additional products and 
technologies. Below is a brief description of their characteristics. 

Strategic partners form four companies (leaders in the global market in their respective industries), covering 
the following areas: 1. IT networks, 2. instrumentation for process measurement (control and measurement 
equipment), 3. software, information and IT technologies, and 4 Physical IT infrastructure. Such partner 
configurations allow you to integrate your competencies into the solutions offered, including intelligent 
solutions, Internet things, data security, convergence of telematics networks, cloud computing, Big Data 
analysis, virtualisation and mobility. Developed customer solutions contribute to their development through 
initiatives so-called as “Industrie 4.0” (in Europe) and Smart Manufacturing Leadership Coalition (in USA). In 
this way, customers receive value in the form of "Time to Market," improving and optimising financial 
performance, improving product life-cycle, improving productive processes, remotely solving problems 
(optimising travel costs), and improving overall equipment effectiveness (OEE).  

Original Equipment Manufacturer (OEM) partners is a network of manufacturers of machines and production 
lines and their instrumentation. The researched company is expanding its offer by accessing innovative 
machinery and equipment that can be easily integrated into existing production operations. The company 
works with many OEMs around the world who design (also together with the researched company), create and 
deliver innovative tools and solutions that deliver value to customers. 

The developed system of co-operation with OEMs in the course of its development imposes the need to give 
the partners a proper rating (status). Each OEM is assigned a status from "Supplier", through "Participant" to 
"OEM Partner". The latter are the most committed in OEM-vendor relationships, using the products of the 
investigated company as part of their product portfolio. 
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Another group of partners are companies that provide additional products and technologies. This category of 
suppliers provides products that extend and/or improve the solutions provided by the investigated company. 
This allows you to combine the technical and commercial resources of your researched business with your 
partners, while creating a path for information exchange and the development of new solutions. Partnering 
with a co-operation program must meet several key criteria. Products offered by a partner must extend the 
functionality of the test enterprise's products, enhance and extend existing solutions through built-in 
architecture compatibility offered by the investigated company, or be a key component to support customer 
service in industries in which the company may or may not exist.  

The next group of participants in the supply chain are integrators of system solutions. This is a way to gain 
access to businesses (and, above all, to industry-specific engineers who understand customer needs) that 
have the ability to deliver solutions to their customers. For systems integrators who have joined the program, 
the company under study offers a product support program, training support for the capabilities and application 
of new technologies. As in the case of OEM companies, a co-development program of three levels has also 
been developed here. The first includes the ability to offer and sell software including their own products and 
acquire the competence to develop them. The second level includes integrators who have acquired the 
required competencies and have the required knowledge of the product offering, and commit themselves to 
mutual relationships with sales units and/or distributors. The third, highest level of engagement concerns the 
integrators who are leaders in the industry, who have acquired the highest competencies and knowledge of 
the product offering, and who offer solutions that complement and/or expand.  

The last identified group of participants are authorised distributors. They have knowledge of the products and 
solutions offered by the surveyed company and other (previously mentioned) partners. Their primary task is to 
provide assistance in the design, implementation and support of automation investments. In addition, 
distributors are local training centres, where both open and dedicated workshops are run for the specific 
customer. Distributors often have their own sales network in a given country and therefore know local and 
regional practices. With this knowledge, they provide a supply chain structure tailored to the specific needs of 
the customers. Knowledge of product offerings and solutions allows for quick and complete transfer of know-
how directly to end users (system integrators, machine manufacturers, too) in the country. 

4. DISCUSSION 

The discussion below on the results of the study was limited to two (from the four previously mentioned 
dimensions) of the integrated product and service offerings, i.e. the scope of the offer and the processes 
required to deliver it to the customer.  

While the company in question aims to maintain a consistent brand image, it cares about tailoring its offerings 
to local circumstances - the needs of different markets and groups of business customers. Respondents as 
the key to success in servitising have indicated the need to acquire knowledge of local markets and business 
clients. This knowledge is needed to differentiate the offers due to the needs of the customers. Not all markets 
are mature enough to implement complex solutions or knowledge-based services. With this situation, the 
manufacturer often has to deal with developing or under-developed countries. Therefore the callers 
emphasised the "basic" service. Spare parts supply or maintenance also have a significant impact on the 
success of servitising.  

Difficulties in access to knowledge about local markets have been identified as difficulties in servitising. This 
knowledge is mainly collected by intermediaries (distributors, system integrators) and is not always complete 
and may not reach the manufacturer in a timely manner. In addition, if the offer consists of more than one 
service, the manufacturer may find it difficult to find intermediaries who understand and are able to present 
and sell it to customers. This is due, among other reasons, to the need to involve employees with different 
competencies for different customer segments and different solutions. From distributors and system 
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integrators, you can learn the wide repertoire of your products and services. They are owned not only by the 
manufacturer but also by his other strategic partners in the supply chain. In turn, the development of new 
products and services requires managers, responsible for the development and continuous decision-making 
on changing the way sales and delivery solutions are managed.  

In terms of implemented processes and operations, the respondents stressed the need to focus on developing 
and improving existing processes (effectiveness) with an emphasis on customer focus. It should be noted that 
the researched enterprise is already at a higher level of maturity of the servicing process. Efficiency is achieved 
by standardising services or optimising logistics processes. Expect other answers to the business at its earliest 
stages. It can be expected that those who are starting to develop servitisation will rather focus on gaining new 
markets and building processes and operations in the global supply chain. As was the case with the scope of 
the offer, and with service processes, their development requires local orientation. Due to the cost of customer 
service, it is often more efficient to enter into contracts with local distributors. This, in turn, forces manufacturers 
to seek effective technical support solutions and provide training to intermediaries. Such research opportunities 
are also sought by the company by developing remote services that it can provide without being present in the 
local market. Further, in the case of solutions requiring very specialised knowledge (i.e. knowledge-based 
services), the manufacturer may choose to provide such solutions without the intermediaries. Despite the 
justification for the use of intermediaries close to the customer, the fact that the manufacturer is not in direct 
contact with him, causes serious problems for him. This is especially important if one takes into account that 
increasing customer orientation is crucial in the servitising process. The more intermediaries there are between 
the manufacturer and the customer, the more customer knowledge is dispersed. The manufacturer must 
constantly struggle with the coordination and collection of relevant, up-to-the-minute, real-time information. 
The respondents pointed out that it is not always possible to trust the credibility of the knowledge transferred 
by the distributors. Intermediary cooperation with the manufacturer depends on the proximity of its (dealer) to 
the customer, acquired knowledge from long-term customer relationships, and thus its position in the supply 
chain. Hence, partners are not always willing to convey credible knowledge, especially knowledge that would 
act against their interests and threaten their position in the supply chain. 

5. CONCLUSION 

The supply chain of services and solutions is fundamentally different to chains or production networks. Many 
models and solutions that are successfully used in the latter often can not be used in supply chain management 
of integrated solutions for goods and services. The purpose of the research was to identify the key tasks of the 
manufacturer in the supply chain in the four dimensions of such an offer, i.e. its scope, operations and the 
processes necessary to deliver it to market, customer experience and the effect of the solution provided. This 
article is limited to discussing the first two.  

During the process of servicing where there is a change in the business model the offer presented to the 
customer and the nature of the exchange with the customer changes also in all elements of the concept of the 
integrated solution. The research results are supplemented by knowledge in management sciences, 
particularly in supply chain and marketing. The results of the study identified the key activities of companies 
that provide integrated solutions consisting of a combination of goods and services, through a global supply 
chain. The results suggest that in such situations tailoring the offer to local conditions is an aspect that requires 
special attention from the managers of the manufacturing companies. Among the key tasks are: understanding 
customer needs, customer relationship management, coordination of delivery solutions, co-production with 
various network partners. 

Frequent lack of direct contact between the manufacturer and the customer, especially from the perspective 
of services and solutions, reveals challenges in customer service, delivery and value. Knowledge, especially 
customer knowledge, access to it and ways of sharing it, appear as key resources and actions. An empirical 
case study analysis confirmed the assumptions articulated in previous studies. Thorough understanding of 
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customer needs requires a focused effort to share the intermediaries with the manufacturer of hidden 
knowledge. It can therefore be said that effective exchange of knowledge should be regarded as a necessary 
precondition for the success of the change of the manufacturers' orientation of the "push" of products by 
intermediaries towards the delivery of servitised products. 

It should be noted that like most studies, this study has its limitations. The first limitation is the number of 
companies participating in the study. Choosing one case study is a big limitation in the generalisation of the 
results. Nevertheless, the results obtained, even on the basis of one case study, may be applied to similar 
undertakings in a similar context. The results of the study suggest that servitisation has an impact on the 
producers themselves, their actions or the structure of the supply chain. This justifies continuing research in 
this area. As potential areas for further research, we can point to: 1. examine the relationship between different 
types of product and service offerings (e.g. product oriented services versus knowledge-based services, 
standardised services vs. personalised services) and supply chain organisation, or 2. search for global 
sustainability and the local aspect of the manufacturer's actions in the global supply chain.  
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Abstract 

The article deals with the possibility of application of infinite-source queuing model in the organization, which 
provides a non-stop paid telephone information services to the public. Recently, more and more emphasis has 
been placed on building specialized centres that will be maximally tailored to the customer requirements. The 
implementation of these activities often requires high costs. Models of queueing theory are usually employed 
to determine the specific characteristics of the operator (service) system or to find the optimal performance of 
the system or number of operators. 

The basic problem of the surveyed call centre is to plan the number of operators per shift, possibly up to per 
an individual hour of the working day. The number of operators depends on the accuracy of customer demand 
forecasts. For this purpose, the available data were analysed and their systematic use was proposed in order 
to improve the short-term forecast of customer demand. The problem of taking mechanical conclusions from 
hypothesis tests without deeper substantive analysis is also discussed. To solve the problem, a variable 
demand model was constructed, including a proposal for financial calculations to optimize the number of 
operators per shift, which may be a real benefit in similar situations. 

Keywords: Call centre, infinite-source, queuing model, staffing problem  

1. INTRODUCTION 

A queuing system can be described by the flow of customers that enter a system for service, possibly form 
one or more queues, if service is not available soon, get served and leaving the system. [1] Number of models 
has been applied in various mass-service systems. Queueing models are useful for developing rules-of-thumb 
and intuition, or practically supporting design and control. [8] Typical application of queueing models is to help 
solving staffing problem in a service system. Theoretical standard models are mostly based on a number of 
simplifying assumptions, in particular concerning the distribution of probabilities of arrival intervals and 
customer service times. The basic model is, for example, usually based on the assumption that the arrival 
intensity rate of the customers (the mean number of occurrence of the service requirements per chosen unit 
of time) is constant over the entire monitoring period.  

In practice, however, we often encounter cases where the assumption of a constant customer arrival rate is 
not met and within the monitoring period, we detect less or more significant fluctuations in the arrival intensity 
of the customers depending on the different time periods of the monitored period. The effectiveness of such 
planning is then dependent on the accuracy of short-term forecasts of demand for call centre services. For 
their determination, a number of predictive methods can be used, the accuracy of which depends, in particular, 
on the nature of available data on demand (e.g. degree of aggregation) and their evolution over time, i.e. on 
the existence of a trend and seasonal component in historical time series. [9]  

In cases of time varying demands, theoretical queuing models need to be developed and adapted to the 
specific conditions of the given situation. Such queuing models were created, for example, by Agnihothri and 
Taylor (1991) in solving the staffing problem in the hospital under conditions where the pattern of calls was the 
same for each day but differed in the rate of calls during various times of the day. [1] The effort to apply and 
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develop models of queues is testified by the fact that they are still dealt by a number of professional publications 
such as, Green [4] who describes use of queuing models also in health systems to increase effectiveness of 
emergency department, or Gillard [6] who solves staffing problem using finite-source queuing model, or Whitt 
[11] who discusses both old and new ways to cope with time varying demand using queuing models etc. 

This paper deals with staffing problem in the conditions of current call centre. In call centres today, a contact 
with customers could be made not only by the telephone, but also using email, web chat etc. There could be 
multiple requirement classes of customers, operators could possess different call handling skills and interactive 
voice response could be incorporated into the system. [5] A review of the literature on workforce planning 
problems incorporating skills with managerial insights is given for example by Brueckera [2]. To solve staffing 
problem handling with different skills of employees could be solved with use of different mathematical models 
such as integer linear programming that is described, for example, in [7] and also with different queuing models, 
see for example Green [3] who reviews queueing-theory methods for setting staffing requirements. 

The initial situation of the problem described in this paper was defined by the diploma thesis [10] that analysed 
operation activities of one Czech call centre, which provides paid information services 24 hours a day and 7 
days a week. The basic issue of operational call centre control is to plan the number of operators per shift of 
a business day. The objective of this paper is to analyse available data and suggest their systematic use for 
the planning of operators for individual days of the planning month, for individual shifts and hours of each day 
and with doing that to add case study solving this problem to queueing literature.  

The number of operators is apparently dependent on the accuracy of customer demand forecasts, and 
therefore, this demand was first analysed to improve the short-term forecast of customer demand. The analysis 
was based on the hypothesis that the intensity of demand fluctuated in individual hours of the working day, 
that it differs in each day of the week, and finally it may also be the result of a medium-term demand trend over 
several weeks, months and years. In order to plan number of operators for individual shifts (hours) every day, 
queuing models were used under certain simplifying assumptions, specifically the Erlang model was applied 
and time varying demand was discussed. 

2. RESULTS OF INITIAL ANALYSIS 

The process of planning the number of operators per shift for the next month must be finished 14 days before 
the end of the month. Manager of call centre uses historical data on the number of calls, number of customers 
waiting for connections, abandoned calls, and the length of calls, all broken down by hours and days in several 
years. Three types of business analyses that differ in the time horizon and the type of data processed are used 
for shifts planning. In the first analysis, short-term historical data are processed for each day of the week over 
the last 6 weeks. Specifically, these are the number of active operators, the number of calls served and the 
number of calls cancelled. Based on this data, the number of calls for next period is estimated, determined 
empirical distribution of calls during the day and converted to the number of operators. In the second analysis 
the data of demand recorded in the previous year are analysed. These data are cleared by so-called negative 
(negative article) or positive (advertising) influences. In the third analysis, there are comments on the specific 
events in the planned month that could affect the planning of shifts, e.g. change of time, holidays, planned 
advertising campaigns, etc. The planning process is influenced by efficiency-driven regime; rather lower 
number of operators on shifts is usually planned. In the cases of higher customer demand, extra shifts are 
introduced, specifically shifts for part time workers, which may be shorter than 8 hours, and thus better cover 
fluctuations in demand throughout the day. For control purposes the company uses a goal of having no more 
than 20% of the calls waiting more than 20 seconds before reaching an operator or being abandoned. 

For the purpose of analysing the trend of customer demand for company information services over the course 
of the month, data for three months were processed. This period is sufficient for analysing the medium-term 
trend of customer demand for information services. The analysis dealt first with the distribution of the 
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demand intensity for each day of the week and then with the mutual comparison of the demand for 
individual days of the week. Weekdays differ from weekend days but individual weekdays have an average 
on the same level of demand, and similarly, weekend days do not differ between both days. The exception 
was national holidays. These circumstances need to be taken into account for estimation of the number of 
calls for the next month The analysis showed that the total number of requirements in the analysed period 
under review is relatively stable in the medium term and the average values of demand over the analysed 
period can be used for demand forecasts in the next month. 

Next, an analysis of the demand distribution over the individual days was carried out. It was based on 
the hypothesis that the intensity of the demand fluctuates strongly over each day (24 hours), but that there is 
also a typical distribution of relative frequencies for each day of the week. For the purpose of this analysis, one 
hour was chosen as the basic time unit. For each day of the monitored period, the actual frequency distribution 
of the number of calls requested fd,i (d = 1, 2, … 7 day of the week; i = 1, 2, … 24 hours per day) was also 
determined, broken down by hourly intervals. 

To test the hypothesis on the randomness distribution of calls on each day of the week, chi-squared test was 
chosen. Since the distribution of calls over the course of the day does not refer to any theoretical probability 
distribution, for the purposes of the test, the distribution of the average values of the calls was calculated 
according to the following equation (1), where j = 1, 2, … k days of monitored period: 

 k

j jidld kff /,,,            (1) 

This distribution of the average frequencies can be considered as a typical distribution for the relevant day and 
can serve, on the one hand, for comparison with the actual frequency distributions on the individual days of 
the reference period, on the other hand as well as the anticipated frequency distribution for the plan for the 
next month. None of the chi-quadrate tests demonstrated a 95% statistically significant difference between the 
actual distribution of relative frequencies on days and the typical distribution of average relative frequencies in 
the days of the referenced period. For the practical application of compiling the operator plan, it would be more 
appropriate to choose the one year long referenced period, and to use the rolling average method to keep 
every month plan up to date. 

Finally, a quantitative analysis of the relationship of the demand frequencies distribution among weekdays was 
made and a company hypothesis that the demand distribution within days is similar among weekdays, but is 
significantly different on Saturdays, Sundays and holidays was verified. The validity of this hypothesis was 
verified by the analysis using the results of the previous step, namely the relative distribution of the average 
values for each day of the week. The analysis of demand distribution on weekdays, see results in Figure 1, 
showed a high degree of consistency and confirmed the hypothesis that the distribution of relative customer 
demand frequencies is similar in individual business days. At the same time it confirmed a different character 
from the days of rest, see Figure 2. 

 
Figure 1 Empirical distribution of demand from Monday to Friday 
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Figure 2 Empirical distribution of demand on weekends 

3. PLANNING A NUMBER OF OPERATORS 

The frequency distribution of calls at hourly intervals cannot be directly used to plan the number of operators 
because operators cannot be deployed and recall from the process based on an hour interval but by shifts 
whose shortest duration is 4 hours. If a frequency distribution analysis of calls is used to plan the number of 
operators within the day, it would be appropriate to use a four hour time interval for the base unit. Even in this 
case, a good match test can be used to test the consistency or difference of the individual distributions. 
However, the conclusions of the test should be evaluated with caution. For example, we are testing compliance 
with the frequency distribution for Monday and Tuesday in the surveyed period. 

Table 1 Ch-squared test for empirical distribution of Monday and Tuesday calls  

Time interval Frequencies Monday Frequencies Tuesday   

χ2 From-to (hours)  ni           Pi  ni Oi 

0 - 4 156 0.0100 191 131 27.11 

4 - 8 755 0.0483 618 636 0.49 

8 - 12 6530 0.4178 5321 5497 5.65 

12 - 16 5273 0.3374 4383 4439 0.71 

16 - 20 2259 0.1445 1960 1902 1.79 

20 - 24 657 0.0420 685 553 31.46 

Total  15630 1.0000 13158 13158 67.20 

The average values fd,l , calculated according to formula (1), are used as the frequencies ni. This is the typical 
distribution of call frequencies for all Mondays and Tuesdays in the given period. In column pi, the relative 
frequencies for Monday are calculated and in the column oi the expected frequencies of calls on Tuesday are 
calculated if the both distributions were exactly the same. In the last column of Table 1, the test criteria χ2 are 
calculated. Because the critical value of χ2 for 5 degrees of freedom equals 11.07, we reject the 95% nil 
hypothesis on the conformity of the two distributions. But if we look more closely at the Table 1, we find that a 
substantial part of the value of the test criterion is the value at boundary intervals, i.e. at night time, when the 
frequency of calls is significantly lower than at other intervals. For example, if we tested the match only for the 
interval from 4 to 20 hours, we would get the value of the test criterion χ2 = 8.63. At the same time, the critical 
value for 3 degrees of freedom equals 7.81, suggesting that the result of the test is approaching the zero 
hypothesis rejection of the conformity of both distributions. In the example above, it is obvious how problematic 
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the mechanical conclusions from the tests can be without deeper analysis. In order to estimate the number of 
operators required for the planned four-hour shifts, the forecast of the number of calls on the given day and 
interval can be used and divided by the number of calls served by one operator. The basis for this standard is 
the time-to-call standard for one operator. This standard is determined on the basis of a statistical evaluation 
of the average duration of a call by one operator and includes legal breaks for rest and lunch. 

4. APPLICATION OF QUEUE MODEL FOR THE STAFFING PROBLEM 

In addition to the above procedure, the application of queue theory models described in the literature can be 
considered. We have restricted attention to special case with the single-skill operators that could be after 
proper training obtained in real conditions. The usually used model is M/M/s queue with parameters λ, μ and 
s: the primitives are the arrival process (assumed Poisson at a constant rate λ), the service times (assumed 
exponentially distributed with mean μ−1), and the agents (s of them). When attempting to apply the model, the 
questions about the assumptions had to be discussed. Whereas the arrival rate during whole day is time-
varying, we tried not to use simplification with only one parameter λ for a whole day, but we divided arrivals 
into shorter intervals of a day that are better characterized by its parameter lambda, so we decided to build 
separate models for each interval. Another questioned assumption was the exponential distribution of service 
times. When considering non exponential distribution of service times Erlang loss model could be used, 
considering no waiting line. This could be applied for quality-driven call centre and also helping to serve 
impatient customers who would be abandoned.   

There are two ways to model this system: first, we need to vary the number of operators, and then use the 
model to describe the individual states of the given system at a given number of operators, as shown in the 
Table 2. Or, the second way, to determine the required percentage of requests lost, which must not be 
exceeded and determine the corresponding number of required operators in the system. It is clear from Table 2 
that with 50 operators and above the call centre is able to process about 80% of the customer requirements. 

Table 2 Erlang Loss Model of call centre 

Number of operators 50 55 60 

Outputs: Summary measures       

Percentage of requests lost 19.42% 13.08% 7.79% 

Entering arrival rate 1154.0 1244.7 1320.4 

Expected number in system 46.7 50.4 53.5 

5. CONCLUSION 

Adding operators has also been subjected to cost optimization. Consideration was given to the direct costs of 
the wages of their operators and to the loss of unrealized calls. Operator use is estimated at 80% and should 
include both legal breaks and breaks when the operator waits for the client. If predicted input values in our 
calculation were close to real values, it would be advantageous to have 1 operator more during the day (more 
precisely between 9 am and 5 pm), as the number of cancelled calls would decrease and the company's overall 
profit increase or to work with the flexible increase of operators for 4 hours shifts. 

The paper deals with staffing problem in call centre, describes current planning process within the company, 
analyses time varying demand of customers, suggests its use for better operators planning per shifts with 
dividing 8 hours shift into 4 hours shifts. Also possibilities of queuing models application have been considered. 
An analysis of the initial situation showed that the basic problem of the simple application of queue theory 
models is the distribution of the intensity of demand during individual days, the differences in this division in 
individual days of the week and, finally, the effect of the medium-term trend on clients' demand for these 
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services. It was necessary to construct a model with varying demand intensities and to combine it with other 
statistical procedures. 

Authors are aware that more complex models could be applied and that a lot of simplifications were made. For 
the future, it could be considered to change assumption of homogenous caller and to deal with their 
segmentation into groups, also homogeneity of operators should be considered, namely when hiring more part 
time workers or to consider specialization of few operators according customers segments. Models could be 
also not discrete but applying demand as function of time.  

REFERENCES 
[1] ALBRIGHT, S. C., WINSTON, W. L. Spreadsheet modelling and Applications: Essentials of Practical 

Management Science. Thomson Brooks/Cole, 2005, 673 p. 
[2] DE BRUECKER, P., VAN DEN BERGH, J., BELIEN, J., DEMEULEMEESTER, E.  Workforce planning 

incorporating skills: State of the art. European Journal of Operational Research, 2015, vol. 243, no. 1, pp. 1-16. 
[3] GREEN, L., KOLESAR, P., WHITT, W. Coping with time-varying demand when setting staffing requirements for a 

service system. Production and Operations Management, 2007, vol. 16, no. 1, pp. 13-39. 
[4]  GREEN, L., SOARES, J., GIGLIO, J., GREEN, R. Using queuing theory to increase effectiveness of emergency 

department provider staffing. Academic Emergency Medicine, 2006, vol. 13, no. 1, pp. 61-68. 
[5] GANS, N., KOOLE, G., MANDELBAUM, A. Telephone Call Centers: Tutorial, review, and Research prospects. 

Manufacturing&Service Operations Management, 2003, vol. 5, no. 2, pp. 79-141. 
[6] GILLARD, J., KNIGHT, V., VILE, J., WILSON, R. Rostering staff at a mathematics support service using a finite-

source queueing model. IMA Journal of Management Mathematics, 2016, vol. 27, pp. 201-209. 

[7] HOJATI, M., PATIL, A. S. An integer linear programming-based heuristic for scheduling heterogeneous, part-time 
service employees, European Journal of Operational Research, 2011, vol. 209, no. 1, pp. 37-50 . 

[8] KOOLE, G., MANDELBAUM, A. Queueing Models of Call Centers An Introduction. Annals of Operations 
Research, 2002, vol. 113, no. 1, pp. 41-59. 

[9] PATAK, M., JERABEK, F. Possibilities and Limitations of Quantitative Methods in Short-term Demand 
Forecasting in a Manufacturing Company. In CLC 2015: Carpathian Logistics Congress: Congress Proceedings. 
Ostrava: TANGER, 2016, pp. 432-437. 

[10] Prokopová Barbora: Využití teorie front pro řízení informačního centra, Diploma work. Pardubice: University of 
Pardubice, 2014. 84 p. 

[11] WHITT, W. What You Should Know about Queueing Models to set Staffing Requirements in Service Systems. 
Naval Research Logistics, 2007, vol. 54, pp. 476-488. 

 

 
  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

288 

SUPPORT THE LOGISTICS PROCESS THROUGH INFORMATION SYSTEM 

OLEJARZ Tadeusz, ŻYCZYŃSKI Norbert, GAZDA Andrzej  

Politechnika Rzeszowska, Wydział Zarządzania, Rzeszów, Poland, EU,  
olejarz@prz.edu.pl, n.zyczynski@prz.edu.pl, agazda@prz.edu.pl  

Abstract 

Logistics functions in a very dynamic environment that is constantly changing in terms of demand, technology, 
competition, etc. Availability of products in sales networks is an important factor that has effect on customers' 
trust and allows to acquire new markets. Design and implementation of new IT solutions is essential for 
enterprises to operate properly. The article presents the NTSwincash IT system, supporting the management 
of scattered sales networks. The analysis concerned supporting the ordering process with the use of the IT 
system. 

Keywords: Logistic processes, IT system 

1. INTRODUCTION 

The processes of globalisation and economy integration are both challenging and risky. Enterprises face the 
chances related with the opening of new markets and new partnership opportunities, while the risk that is 
connected with these processes results from increasing competition. At the same time, these processes push 
companies towards certain activities aimed at achieving permanent competitive advantage [1], [8]. The factors 
that determine the competitive advantage of an enterprise include: quality, brand, low costs of production, 
distribution channels, effective advertising and promotion, employees [7]. IT systems used in the supply, 
manufacturing and distribution fields, are very important. They stimulate business, facilitate development and 
growth of the enterprise, making right decisions and managing the company more efficiently. IT tools are the 
link between the enterprise and their customers and partners. They integrate organisational units in an 
efficiently functioning organisation. In order to fulfil its tasks and support the enterprise in reaching market 
goals, the IT system must be properly selected and implemented. Quite often the quality of works related with 
system selection and development of the adjustment procedure to meet the individual requirements of the 
enterprise, determine proper functioning of the IT system - and, as a result, efficient functioning of the 
enterprise [3]. 

The term "implementation" [11] means starting to use something in practice. Thus, implementation of an IT 
system can be defined as one of the stages in the system lifecycle, consisted in its development and 
implementation in the company. The implementation process can be divided into following stages: preparing 
the documentation, preparing the environment, system adjustment to the organisational structure and 
operation. Implementation of an IT system should not be limited only to the technical aspect related with 
installation of devices and software, or providing professional services. It must be analysed in terms of internal 
conditions within the enterprise, its structure, methods of communication and management and also the 
relations that exist between the enterprise and its environment [10]. 

2. SUPPORTING THE COMMODITIES DISPOSAL PROCESS USING AN IT SYSTEM WITHIN A 
SCATTERED SALES NETWORK 

The commodities disposal process is one of the key logistic processes, reflected in significant improvement of 
efficiency of the scattered sales network [5], [8], [14]. The result of the disposal is the issue of warehouse 
transfer or stock issue documents. The process is usually based on the confirmation of goods receipt from an 
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external supplier or from an own manufacturing department [9]. Another basis for the process may be a 
document of order. 

What is important - if the goods are received with use of commodity carriers, the disposal can be made on the 
basis of such carriers [12]. One of the possible variants of those carriers are carriers containing a predefined 
set of specific items. In that case, specific goods can be selected as carrier components, with a specified 
quantity in a given carrier.  

 
Figure 1 Inventory set definition: Quantity of components 

New commodity carriers can be defined in the ERP system management module (BackOffice).  

 
Figure 2 Inventory set definition: Global settings 

In that case, item number must be specified (e.g. model name, store type) as well as other parameters, such 
as the name, commodity and item group, unit and minimum quantity. Commodities that are included in the 
carrier, are entered in an additional section.  

 
Figure 3 Item search screen 
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Selected goods are transferred to the new carrier components definitions, and then the user can specify their 
quantity in the carrier. 

 
Figure 4 Inventory set definition: Change quantity of selected items 

By clicking the "save" button, a new warehouse carrier is created in the predefined configuration. 

The distribution list is created in the central logistics module. The distribution list may be created on the basis 
of [13]: 

 an order -> open orders  
 an order -> receipt history  
 a warehouse -> warehouse documents.  

In the first step, the user selects documents on the list, and then uses the "Disposal" function. 

 
Figure 5 Central Logistics: Create the distribution list 

The system opens a warehouse document selection dialog box. 

 
Figure 6 Central Logistics: Movement type selection 
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The user selects orders or warehouse documents (warehouse transfer or stock received note) and confirms 
with OK button. The system opens the Distribution List dialog box.  

The dialog box contains the following sections: 

 Numbers; items list transferred from the selected warehouse documents. Table columns show: 
a) Item number. 
b) Item name. 
c) Original quantity according to warehouse documents. 
d) Disposed quantity (only for the current disposal, excluding other disposals). 
e) Dispose - unit disposal quantity. 

 Parcels; quantity of warehouse carriers according to the stock receipt document. Table columns show: 
a) Carrier number. 
b) Carrier name. 
c) Carriers quantity according to warehouse document. 
d) Disposed quantity (only for the current disposal, excluding other disposals). 
e) Dispose - unit disposal quantity. 

 Proposal; list of generated issue proposals. The columns show: 
a) Heading - Store/Recipient Number. 
b) Heading - Store/Recipient Name. 
c) Items - Item numbers. 
d) Items - Item names. 
e) Quantity ordered for issue. 

 
Figure 7 Central Logistics: Goods distribution managements 

The user enters the unit store/supplier disposal quantity in the Dispose column of the commodity list [6]. If the 
disposal is created on the basis of the carriers, then the disposed quantity can be entered in the parcel section 
(commodity quantity is calculated automatically). Having specified the quantity, the user goes to the Select 
Recipient option. The system opens the Recipient dialog box. If the commodity is disposed to stores, the user 
selects target stores on the list. Stores may be selected using a basic tree or a store category tree e.g. (A, A1, 
B). 
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Figure 8 Central Logistics: Delivery to section 

In the Delivery From section 

 
Figure 9 Central Logistics: Delivery from section 

Stores selection is confirmed with the OK button. The system generates the issue order proposal based on 
the unit quantity and the list of selected stores. 

Example: 

Carrier 65551_A contains the following commodities: 65551-38, 5 pieces and 65551-39, 3 pieces. The entered 
disposal quantity for carrier 65551_A is 2 pieces with 10 stores selected. The Disposals section will contain 
ten issue orders (1 per each store) with the following quantities: 10 pieces of 65551-38 and 6 pieces of 65551-
39. The total disposal quantity is: 100 pieces of 65551-38 and 60 pieces of 65551-39.  

If the client was selected in the Select Recipient window, the system will generate a single order for the client, 
with the quantity specified in the Disposal column. 

Another disposal items can be added repeatedly, selecting different commodities/carriers and different store 
categories [2]. The system will not let dispose more items than it is specified in the selected warehouse 
documents. 

If the transfer/issue order proposals list is ready, the user can Save it. The system generates transfer/issue 
orders. Orders with the Draft status are available in Orders->Store Orders or Orders->Partners Orders 
sections. 

3. CONCLUSION 

The described logistic process support using a modern IT system has a large effect on work efficiency, 
reducing the amount of difficult and routine calculations to be done, which allows to focus on the strategic 
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goals. It also releases the potential that lies in knowing the local situation by the employees of a given store, 
securing the organisation against the effects of wrong decisions with the use of a central monitoring and control 
system. This system enables managing any quantity of items, dividing them into different areas, categories, 
warehousing sites and sales points. 
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Abstract  

The industrialization and urbanization conducted without respecting the rules of the environment has led to the 
destruction and degradation of many areas. The need of their revitalization especially in industrialized regions 
is a very important social and economic problem. One of the regions characterized by a large area of degraded 
land is Upper Silesia (Silesian Voivodeship). The project of the Regional Revitalization Operator, developed 
by a consortium of scientific research institutions, is oriented towards the development of extractive waste. 
The purpose of the study is to present the model, its structure, functions, objectives and tasks. In particular the 
financial aspects of the planned project are presented. The condition of the areas requiring revitalization, which 
constituted the potential of the supply of orders to the Operator, was examined. Equity financing based on the 
sale of revitalized land to investors was also characterized. The sources and instruments of external financing 
were also analyzed. They can come from both the state budget, EU funds and mining communities. 
Commercial financial instruments, which may constitute a component of the financing engineering of the 
Operator, are also presented. 

Keywords: business model revitalization, revitalization operator, post-industrial brownfield sites 

1. INTRODUCTION 

Almost 30 year-long process of thorough restructuring of Polish industry sector caused significant changes in 
revitalisation processes. Restoring and assigning new economic, spatial, ecological and social functions to 
degraded areas have become a challenge that faced many problems it the past: starting with lack of necessary 
regulations and rules, through missing proper technologies and finances up to social disputes. Partly, these 
problems were solved by allocating financial resources from the Union Funds to revitalisation tasks as well as 
by underlining strategic revitalization tasks in the national documents, as significant tasks within the scope of 
shaping spatial order. These all matters cause that revitalisation in Poland is more and more important and 
intensified. It is treated by self-government units, experts, companies and citizens as a factor that conditions 
development and improvement of life conditions. It is also clearly emphasized in administrative documents 
determining directions of development of country, regions, poviats and communes. It is necessary to make 
even more widespread, multi-sector and more integrated effort in aid of taking the degraded areas out of crisis 
conditions. In this context, it is necessary to perform research and development works oriented at increasing 
of revitalisation operations. The paper presents one of the area of such research, devoted to institutional and 
organizational solutions of the revitalization. The purpose of the study is to present the model, its structure, 
functions, objectives and tasks. In particular the financial aspects of the planned project are presented.Subject 
of the paper is the Regional Revitaization Operator in Silesian Voivodship, in particular, financial aspects of its 
operations.  

2. REVITALISATION OF DEGRADED AREAS WITHIN THE REGION - GENERATOR OF DEMAND 
FOR OPERATOR SERVICES 

In the assumptions of the Silesian Voivodeship Regional Contract, complex revitalisation of districts and cities 
of high intensity of unfavourable social and economic phenomena is underlined. Government declared 
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establishing the National Revitalisation Program which would distinguish the meaning of operations performed 
comprehensively and multi-dimensionally as well as thematically and territorially coordinated and focused in 
order to achieve the assumed transformation within the crisis areas. This program entails solutions (plans, 
financing programs) of the state and self-government administration on the regional and self-government level. 
These assumptions are combined with the meaning of companies, which become one of the players interested 
in widely implemented revitalisation processes, such as companies financing (and supporting) revitalisation 
undertakings as well as the society itself. One of the consequences of these tendencies is the increase of 
complexity and dynamics of the surrounding within which all kinds of organizations operate and the success 
of an undertaking depends on mutual exchange of knowledge and cooperation. In this changing environment, 
the role of companies is more important than ever. Their operations affect the society in the economic, 
environmental and social fields both to local and global scale. Growing number of public and private 
partnerships increased the role of private sector within the scope of performing services traditionally perceived 
as public services. Moreover, even more number of stakeholders request the right to information, participation 
in consultations and engagement in decision making processes. One must emphasize that within the financial 
perspective 2014 - 2020, the main source of revitalisation project financing from the EU funds will be the 
resources of the Regional Operational Programme. Additional, complementary sources of co-financing will be 
the resources from the National Operational Programmes. Moreover, resources of the state budget and 
territorial self-government units’ budget as well as the remaining resources, including private ones, will be the 
source of additional financing of revitalisation projects. Local (commune, city) revitalisation programs will be of 
key importance. Revitalisation processes, implemented in various organizational configuration, using many 
financing sources, require development of new business models, where operators of these processes, 
business partners and public organizations (including self-government) as well as scientific entities appear. 
Business models based of wide spread cooperation require development of key assumptions related to 
revitalisation operators functioning. Examples of effective development and application of such models can be 
noticed in the European Union [1, 2]. The Silesian Voivodeship is one of the European regions with the most 
number and significant area of post-industry terrains, including devastated, degraded as well as so called 
"ecological bombs" threatening life and health of citizens. This is a result of post-industry operations 
accumulation, including mostly the mining operations. Share of areas requiring reclamation and revitalisation 
of the Silesian Voivodeship in the total area of degraded and devastated land in Poland is 8%, whereas area 
of Silesia is 4% of the country. The Silesian Vovodeship is located in the southern part of Poland. It borders 
with Opolskie Voivodeship from the west, Łódzkie Voivodeship from the north and Świętokrzyskie and 
Małopolska Voivodeship from the east, whereas from the south side it borders with Czech Republic and 
Slovakia. The region covers the area of 12,331 km². The Silesian Voivodeship (Region) has a strategic 
meaning for the country, from the perspective not only of problems but also innovative solutions, which based 
on new revitalisation technologies may develop and serve as model examples. Within spatial arrangement, 
the voivodeship is divided to 4 subregions, representing, according to the Development Strategy of the Silesian 
Voivodeship, the following areas of voivodeship development policy: central (5,578 km²), western (1,354 km²), 
northern (3,047 km²) and southern (2,352 km²). The Regional Revitalisation Operator (Operator) performed 
an analysis of development potential for each of the subregions in the following areas: (1) objects rendering 
harmless post-mining hard coal waste, (2) objects rendering harmless waste other that post-mining hard coal 
waste as well as neutral and hazardous waste dump yards, (3) potential locations of waste disposal, (4) post-
industry areas, including degraded and areas destined for reclamation and revitalisation. Research concerning 
revitalisation needs based on many sources, databases and documents allow for determing that areas which 
can be the object of interest of the Regional Revitalisation Operator cover almost 7 thousand hectares.  

Total area of post-mining hard coal waste rendering harmless objects is almost 2.5 thousand hectares and the 
remaining post-industry areas, including degraded and devastated, over 4 thousand hectares. The analysis of 
collective comparison presented on Figure 1 clearly shows that the central subregion has the most areas 
requiring intervention - over 4 thousand hectares. The southern subregion has as little as 150 hectares of 
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areas for revitalisation. The western and northern subregions cover over 2 thousand hectares in total of the 
areas in question. When analysing types of degraded areas in the Silesian Voivodeship , one may take note 
that the lands for revitalisation cover the most area (2,491.75 hectare - 37%), then post-mining hard coal waste 
dump yards (2,341.16 hectare- 34% ), then potential locations for w aste disposal (1,441.71 hectare - 20%) 
and dump yards of waste other than mine waste (603.49 hectare -9%). These numbers selected from a wide 
spectrum of research show the scale of the problem which the Region faces and at the same time this is a 
generator of orders and projects portfolio for the Operator. This problem important for the Silesian Voivodeship 
can be solved within at least 20 years, thus the development and implementation of the Operator model is fully 
justified. 

 
Figure 1 Arrangement of post-industrial waste dumps by Sub-regions in Silesia Region.  

Source: own study. 

3. METHODOLOGY OF RESEARCH 

The study covered six problem areas that were at the same time stages of the project. Scheme research 
methods is presented in Figure 2. Within individual stages of the research, one used expert's methods, 
evaluation of investment effectiveness for degraded areas development projects, thorough analyses of spatial 
information and Region documentation, strategic analyses [3, 4, 5] and methodologies of business models 
construction [6, 7, 8]. Strategic analyzes and business models have been focused on innovation [9, 10], and 
environmental issues [11]. Based on analyses performed according to the adopted research methodology, one 
developed a business model concept of regional revitalization operator. 

 
Figure 2 Scheme of the research methods. Source: own study. 
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4. BUSINESS MODEL OF OPERATOR- SOURCES AND INSTRUMENTS OF FINANCING. 

Regional Revitalization Operator Model is shown in the Figure 3. The Revitalization Operator Management 
System includes the following assumptions: 
 institutional, indicating subjects participating in the operator’s system;  
 formal & legal, including the Revitalization Operator assignment frames and ranges. 

Scope of necessary revitalization works may be strongly different depending on the given degraded area type 
[12]. Selection of areas to be revitalized should take into account first of all the criteria deciding their investment 
attractiveness, including: access to a road infrastructure, density of population economic infrastructure [8]. 

The scale of revitalization needs for the Silesian Region presented in the previous chapter, requires significant 
financial resources (capital), thus wide and real identification of financing sources of its operations is so 
important element of the proposed model. Financing sources of operational and investment operations of the 
Revitalisation Operator can be divided to internal and external: 
 Internal financing sources are sources generated by the Operator during its functioning, mostly resulting 

from implementation of revitalisation projects.  
 External financing sources is foreign capital (aid funds, credits, leasing) as well as equity from emission 

of bonds. Aid funds that can be used by the Operator as well as organizations directly cooperating with 
it and affecting its operations and economical status are very important. 

 The principle of financial model of the Operator is investing incomes from sale of revitalized areas, in 
the part claimable by the Operator, into purchase of degraded areas and performance of further 
revitalisation processes. 

 Effective utilization of EU aid funds from the Regional Operating Programme  
 northern subregions cover over 2 thousand hectares in total of the areas in question. When analysing 

types of degraded areas in the Silesian Voivodeship (Figure 2), one may take note that the lands for 
revitalisation cover the most area (2,491.75 hectare), then post-mining hard coal waste dump yards 
(2,341.16 hectare), then potential locations for waste disposal (1,441.71 hectare) and dump yards of 
waste other than mine waste (603.49 hectare). 

 Financial funds of the National Centre for Research and Development and relief resulting from the act 
on innovativeness will be used by the Operator for development purposes and application of innovations. 

 

RDOŚ - Regional Environment Protection Directorate 

WIOŚ - Voivodeship Environment Protection Inspectorate 

Figure 3 Regional Revitalization Operator Model. Source: [12] and own study. 
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Internal financing sources of the Operator include: 
 Incomes from sale of revitalised areas. The sales apply to areas covered by trust contract concluded 

with the Organiser or areas introduced by the Organiser as a contribution in kind. This also includes 
areas purchased from the Organiser or from different owners. Preferred buyers are investors declaring 
utilisation of these areas for business undertakings that create jobs. Organizations and natural persons 
are also entitled to buy such land. 

 Incomes from revitalisation services performed by the Operator in aid of the Organiser or other client. 
This is the situation where the Operator cannot buy the title to the area. This may be caused e.g. by 
more favourable financing of revitalisation of a given object when the beneficiary of aid funds can only 
be a commune and there is also an opportunity to finance the revitalisation with emission of commune 
bonds. 

 Incomes from sale of recovered and recycled products and generated new products. 
As a result of revitalisation processes, one gains products used in the power and road industry, sales of 
which reduces reclamation costs.  

 Incomes from sale (part attributable to Operator) of revitalised areas within the scope of Public and 
Private Partnership. The Operator together with a commune and possibly with an Investor establishes 
common revitalisation undertaking, financing it with aid funds, emission of bonds and private capital. 
Revitalised area is sold in whole or part. Within this scope, one may use resources from the Polish 
Development Fund in aid of competitive economy within the area of infrastructure investments. 

 Reduction of costs resulting from release from local fees upon the Operator's motion. Commune may 
pass a resolution concerning release from local fees concerning reclaimed areas. The same applies to 
fees for perpetual usufruct of land from the Treasury.  

Aid measures are one of the most important sources of external financing of the Operator. These resources 
will be provided from the following programs and operations: 

 Regional Operational Programme for Silesian Voivodeship. In particular, this is about resources coming 
from two types of operations. The first operation is "Improvement of SME development conditions". 
Within the scope of this operation, resources for the beneficiaries of this task allow them ordering 
revitalization works to Operator. Moreover, activity zones created as a result of land reclamation are 
important for SME development, including companies within Operator's cooperation network (ordering 
works, innovation transfer). The second is "Revitalization of degraded areas". The financial support will 
apply to complex tasks striving to recover socially, economically and environmentally degraded areas 
through restoration of previous or provision of new function. 

 Infrastructure and Environment Programme. Tasks oriented at reclamation of degraded or devastated 
terrains and remediation of polluted areas will be supported. Financial support for such undertakings will 
only be possible, if current land owner is not responsible for pollution or degradation of environment. If 
within the area covered by reclamation activities polluted areas are present, their remediation will be a 
mandatory element of the project. Projects, implementation of which, results from commune 
environment protection programs or revitalization programs, will be preferred. 

 Financial support of the European Investment Bank (EIB). This bank can provide loans for environment 
protection programs, which is an object of economic activity of Operator.  

 National and regional targeted resources from the National Fund for Environment Protection and Water 
Management. Financial support is dedicated for limiting negative impact on the environment as well as 
repairing degraded lands through reclamation, including remediation together with waste disposal. 
Moreover, resources from this fund can be used for removal and rendering harmless of inadequately 
stored or warehoused waste, representing hazard to life or health of people or for occurrence of 
irreparable damage to the environment together with remedial operations concerning land surface within 
the scope of results caused by the removed waste. 
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 Program of the Voivodeship Fund for Environment Protection and Water Management in Katowice, 
called "Waste management and the Earth surface protection". The financial support is oriented at 
investments minimizing the volume of generated waste, increasing of recycling and limiting storage of 
the remaining waste, revitalizing post-industrial terrains and tasks related to ecological agriculture. The 
financial support from this fund can also be provided for investments within the scope of waste 
management, co-funded from foreign resources. 

 Creation of the regional financial institution planned in the "Agreement in Aid of the Integrated Silesian 
Voivodeship Development Policy" will also be an important factor for Operator. Considering the needs 
of stable, long-term and flexible financing of regional development investments, it should support 
revitalization processes important for the Region. 

 Financial resources from the National Centre for Research and Development are very important for the 
development and implementation of innovation in the Operator. This is about operations within the scope 
of the "Operational Programme - Smart Development 2014 - 2020” 

Another important source of external financing is emission of bonds, which can be emitted by Operator together 
with municipalities (municipal obligations) or independently (corporate bonds). 

 Municipal bonds. Through the emission of municipal bonds, municipalities, powiats, voivodeship may 
gain capital directly on the market, and resources thus obtains can be used for various purposes, 
including revitalization projects, which in the case of Silesian Voivodeship will be performed by Operator. 
Polish law provides the option for territorial self-government entities to emit bonds. Targeted (new) 
companies, e.g. municipalities together with Operator can be the bonds emitters, based on the Public 
and Private Partnership.  

 Corporate bonds. This type of bonds can be emitted by entities running an economic activity, having 
legal personality as well as limited joint-stock partnerships. Operator will meet legal requirements 
concerning the emitter, specified in the Bond Law. According to regulations applicable since 2015, 
emission introduced to Catalyst market must have a value not less than 1 million PLN. 

5. CONCLUSION  

Scale of the natural environment degradation of some of the EU regions requires application of the assumed 
and innovative revitalization solutions. Silesian Voivodeship is one of such regions where 150 spoil tips are 
located which cover the area of 1.6 thousand ha with over 600 million ton of mining waste contained in them. 
Under such circumstances, one should look for and apply efficient undertakings allowing for reclamation and 
management of these terrains. The presented model of regional revitalization operator is a pioneer undertaking 
under Polish conditions, using revitalization experience from degraded EU areas, but also opportunities 
resulting from current ecological and innovative EU policy. The condition of effectiveness of Regional Operator 
is the provision of financial support for its operations. The presented internal sources of financial resources 
are related to a cycle covering revitalization and then sales of developed terrains, providing resources for 
purchasing another degraded terrains appropriated for revitalization. Sales of raw materials recovered from 
the tips will also be an important source of income (mostly coal). In case of external financing, one points to 
many various funds both assistance and commercial (e.g. bonds) as well as financing the research and 
development operations (Smart Development Operational Programme). Such wide spectrum of financing 
should contribute to reduction of operational risk of the Regional Revitalization Operator. 
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Abstract 

Business co-operation is one of the ways in which companies perceive opportunities to improve their 
performance in reaching targets. One of them is the desire to increase the level of innovation of the co-
operating entities, resulting in the creation and implementation of new product, process, organizational and 
marketing solutions. This issue also applies to companies providing a broad spectrum of logistics services, 
representing the TSL (transport-shipping-logistics) industry. These entities, despite their significant and 
continuous development in recent years, are still often characterized by a low level of innovation. Through 
acting on the market, they engage with a wide range of other entities in various types of activities that can be 
characterized by loose or permanent and formalized relationships. However, in analyses conducted up to date, 
little attention is paid to the area of co-operation between these companies and other entities while engaging 
in some innovative activity. Hence, the purpose of this article is to take a preliminary look at this issue and to 
show, on the basis of available data, the degree of co-operation between TSL enterprises in the area of 
innovative activity. 

Keywords: Co-operation, innovation, TSL industry 

1. INTRODUCTION 

The activities of companies on the market in a time of intense competition and globalization forces the search 
for ways of continuous development. These include, inter alia, the ability to co-operate with other entities. It 
allows for a number of benefits, including the ability to improve the level of enterprise innovation. The term "co-
operation" is broadly defined in the literature. It is most often referred to as the mutual benefits achieved 
through joint efforts of enterprises. Furthermore, it is stressed that the essence of co-operation is the 
achievement of a common goal or the pursuit of mutual support if the objectives are not directly linked [1]. It 
follows that co-operation is the pursuit of not only mutual but also individual goals of the enterprise [2]. Co-
operation is also understood as a relationship that is created between two or more partners or as a co-
ordination of partial tasks performed between various entities [3]. The decision to co-operate is related to the 
use of its various forms. To this end, companies can create a variety of structures that rely on economic co-
operation, as well as on organizational changes that manifest themselves in various divisions, mergers, 
acquisitions, and transformations [4]. In addition to the form of co-operation, the process of choosing the 
partner with whom co-operation is to be taken, is mentioned in the literature as an issue of great importance. 
This factor is considered to be key and determinant of effectiveness in the transfer of knowledge and learning 
process and, consequently, of innovation [5]. At present, innovation has become a symbol of modern society. 
They are often treated as a way to solve numerous business problems and to seek competitive advantage. 
Sources of origin of innovative solutions in literature are usually classified in two groups: internal and external. 
Internal sources generate less innovation but are relatively inexpensive, unlike external ones. External sources 
are very diverse and thus create many possibilities for generating new solutions. The way to exploit the 
advantages and reduce the risks that result from the two sources of innovation may be cooperation to expand 
the innovative activities of enterprises [6]. 

The problem of enterprises co-operation and their innovativeness is often analyzed in the available literature. 
Moreover, as far as logistic companies are concerned, the importance of co-operation and the form it adopts 
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in practice are also crucial. Not so much attention is focused on the area of co-operation between the 
companies and other entities that conduct innovative activity. Hence, the purpose of this article is to initiate a 
preliminary discussion on this issue and to show, on the basis of available data, the degree of co-operation 
between TSL entities in the field of innovative activity.  

2.  CO-OPERATION IN DEVELOPMENT OF INNOVATION 

Nowadays in the EU, business co-operation is viewed as a key instrument in many areas of business, including 
the development of a knowledge-based economy and innovation [3]. As in other industries, logistics companies 
also co-operate to generate and implement innovative solutions. This fact is particularly important due to limited 
availability of resources that hinder the process of self-innovation. At the same time, the availability of material 
and non-material resources and the ability to use them in the processes of generating and absorbing innovation 
is an important factor influencing the innovativeness of enterprises [7]. Also, the increased complexity of 
knowledge management processes that underlie new technologies and innovations drives businesses to seek 
new opportunities and skills beyond their own borders by undertaking various forms of co-operation on the 
market. It can contribute to faster innovation, cost and risk sharing, higher complementarity and creation of 
synergies [8]. Literature highlights the role of efficient knowledge management in achieving market success, 
including its impact on the development of enterprise innovation. Efficient knowledge management involves 
both the acquisition, storage, transmission and use processes in organizations. The strategic nature of 
knowledge is mainly due to its usefulness for creating or improving various elements of the company's 
business, including the building of enterprise innovativeness [9]. Individual organizations often lack the 
capacity to make rational decisions regarding the creation of innovative and future development strategies, the 
construction of innovation-enhancing structures, and the ability to seek and acquire the necessary resources 
needed to successfully implement innovative processes [10]. General research conducted and presented in 
the literature supports the assertion that co-operation between enterprises has a positive impact on the volume 
of innovations being created. However, the power of this significance is different and depends on many factors 
which affect the lack of possibility to link the degree of co-operation between companies with the success of a 
given innovation. In addition, industry and/or regional specificities in the field of co-operation for innovation are 
often mentioned and highlighted [11]. As emphasized by P. de Faria, F. Lima, R. Santos [8], innovation co-
operation is more common in the case of innovations that are new not only to the company but also to the 
market. In addition, the intensity of research and development activities tends to increase the likelihood of 
innovative co-operation arrangements with external partners. Moreover, in case of more complex innovation 
processes (for example, combining product and process innovations), the role of business-to-business co-
operation is frequently emphasized. A similar tendency exists in large sectors which extensively utilize modern 
technology. M. Huczek [12] notes as well that complex relationships between groups of entities occur more 
and more often in those technology-driven markets.  

The result of co-operation in the area of innovative activities is the acquisition of new solutions in the fields of 
production, processing, marketing and organization. Co-operation in the field of innovative activities, both 
according to the Oslo Manual and to the Statistical Yearbook of the Polish Central Statistical Office, is defined 
as active participation in joint projects with other companies or non-profit institutions. Importantly, partners do 
not have to obtain immediate economic benefits from a given venture. Such co-operation may be long-term 
and prospective. On the other hand, in case of hiring external contractors, if there is no active involvement of 
the contracting entity in the execution of a contract, companies rarely regard this type of relationship as "co-
operation" [13, 14]. The Oslo Manual mentions two main types of co-operation in the sphere of innovation [13]: 
 vertical co-operation - occurs along the supply chain and encompasses customers and suppliers 

working together to develop new solutions; 
 horizontal co-operation - companies work together with other companies or public research institutions.  
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Co-operation between companies in the area of innovation brings many benefits, including access to new 
knowledge, technology and solutions that they would not be able to develop or exploit on their own. In addition, 
synergies are generated through mutual learning [13]. It also allows to reduce the costs and risks of conducting 
innovative activity [15].  

3.  CO-OPERATION IN CREATION OF INNOVATION IN THE ENTERPRISES OF THE TSL INDUSTRY 

The transport, shipping and logistics (TSL) industry is developing very dynamically in recent years. Forecasts 
also point to TSL as a service area for which further growth is anticipated, mainly due to the growing demand 
for such services. However, it is necessary to understand that without the innovative activity of enterprises, the 
development of this industry will be strongly inhibited [16]. There is no comprehensive analysis of the 
innovative activities of TSL enterprises in the available literature. Moreover, little effort has been put so far in 
the research into the co-operational activities these companies undertake in order to generate innovation and 
the forms which those activities adopt. The available analyzes concern primarily the innovative activity of 
service enterprises, which are considered less innovative than industrial enterprises. Generally, the TSL 
industry is considered to be developmental, unfortunately not generating a significant level of innovation. Also, 
in the context of other service industries, the area of logistics is relatively weak in comparison [16]. 
Improvement of this issue could lead to co-operation, which gives entities a number of benefits both in the area 
of innovative activities and in other fields. K. Dziekoński and J. Chwiećko [7] mention in their research the 
barriers to innovation in the TSL industry. The respondents of a survey who provided logistic services indicated 
the following issues as the main factors limiting the development of innovations: high costs of developing and 
implementing innovations, risk fears, lack of financial resources, long implementation time and lack of 
appropriate research infrastructure. Co-operation with other entities could be a solution to the problem and 
could to some extent reduce the impact of these factors.  

To illustrate the role of co-operation and the impact it has on the TSL industry, data collected by the Polish 
Central Statistical Office during three study periods: 2011-2013, 2012-2014, 2013-2015 was used. That data 
shows the number of companies co-operating in the field of innovative activity among all companies considered 
to be innovative. According to the Polish Central Statistical Office, innovative companies [14, 15, 17] are the 
entities which introduced at least one product or process innovation during the period under review, or 
implemented at least one innovative project that was discontinued or cancelled, which means it was not 
successfully completed, or a project which was not completed, therefore it continues. The TSL industry is 
absent from the study as a separate part, however the classification was conducted according to the Polish 
Classification of Activities (PKD). The following types of partner institutions have been identified for the 
purposes of the analysis of innovative activities and their role in co-operation [15]: 
 other companies that represent the same group of entities (in the case of the TSL industry, this is the 

co-operation between various entities representing only that industry, not competitors on the market); 
 competitors and other entities pursuing the same activity; 
 suppliers of materials, equipment, software, etc.; 
 customers; 
 consulting companies, laboratories, private R & D entities; 
 scientific branches of the Polish Academy of Sciences and research institutes; 
 foreign public R & D institutions; 
 higher education institutions. 

The part that represents the TSL industry against the entire scope of service providers does not show a 
significant contribution to co-operation for innovation. The most innovative service sectors were: insurance, 
reinsurance and pension funds in the periods between 2011-2013 and 2012-2014, where respectively 56.8% 
and 66% of the innovative enterprises co-operated with other entities. In the period of 2013-2015, that sector 
ranked second with 54.3% of innovative enterprises, while "Research and Development" was at the first place 
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with 64.8% [14, 15, 17]. Companies representing the TSL industry in three analyzed study periods are shown 
in Figure 1. 

 

Figure 1 Enterprises representing the TSL sector (as classified according to the Polish Classification of 
Activities) co-operating with other entities in the field of innovative activity (% of innovative active companies) 

Source: own research based on literature [14, 15, 17]. 

As mentioned earlier, companies in the TSL industry are not one of the most collaborative groups for 
conducting innovative activities. This factor may be contributing to the relatively low innovation of this industry. 
In addition, there are irregularities in this area, especially in three branches: warehouses and transport support 
activities, air transport, postal and courier services. Land transport and pipeline transport are the weakest 
(respectively: 8%, 7.5% and 10.7% of innovative companies), however their distinctive feature is stability of 
undertaking co-operation with innovative activities. Similarly, a small number is visible in water transport - in 
the first period there is no data, in the remaining two periods there is a stable amount of 14.3% innovatively 
active companies. The highest level of co-operation is visible in air transport (respectively: 50%, 25%, 50% of 
innovative companies), yet it is difficult to talk about stability here. In the case of warehouses and transport 
support activities, in the first period the number of co-operating entities was significant (53%). Unfortunately, 
in the two successive periods it was significantly reduced (21.3% and 26%, respectively). In postal and courier 
activities there is a systematic decrease in the level of co-operation - 35.7%, 18.2% and 12.5%, respectively. 

4.  SUMMARY 

Co-operation plays a very important role in building corporate strategies for the creation and implementation 
of innovation. It is undertaken by both production and service enterprises of various industries, including those 
representing the TSL industry. Collaboration can be undertaken with various entities and institutions (including 
customers, suppliers, competitors, universities, etc.) and in various forms. As shown in the article for 
companies in the TSL industry, it is difficult to talk about the high level of co-operation for innovative activities. 
It may also be related to the fact that this industry is generally not considered highly innovative. It is possible 
to reflect on the extent to which increased co-operation between companies could contribute to their 
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innovation. However, this issue requires more detailed research. Moreover, the form of co-operation between 
TSL enterprises to create innovative solutions also requires further analysis. The only data available from the 
Polish Central Statistical Office is on clusters - they are not the subject of this study but will be the basis for 
separate studies. Apart from the clusters, there are no characteristics of other forms of co-operation, which 
clearly indicates the directions of further research. 
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Abstract   

Under the term “structure of logistic costs” percentage of individual cost items over the total costs is 
understood. The structure shows the dependence of particular cost elements on production volume. Changes 
in the cost structure express continuous changes in economics, technology, and organisation of production. 
Therefore, the cost structure is an important indicator of corporate work analysis. It is important from the 
perspective of cost planning, especially when planning cost reduction and it is also critical for the specification 
of the ways costs are reduced. The structure of logistic costs is determined by different factors, of which one 
group arises from objective conditions and other group from the character of corporate work.  

Keywords: Structure, logistic activity, logistic costs, reduction, corporate 

1. INTRODUCTION  

Logistic costs include a group of costs, which react the same way on any changes in values of certain affecting 
quantities. Logistic costs further include items, which, when calculating production costs, remain hidden, i.e. 
not taken into consideration. The goal of each logistic activity is to optimise logistic outputs using logistic 
components, logistic services and logistic costs. A substantial step in the process of logistic cost monitoring 
and registering is to define, which costs of corporate processes will be included in logistic costs and to specify 
the point of their contact with the rest of the units (procurement, production, sales etc.). Once the considered 
processes are specified it is necessary to select suitable parameters to express logistic outputs. When 
proposing and registering logistic costs and outputs it is necessary to carefully consider specific conditions of 
the enterprise given as the scope of included processes has a strong influence on the amount of reported 
logistic costs and their percentage over the total corporate costs. Within a centre, these are logistic outputs, 
which need to be used in order to execute logistic activities.  Logistic costs interconnect corporate economy 
and logistics [1]. 

2.  STRUCTURE AND POSSIBILITIES OF COST REDUCTION IN THE FIELD OF COMMERCIAL 
LOGISTICS  

2.1.  Costs of Procurement Logistics  

The logistics of procurement forms an integral part of corporate logistics. Its role starts with the finding of 
particular needs related to manufacturing processes, continues through market research and ends with 
supplier selection, which, in turn, results in the contracting procedure and purchase order signing. The role of 
procurement logistics further continues with the monitoring of contract fulfilment up to the moment of goods 
handover.  

An effective program of purchase-related cost reduction must be supported by corporate top management. It 
further has to have clearly defined goals, which can be measured and results of which can be subsequently 
evaluated.  
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This kind of program related to purchase cost reduction should cover the following methods [2]:  
 Development of a supplier system (a systematic corporate effort to establish and maintain a system of 

suppliers and improve different supplier qualities, which is necessary so that the purchasing organisation 
can fulfil ever more demanding market requirements);  

 Taking advantage of the competition existing amongst suppliers (this creates a possibility to take 
advantage of competitive relations in the supplier market for the purpose of best supplier selection - due 
to the existing competition, the supplier is forced to provide its customer with various special services 
e.g. increased quality, reduced prices etc.); 

 Requirements relate to supplier’s cost reduction (corporate effort to be aware of supplier’s costs and to 
require their reduction - the more reduced the supplier’s costs, the lower the price of goods and service 
provided);   

 Timely involvement of suppliers in the development of new product designs and in changes of existing 
product designs (introduction of  simultaneous engineering - close cooperation of technical employees 
of suppliers with customers regarding product development and improvement); 

 Material substation (it is a substation of one type of material by another with the same or similar qualities, 
which is of a lower price or is promptly available etc.);  

 Standardisation (purchasing of standard goods and products makes the process of purchasing easier 
and reduces transportation, handling, storage and production costs);  

 Make-or-buy analysis (this method can also be used for purchasing purposes - its makes the enterprise 
decide whether products and services will be provided by its own sources or through external deliveries);  

 Waste reduction (effort to purchase material that would create the least waste; this will reduce waste 
disposal costs);    

 Changes in processes and technical requirements (improvement of processes and product technical 
requirements can make purchasing easier and can reduce purchasing costs);    

 Improvement of payment terms and conditions - this means the agreement on payment terms and 
conditions that are of benefit for the given manufacturing enterprise, e.g. invoice-based payments etc.  

 Bulk volume purchases (when purchasing bulk volumes, price discounts can be given to the purchasing 
enterprise and supplies-related fixed costs can be reduced); [3]. 

2.2.   Costs of the Logistic of Supplying  

Inventories represent a first-level cost factor. Their management and optimisation is of ever bigger importance. 
Perfect recording and accounting related to inventory receipt, take-over, storage and issuing forms a 
prerequisite for inventory optimisation [2], [4]. 

Too high stock levels can reduce corporate profitability in two ways: 
1) Its net profit is reduced by petty expenses related to stock maintenance (insurance, taxes, storage, 

damage, interests etc.); 
2) The total assets are increased by the amount tied up in stock; this reduces corporate asset  turnover as 

the enterprise must give up the opportunity to invest in something else;  

Methods of stock level reduction [5]: 
 Multi-level stock planning (e.g. ABC analysis - breaking purchased material inputs down as per their 

relative percentage over the total value of materials purchased);  
 Analysis of stock replenishment period and delivery periods (this relates to the determination of optimum 

ordering and delivery times related to material takeover while considering certain backup time); 
 Exclusion of low-turnover and obsolete items (these items do not require any detailed planning and the 

goal of supply management is to gradually exclude such items from detailed planning);   
 Package size analysis (the effort to minimise and standardize packages, transportation and handling 

units);   
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 Reviewing complaint and goods return procedures (specification of a procedure for solving complaints 
caused by suppliers or carriers and subsequent return of undesired goods); 

 Support of product substitution (this relates to the substitution of materials by other similar materials, 
which are of the same or even better qualities, are of better availability, cheaper etc.; by their introduction 
it is possible to reduce inventory costs);  

 Introduction of a formalised order system related to stock replenishment and subsequent evaluation of 
delivery fulfilment as per individual stock items (such system uses the actual data concerning customer 
demands and is connected to a prognostic system and production planning; it reduces the possibility of 
erroneous message and unexpected time delay occurrence - safety stock volume reduction);  

 Stock summary extension (possibility to share information and stock management on different supply 
chain levels); 

 Re-organising methods used to manage stock so as to improve material flow (e.g. the JIT method - 
product, part or material delivery in the time when these are needed by enterprise; quick response 
system QR - improved stock management and increased efficiency thanks to improved stock flow rate);  

 Ensuring quality deliveries (the use of TQM approach based on ISO 9000 standards);   

The suitability of individual methods varies from one enterprise to another, all that based on a particular needs 
and possibilities related to stock levels.  

2.3.  Costs of Sales Logistics  

Sales just like supplying on the other side of corporate equation represents one of the most crucial cost factors, 
which can cause great losses or great gains in the form of revenues. The objective of sales is to meet the 
demands of domestic as well as foreign markets in the amount, product mix and quality and time required, all 
that in accordance with the corporate production program.  

The sales logistics tries to reduce sales costs, increase the profitability of sold products and to attract orders 
for production goals fulfilment. This all has a substantial impact on optimisation and the achievement of 
corporate goodwill [2], [6]. 

2.4.   Distribution Logistics Costs  

The distribution logistics represents a group of logistic tasks and measures concerning distribution preparation 
and performance. It deals with all the activities related to goods flow from finished product warehouses to sales 
market, gaining information and documents for invoicing included. The management of distribution chains 
represents a system approach, which is highly interactive and complex and which requires simultaneous 
review of different relations. The objective of logistics is to have distribution performed at minimum costs and 
to have very good business service provided (delivery periods, flexibility of deliveries, readiness of deliveries, 
reliability of deliveries, quality of deliveries), transportation, packaging a storage [7].    

When minimising distribution costs logistics applies the following measure [7]: 
 Involvement of intermediaries in the distribution process (intermediaries solve the non-conformance 

concerning the supplied and demanded product mix by sorting and grouping goods - sales and logistics 
cost reduction); 

 Introduction of routine transactions (it is not necessary to introduce special conditions for each of the 
transactions - improved efficiency of logistic operations); 

 Ensuring high-quality supplier service (reliability and quality of deliveries - this relates to on-time 
deliveries and deliveries of products without any defects) and flexibility of deliveries (ability to accept 
special customer requirements); 

 Improved quality of communication between customers and the enterprise (it is necessary to propose a 
good-quality system of communication between the manufacturing facility and customers as such 
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system can point out different defects and insufficiencies of products and their distribution in a timely 
manner);  

 Selecting an appropriate distribution strategy (based on an analysis of the market, competition, 
enterprise possibilities; it is necessary to consider customer shopping behaviour and the character of 
products; it is also necessary to choose the right type of distribution - intensive, selective, exclusive etc.); 

 Using hold-up methods (the result of such method are savings as such hold-up moves the differentiation 
of products closer to the buying moment, i.e. to the moment, when it is possible to forecast the demand 
more easily and precisely - this reduces costs related to risk and uncertainty) and speculations (the 
opposite of hold-up methods - the enterprise is part of distribution channels, thus the risk is not 
transferred and it is intentionally borne by the enterprise; this results in the introduction of large-scale 
production, placing extensive orders, reduction of situations when products might be out of stock, 
elimination of the risk and uncertainty); 

 Outsourcing (the use of distribution services of other companies - outsourcing represents an important 
possibility that the company should consider when proposing supply chains and when assessing already 
existing distribution channels); 

 Specifying an optimum type of transportation, means of transport and transportation system (this relates 
to the minimisation of transportation costs, the effective use of means loading capacity, specification of 
the shortest transport route, decisions on corporate own and other transport performance, flexibility, 
promptness, reliability and quality of transportation); 

 Using standard packages and package labelling (by introducing standard packages and their labelling 
distribution will be easier and faster);  

 Using centralised storage (possibility of automation and systematic integration, which will ensure the 
improvement of supply chain efficiency and performance); 

 Cash flow improvement; 
 Improved cooperation of the distribution unit with the rest of logistic chain partners (purchasing, 

supplying, production, sales, distribution - synchronisation of cooperation amongst individual corporate 
logistic units will ensure an optimum functioning of the entire enterprise); [7], [8] 

The suitability of these methods application varies from one enterprise to another. In general, the effort is to 
shorten distribution chains, concentrate distribution capacities into smaller units and reduce the scope of 
distribution on all the levels [7].  

2.5.  Structure and Possibilities of Cost Reduction in the field of Production Logistics  

Under the term “Production logistics/logistics of production” a set of logistic tasks and measures related to the 
preparation, provision and implementation of manufacturing process is understood. It contains all the activities 
related to the material and information flow of raw materials, auxiliary and production materials from 
warehouses to production. It also covers everything from semi-finished product and purchased product 
warehouses, individual stages of manufacturing process, all intermediate warehouses included, to finished 
product warehouses. The role of the production logistics is to ensure continuous production and its 
synchronisation with other corporate divisions, which has a positive impact on corporate profitability [9].  
The production logistics contributes to the solution of several problems and functions on several levels [10]:    

1) Allocation issues and layout  
 Manufacturing process allocation;  
 Arrangement of machines in manufacturing process;  
 Allocation of single-purpose machines;  
 Layout (workshop arrangement of production); 

In connection with the above issues, different methods such as multi-criteria decision-making (certain weight 
is assigned to key business and production factors and, based on the sum of individual weights, an optimum 
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location is selected), cost analysis (solving the issue related to the assignment of manufacturing process to 
several locations) etc. are applied.  

2) Tactical planning - forecasting  
 Forecasting based on sources;  
 Forecasting production of a group of products and sales of such products;  
 Calculation of requirements concerning material, raw material, and power and utilities etc. 
 Calculation of capacities related to machines, human resources, funds etc.;  

In this case, the logistics uses quantitative methods (e.g. statistical methods - historical data analysis and 
processing, their extrapolation for the forecasted period) or qualitative methods (these are based on subjective 
information, from which a numerical estimate is prepared - estimates of sales people, group expert opinion 
market research, Delphi method etc.). It is necessary to consider certain forecasting errors and to be able to 
calculate them. The goal of forecasting is to specify capacity strategy (based on production capacity and 
forecasted requirements) and capacity balancing of manufacturing process (adjusting capacities to 
requirements).   

3) Aggregated planning   
 Order logistics (interconnection between the production and commercial logistics); 
 Defining production tasks;  

The role of logistics is to propose and implement an optimum system solving order recording and technical, 
technological and economic review, capacity planning, internal order accumulation, batching and generation. 
This at the same time defines production roles.  

4) Operative planning 
 Production scheduling (production schedule, time schedule); 
 Dispatching control (performance of operative planning in the manufacturing process); 
 Operative registration and monitoring;  

Here, logistics applies various methods: assignment of production operations to certain machines, optimum 
use of bottlenecks (OPT), Gantt’s scheme (forward and backward scheduling), network analysis (methods 
such as CPM, PERT, MPM, GERT), sequence problem (matching, coupling, Branch and Bound, indirect 
methods), balancing production lines (reduction of downtimes at individual lines), break-down of products into 
subgroups (MRP), heuristic methods etc. [11].  

This represents an integration of operations into more comprehensive units and reduction of number of contact 
points. The tendency to make the character of production as similar to order-based production with low stock 
levels leads, in many cases, to the use of the Just in Time (JIT) method, which optimally synchronizes individual 
transportation, storage, production and assembly processes in the entire manufacturing process [12].  

3.  CONCLUSION 

In logistics, we often deal with the need to differentiate between fixed and variable cost items not only when 
deciding upon the total production volume but also when, for instance, deciding on the degree of vehicle 
capacity utilisation, size of production and purchase batches etc.  

For example, there are quite a lot of fixed items amongst partial cost items in relation to stock level 
maintenance. While, for instance, the interest and insurance amount has to be looked at as variable costs from 
stock level perspective, the storage space costs and costs of handling equipment behave, into a certain 
increase in stock level limits, as fixed costs.        

And vice versa - when stock level in warehouses goes down, the costs stay the same up to the moment, when 
warehouses and equipment are sold or used for some other purpose. It is therefore necessary not to take, for 
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example, the model of batch size optimisation with a pinch of salt. The model understands all stock level 
maintenance costs as variable and results in an unacceptable simplification.  

Costs of one machine setting when changing over to a different product type doe not depend on the size of 
the above batches and, as such, represent fixed costs. The total annual costs of the same machine setting 
depend on the number of batches (i.e. they are variable considering the number of batches). This also applies 
to the relation between order issuing costs and the volume being ordered. The fixed part of transportation costs 
are road use costs, train sequencing costs etc. The variable part of such costs is the costs dependent on 
transportation distance.  
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Abstract 

This paper presents an analysis of selected Corporate Social Responsibility (CSR) reports published by 
companies operating in Poland to determine the existence and specificity of disclosures concerning the circular 
economy issues. In particular, the paper is focused on identification of qualitative and quantitative descriptions 
of material aspects and practices related to the 4R (Reduce, Reuse, Remanufacture and Recycle) model 
implemented to improve environmental performance of products and processes. The results of empirical 
research show that the analyzed CSR-related reports depict quite extensive activities and indicators related to 
a reduction in raw materials consumption and in the amount of waste, as well as to recycling of waste streams. 
However, disclosures of actions that concern reuse and remanufacturing practices are extremely rare. In 
addition, the research indicated very limited connection between 4R practices disclosed in the analyzed CSR-
related reports and eco-innovation activities. 
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1. INTRODUCTION 

The circular economy is seen as an industrial system that is restorative or regenerative by intention and design. 
It replaces the ‘end-of-life’ concept with restoration, shifts towards the use of renewable energy and 
a reduction in non-renewable resources consumption and aims at waste elimination through superior design 
of materials, products, systems and new business models [1]. It makes it possible to capture an additional 
value from products and materials, to decrease the amount of unrecoverable waste and to reduce the risk 
presented by the material price volatility and changing costs of the material supply [2]. 

The Corporate Social Responsibility (CSR) reporting is focused on disclosures related to significant economic, 
environmental and social impacts that matter the most to a given organization. The question arises whether 
circularity issues are reported in CSR reports in Poland. Therefore, this article presents an analysis of selected 
CSR-related reports published by companies operating in Poland to determine the existence and specificity of 
disclosures concerning the circular economy issues. The studies conducted in this area are limited and, in 
addition, such research has not been performed in Poland up till now. This study expands and enriches the 
previous surveys focused on quality assessment of CSR reporting practices in Poland [3, 4] and, in particular, 
on the green supply chain management issues within CSR-related reports in Poland [5]. 

2. THEORETICAL BACKGROUND 

The circular economy is gaining increasing attention in Europe and around the world as a potential way for 
society to increase prosperity, while reducing the dependence on primary materials and energy and decreasing 
waste generation in the product life cycle [1]. The main principle of the circular economy is designing without 
waste and its target is to “close the loop” of the product life cycle. This means that the product should be 
designed and optimized for a cycle of disassembly and reuse, which makes it possible to avoid or significantly 
reduce the amount of waste. Therefore, the circular economy model can be described as the model of 4 R’s: 
Reduce, Reuse, Remanufacture and Recycle [6]. The principles of the circular economy can be translated into 
specific business actions. For example, the ReSOLVE framework includes six levers of the circular economy: 
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Regenerate (i.e. shift to renewable energy and materials), Share (i.e. share assets, reuse/use second-hand 
goods, prolong life through maintenance, design for durability, upgradability), Optimize (i.e. improve the 
product performance/efficiency, remove waste from production and from the supply chain), Loop (i.e. 
remanufacture products or components, recycle materials), Virtualize (i.e. e-Books, online shopping, 
autonomous vehicles), and Exchange (i.e. replace old with advanced non-renewable materials, apply new 
technologies, choose a new product/service, e.g. multimodal transport) [1]. Accenture has identified five 
business models driving the circular economy and these models include: Circular supplies, Resource recovery, 
Product life extension, Sharing platforms, and Product as a Service [7]. The complexity of the circular economy 
concept is evidenced by the fact that the IMSA has categorized nineteen existing circular business models that 
take account of: Short cycle (e.g. pay per use, waste reduction, repair), Long cycle (e.g. refurbish and resell, 
take back management), Cascades (e.g. upcycle, collaborative production), Pure circles (e.g. cradle to cradle, 
circular sourcing), Dematerialized services (e.g. physical to virtual, subscription-based rental), and Produce 
on demand (e.g. produce on order, customer-vote design) [8]. 

CSR reporting constitutes a key platform for measuring, understanding and communicating sustainability 
performance and relevant economic, environmental and social impacts caused by everyday activities of 
organizations. In fact, every organization can define to itself what CSR means, it may also decide how to 
communicate its CSR advancement in whatever manner it finds appropriate. However, there exists widespread 
sustainability reporting guidance that helps to demonstrate the link between the organization’s strategy and its 
commitment to sustainability. The GRI Standards for Sustainability Reporting seem to be the most trusted and 
widely used all around the world with the latest version of the GRI G4 Guidelines issued in 2013 [9]. It 
expanded, among others, standard disclosures of significant actual and potential environmental impacts in the 
whole supply chain. These impacts also include circularity issues related to implementation of the circular 
economy concept at the organization level. 

With regard to disclosures of the material aspects and practices related to circularity issues, the GRI G4 
requires organizations to report on significant environmental impacts in the whole supply chain and on taken 
actions, together with relevant indicators. Disclosures may consist of descriptions and indicators that report 
the percentage of recycled input materials used to manufacture the organization’s primary products and 
services, the total volume of water recycled and reused by the organization, and the total weight of hazardous 
and non-hazardous waste reused or recycled. These indicators should provide insight into the extent to which 
the organization’s products, components or materials are collected and successfully converted into useful 
materials for new production processes. They also show the degree to which the organization has designed 
products and packages capable of being recycled or reused. GRI G4 emphasizes that establishing effective 
recycling and reuse systems to close product cycles contributes significantly to increased material and 
resource efficiency [10]. 

3. MATERIALS AND METHODS 

The research presented in this article is a continuation of the analysis of disclosures on the green supply chain 
management (GSCM) issues within CSR-related (i.e. corporate social responsibility, sustainable and 
integrated) reports in Poland [5]. Out of the 42 previously analyzed reports, 10 reports coming from companies 
that received the best scores with regard to the inclusion of the GSCM were selected.  
The characteristics of the reports under analysis are presented in Table 1. 

Based on previous research [1, 6, 11], the analysis of the content of CSR-related reports has focused on 
identification of specific descriptions of actions and on measurable indicators disclosed in relation to the  
4R model: 
 Reduce, e.g. reduction in the use of the virgin material and in the waste stream attributed to the product 

manufacturing; 
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 Reuse, e.g. reintroduction of a product for the same purpose and in its original form, following minimal 
maintenance and cosmetic cleaning. If a product cannot be reused as a whole, individual components 
can be reused in a functional way; 

 Remanufacture, e.g. the processes of disassembly and recovery at the sub-assembly or component 
level. Functioning, reusable parts are taken out of a used product and rebuilt into a new one.  
This process includes quality assurance and potential enhancements or changes to the components; 

 Recycle, e.g. recovering materials for the original purpose or for other purposes. The materials 
recovered feed back into the process as crude feedstock. Recycling excludes energy recovery. 

Table 1 Characteristics of analyzed CSR-related reports [own analysis] 

Company name Core activity Report type Guidelines 
declared 

External 
verification 

Years covered  
in report 

ATLAS Group Construction materials 
manufacturer 

Corporate Social 
Responsibility GRI G4 Core Verified 2014-2015 

AUCHAN 
Polska Retailing company Sustainable GRI G4 Core None 01/10/2013-

31/09/2014 

AZOTY Group Fertilizers and chemicals 
manufacturer Integrated GRI G4 Core Verified 2015 

CASTORAMA 
Polska 

Retailer of home improvement 
tools and supplies 

Corporate Social 
Responsibility GRI G4 Core None 01/02/2013-

31/01/2015 

CEMEX Polska Building materials 
manufacturer Sustainable GRI G4 Core Verified 2013-2014 

KOMPANIA 
PIWOWARSKA Brewery group Sustainable GRI G4 Core Verified 01/04/2015- 

31/03/2016 

LOTOS Group Vertically integrated oil 
company Integrated GRI G3.1 Verified 2014 

ORANGE 
Polska 

Telecommunications 
provider 

Corporate Social 
Responsibility GRI G4 Core Verified 2015 

POLPHARMA Pharmaceuticals 
manufacturer 

Corporate Social 
Responsibility GRI G4 Core Verified 2013-2014 

RABEN Polska Comprehensive logistics 
services  Sustainable GRI G4 Core Verified 2015 

4. RESULTS AND DISCUSSION 

According to the GRI G4, CSR-related reports shall focus on the organization’s significant economic, 
environmental and social impacts or on impacts that have a substantial influence on the stakeholders’ 
assessment and decisions [9, 10].   

The empirical research results confirm that companies value the circularity issues related to the Reduce and 
Recycle components of the 4R model and perceive them as significant. The study shows that the analyzed 
CSR-related reports contain quite an extensive depiction of activities and indicators related to a reduction in 
raw materials consumption and in the amount of generated waste, as well as to recycling of waste streams, 
including packaging. There is also relatively much information on recycled materials in products and packaging 
and on utilization of recycled materials in manufacturing processes. On the other hand, disclosures of actions 
that concern reuse and remanufacturing practices are extremely rare. With regard to this issue, the exceptions 
are the indicators and the description related to reused and remanufactured products (i.e. multimedia devices 
and phones) included in the ORANGE Polska CSR Report. In addition, the research indicates very limited 
connection between circular issues that concern the 4R model practices disclosed in CSR-related reports and 
eco-innovation activities. The examples of eco-innovation solutions in this area are incorporated in the reports 
from KOMPANIA PIWOWARSKA and ORANGE Polska only. It is also worth mentioning that few reports 
publish information about virtualization of meetings through videoconferences and teleconferences and 
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introduction of E-documents, which is in line with the circular economy assumptions. The results of the study 
are presented in Table 2. 

Table 2 Disclosures of selected circularity issues in analyzed CSR-related reports in Poland [own analysis]  

Company 
name Disclosures related to model of 4R: Reduce, Reuse, Remanufacture and Recycle 

ATLAS Group 

 Reduce: Indicators related to consumption of raw materials and other materials during 
manufacturing processes; 

 Reuse and Remanufacture: None; 
 Recycle: Indicators related to the percentage of recycled input materials used in 

manufacturing processes; indicators related to the increase in the total mass weight and 
levels of recycled packaging; information about publishing data on the quantity of recycled 
materials in products and packaging, use of secondary material, use of renewable and non-
renewable secondary fuels, and materials for recycling; 

 Other: Information about comprehensive LCA assessment for several key product groups 
and publishing of type III Environmental Product Declarations. 

AUCHAN 
Polska 

 Reduce: Description of activities related to waste reduction and indicators related to the 
amount of waste; description of activities related to a reduction in water, energy and gas 
consumption and indicators related to water, energy and gas consumption  

 Reuse and Remanufacture: None 
 Recycling: Indicators and description of activities related to packaging recycling; information 

about closed loops in water consumption 
 Other: Information about application of the 3R model (Reduce: reduction in packaging and 

waste; Reuse: reuse of packaging; Recycle: processing of raw materials from packaging). 

AZOTY Group 

 Reduce: Indicators and description of actions that contributed to a reduction in energy and 
water consumption, management of waste, wastewater and emissions; information about 
low-waste technologies and improvements in waste collection and reduction;  

 Reuse and Remanufacture: None;  
 Recycle: Indicators and descriptions related to recycling of production waste, recycling of 

packaging waste and water recovery; information about waste oils and lubricants that are re-
used in the production of new oil. 

CASTORAMA 
Polska 

 Reduction: Indicators and description related to the carbon footprint throughout the supply 
chain, water consumption and the amount of waste; information about responsible wood 
acquisition; 

 Reuse and Remanufacture: None; 
 Recycle: Description and indicators related to recycling of various waste types; information 

about products with closed-loop certificates; information about the 2020 target to reduce to 
zero the amount of waste going to the landfill; 

 Other: Information about virtualization of meetings through videoconferences and 
teleconferences. 

CEMEX Polska 

 Reduce: Indicators and description related to a reduction in water consumption, raw 
materials consumption and emissions;  

 Reuse and Remanufacture: None; 
 Recycle:  Indicators and description related to the use of recycled materials in manufacturing 

processes; indicators and description related to closed loops in water consumption; 
 Other: Indicators and description of the use of renewable fuels and consumption of energy 

from renewable sources. 

KOMPANIA 
PIWOWARSKA 

 Reduce: Indicators and description related to a reduction in water consumption, energy 
consumption, the waste amount and emissions; 

 Reuse and Remanufacture: None; 
 Recycle:  Indicators and description related to waste, by-products and various types of 

packaging recycling; closed loops in water consumption; 
 Other: Information about the increasing use of renewable energy sources; information about  

eco-innovations in packaging. 

LOTOS Group 

 Reduce: Indicators and description related to raw materials and water consumption; 
 Reuse and Remanufacture: None; 
 Recycle: Indicators and description related to waste recycling; information about closed loops 

in water consumption. 
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Company 
name 

(continue) 
Disclosures related to model of 4R: Reduce, Reuse, Remanufacture and Recycle 

ORANGE 
Polska 

 Reduce: Indicators and description of actions that contributed to a reduction in paper use, 
energy consumption and emissions; 

 Reuse and Remanufacture: Indicators and description related to reused and remanufactured 
products (i.e. multimedia devices and phones); 

 Recycle: Indicators and description related to waste recycling, information about all 
components of products collected for recycling at the end of the product use phase; 

 Other: Information about eco-innovative solutions; information about introduction of E-
documents and teleconferences. 

POLPHARMA 

 Reduce: Indicators and description of actions that contributed to packaging minimization, 
reduction in the consumption of raw materials, water and energy; 

 Reuse and Remanufacture: None; 
 Recycle: Indicators and description related to packaging from recycling; indicators and 

description related to the percentage of recycled input materials used in manufacturing 
processes and waste recycling. 

RABEN Polska 

 Reduce: Indicators and description of actions that contributed to a reduction in fuel and 
energy consumption and in emissions; 

 Reuse and Remanufacture: None; 
 Recycle: Indicators related to selective collection of waste;  
 Other: Information about introduction of E-documents. 

It should be emphasized that the transition to superior design and development of materials, products, systems 
and new business models to be consistent with the circular economy assumptions is a very complex and time-
consuming process. Comprehensive and reliable implementation of relevant actions in this area requires, inter 
alia, the search for and implementation of diverse innovative initiatives [12] and suitable forms of cooperation 
within the whole supply chains [13], in particular - reverse logistics. This will also necessitate appropriate 
utilization of tools supporting innovation and eco-innovation [1,14] to achieve environmentally friendly 
processes and circular products [15], which usually will need the support of dedicated IT tools [16,17]. 

5. CONCLUSIONS 

The change from the linear approach to consumption and production, where raw materials are extracted, then 
made into products which are used and then disposed of, to the circular loop, where resources are recovered 
at their highest quality and kept in circulation for as long as possible, seems to be inevitable. Therefore, the 
circular economy concept has become increasingly popular in recent years in seeking an alternative to the 
current ’Take - Make - Dispose’ economic model. 

Moreover, the move to the circular economy might constitute a significant opportunity for business.  
To address this challenge, the British Standards Institution established the BS 8001 framework that is intended 
to help to understand and implement the circular economy issues at an organizational level and to continually 
improve the transition from a linear to a more sustainable and circular mode of operation. This is to be achieved 
by the use of the guiding principles (i.e. Systems thinking, Innovation, Stewardship, Collaboration, Value 
optimization and Transparency) and the framework for relevant actions within the 8-stage process (i.e. 
Framing, Scoping, Idea generation, Feasibility, Business case, Piloting, Implementation, and Reviewing) [18]. 

The empirical research results show that companies in Poland are at the beginning of the tough way to the 
circular economy. The achievements, until now, concern mainly the activities related to a reduction in raw 
materials consumption and in the amount of generated waste, and to recycling of waste streams. However, 
disclosures of complex actions related to the circularity issues are extremely rare. In addition, the reported 
disclosures provide very limited connection between the 4R model practices and eco-innovation activities.  
It should also be emphasized that the practices related to the 4R model analyzed in this paper are only 
a small part of the circular economy concept.  
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Abstract 

An acute shortage of skilled employees is currently a huge problem for most production companies in the 
Czech Republic. Logistic management affects directly or indirectly all positions in a production company and 
so the demand for skilled personnel in supply operations, warehousing operations or production operations 
keeps growing with the decreasing level of unemployment  and increasing competitiveness of the Czech 
companies. The problem is not only in acquiring but mainly in retaining skilled personnel because companies 
are hunting for them. And efficient performance management can be used for this purpose. In the article, the 
authors capture the most recent experience and trends in this area and they comment on them in relation to 
the specifics of the Czech labor market.  

Keywords: Human Resource, Performance Management, Trends 

INTRODUCTION 

Europe has been suffering from a lack of skilled personnel in logistics and transport operations in general for 
several years already. The sector is missing logistics coordinators, professionally trained warehouse operators, 
and also experienced truck drivers. According to Jaroslava Rezlerová, the CEO of the check branch of 
ManpowerGroup, a global human resources agency, in the Czech Republic there is a big shortage of personnel 
interested in working in logistics on all levels. “We are missing skilled logistics specialists and managers, forklift 
truck drivers and truck drivers, but also unskilled personnel which is often surprising for the investors,” said 
Jaroslava Rezlerová. “Logistics is a very competitive environment where wages are pushed down to the 
minimum levels so it is very difficult to find enough suitable persons. People prefer jobs in production because 
of higher wages. [1] Systematic and long them performance management of employees is a comprehensive 
tool for acquisition and mainly for retention of high-quality employees.  

Due to a long-term shortage of skilled personnel in all developed countries, the beginning of the 21st century 
is an era of performance management [2]. Every company needs to acquire, retain, and develop personnel 
who in terms of their skills and experience can satisfy the requirements of the specified job positions. To ensure 
that employees meet this precondition requires systematic planning, monitoring, evaluation, remuneration, and 
development of their performance. All these activities have one thing in common - performance management. 
Therefore, performance management is a comprehensive, consistent and continuous process focusing on 
monitoring, evaluation, and correction of the behavior of employees in order to increase their performance. Its 
target is a full utilization of human capabilities and potential in order to ensure the most efficient achieving of 
the company objectives which is possible only through an effective leadership method. [3] 

In the Czech Republic, the principles of comprehensive performance management are understood and used 
only by a very small number of companies. They move towards it rather slowly, from the separated process of 
evaluation of employees (if they have it at all) to the system of inter-connected HR activities. Here they use 
the outputs of the evaluation for motivation and they reflect the performance of the employees in their 
remuneration, education, and development. However, the process of hiring new employees is not yet 
perceived as the starting point of performance management. Even though this is a relatively young area of 
management and mainly in the Czech Republic it only makes the first baby steps, successful and competitive 
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companies every day come up with new findings and innovations of the procedures and principles for meeting 
the targets of performance management. This means that performance management is going through changes 
and foreign companies are already changing things which Czech companies have not even introduced yet. 
However, they can use the findings on the new trends and applied them to their specific conditions.  

1. DEVELOPMENT AND THE TRADITIONAL PERFORMANCE MANAGEMENT 

The first scientific description of practical evaluation of personnel performance was made by Frederick Winslow 
Taylor in 1920’s. In 1955, Peter Drucker used the management by objectives concept. He claimed that 
companies need a management concept that will provide scope for utilization of individual strengths and 
responsibility of the individuals and at the same time that will provide a picture of the overall direction of the 
vision and the effort for its fulfillment, it will promote teamwork and harmonize the objectives of the individual 
with the common benefit. Simultaneously with the development of management by objectives, methods of 
evaluation focusing on behavior monitoring were developed as well - this was mainly the BARS method. Later 
in 1970s these methods impacted the development of performance evaluation methods also designated as 
performance oriented evaluation. His systems frequently included classifications of performance factors such 
as quality of work and its quantity, reliability, capability, timeliness, communication, initiative, and a certain 
overall classification.  

In 1972, Malcolm Warren wrote the first article on performance management; this topic was discussed by 
numerous scientists and economists who tried, sometimes with higher, other times with lower level of success, 
to describe the process and issues of the entire process so that it is possible to provide a practical guide 
describing how to implement the results obtained from various research activities focusing on the issue under 
consideration into practice. For example, in 2008, the investigation of the British Work Foundation led by Kathy 
Armstrong and Adrian Ward [4], came to the following conclusions: “Performance management has the 
potential to improve the performance of the company and to act as a tool for achieving a culture change. 
Focusing on performance can be really beneficial for organizations. What the organization will choose, what 
the organization will focus on with respect to performance management can partially determine its future and 
undoubtedly to give direction to its culture as well.“ Cardy [5] writes that performance management includes 
much more than performance evaluation of individuals. It is a systematic process of improving the performance 
of the entire organization through the development of performance of individuals and teams.  

A Czech author, Koubek [6], characterizes modern performance management as adjusting the work positions 
and tasks according to the capabilities of the personnel and as continuous development of their skills and 
capabilities.  

2. CURRENT OPINIONS REGARDING PERFORMANCE MANAGEMENT IN THE CZECH REPUBLIC 

In the course of time, performance management systems also received some criticism due to an overemphasis 
on quantification of targets and mainly due to an excessive emphasis on systems and obscurity of the 
procedure.  

Hartz 2003 [7] summarizes the most frequent reasons of failure of the performance management as follows: 
 performance evaluation is usually subjective, impacted by impressions rather than by facts, 
 classifications done by different managers are not comparable, 
 providing feedback related to good performance is usually delayed, 
 the evaluated person becomes frustrated because of not understanding the process and its 

components, 
 outputs of the evaluation are not connected with the renumeration systems or evaluation and they only 

become an unnecessary administrative burden for the managers and their subordinates and also 
inefficient costs for the company, 
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 some managers do not like to give negative feedback to their subordinates and so they distort or delay 
the feedback. 

All these reasons have been confirmed also by almost ten years of research of the authors in Czech companies 
and among their employees in the form of studies, dozens of student projects, and undergraduate or graduate 
theses on this topic.  

3. TRENDS IN PERFORMANCE MANAGEMENT IN SUCCESSFUL COMPANIES 

2016 was an important year for performance management because it questioned numerous established 
practices in the related human resources activities. The importance of flexibility of the processes in general is 
growing mainly in the area of motivation activities of generation Y. Experts in the area of human resources 
agree on the following trends and changes that companies should implement in order to stay competitive.  

Regular feedback check and control but autonomy in decision making 

Organisations all over the world are realising that they can reach higher productivity through increased 
communication and interaction with employees. Transparent communication keeps employee goals and 
company objectives in one line, and increases degree of trust within the organisation.  

Independence and autonomy are critical for qualified employees and performance management systems 
cannot omit them. To get the most out of company workforce, managers should coach and support (thus the 
necessary feedback), rather than micromanage is autonomy preferred. Companies should consider giving their 
employees greater control over their work and from the PM view greater control over their own goals, personal 
development, careers and even their working time. 

Walmart has decided just recently to give workers more power over their schedules. This flexible nature can 
also be seen in companies such as Microsoft and Sweaty Betty, who now offer flexitime to their workforces. 
[8,9] 

Training, development and career growth are critical factors of PM 

PM systems need to place a more of emphasis on personal and career development because training, 
development and improvement which enable the development belong among the most motivating factors of 
this century. At the same time they further improve the most valuable source of companies - their employees. 

Especially generation Y want their employers to help them grow. In fact, 87% of them stated that professional 
or career growth and development opportunities was critical factor of what they look for in a job. The company 
using this as its advantage is Yelp. Their employee development is their key priority. They provide daily learning 
opportunities, mentorship and career prospects to prevent their stuff to leave for company competitors. Other 
notable examples of companies investing in this area are Salesforce, Pandora, Adobe and Facebook. The 
more flexible approach to setting goals the better effect the learning processes have.[8] 

Decline of traditional performance ratings 

During 2016, many organisations eliminated annual performance ratings. According to the CEB, 49% of HR 
leaders have eliminated or are considering eliminating performance ratings. Nevertheless, research from the 
CEB also alert that removing all performance ratings can decrease employee performance. Microsoft 
abandoned annual appraisals and performance ratings, but managers still assess each team member’s 
‘impact’ on the team, business and customer to help determine reward. And even on annual basis. Besides it 
their performance management discussions take place 3-4 times a year. Similarly, Deloitte have replaced their 
performance ratings with four future-focused questions. 
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So managers will be abandoning yearly evaluating processes in favour of more frequent and informal controls 
and interviews. Managers will initiate feedback but also on future tasks focused conversations. They will 
explore plans for their employees for the coming weeks rather than discuss what their teams have not achieved 
over the past evaluated period. Workers will get the constructive feedback from these check-ins and stay 
focused on improving their day to day performance.[8,9] 

New performance management apps 

Elimination of regular appraisals or ratings request establishment of a structured framework for ongoing 
performance management. For this purpose companies look for software tools that will enable employees to 
receive ongoing performance feedback. Organisations will rapidly adopt new performance management tools 
such as our own Clear Review software. Such tools enable employees and their managers check-in with each 
other regularly, provide online agendas for one-to-one conversations and give HR and senior management 
visibility of whether regular performance discussions are taking place. Enabling online and mobile based apps 
will ensure huge performance data and metrics that can be easily reached. Such tools also enable agile 
objectives and shorter-term priorities to be agreed and monitored. 

Mutual trust and shared vision 

The frequent feedbacks and meetings focused on goals based personal development will heighten and 
strengthen inner trust and openness as basic elements of high performance culture. Performance results will 
be taken as a shared idea that will bind managers and employees together on the way to achieving company 
goals. 

There will come series of changes in thought and managerial tools. The department of HR has been boggled 
down with planning, realizing and monitoring formal performance management cycles. These many activities 
could be from now replaced with broad professional support for building of complex performance culture. They 
will oversee managers in implementing frequent check-ins, improving the quality of performance dialogues 
within work teams, and make recommendation to top management regarding possible rewards and 
recognitions towards managers who enable positive and supportive environments. 

CONCLUSION 

The revitalization of economy is substantially affecting the labor market and leads to a shortage of the available 
labor force. This situation in connection with an insufficient mobility of people and with a low prestige of 
employment in the transport sector leads to a shortage of some professions. Logistics and transport companies 
have to look for ways how to acquire skilled employees and how to retain them. The growing interest in 
technical education which includes also transport fields shows that at least the Czech Republic is not exposed 
to catastrophic scenarios yet, even though the shortage of suitable personnel in particular cases may be 
unpleasant for the companies. 

Regarding the aforementioned trends in the area of performance management the authors would like to 
highlight the fact that each company is specific and that a universal performance management system does 
not exist. The authors do not recommend helter-skelter application of all aforementioned measures mainly due 
to the fact that the majority of Czech companies and mainly their employees are not ready for them yet. First 
it is necessary to introduce a comprehensive approach to management of employees and their performance 
and then to adjust it according to the modern trends. It is always necessary to determine the best ways for 
identification of targets, evaluation of work and distribution of bonuses so that the performance of an individual 
can be continuously improved and at the same time to provide information for decision-making on possible 
further education of an employee, his moving to another position, his promotion or termination of employment. 
A good, well-designed and flexible process of performance management is able to ensure such approach to 
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personnel and it is characterized by a long-term and continuously improving performance. However, we need 
to remember that HR management, unlike management of other production factors, works with soft elements 
and it depends mainly on the mentality of the people and their readiness for accepting the planned changes. 
A gradual, slow, and carefully prepared information-based implementation process will bring the results later 
but they will be efficient and long-lasting. 
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Abstract   

The Industry 4.0 concept is becoming increasingly popular. It gives the possibility of gaining a competitive 
advantage for the countries of the European Union. The transport/forwarding/logistics sector can be regarded 
as a leader in the evolution of the Industry 4.0 platform, because the automation of logistics has been a trend 
for several years now. More and more new technologies are being used based on the rapid acquisition and 
processing of data for warehouse management, freight transport (such as autonomous vehicles) and radio 
identification. In this situation, there is a strong need to develop new solutions and tools under Logistics 4.0. 

This article attempts to identify and describe the key challenges and future prospects for logistics that will need 
to be addressed to implement the Industry 4.0 platform. 

Keywords: Industry 4.0, automation of logistics, Logistics 4.0, network 

1. INTRODUCTION 

The concept of the Industry 4.0 is becoming increasingly popular among European countries. Its goal is to 
create very modern fully automated future factories where machines and devices communicate with each other 
via the Internet and exchange information in real time. In such factories it is possible to become incomparable 
faster production of individualized products according to customer requirements. Data received from suppliers 
and customers should be used at every stage of the production process. According to the assumption, the use 
of the Industry 4.0 concept should reduce the time to introduce a product to the market by 50% and increase 
the efficiency of production processes by about 30% [1]. 

On the one hand, proposed solutions offer the possibility of rapid development and a significant competitive 
advantage on the market for enterprises from the European Union countries, because used manufacturing 
processes is much more flexible and the customer is involved from the beginning of the production process. 
On the other hand, the fourth industrial revolution has many fears and problems to be solved. 

Logistics is the engine of the economy, so its importance in developing the concept of the Industry 4.0 is really 
significant. As a result of globalization, the potential of the global market has developed and opportunities for 
free movement of goods and capital have emerged. However, there was also global competition, which 
resulted in turbulences in the market of incomparably greater speed and power. Currently, logistics systems 
must be built in such a way that they allow for rapid adaptation to changing market conditions. Such adaptive 
logistics systems use new types of technology based on highly advanced IT systems to increase their 
adaptability to changing market conditions [2]. 

The TSL industry can be regarded as a leader in the evolution of the Industry 4.0 platform. An automation of 
logistics has been a trend for several years now. More and more new technologies are based on rapid 
acquisition and processing of data for warehouse management, freight transport (such as autonomous 
vehicles) and radio identification. In this situation there is a strong need to develop new solutions and tools 
under Logistics 4.0. This concept can be defined as autonomous, self-organizing systems that consist of 
independent subsystems. 
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This article attempts to identify and describe the key challenges and future prospects for logistics which should 
be solved to implement the 4.0 platform. 

2. THE INDUSTRY 4.0 AS A CONNECTION OF DIFFERENT TECHNOLOGIES 

Nowadays, the Fourth Industrial Revolution is gaining in popularity and interest in science and economy. 
Strong competition and growing customer expectations make it not only necessary to increase the efficiency 
of production, but also to find ways to personalize it. It is needed to manufacture short series of products 
designed to meet the needs of a specific customer. Their price should be not higher than the price of products 
manufactured in mass production. Such a flexibility should be a result of the Fourth Industrial Revolution [3].  

To achieve this, a great digitization and computerization of processes is necessary. As a result, cyber-physical 
systems will be created and smart factories will be developed in which machines and devices communicate 
and make autonomous decisions. The effectiveness and efficiency of processes will be increased and the 
supply chain will be much more flexible.  

The Industry 4.0 concept combines mobile technology with automation and implements communication 
between people, machines and devices. A control of devices and machines will be possible beyond the visual 
line of sight. Many different technologies is used in smart factories (see Figure 1).  

 

Figure 1 The most commonly used technologies in Industry 4.0 [4] 

The Industry 4.0 concept adopts among other things the following: Cyber-Physical Systems (CPS) which 
integrated networking, computing and physical processes, Internet of Things (IoT), Internet of Services, Cyber 
security, Innovative methods of collecting and processing huge amounts of information and using Cloud 
Computing and Big Data, Additive Manufacturing, Mass Customization, etc. 

3. CURRENT STATE OF LOGISTICS AUTOMATION AND FUTURE PROSPECTS  

It can be concluded that the automation in logistics started quite early. The main goal of automation is to 
integrate the work of machines and devices with human work and IT systems. Mostly in companies nowadays 
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is used automation of warehouse and production processes, supervision of implementation of warehouse and 
RFID automation and also inventory automation. 

Many companies now use self-propelled forklifts. Another example of warehouse automation are the shelves 
having satellite-controlled platforms that transport pallets to specific locations. Also, traditional bar codes are 
often replaced by automated identification methods. 

The Industry 4.0 concept opens up great opportunities for transport and logistics. Transport according to the 
concept 4.0 is expected as intelligent transport items that are based on sensor intelligence and optimize the 
route themselves based on information collected from different types of sensors about what is happening on 
the route, and transmitted via the Internet to road users. In addition, they send the arrival time information to 
the place of unloading and send the necessary documents via digital. Optimization also applies to the carriage 
of loads. Communication with the fleet manager or transport exchanges via digital and forwarding information 
about the availability of transport capacity can provide unmatched capacity utilization and real-time loading 
planning, which will dramatically shorten time and reduce transportation costs, thus increasing efficiency and 
effectiveness. The biggest challenge is the use of modern technology to minimize downtime in transport [5]. 

Intelligent transport items according to the Industry 4.0 concept can also energy harvested. In this process 
energy is derived from external sources such as: kinetic energy, solar power, wind energy, etc. which is 
captured and stored for small, wireless autonomous devices. Energy harvesters provide a very small amount 
of power for low-energy electronic. 

Cost-effective small batch manufacturing of high numbers of variants is expected in 4.0 factories. Industry 4.0 
concept assumes that machines, equipment, warehousing systems and products are connected and exchange 
information and they can realize autonomous actions and are able to control one another’s.  A digital supply 
chain shaped by Logistics 4.0. will be created. Benefits of the digital supply chain are as follows [6]: 

 complete transparency along the entire supply chain in real time, 
 reduce the complexity of management through decentralization,  
 availability of all supply chain-relevant information in the cloud, 
 autonomous decision-making, 
 clear optimization potential through Big Data applications, 
 increased automation through human-machine interaction, 
 minimization of errors in complex processes through augmented reality solutions, 
 universal optimization with Big Data, 
 flexible material flow patterns, 
 increased automation through interaction with people in real time. 

The significant element of a development of Logistics 4.0 will be innovative IT technologies which are based 
on [7]:   

 e-commerce,  
 3D printing, 
 Internet of Things, 
 Internet of Services,  
 City Logistics, 
 Mass Configuration, 
 API Economy which enables both information flow and cash flow in real time. 

The need to accelerate the implementation of logistics systems led to the introduction of Automatic Data 
Capture (ADC) systems. They allow data directly into IT system without using the keyboard to be entered. 
Optical tools (bar codes), magnetic (magnetic tapes), biometric (voice recognition) and electromagnetic (radio 
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waves) are used for automatic identification [8]. Frequently is used RFID (Radio Frequency Identification) 
technology that uses radio bar codes or EPC (Electronic Product Code), which is a combination of RFID 
technology with Internet capabilities. Many Polish warehouses use RFID systems to locate forklifts and stored 
goods. Information is read through special sensors. RFID is also used to generate information about revising 
goods in a warehouse or the space used on shelves. 

Another example of logistics automation is research and development work on autonomous vehicles. New 
intelligent communication technologies such as Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) 
create completely new possibilities. Their use can significantly accelerate the development of autonomous 
vehicles. They allow the exchange of information between moving vehicles and the surroundings of the 
motorway. Researchers and designers see significant potential of these technologies in the development of 
autonomous cars.  

The main barrier to the development of the concept of the Industry 4.0 is limited investment opportunities what 
means a lack of capital needed to develop a technical infrastructure, automation and communication of 
machinery and equipment. In addition, a significant barrier especially in Poland is low labor costs, which do 
not mobilize to implement fully automated production and services [9]. 

In Poland and the European Union countries, small and medium enterprises (SME's) are dominated in the TSL 
industry. Hence, a lack of capital is the most important limitation of the development of Industry 4.0. For this 
reason, the concept of Industry 4.0 is expected to grow mainly through enterprise networks that will jointly build 
up modern 4.0 platforms. Each of the companies belonging to the network will only specialize in a narrow 
range of logistics services. Together they will create very modern, automated supply chains that will be able 
to compete with large modern smart factories or will provide services to them. So, another important challenge 
in implementing the 4.0 concept is to work with other companies that will build together a complex networks 
[10], [11]. 

4. CONCLUSIONS 

A critical literature analysis show, that there are many modern technologies and solutions that can completely 
automate logistics processes and extremely increase their efficiency and effectiveness. We are faced with the 
enormous challenges that will surely revolutionize the hitherto approach to logistics. 

However, the automation, improvement and modernization of logistics processes is bound to overcome a 
number of barriers. The most important of these are the lack of capital, which is essential for automating and 
introducing very modern solutions. 

Summarize, the Industry 4.0 is a big challenge for enterprises as well as it gives them a significant opportunity 
to develop. However, requirements are very high, too. Companies must change their strategy completely and 
overcome many barriers. The preliminary research indicates that the most important needed changes to 
implement Industry 4.0 assumptions are as follows: 
 technical infrastructure, 
 automation of device operation and communication between them, 
 employee competences - the skills of employees needed to control an automated systems, 
 collaboration with other companies - building relationships and competencies with other companies that 

will allow joint a network of companies to be created. 
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Abstract  

Public safety network is a dynamic and flexible configuration of organisations which goal is to ensuring the 
safety of all entities on a given administrative area. It is characterised by the uniqueness and variability of 
operations, as well as constant adaptation to the actual conditions and emerging requirements. In this network, 
the competencies of individual entities are mutually complemented and actions are carried out based on legal, 
organisational and situational conditions, and also on a daily practice. From this perspective public safety 
networks are focused on inter-organisational collaboration, with communication processes as their foundation. 
These processes are realised mostly in the form of consultation and information exchange. But not always 
they are managed in the way sufficiently fulfilling the needs and expectations of entities being part of the public 
safety network. Additionally, the literature published in this matter often emphasizes the insufficiency of empiric 
study in the field of inter-organisational communication. This paper is an attempt to fulfill this research gap and 
its main goal is to evaluation of frequency and quality of communication in public safety network. The goal was 
achieved on the base of survey study carried out in 2015 with 480 entities involved in public safety, and direct 
structured interviews completed in 2016 with 83 public safety experts. The research was conducted as part of 
a project titled "Coordination, communication and a trust as factors driving effective inter-organisational 
collaboration in the system of public safety management", financed by the National Science Centre, based on 
decision no. DEC-2012/07/D/HS4/00537. 

Keywords: Communication, public management, public safety, network, complexity 

1. INTRODUCTION  

The complexity of the conditions of realisation of actions in public management causes that the key significance 
in this area is that of the network paradigm. It is because this sector’s functioning is based on a coordinated 
activity of the networks of actors. These networks refer both to a structural description and the interactions 
between engaged, autonomous entities, which are characterised by different values, rules, and strategies of 
action. The existing interdependency between these entities cause that the achieved results are the outcome 
of skilful combination of their individual organisational capabilities as well as the capability to interact. As a 
result of network collaboration it is possible, among others, to increase the efficiency of the flows, transfer 
knowledge between organisations as well as stimulate inter-organisational learning processes and innovation 
creation, the result of which is an increase of the effectiveness of joint actions.  

In the area of public safety a network approach is of key significance as it results from the complementary 
competences of each organisation, the level of relationships between them, and the dynamics and variability 
of situational conditions. Network relations already appear during planning and preparing of actions, however 
they are visible to the greatest degree in the period of their realisation. These relationships depend, among 
others, on the level of the existing inter-organisational relations, interdependency, negotiations, and 
arrangements made throughout the whole period of collaboration. As a consequence, public safety networks 
are based on inter-organisational communication, which binds the actions undertaken by autonomous entities 
[1, 2]. The research conducted so far prove, however, that the communication processes are not always 
conducted in a way, which satisfies the needs and expectations of the entities making up the public safety 
network. In addition, in the subject literature it is emphasised that empirical research in the scope of the level 
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of inter-organisational communication in situations of threat is insufficient [3; 4]. This article constitutes an 
attempt to fill in this research gap and its aim is an assessment of the frequency and level of communication 
in public safety networks. 

2. METHODOLOGY 

Achievement of the assumed aim was made possible by conducting the following research: 
 Desk research analysis. 
 Questionnaire surveys conducted in the period between April and June 2015 with 480 units that deal 

with public safety in Poland, including local government units, the police, national fire service, and 
medical rescue service. Based on them an assessment of the communication frequency in public safety 
management networks was made. 

 Structured direct interviews realised in June 2016 with experts dealing with the problematic aspects of 
public safety management in Poland, including: representatives of emergency and rescue units (36.1% 
of the surveyed population), officials dealing with the problematic aspects of safety from a position of 
local governments (34.9%), and academics (29%). 100 survey questionnaires were carried out, while 
83 properly filled out questionnaires were taken into account in the analyses. They enabled to analyse 
the level of communication in public safety management networks. 

 Discussion in a circle of experts, among whom questionnaire surveys were conducted in order to precise 
the obtained results. 

3. THEORETICAL BACKGROUND   

Public safety ranges from social policy, through regional and criminal policy up to crisis management [5; 6]. It 
refers to protection of human communities in specific social areas against hazards which may have their source 
in people’s behaviours (social hazards), technological development (technical hazards), and natural hazards. 
Whereas, management in public safety networks includes the decision cycle, which is based on identifying 
hazards and evaluation of the risk of their occurrence, analysis of the possessed resources and preparing 
action plans as well as coordination of the flows of these resources according to the arising needs and control 
and continuous improvement of actions. It is composed of two principal periods: stabilisation and realisation 
[7]. The stabilisation period includes a cycle of actions undertaken prior to hazard occurrence, including the 
entirety of organisational endeavours connected with preventing and preparing, undertaken on all levels of 
state management. In turn the realisation period takes place after the hazard’s occurrence and it consists in 
returning to the state from the stabilisation period as quick as possible as a result of conducting emergency 
actions and restoring the damage. This process is based on the one part on scrupulous organisation and on 
the other it is a spontaneous action requiring adaptation to the existing situational conditions since even the 
best plan does not always fit to the circumstances [8].  

The dynamic nature of the actions conducted in public safety networks causes that the communication 
processes are of key importance and the problems in this area may have grave consequences for the society. 
It is because communication serves explaining the specifics of events and obtaining information on actions 
necessary to be undertaken. Its aim is decreasing the uncertainty related to current and future endeavours. 
Communication in public safety networks means “sending and receiving messages which explain the specific 
event, identify its probable consequences and outcomes, and provide specific harm-reducing information to 
affected communities in an honest, candid, prompt, accurate, and complete manner” [9, p. 39]. Useful, up-to-
date, and coherent information and compatible technologies are principal in this scope. They enable to build a 
common operational picture between the organisations, which shapes understanding their institutional 
surroundings. Transparency and regularity of the communication processes increases the stability of inter-
organisational relations, involvement, and trust of each organisation in the realisation of common endeavours 
and it also fosters building common norms. It also supports the processes of adaptation and inter-
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organisational learning. As a consequence, access to proper information increases the effectiveness and 
efficiency of reaction as well as the coordination of the whole public safety network [10; 11].  

Communication processes in public safety run both in a horizontal and vertical system [12; 13]. Vertical 
communication - consisting in establishing rules, transferring of information about the current operational 
capabilities or preparation of action reports - is above all of an informational and directive nature. It creates the 
foundations for conducting of endeavours. Whereas, horizontal communication runs both between each unit 
of a given organisation and in inter-organisational systems. Its role is adapting the actions of organisations 
entering into the public safety network to the existing situational conditions. The nature of both vertical and 
horizontal communication is continuous and they run in the whole public safety management process. 
Nonetheless, these processes are not free from disruptions, which may significantly impact the effectiveness 
of the realised actions. Taking this into account, it is necessary to find out what the frequency and level of 
communication in public safety networks are. 

4. RESULTS AND DISCUSSION  

The communication frequency in public safety networks was evaluated based on a questionnaire survey 
conducted with 480 units, which deal with public safety in Poland. In this survey the repeatability of the 
processes of consulting and transferring information was taken into account.   

The obtained results indicate that the consulting processes in public safety networks are frequent - in the 
opinion of 22.7% of the surveyed people many times each day and according to 27.6% at least once a day. 
Consultation is made use of very rarely by 1.3% of the employees of the units included in the survey and 2.7% 
of the respondents never make use of it. The answers related to the frequency of transferring information in 
public safety networks are similar, which proves a cohabitation and complementarity of these processes. 
Almost every third unit transfers information about hazards and actions undertaken at least once per day. In 
every fifth institution such actions are undertaken once a week on average. These results were illustrated in 
Figure 1. 

 

Figure 1 Evaluation of communication frequency in public safety networks [%] 

In 3 out of 4 cases transferring of information to other units results from statutory obligations, but also situational 
conditions (51.5%), good will (18.5%), and other reasons (5.4%), which include: collaboration rules, internal 
rules, and competence rules. Moreover, the frequency of transferring information is strictly connected with the 
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type of the surveyed institution (p<0.05 in the chi-squared test). In the police and fire service provincial 
headquarters the most commonly transferred information concerns hazards and actions undertaken. These 
processes are the rarest in district and municipal offices - in 6.0% of cases and in provincial chair’s offices - in 
6.3% of cases. 

In turn, the evaluation of the communication level in public safety networks was conducted based on the results 
of direct interviews with 83 experts who deal with the problematic aspects of public safety management in 
Poland. The following factors were analysed: common ground of collaboration, efficiency of inter-
organisational negotiations, precision and up-to-dateness of transferred information, as well as openness and 
continuity of the communication processes. The obtained results indicate that the experts highly assess the 
openness of the communication process (19.28% ”definitely yes” and 68.67% “rather yes” answers), and the 
efficiency of inter-organisational negotiations (83.13% of positive answers), giving negative answers in both 
cases only at a level of a few percent. The greatest number of negative answers was given in case of 
communication continuity (13.25%), up-to-dateness of transferred information (12.5%), as well as its precision 
(10.84%). These results were presented in Figure 2. 

 

Figure 2 Evaluation of the communication level in public safety networks [%] 

The results obtained from the conducted analyses were next discussed in a circle of experts. As a result, it 
was established that the processes of communication in public safety networks are at a good level. However, 
they do not run without disruptions and they require undertaking of appropriate actions to increase their 
efficiency. It was ascertained that the problematic aspects of communication in the area under study result 
both from technical and organisational constraints and the ongoing activity of each organisation. Too many 
communication channels, excess, invalidity, and incompleteness of information belong to the principal 
problems connected with communication. In addition, incompatibility of the systems used by each service limits 
the speed of information flow between them and limits the decision making processes and possibilities of 
conducting common actions. Such problems may act discouragingly on the collaborating organisations and 
cause that they will limit themselves only to internal communication, which may consequently lead to a 
decrease of the effectiveness of common endeavours [14; 15]. Taking this into account, a development of IT 
technologies serving integration of public safety services seems to be the key solution enabling effective 
management of complex actions in dynamic conditions and management of information and knowledge at an 
inter-organisational level. This stems out from the need to possess up-to-date and reliable information based 
on which decisions are made and actions are coordinated. It is because the informational and technological 

27,71

19,28

9,64

6,02

14,46

6,02

42,17

68,67

45,78

50,60

68,67

66,27

16,87

7,23

32,53

32,53

14,46

18,07

12,05

4,82

12,05

9,64

2,41

8,43

1,20

1,20

1,20

0,00 20,00 40,00 60,00 80,00 100,00 120,00

COMMUNICATION CONTINUITY

COMMUNICATION OPENNESS

UP‐TO‐DATENESS OF TRANSFERRED INFORMATION

PRECISION OF TRANSFERRED INFORMATION

INTER‐ORGANISATIONAL NEGOTIATION EFFICIENCY

COMMON GROUND OF COMMUNICATION

Definitely yes Rather yes Neither yes nor no Rather no Definitely no



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

332 

integration constitutes the basis for openness and transparency of information transferring, which limits 
potential misunderstandings and additional problems. 

5. CONCLUSIONS 

Communication is the key to ensure the efficiency of actions in public safety networks. Organisational and 
situational conditions in these networks cause that possessing proper information in proper time is decisive to 
the adequacy of the undertaken endeavours to the existing hazard.  

The conducted research indicates that although the communication processes in public safety networks in 
Poland are at a god level, they require undertaking improvement actions. The problems in this scope are 
mainly a consequence of a communication chaos and a lack of compatibility of each service’s systems. These 
problems may be limited by means of implementing an IT system, which would integrate the technologies used 
in each organisation and enabling to build a comprehensive picture of the existing situation, ensuring an 
undisrupted course of inter-organisational communication processes and that would also facilitate decision 
making and action coordination. 
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Abstract  

This article deals with innovation performance of the individual countries of the European Union. It describes 
the current trends of innovation activities in the Czech Republic and the innovation potential of the Moravian-
Silesian Region. The data was drawn from the European Information Bulletin which is a specialized publication 
of the Agency for Support of Business and Investments and from the innovation activities of industrial firms as 
well as other firms. The reason for these innovation activities is to obtain competitive advantage and to 
strengthen the position on the market. In the global environment, the continuous innovation is a necessity 
whether it is innovation of the product, the processes or the business strategy.  

Keywords: Innovation, competitiveness, innovation performance, trends 

1. INTRODUCTION  

The basis for innovations in a company is careful listening to the employees, to the customers and the 
consumers because each person inside and outside the company has an opinion, a reason or an idea how to 
improve things, processes or an overall functioning of the company as such and these may lead to 
strengthening of the position on the market.  

Application of these innovative ideas which are sufficiently creative and able to help companies to achieve a 
long-term sustainability of the business and thus competitiveness on the market is very important not only for 
the company but also for the end users or the environment. Thanks to innovations a company may gain an 
advantage against other competitors and this way the competitiveness of this company is strengthened.  

A frequent mistake of companies is to think of innovations only in terms of products or technology. Innovation 
is much more than a product or technological platform. Many companies make serious mistakes when looking 
for innovations. It is necessary to distinguish innovations from mere inventions which are two completely 
different things.  

2. INNOVATIONS  

Innovations as a set of perspective thoughts and ideas that are implemented ensure better functioning of the 
organization and they also have a constant added value for the customer or for the lives of the customers and 
subsequently the shareholders and they are closely related to competitiveness. Innovation is a very broad term 
and it is difficult to specify it clearly because it may be related to a broad range of areas. It may represent for 
example innovations of products, production technology or processes related to production directly or 
indirectly, such as logistics, sales, procurement, etc. 

Innovations represent culmination of an entire series of scientific, technical, organizational, financial and 
commercial activities and in the summary they make an innovation process consisting of the invention and the 
innovation phases. Innovations are preceded with certain activities, e.g., in the form of an inventions, 
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improvement ideas, projects or utility patterns. These activities leading to changes in the structure of knowing 
are called inventions. Not all of these activities will be implemented. Some will remain unfinished, other will 
be used only for the development of science and knowing. Only the results of scientific, research and 
development activities that are implemented are considered innovations. [1] 

3. MEASURING OF INNOVATIONS  

Innovations may be measured e.g., on two levels: on the business level and on the political level. On the 
business level the innovations may be measured by research which deals with the financial resources of the 
company, the efficiency of the processes, motivation of the employees or satisfaction of the customers. The 
most frequently used metrics include percentage of the annual income from new products launched on the 
market in the last x years, costs of R&D, creation of patents (trademarks, copyrights, publications). 

On the political level, measuring deals with competitive advantages of the regions or countries in which the 
innovations play their role. In this case, innovations may be measured by various frameworks dealing with 
technology, processes or marketing. Another method is monitoring of expenses for research and development 
as a percentage of the GDP. In the Lisbon Strategy the European Union specified that average of expenses 
for research and development should be 3% of the GDP. 

3.1. European Innovation Scoreboard  

Competitiveness is covered in the European Information Bulletin (European Innovation Scoreboard - EIS). The 
EIS was established in the year 2000. It is a static tool which on the basis of collective data for indicators 
representing significant aspects of the innovations process enables to measure, compare and subsequently 
to evaluate the innovation capacity of the European Union in terms of the capacity of the innovation systems 
of the member countries (later also the individual candidate countries and the associated countries) of the 
European Union and the capacity of the Pan-European innovation system.  

The European Innovation Scoreboard is one of the methodological procedures that describe and analyze 
socioeconomic phenomena and processes with the help of quantitative indicators. Since its introduction it 
seeks to find the most suitable way for measuring the innovation performance of the European Union and its 
evaluation. Thus it seeks to select the most suitable quantitative indicators based on which it would be possible 
to describe, compare and evaluate individual national innovation systems, their current condition and 
development tendencies. [2] 

3.2. Innovation performance of the Czech Republic within the member countries of the EU  

The Czech Republic occupies the 16th place in terms of innovations in the European Union.  This is based on 
the conclusions of the Union-wide comparison of the innovation performance published by the European 
Commission. With respect to the leading position in innovations, the leader of the EU is again Sweden followed 
by Denmark, Finland, Germany, and Netherlands; see Figure 1.  

In the selected areas of innovations the leaders in the EU are as follows: Sweden - human resources and 
quality of academic research, Finland - financial framework conditions, Germany - private investments to 
innovations, Belgium - networks and cooperation in the area of innovations, and Ireland - innovations in small 
and medium size businesses. The fastest growing innovators are Latvia, Malta, Lithuania, Netherlands, and 
the United Kingdom. 
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Figure 1 Innovation performance of the member countries of the EU [3] 

In the Czech Republic, the innovation performance was growing until 2012, in 2013 it dropped down and in 
the recent years it was growing again. Compared with the Union-wide average, the Czech Republic is quite 
strong in the area of human resources, finance and support and private investments. On the other hand it 
shows weaknesses in the area of intellectual property and in the area of openness and attractiveness of 
research systems, see Figure 2 (Note: Performance relative to the EU where the EU = 100). [3] 

 

Figure 2 Relative performance to EU [3] 

The main driving force for success in innovations is a balanced system for support of innovations which 
combines a suitable level of public and private investments, an efficient innovation partnerships of companies 
and the academic world and also a high-quality educational base and top-quality research. Specialization in 
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the key basic technology increases the regional innovation performance mainly in the area of advanced 
materials, industrial biotechnology, photonics and advanced production technology.  

4. TRENDS IN INNOVATION ACTIVITIES  

The basic indicator of innovation capability is the execution of innovation activities, i.e., activities that are 
related to searching for innovation ideas and introduction of innovations. [4] An innovation activity is successful 
only when there is an adequate response of the market, e.g., in form of enhanced sales, in form of more 
satisfied customers, reinforcing the image, creating better relationships with the stakeholders of the company. 
However, at the same time it must respect the resource possibilities of the company and the financial 
requirements of the owners and creditors and the innovation activities must not lead to jeopardizing the stability 
of the organization.  

The current trends in innovation activities of companies are listed in the following areas.    

Production automation can focus on technological units, production lines, camera quality inspections, 
products handling, assembly and testing stations. Each company should be focusing on automation because 
automation brings several advantages at once. First of all it brings improvement of production quality by 
eliminating the human factor errors affecting production. At the same time people are freed both from physical 
but mainly from mental labor which increases the stability of the production process as such. It also eliminates 
the risk of health damage of the operators and thus it brings higher work safety at the worksite. Automation 
increases efficiency of production by avoiding inefficient idle time connected with increased production costs. 
Conveyor systems, as one of the sub-systems of automation of production, are focusing on improving the 
ergonomics of work in logistics. They ensure transport of the finished products as well as the semi-finished 
products between individual production technological processes inside the company and also outside the 
company. These systems are very frequently used mainly in the area of logistics, shipment, food-processing 
and other companies active in production or storing of inventory. Utilization of these systems leads to savings 
of costs for in-process transport, better sorting, warehousing and storing of products in the most efficient way. 
At the same time this will lead to saving of space. Logistics is an integral part of every production company 
and so even here it is necessary to make efforts aimed at improving the processes in order to gain competitive 
advantage on the market, and thus to innovate. 

Robotized worksites are the future of industry. This does not apply to industry only, but it can be used for 
domestic applications, military applications and also for medical applications. In the new industrial revolution 
(Industry 4.0) we are talking about Collaborative Robots (Open Safety) that can mutually cooperate. Their 
advantage is in support of the activities of the personnel, they enable work in collaboration and they can also 
be easily controlled by people throughout the entire performance of the activity. Collaborative robots are 
complementary to traditional industrial robots, they do not compete with them, and they enter into direct barrier-
free cooperation with people. They increase work productivity and flexibility in the production processes and 
other processes of the company. The main requirement for new robots is reliability, communication, and safety. 
[5] 

Internet of Things is a relatively new technology of wireless interconnection of built-in equipment with internet 
which brings new possibilities for remote control and monitoring of this equipment online. This technology will 
be used mainly in logistics and transport. It may accelerate the journey of the product to the customer and 
practically it may change the entire sectors as we know them today and bring profits to logistics in a range of 
billions. One of the areas where Internet of Things is used already is safety on roads and forecasting of road 
traffic situations. This way it increases safety, information sharing, and comfort of drivers. If there is an obstacle 
on the road, automobiles will share this information and will inform the driver with a sufficient lead time. The 
driver can then be better prepared for the unexpected obstacle on the road.  
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Cloud computing is an internet-based model of development and utilization of computer technology. We 
could call this model as providing of services or programs that are available on the internet and users access 
them remotely using a web browser. The advantage is in efficient control and work thanks to availability of the 
data anywhere and also higher security of the data or the possibility of an immediate increase of performance 
of the data center. A big disadvantage is reliance on high-quality internet connection.  

Laser engraving of material is a modern technology based on evaporation of material or color in a depth of 
several micrometers. Laser engraving can be used for creation of a plastic ornament, inscription or logo in the 
surface of the material. It can be used for engraving of plastics, wood, leather, glass, paper, and of course 
metals. The advantage is in durability, precision, and resilience. It is a contact-less method. [6;7] 

Laser cutting of material is a high-performance technology of precision cutting. It can be used for cutting of 
plates with a thickness of up to 25mm.  

Cutting of material using water jet does not result in thermal impact on the material in the place of cutting. 
The material surrounding the cutting area is not quenched and it has the same homogeneous structure as the 
cut semi-finished product. [8] 

The largest facility for recycling of electronic waste in the world which is built in Sweden will be used for 
recycling of precious metals from electronic waste, most frequently copper and it will use only a fracture of 
energy which is usually consumed when extracting metals from ores.  

Exploration of the Earth using drones and satellites while the information obtained will be used in 
agriculture to determine the yields of agricultural crops. Remote exploration of the Earth is a method for 
obtaining information on objects, phenomena, and areas without direct contact with them from a distance using 
satellites. It can also be used for identification of meteorology and climatology of the Earth, direction of the Golf 
stream, and also for identification of deposits of raw materials (geology). 

Businesses unable to keep pace with these growing demands are slowly but surely becoming uncompetitive. 
[9] 

4.1. Innovation potential of the Moravian-Silesian Region  

The current trends in innovation activities of the Moravian-Silesian Region are listed in the following areas.    

Plastic surgery - Innovations and cross-discipline cooperation in orthotics and prosthetics. An international 
conference focusing on cross-discipline cooperation, technical and clinical innovations in orthotics and 
prosthetics. The aim is to introduce advanced digital technology into plastic surgery (virtual planning, virtual 
modelling, 3 D scanning, and 3 D printing). The aim is innovation of products, processes and business models 
in orthotics and prosthetics. 

Methods and tools for stereotactic radio surgery - help for patients suffering from intra-ocular melanoma. 
The University Hospital in Ostrava can treat this oncological disease with high accuracy using ionizing 
radiation. The hospital is a co-owner of this invention registered with the United States Patent and Trademark 
Office. It is one of many research projects on which the University Hospital in Ostrava is working - only in 
oncology there are eleven such projects. All results of the research which the hospital publishes in specialized 
periodicals will contribute to improved care for the patients in the future.  

Outdoor projector - for outdoor projection on buildings and other structures without damaging them. The 
projector is remote-controlled and it can locate the structure for the projection by itself. This is called 
Videomapping. It can be used for increasing the attractiveness of cultural events, festivals or for advertising. 

The Borcad seats - with a unique styling and design thanks to which the company is one of the most innovative 
companies in this field.  
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Optimization of piercing of semi-finished products for production of seamless pipes - savings in the 
area of electric power and especially savings in the area of defective products. A company named 
MATERIÁLOVÝ A METALURGICKÝ VÝZKUM s.r.o. owned by TŘINECKÉ ŽELEZÁRNY, a.s. and VŠB - 
Technical university of Ostrava. 

The Moravian-Silesian Region supports development of innovative business for example through the 
Operational Program named Business and Innovations for Competitiveness. 

5. CONCLUSION  

One of the basic conditions for maintaining competitiveness of a company on the current market is the need 
to innovate. Innovate not only own products or services provided but also all processes and practically all 
activities performed in the company. However, an innovation is at the very end of the innovation process - it is 
the output of the innovation process. The higher the level of innovation capability the company achieves the 
higher the probability that it will capture the innovation ideas and will be able to implement the innovation. In 
order to be able to evaluate the level of its innovation capability the company must have some developed 
metrics for measuring of this innovation capability. Innovation capability is currently considered a necessary 
precondition of competitiveness of all types of businesses. In general, it represents a set of preconditions for 
creation of innovations.  
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Abstract  

The primary tool allowing for the logistics costs record keeping is a well-functioning logistics costs account, 
which should be identified with a system allowing for determination of the level of costs incurred in connection 
with the implementation of logistics processes in a given unit of time.  On the other hand, to be able to achieve 
the goals of the logistics costs account, the account should be available in many forms and sections. Forms 
of the logistics costs account are dependent on the requirements and needs of business practice for the 
acquisition of information necessary to conduct a proper evaluation and to take rational economic decisions. 
The diversity of purposes of the logistics costs account contributed to the creation of different forms and 
sections of the cost accounts.  

The article presents the essence and importance of cost accounting used in business entities characterized 
by a well-developed logistics activities. The aim of the article is to present limitations related to the logistics 
cost accountancy. Author, as the key constraints identified: labor, legislation, technical conditions, financial 
and organizational reasons. The article presents also opportunities related to methods of logistics cost  
accountancy.  
Keywords: Logistics costs, logistics cost accountancy, limitations 

1. INTRODUCTION 

Proposing a costs account aimed at obtaining costs information from an enterprise's logistics activity area that 
would both meet the statutory requirements of bookkeeping and accounting and fulfill the goals that information 
users expect of it in terms of logistics is neither a simple nor a straightforward task. Difficulties arise already in 
the conceptual understanding of the essence of logistics costs accounting. The definition of logistics costs 
accounting which allows for understanding the substance of the problem should be relatively simple and 
straightforward. Difficulties in the understanding of the essence of logistics costs accounting are not the only 
obstacles, many difficulties are not related to the essence of logistics cost accounting, and it results from the 
way it is practically applied in a particular economic entity.  

2. ESSENCE AND SCOPE OF LOGISTICS COSTS ACCOUNTING 

Attempting to contain in that definition all logistics activities that generate logistics costs cannot possibly be 
successful since the scope of the logistics activity of economic entities is constantly evolving and leading to a 
justified objection to the incompleteness of such a way of defining logistics costs. Logistics costs are a primitive 
concept in relation to logistics costs accounting and should therefore be explained first and in detail, too. 
Meanwhile, attempting to present the sense of logistics costs accounting should contain only its essence, 
without any additional indication of the scope of logistics activities. For the purposes of this paper, thus, a 
definition based on the formula developed by V. Skrodzka was proposed. Logistics costs accounting is 
therefore understood as a system that makes it possible to determine the costs incurred for logistics operations 
at a given time unit. 
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J. Twaróg [1] offers two basic principles that should apply to a properly organized logistics costs accounting 
model: 
 the costs accounting system should reflect material flows, which means that it should be able to identify 

the costs associated with customer service, 
 the system should allow for the separation of costs and revenue analysis according to types of 

customers and market segments or distribution channels. 

These principles are based on the analysis of the weaknesses of traditional costs accounting. This problem is 
due to the significant increase in general management costs and the difficulty associated with assigning this 
category of costs to costs carriers. 

To achieve the goals of logistics costs accounting, it must be conducted in many forms and cross-sections. 
The forms of logistics costs accounting depend on the requirements and needs of an economic practice in 
terms of acquiring the information needed to carry out a proper assessment and to make rational economic 
decisions. The variety of goals posed by logistics costs accounting contributed to the development of forms 
and cross-sections of costs accounts [2]. 

The problem is to choose the right costs accounting. Economic theory and practice have so far failed to come 
up with a single, universal solution that would meet all the requirements of costs accounts. Obstacles result, 
to a large extent, from the large diversity of operators and the associated differing approaches to the specific 
costs of logistics, the ways in which they are accounted for, their calculation and their analysis. Any logistics 
costs analysis is likely to fulfill its role provided that the relevant standards for costs accounting and collection 
are applied. Only a detailed knowledge of the causes, relationships and proportions of the individual 
components of costs can make it possible to actually use costs accounting to streamline logistics processes. 

Economic practice has offered a significant contribution to the following opportunities for shaping logistics costs 
accounting: 
 partial extension of the applied costs accounting, which in its general structure remains unchanged. In 

this case, the formation of logistics costs accounting is associated with keeping records of cost types 
with greater variability and improved keeping of the costs of internal logistics services. The introduction 
of this solution does not entail significant expenditure and labor, but its drawback is that it can be used 
where logistics activity is of limited relevance, 

 occasional supplementation of costs accounts by a special logistics-oriented account. With this method 
of logistics costs accounting, logistics costs, traditionally not occurring logistics costs are added as 
supplementary to the first method. Improvements to the existing costs accounting are made by 
extending the scope of generic costs, logistics costs centers and costs carriers, 

 extend existing costs accounting by an additional, current logistics-oriented billing system. In this 
solution, we are dealing with an improvement of the traditional costs accounting that both focuses on 
the fulfillment of information needs of the manufacturing area and gives the opportunity to meet the 
information demand of logistics. IT tools play a particularly important role in this regard [3]. 

3. CONSTRAINTS ASSOCIATED WITH LOGISTICS COSTS ACCOUNTING  

Implementing logistics cost accounting is not a simple thing as it may encounter resistance [4]. The main 
reasons for failures in the implementation of logistics costs accounting tend to be as follows:  
 costs accounting implementation program is difficult to understand, 
 logistics costs entry program is badly developed 
 lack of understanding among employees as to the concept of costs accounting. 

The process of creating and applying logistics costs accounting is usually accompanied by more difficulties 
than facilities[5]. This results in the fact that hopes of its introduction should be considered unfulfilled. According 
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to the author, the main sources limiting the usefulness of the application of logistics costs accounting in 
economic practice are: 

 human factor, 
 legal regulations, 
 technical conditions, 
 financial conditions, 
 organizational conditions. 

When analyzing the limitations determining the suitability of logistics costs accounting, two issues are 
particularly worth stressing, namely the limitations resulting from the human factor as well as the typically 
organizational constraints. In the case of the former, it does not matter whether it concerns serial employees 
or the management. Everything is settled by how the employees approach their duties. Right motivation is also 
very important, as without it, it would be difficult to enforce specific actions and the necessary degree of 
commitment in the field of accounting, and later in the analysis of logistics costs. The organizational restrictions 
mentioned above also reflect the effectiveness of the logistics costs accounting used. In this area, the lack of 
precisely defined responsibilities and accountability is evident, and so is the lack of appropriate rank and 
importance of logistics costs analysis. Other sources of limitations do not drastically affect the potential and 
cost-effectiveness of costs analysis relying on data provided by costs accounting, expanded to include logistics 
costs records. 

Accounting regulations do not allow for the direct inclusion of logistics costs in mandatory costs accounting 
and financial reporting, although they do not limit the ability to expand and improve the complexity of applied 
costs accounting through analytical solutions. 

The technical capabilities of applied financial and accounting programs also do not constitute a barrier to the 
accounting and presentation of enterprise logistics costs data. Implementing the logistics costing concept in 
practice is usually only required to take measure to add appropriate analytical accounts to the traditional 
account layout. 

Due to the low cost of software used to bookkeep and analyze logistics costs, financial considerations also 
have no impact on the effectiveness of operation and the suitability of costs accounting in an enterprise. The 
increase in operating costs arising from the implementation of logistics accounting and reporting of logistics 
costs, which may in turn occur due to high costs of obtaining information on logistics costs. 

4. OPPORTUNITIES ASSOCIATED WITH LOGISTICS COSTS ACCOUNTING  

Despite the risks, rationalized logistics costs accounting can be considered a basic management tool [6]. It 
must be borne in mind that the solutions proposed by the subject theory are sometimes very different from the 
solutions developed by the economic practice. This is usually owed to fact that theoretical solutions are too 
elaborate and it is difficult to translate them into an obligatory bookkeeping  system [7]. 

The literature and economic practice have contributed to the development of the following three methods of 
accountings logistics costs: 

 quick one-off diagnosis, 
 systematic full records, 
 random costs registration [8]. 

A quick one-off diagnosis is not about costs accounting, in this case logistics costs, but about the level of total 
costs incurred with the use of estimation methods. These estimates are intended to answer the question of 
what is the level, or how much the total or one of its subsystems is, over the period of time considered. Like 
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any action that involves only estimation, and also in this case, the results of this method are subject to a large 
margin of error. 

Another disadvantage of this method of recording costs (although it is difficult to speak in this case about the 
actual recording of costs in the accounting sense), is the ability to distort the results of the estimates due to 
the influence of some factors during the diagnosis. In some situations, the subjective perceptions of the 
estimator may also influence this method. On the other hand, the advantages of the method, with certainty, 
include short lead time and low cost. 

The opposite of a quick one-off diagnosis is systematic full records, which consists in isolating from the cluster 
of all costs incurred in a given period only those components that are accepted by the economic entity as 
logistics costs. In order to be able to keep records in accordance with this method, it is necessary to specify 
which costs are considered as logistics costs. Among the next issues that need to be resolved is the 
classification of logistics costs to meet the costs accounting information requirements, and the definition of 
specific technical solutions to record logistics costs. 

Among the next issues that need to be resolved is the classification of logistics costs to meet the cost 
accounting information requirements, and the definition of specific technical solutions to record logistics 
costs[9]. This method is certainly more complicated and costly than the one-off diagnosis, but the benefits of 
it usually compensate for these limitations. Positive aspects of full records include the possibility of: 

 obtaining logistics cost data in the classifying cross-sections, 
 tracking current logistics costs information, 
 immediate response to adverse events within logistics costs. 

The third method of logistics costs accounting is the random recording of costs under which the total cost of 
logistics falls into two groups. The costs of the first group are kept on a full-record basis, whereas the one-off 
diagnosis applies to the other group. Business entities can sometimes abandon the one-off costs accounting 
and only maintain full records within the selected area of their logistics activity. This method is used in the 
event of a desire to concentrate only on an specific field that appears strategic from the standpoint of the 
logistics costs incurred and their possible reduction. The disadvantage of random logistics costs accounting is 
the limited scope of data to the areas covered by the records, which can result in unreasonable decisions 
regarding global logistics costs. 

In turn, considering the technical ways of recording logistics costs, it is possible to apply one of three solutions. 
The first solution consists in manual records, i.e. kept without the help of proper IT software. Due to the archaic 
nature of this method - it generally generates excessive amounts of work and limited possibilities for further 
use-  it was rejected as an object of this analysis. A similar decision was made in relation to the second solution, 
namely bookkeeping relying on additional software outside the basic financial and accounting one, which 
record all business management operations. The disadvantage, in this case, is the need to account based on 
two different software programs. This solution is prone to errors, mainly because it skips logistics costs and 
focuses solely on tax records. The third option, which seems to be the most well-balanced due to the least 
amount of labor required to use it, is to account logistics costs through the use of typical financial and 
accounting software tailored in terms of additional information requirements. 
Consequently, comprehensive logistics costs accounting is related to the recording of business operations 
covering this cost category on the relevant bookkeeping accounts. Records may be kept on the resultant and 
off-balance accounts. The main costs, however, are recorded in the resulting accounts, which are subject to 
appropriate modifications. This change involves the introduction of additional analytical accounts to the 
resultant accounts in order to refine the information and derive from the records in the accounts the part of the 
costs that actually has to do with the logistics activity. 
Given the wide range of business operations covering the spectrum of logistics costs, operations of this kind 
are typically recorded on the basis of a spreadsheet system. While it is true the proposed solutions with a 
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calculation system have many benefits, the basic disadvantage of these methods is that they can be used in 
costs accounting entities where most businesses record operating costs in a straight-line manner. 

5. CONCLUSION 

Logistics costs accounting is the basic tool for obtaining information on the amount of logistics costs incurred 
by a company. Proposing the setup of an account that meets its objectives is neither a simple nor 
straightforward task. The article presents, on the one hand, the constraints associated with logistics cost 
accounting as well as the opportunities created by the individual techniques of recording the costs category in 
question. 
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Abstract  

Effective and appropriate management of customer relations in transport and forwarding companies is only 
possible today with wide use of the latest quality standards, whose role is becoming more and more important 
every day. More and more customers require flexibility, speed of action and comprehensive service from 
forwarders, from transporting any quantity of goods of different sizes, from and to different countries, through 
customs clearance, warehousing and distribution of shipments all over Poland.  

The article presents the results of surveys on cooperation in logistics channels and quality standards in the 
transport services market. 

Keywords: Sales, quality, cooperation, transport, forwarding 

1. INTRODUCTION 

The economic freedom that we observe on the European market causes constant search for new sales 
strategies of transport and forwarding companies, which provide a permanent competitive advantage, being a 
characteristic of modern business.  

The strategic behavior of companies is characterized by dynamism, which allows taking advantage of the 
changes taking place in the market environment. This in turn requires a high degree of flexibility from the 
company, which must react quickly to and effectively manage market developments. An example of gaining a 
competitive advantage is a unique patent, technology or professional service provision. It is not important what 
specifically gives the company a strategic advantage, it is important to have it and be able to use it consistently.  

The situation of the transport and forwarding industry, especially small and medium-sized enterprises, has 
aroused a lot of concern among observers in recent years. Companies operating in an unstable and constantly 
changing environment were forced to react very flexibly to the changes that occurred and, above all, to be able 
to adapt to new, often unexpected and difficult to predict conditions of conducting business activity [1]. 

Competition, especially from companies from abroad, somehow forces domestic companies to behave like 
that. The new situation, understood as an activity on the EU market, is a difficult situation, requiring all 
entrepreneurs to know the market in detail and to decide which areas are capable of effectively meeting intense 
competition. How the customer evaluation influences the company's perception on the market is undisputed. 
It is the customers who build the company's image based on their own impressions and experiences. Good if 
their expectations are met and they strive for further cooperation by recommending services to other 
companies. Bad if expectations are not satisfied, which usually leads to the end of cooperation and unflattering 
opinion. It is worth noting that it is very easy to lose good reputation among customers, and it is very difficult 
to rebuild it, and this process can take a very long time. At the same time, it is worth noting that the quality of 
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services provided by transport companies improves processes within supply chains, as well as their activity 
through [2]: 
 improving a company's market position, i.e. its competitiveness, which allows the company's further 

growth and enables it to increase its revenues and, consequently, generate greater profits, 
 increasing customer satisfaction, who, as a result of impeccable service received, will undoubtedly 

continue cooperation with the company, 
 increased sale of services, which is directly linked to improved competitiveness, 
 better efficiency of a company which is driven and motivated by seeing the interest of persons 

purchasing its services. 

All these factors can be treated as elements of the company's image. Whether or not they will be used to build 
a competitive advantage lies solely with the company. However, the most important thing is how management's 
approach to quality improvement is reflected in the performance of service activities [3]. Transport can 
contribute to basic, specific benefits by, among others, improving timeliness, which will result in a reduction in 
the stock of goods, an increase in the frequency of deliveries and at the same time a reduction in one-off 
deliveries [4]. However, there is no universal action, good for every company in all conditions. Companies that 
gain a competitive advantage have different routes to do so, sometimes using completely different practices[5]. 

The goal of the article is to present the results of surveys on cooperation in logistics channels and quality 
standards in the transport services market. 

2. RESEARCH OF LOGISTICAL PROCESSES - FACTORS STIMULATING AND LIMITING 
FUNCTIONING OF TRANSPORT 

Service-oriented nature of transport means that transport is an indispensable element of cooperation as part 
of logistic processes. The central point of interest for companies negotiating terms of logistic handling of cargo 
with their customers is their profit, but they also take the effectiveness of logistic processes into account [6]. A 
condition for smooth cooperation is the establishment of closer relations between business partners. The 
relations result from the partners' intention to achieve measurable benefits. Considering these premises, 
research was carried out on 222 companies operating in the food, construction and clothing industry, in both 
production and trade, evenly divided into small, medium and large enterprises, which cooperate with each 
other on different levels. Reasons for starting cooperation in a logistic channel are presented in Table 1. 

Table 1 Basic reasons for starting cooperation in a logistic channel according to manufacturers-suppliers 

No. Specification Total trial (N= 222) 
1. Possibility to sell large batches of own products 90.9 % 
2. Secured sale of products 74.0 % 
3. Secured/Safety of payment for sold goods 64.9 % 
4. Aiming at improving the company's image 62.3 % 
5. High effectiveness of promoting own products in a distribution channel 55.8 % 
6. Possibility to use new, original forms of promoting own products 15.6 % 
7. Possibility to sell a full portfolio of own products 13.0 % 
8. Obligation to obtain reliable information from the market 10.4 % 
9. Possibility to control price level in the channel 7.8 % 

10. Easy introduction of new products to the market 6.5 % 
11. Possibility to achieve high profitability of sales 6.5 % 
12. Possibility to perform a measurable evaluation of cooperation 5.2 % 

Source: Own study 
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The main barrier to partnership relations in the cooperation of domestic suppliers of goods and services is 
usually the abuse of a dominant position by one party in order to force actions that the other party would not 
have agreed to in a different market situation. 

Another problem are conflicts related to duties as part of a logistic channel, incurred costs and achieved 
benefits, which are a set of functions carried out in a proper sequence by channel participants (see Table 2). 

Table 2 Obstacles in establishing business relations according to domestic suppliers 

No. Specification Total trial (N= 222) 

1. Abusing dominant position in order to force actions which would not be 
taken in other case 

81.8 % 

2. Distribution of actions, costs and benefits which is contrary to the idea 
professed by domestic suppliers 

76.6 % 

3. Incompatibility of cooperation goals 75.3 % 

4. Disturbances in market information flow 23.4 % 

5. Disagreement on the size of single batches of goods 
and frequency of their deliveries 

20.8 % 

6. Modifications of contractual terms 13.0 % 

7. Cultural differences in the approach to business 6.5 % 

Source: Own study 

The economic freedom that we observe on the European market causes constant search for new sales 
strategies of transport, forwarding and logistics companies, which provide a permanent competitive advantage, 
being a characteristic of modern business [7]. The strategic behavior of companies is characterized by 
dynamism, which allows taking advantage of the changes taking place in the market environment [8]. This in 
turn requires a high degree of flexibility from the company, which must react quickly to and effectively manage 
market developments. An example of gaining a competitive advantage is a unique patent, technology or 
professional service provision. It is not important what specifically gives the company  
a strategic advantage, it is important to have it and be able to use it consistently. Oftentimes, such an 
advantage is given by the quality of the services provided, which is difficult to maintain due to the fact that the 
purchaser no longer carries out quality control of the goods received, but more and more often applies the 
principles of delivery on time, thus ensuring total quality becomes a necessity [9]. Such quality is guaranteed 
by the companies, which are obliged to deliver the raw material in a specified time to the customer, as well as 
to collect it from the supplier also within a certain period of time. If the time limits of this transfer are not 
observed, the consequence is that the recipient resigns from the supplier's services, which in Polish conditions 
means a decrease in the producer's exports, i. e. a decrease in financial revenues, as well as the need to 
search for other system solutions, which in practice may eliminate logistics and transport companies [10].  

Effective management of transport processes must be adapted in its methods and tools to the market 
conditions [11].  

In a developed market economy, the dominant criterion for the choice of carrier and means of transport is most 
often the high quality of service provided and the degree to which market standards of customer service are 
met [12]. Given the situation on the transport services market, a study was carried out to identify quality criteria 
that have a decisive impact on the sales of services. The most important criteria for selecting suppliers 
according to the importance of the company were: 

 Delivery of supplies within the agreed time limit 
 Delivery of goods with no damage to cargo. 
 Easy telephone and electronic communication possibilities. 
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 Competence of staff - efficiency and flexibility of their operations. 
 Treatment of discrepancies and complaints. 
 Prices of services. 
 Advertising. 
 Employee friendliness and customer care. 
 Modern rolling stock. 
 Scope of operations and continuous development. 
 Track & Trace. 
 Certificates held. 

The analysis carried out allowed to create a hierarchy of quality criteria, which are taken into account when 
making a decision concerning the cooperation with a specific forwarding or shipping company. The safety of 
the cargo entrusted to the company turned out to be the most important for customers. All companies in the 
industry should be prepared to ensure it. 

This requires special attention at each stage of the order execution and excellent cooperation between the 
various links providing the service, as well as a very good flow of information (e. g. information on whether the 
goods transported on pallets can be stacked or not). 

Timely delivery is just as important. It is worth noting here a special situation, namely services provided to 
manufacturing companies. They expect an ongoing supply of products, which are then delivered to the 
production lines and any delays can result in huge losses due to production stoppages [13]. 

The other criteria analyzed to a smaller or larger extent encourage customers to cooperate with a specific 
company. However, there is no doubt that despite the fact that the force of their influence is different - from 
very large to low - it is worth pursuing all the above mentioned criteria. Only then is the company able to 
comprehensively satisfy customers' expectations, which may result in gaining more and more of them and 
ultimately in achieving or maintaining a competitive advantage in the sector. 

The measurement of work results in terms of transport management in logistic channels relies on the following 
criteria: smooth operational management and ability to achieve company objectives in terms of service quality, 
work efficiency and other results, such as the ability to solve and diagnose problems related to business 
operations, implementing innovative solutions and the ability to create and manage relations between entities 
active in distribution channels.  

No author has so far managed to formulate a practical methodology serving the assessment of relations 
occurring in logistic channels, from the perspective of transport. Thus, there is a need to study the methods of 
measuring transport operations and the measures and indicators assessing logistic systems and processes in 
terms of their mutual relations. Material flow volumes in logistic channels depend on decisions taken on the 
basis of current demand. Thus, it is essential to build a suitable model which will in a general manner sketch 
a structure of a physical system serving the flow of materials and information, significant stages and places of 
processing, interconnected by flows of materials, information and decisions. An effective IT system, which will 
not only help to build the model, but also allow transforming information accompanying material flows, should 
be used for this purpose [14]. 

3. CONCLUSION  

Transportation is not only the executor of transport processes, but also the basic element of constructing  
a specific supplier-consumer relationship. It is not possible to develop transport services in modern economic 
conditions without sufficient knowledge of the quality requirements defined by the purchaser. Transport can 
contribute to basic, specific benefits by, among others, improving timeliness, which will result in a reduction in 
the stock of goods, an increase in the frequency of deliveries and at the same time a reduction in one-off 
delivery volumes.  
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However, there is no universal action, good for every company in all conditions. Companies that gain  
a competitive advantage have different routes to do so, sometimes using completely different practices. 

According to the research, it is the customer who decides about the quality criteria of transport services and 
the demand for this service depends on them. The functioning of transport and forwarding companies in the 
current conditions and increasingly intensifying competitive struggle forces them to constantly monitor market 
requirements, which will enable them to survive on the market.  

According to the research, it is the customer who decides about the quality criteria of transport services and 
the demand for this service depends on them. The functioning of transport and forwarding companies in the 
current conditions and increasingly intensifying competitive struggle forces them to constantly monitor market 
requirements, which will enable them to survive on the market. The variability and complexity of the modern 
distribution market necessitates searching for different ways of effective use of transport potential. The success 
of the company on the market is increasingly determined by the high productivity of the means of transport 
used, the quality of services offered, low operating costs and the ability to adapt to the changing environment 
constantly and quickly. 

Studying relations between entities in logistic channels, in the context of transport, has always been an 
important element of service companies' operations. With the growth in economic terms and the growth of 
trading, the relation has gained on significance even more. Large companies apply modern solutions with the 
intention to improve the quality of their services and their financial results. 
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Abstract 

The paper deals with design layout of rack system for specific conditions. The paper presents concrete 
proposals of rack systems layout. For each layout are designed way tracing of picking (routing of trucks). The 
suitable layout of rack system is recommended on the basis of selected parameters.  

Keywords: Rack system, layout, routing  

1. INTRODUCTION 

In global logistics systems, warehousing plays a critical role. Warehouse, which is one of the supply chain 
elements, plays a vital role in the success or failure of the company [1]. Warehousing is one of the key factors 
in the supply chain management [2]. Warehouse is the important link between producer and costumer. A 
warehouse is a location from where raw material, semi-product and finished products are received, transferred 
or put away, picked, sorted and accumulated, cross-docked and shipped in [3]. Warehouse layout plan 
includes storage area plan, aisle plan, shelf types and sizes. Generally, warehouse layout design models 
attempt to optimize different objectives such as the orientation of storage racks. In traditional warehouses, 
forklift drivers travel among aisles, to reach a storage location, resp. place of picking. Aisle dimensions and 
arrangement are determined on the basis of several factors, e.g., a warehousing method, rack dimensions, 
dimensions of a used truck, rack arrangement, etc. Conventional warehouses comprise parallel as well as 
transversal aisles, arranged perpendicularly. Rack system arrangement and aisle types influence the speed 
of performed operations, transfer of storage units into racks, and transfer (routing) in order picking. Several 
authors discuss in their technical articles the issues of two diagonal aisles in the “V” shape or they describe 
them as non-orthogonal aisles and non-traditional aisles - the Flying-V and Fishbone. Non-orthogonal aisles 
were first mentioned in years 1965-1972 [4]. The issues related to the selection and arrangement of racks, 
arrangement of storage units, working technology type, orientation and parameters of working and traffic 
aisles, and routing in order picking influence the logistics performance [5, 6, 7, 8] and safety of the operation [9]. 

2. PROBLEM FORMULATION 

A rack system layout is the arrangement of individual racks on the warehousing area. Rack layout design is a 
process influenced by several factors and it must be planned in advance.  

The objective of this paper is a layout design for a warehousing area in a distribution warehouse according to 
the general layout creation algorithm.    

3. THEORY AND CALCULATION  

A planning process typically consists of individual steps displayed in Figure 1 in the following sequence: 
defining objectives, warehousing area analysis, input parameters determination, rack layout plan designing, 
calculation of characteristics, optimal layout selection.  
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Defining objectives - in this case it is 
necessary to define specific objectives 
compliant with the warehousing 
strategy, e.g., the maximisation of the 
quantity of warehousing positions, 
efficient utilisation of the warehousing 
area, increasing the speed of 
placement and the speed of picking, 
etc.   

Warehousing area analysis - the 
information should include the 
warehousing premises specifications 
(locations of doors, pillars, etc.) and the 
specification of the dimensions of the 
warehousing area where the racks are 
to be placed.   

Determination of input parameters for 
designing the plan - determination of 
the rack cell dimensions on the basis of 
the number of placed storage units, 
determination of the number of the rack 
field levels, calculation of the working 
aisle width and the traffic aisle width.   

Rack layout plan designing - based on 
the input parameters, a rack and aisle 
layout plan is designed for a given 
warehousing area. For this particular 
warehousing area it is necessary to 
design several plans, differing in rack 
orientation and aisle arrangement. 

Number of selected plan characteristics 
- for these plans it is necessary to 
calculate selected parameters and 
make a comparison thereof. 

Optimal plan (layout) selection - on the 
basis of selected criteria [10]. 

In addition to the above listed steps, it 
is also necessary to plan the execution 
thereof directly in the operation.    

 

                   Figure 1 Layout designing steps  
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For the purpose of the rack system layout designing it is necessary to determine or calculate the following 
parameters: 

1) rack field dimensions, length “l“ and width (depth) “w“, depending on the type and number of pallets 
placed in a rack field. 

2) the working aisle width “wh“, the minimum width of the working aisle for a truck is calculated using the 
formula (1) [11]: 

SXRwh 22             (1) 

where   R is the external turning radius (specified by the manufacturer) in mm, 

X - a load’s (pallet’s) length exceeding the truck fork’s length in mm 

S - safety clearance (B= ~200 mm). 

3) the traffic aisle width “wt“, a traffic aisle width for one-way traffic is calculated  using the formula (2) [11]: 

Swwt 2            (2) 

where   w is the width of a truck or of a transferred load (depending on which of the dimensions is larger)       
  in mm,  

 S - safety clearance  (B= ~200 mm). 

The width of a two-way aisle is determined as the double the width of a one-way aisle. 

To compare individual alternatives, it is necessary to calculate the following parameters: 

4) Rack system area “AR“ is calculated using the formula (3): 

  



k

i
afR AnAmA

1           (3)
 

where Af is the basic rack field area in m2, 

Aa - additional rack field area in m2, 

n - number of additional rack fields, 

m - number of racks 

k - number of rack types (depending on the number of rack fields).  
 Af and Aa areas are calculated as the product of length “l“ and width “w“ of rack fields, dimensions   of 
which depend on the type and the number of storage units (pallets) placed in a rack field, Figure 3. 

5) Percentage of the warehousing area utilization, calculated as the quotient of the rack system area “AR“     
to the warehousing area “Aw”. 

4. RESULT AND DISCUSSION 

Layout design was carried out applying the above described procedure for the warehousing area in the 
distribution warehouse.  

1. Defining the objective - a primary objective is to design a layout of standard pallet racks in order to obtain 
the maximum number of warehousing positions on the given warehousing area. The secondary objective is to 
ensure efficient and cost-effective order picking, i.e. minimising the routes when the goods are being picked 
up. The goods will be picked up upon a pick-list, manually, from the lowest position in the rack system (floor), 
by collecting the necessary number of boxes from the stored pallets. Having received a pick-list, a picker will 
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move to the required location and collect the necessary number of boxes and then move to the following 
position, until the entire order is picked up. 

2. Warehousing area analysis - the warehousing area is a part of the distribution warehouse with the layout 
shown in Figure 2. The area for placing the rack system is sized 70x50 m, i.e. 3,500 m2. 

 

Figure 2 Ground plan of the warehouse 

3. Determination of input parameters for the plan designing: 

Storage unit - an EPAL pallet sized 1200x800x14.4 cm, the maximum weight of a storage unit is 800 kg. 

A rack cell is designed for placing 3 storage units (pallets) and for 3 rack field levels (floor 2 levels). The rack 
field layout, including the dimensions, is shown in Figure 3, Table 1. 

 

a) Basic rack field                          b) Additional rack field 

Figure 3 Rack field scheme  
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Table 1 Parameters of rack field 

 d [mm] w [mm] 

Basic rack field 2900 2800 

additional rack field 1200 1200 

A pallet will be placed into a rack using a forklift trolley, for which the manufacturer specifies the turning radius 
of 1,293 mm. The working aisle width was calculated, using the formulas (1) and (2), as 2,836 mm; the one-
way traffic aisle width as 1,390 mm. 

Order picking will be carried out using a picking forklift truck; its turning radius specified by the manufacturer 
is 1,395 mm; the aisle width specified by the manufacturer is 2,960 mm. The working aisle width was 
calculated, using the formulas (1) and (2), as 2,990 mm and the traffic aisle width as 1,010 mm. 

When designing a layout, it is necessary to respect the minimum working aisle width of 2,990 mm and the 
minimum traffic aisle width of 1,190 mm, based on the calculations for both trucks. 

4. Rack layout plan designing - for the selection of an optimal layout, three layouts were designed; 2 with 
conventional aisles and 1 layout with a V-shaped aisle. 

Layout 1 (Figure 2) consists of racks of three different lengths. Rack parameters are listed in Table 2. The 
rack system layout is based on the longitudinal rack arrangement - 16 two-row racks and racks along the walls. 
The width of working aisles between the racks is 3 metres; the width of the longitudinal central aisle is 4.4 
meters; and the width of the central transversal two-lane traffic aisle is 2.8 meters. This rack system layout 
option provides 416 rack fields with the total capacity of 3,744 pallet locations (the capacity on one storey is 
1,248 pallets).  

Layout 2 (Figure 4) consists of racks of three different lengths listed in Table 2. The rack system layout is 
based on transversal rack arrangement in a rack field - 24 two-row racks and racks along the walls, similar to 
Layout 1. Width of working aisles between the racks is 3 meters, whereas the central two-way traffic aisle, 
leading along the whole width of the rack field, is 2.4 meters. This rack system layout option provides 400 rack 
fields for the storage of 3,600 pallets (the capacity on one storey is 1,200 pallets) 

Layout 3 (Figure 4) consists of racks of several different lengths listed in Table 2, with a dominant V-shaped 
aisle. The rack system layout provides in total 384 rack fields capable of storing 3,456 pallets (the capacity on 
one storey is 1,152 pallets). This layout design is similar to Layout 1, with the difference being the orientation 
of a V-shaped traffic aisle, instead of the central transversal traffic aisle.   

5. Optimal plan (layout) selection. The layout comparison based on parameters: number of rack fields, number 
of pallets in a rack system, rack system area AR [m2] calculated using the formula (3) and the percentage of 
the warehousing area utilisation are shown in Table 3. Considering the data contained in Table 2, we can 
state that the primary objective is met by the Layout 1, providing the largest number of warehousing positions, 
i.e. 3,744, using 40.05% of the area. 

However, which of the layouts meets the secondary objective? 

Another step within the optimal layout type selection was the picking route modelling. The routes were 
examined for the route length parameter, whereas the route starting points and final points were identical in 
all the cases. The layouts and routes were designed in the AutoCAD software. Lengths of individual routes 
were read directly from the technical drawing created in the AutoCAD software. 
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Table 2 Rack types and parameters 

 Rack 
type 

Number of fields in a rack  
[pc] 

Rack 
length 

[m] 

Number of 
racks 
[pc] 

Number of pallet 
positions in a rack   

[pc] 

Number of pallet 
positions  in racks 

[pc] 
basic additional 

La
yo

ut
 1

 1 1 10 30.9 32 99 3168 
2 1 23 67.3 2 216 432 
3 1 15 44.9 1 144 144 

 3744 

La
yo

ut
 2

 1 1 6 19.7 48 63 3024 
2 1 23 67.2 2 216 432 
3 1 15 44.9 1 144 144 

 3600 

La
yo

ut
 3

 

1 1 16 47.7 2 153 306 
2 1 15 44.3 2 144 288 
3 1 13 39.3 4 126 504 
4 1 12 36.5 4 117 468 
5 1 10 29.8 2 99 198 
6 1 9 28.1 4 90 360 
7 1 8 25.3 2 81 162 
8 1 6 19.7 4 63 252 
9 1 5 16.9 4 54 216 
10 1 3 11.3 2 36 72 
11 1 2 8.5 2 27 54 
12 1 23 67.3  2 216 432 
13 1 15 44.9 1 144 144 

 3456 

Table 3 Layout parameter comparison 

Parameter  Layout 1 Layout 2 Layout 3 

Number of rack fields [pc] 416 400 384 

Number of pallets in a rack system [pc] 3744 3600 3456 

AR[m2] 1401.96 1349.88 1290.36 

Aw[m2] 3500 3500 3500 

Warehousing area utilisation [%] 40.05 38.56 36.86 

A model example shows the process of picking the boxes from 8 positions (locations). Positions of the boxes 
were chosen so that they are as identical as possible (minimum position variations) for all three layouts. Picking 
positions of boxes are presented as black fields, including the picking order. Picking routing is marked with a 
blue line and the routing direction is designated with an arrow, Figure 4. A route length for Layout 1 is 280.2 
m. For Layout 2 it is 252.2 m and for Layout 3 it is 276.8 m.  

5. CONCLUSION 

The article describes an example of 3 different designs of a rack system layout for a selected warehousing 
area. In addition to the calculation of warehousing locations, we also presented a model example of picking 
the boxes from racks. The routing and selection of an optimal route direction depend in practice mainly on the 
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number of items to be picked up, their location in a rack system, the speed of a picking truck, and, last but not 
least, a driver’s skills. A different case is when the picking process is controlled by a control system which 
plans, controls and monitors the picking process, proposes a route for a truck so that it moves in a warehouse 
in a most efficient manner and in a sufficient speed.   

 
Layout 1 

 
Layout 2 

Layout 3 

Figure 4 Truck routing 
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Abstract  

In the current highly competitive environment, it is more and more difficult for companies to differentiate 
physical products. This is why in the last decades companies have been reacting to the growing competition 
by offering additional services and customized solutions. Services play an important role in creation and 
maintenance not only of customer satisfaction, but also of customer loyalty, and they are becoming one of the 
deciding areas of acquiring competitive advantages. An important role is played by services connected with 
delivery. Their basic components are reliability and completeness of deliveries, and adequately short delivery 
times. It is also necessary to take account of competitive prices. To meet these requirements, it is essential to 
cooperate across the entire supply chain, especially in the area of sharing information about customer 
requirements. However, if any of the entities is not willing to share information, suppliers cover the 
requirements of their customers using their inventory. This paper deals with the problem of pallet inventory 
management as a part of transport packaging for a pulp and paper company with respect to fulfilment of 
customer requirements concerning supplier services and more even utilization of production capacities. The 
paper presents the outcomes of the performed analysis of the current management of orders and pallet 
deliveries, and a proposal of a new method of their management through optimization of their inventory 
management. The outcomes were achieved through directed research, the method of directed interviewing, 
statistical data analysis, and a modified ABC method for differentiated inventory management. 

Keywords: Inventory management, packaging material, customer service, pulp and paper company 

1. INTRODUCTION 

In the period of growing competition in global markets, it is not enough just to supply quality products, but it is 
also necessary to differentiate products in the area of the level of services. The service level requirements 
reflect the level of the customer knowledge and value, and they result from an agreement between partners in 
a business relation [1]. The basic prerequisite for providing services is availability of the product required by 
the customer in stock, or the possibility of manufacturing and delivering it within the required time period. 
Therefore, an important role is played by services relating to delivery. The basic attributes of these services 
are reliability and completeness of deliveries, and reasonably short delivery time. The basic question for each 
supplier is thus how many products and in what stage of the manufacturing process they should keep in stock 
to be able to satisfy their customers’ demand. The level of kept inventory is thus the benchmark for availability 
of a certain product [2]. Another criterion is competitive prices, which puts pressure on reduction of all costs, 
i.e. also the inventory cost. Customers nowadays also have significantly higher expectations in the area of 
provision of precise information relating to their orders. To meet all these requirements, it is necessary to 
cooperate across all the supply chain, particularly in the area of sharing relevant, precise, and correct 
information about the customer requirements [3].The focus of competitiveness thus moves from products 
themselves to supplier abilities created by all the supply chain, i.e. also by packaging suppliers.  The packaging 
management, which supports production processes, is one of the corporate activities to be shaped by the 
firm's involvement in the value network and striving for creating strategic benefits [4].  
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This paper aims to propose a new way of pallet supply management as a part of transport packaging for a 
pulp and paper company. The essence of the solution is introduction of available inventory of selected types 
of pallets using ABC analysis. A part of the solution is shift of the customer order decoupling point to the 
supplier of these pallets with respect to the growing customer requirements concerning supplier services, 
particularly reliability of delivery with concurrent cost reduction relating to more even utilization of 
manufacturing capacities.     

The applied research methods and sources included the targeted literature search in the scientific literature 
focused mainly on inventory management in supply chains and utilization of a modified ABC method for 
differentiated inventory management. They also included the method of in-depth interviews with managers in 
the chosen company, the analysis of the current way of order management and pallet deliveries with respect 
to the end customer requirements and daily data of pallet orders for 2016.   

2. THEORETICAL BACKGROUND  

The stronger the relationship between business partners, the more difficult it is for the competitors to assert 
themselves in this market [1]. Proper management of relationships within the supply system should result in 
minimization of potential risks [5], achievement of a competitive level of customer services, and increased 
profits of all the partners involved in the system. Integration of supply systems and their management leads to 
achievement of the synergistic effect, which becomes a key success factor. It involves the principles of 
communication, coordination, which result in increased performance of the whole system [6]. However, if the 
supply chain lacks confidence or willingness to deepen cooperation, and particularly to share information by 
even a single segment, there is basically artificial distortion of the customer demand in the transfer of 
information about it to the suppliers. This adverse supply chain phenomenon is known and described as the 
bullwhip effect [7] [8]. Also, a segment with a higher negotiation power affects inventory allocation in the system 
to its benefit [6] [9]. It makes decisions about the position of the order decoupling point, where two ways of 
supply chain process management meet, i.e. the push principle controlled by the prediction, and the pull 
principle controlled by the order [7] [8].  As a result of this, such inventory allocation and volume in the supply 
chain does not always have to be optimal from the point of view of the system as a whole. In such cases, the 
other suppliers are forced to secure orders of their customers with inventory created on the basis of demand 
forecasting. Their structure and volume then can be decisive for performance of the entire supply chain.   

However, the inventory management models described in the scientific literature are limited for practical use 
by availability of necessary input information, particularly about the cost in the required structure. Practical 
application of a solution to this problem is mentioned e.g.  Munzarová and Machac [10], who, with respect to 
absence of relevant costs in the calculation system of the respective company, proposed a modified costless 
stochastic model, called an MQ-model. As the optimizing criterion, they choose e.g. maintaining a minimum 
inventory volume while optimizing the risk of its depletion and occurrence of an inventory shortage.  Particularly 
for the reason of the high labour-intensity of designing inventory management models are, on top of that, 
suitable rather for optimization of one or several items of inventory often supplied in large quantities. 

Inventory in manufacturing companies could represent as much as 20% of the corporate assets, and they are 
interspersed among a lot of inventory items. At a medium-sized company, this may represent thousands of 
items of material or finished products. Therefore, it is not possible, but also not purposeful, to pay the same 
attention to all inventory items. And so companies usually take a differentiate approach to their management, 
where inventory is viewed in accordance with the resulting effect of individual inventory items on the company’s 
success [2] [8] [11]. Inventory is in the practice mostly divided into categories with different importance using 
ABC analysis [12]. On the basis of the classified importance, some inventory groups can be stored, while some 
others can be ordered as late as at the moment they are needed.  
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ABC analysis is based on the well-known Pareto Principle. It belongs to Multi-Item management methods, and 
it is often the first step in improving the supply chain performance [13]. The primary reason for inventory 
classification by ABC analysis is creation of corresponding level of control for each determined inventory group 
[2]. ABC analysis is applied on the basis of a set of inventory items arranged in descending order according to 
a chosen characteristic, e.g. the value of consumption or sales of the stored items in the analysed period. It is 
recommended to choose a period that is between 12 and 24 months long with respect to seasonality of 
demand. Then, a cumulative percentage of individual items, e.g. in the total consumption, is calculated, and 
inventory items are divided into groups A, B, and C (the number of groups can be larger) in descending order 
of importance. The division of items into groups is subsequently adjusted on the basis of next points of view, 
e.g. a high price of the item, its high importance for smoothness of manufacturing or assembly, difficult 
acquisition, a long lead time. The group of the most important inventory, group A, is managed using Q systems 
of inventory management, group B is managed by P systems, based on fixed moments for ordering. The least 
important items, group C, are usually managed by P systems, or two-bin systems for regular and safety stock. 
It is suitable to conduct ABC analysis both from the financial point of view and from the point of view of 
consumption in pieces, and compare how classification if individual items into groups differs.  

The currently applied methods also include the methods of differentiated inventory management, considering 
multiple-criteria decision-making in the interest of creating an effective inventory control system, and thus also 
more effective inventory management [12]. For example, XYZ analysis makes group X of inventory items with 
constant consumption, high demand predictability, and fast-moving items, group Y comprises inventory that is 
usually consumed variably, and group Z includes items consumed irregularly, items whose consumption is 
hard to predict, and slow-moving items, e.g. spare parts inventory [8].   

3. INVENTORY MANAGEMENT OF PALLETS AS PACKAGING MATERIAL FOR PAPER 

3.1. Identification of a problem with pallet supplies 

The problem of inventory management of wooden pallets as a part of packaging material for thin printing 
papers was solved by a pulp and paper company. This type of paper is intended mostly for printing instruction 
leaflets to various products. The paper mill is an important player in the global market of the given product and 
has a good image as for the quality of paper and provided services. It can see its main competitive advantage 
in services particularly in high reliability of deliveries and short delivery times. The agreed delivery time is 48 
hours. The company supplies about 100 customers/processors with printing paper in the Czech Republic.  

The inventory of thin printing paper is primarily kept by the company in rolls on the basis of a global medium-
term demand forecast. Paper is finally cut up to the dimensions required by the customer. Cutting up at a given 
time as such is not a significant problem. A bottleneck from the point of view of time is arrangement of pallets 
for shipping and transport. The reason lies in the fact that there is a wide range of sheet size types, and so a 
lot of different types of transport pallets are needed to fit the paper dimensions precisely. About a hundred 
pallets of printing paper are shipped to the customers every day. Demand for individual sheet sizes, and so 
also for the corresponding pallets, is variable and irregular, and it is not possible to forecast it even on a short-
term basis.  

Pallets are manufactured and delivered to the paper mill by two smaller specialized companies situated near 
the paper mill, which alternate with deliveries on the basis of an agreed schedule. Pallet orders are placed with 
the suppliers every business day before 11am, and the supplier only has 24 hours to manufacture the required 
pallets and deliver them to the paper mill. With the exception of standard supporting wood blocks, no other 
components can be manufactured until an order is received. The pallet manufacturers face problems of two 
kinds: in the case of an order of a large quantity of pallets of different dimensions, they can only be delivered 
within the given time limit with extraordinary efforts, while in the opposite case the company’s working capacity 
is not used sufficiently. This has a negative impact both on the quality of manufactured pallets, and on the 
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supplier’s costs. However, low quality or missing pallets also cause problems to the paper mill with respect to 
its commitments towards printing companies. Therefore, the paper mill has decided to establish closer 
cooperation with the pallet suppliers, which should result in their more stable manufacturing process to 
minimize the above mentioned problems with pallet supplies. 

3.2 Solution and analysis of outcomes 

It seems to be the basic idea of solution to switch from the “just in time” system of manufacturing pallets to a 
system using, at least partially, certain safety stock of pallets that can be manufactured in advance on the 
basis of a forecast. However, it is not possible to apply such an order settlement method in this case to the 
entire range of used pallet types. The paper mill documentation implies that about 350 different size types are 
used, and a vast majority of them are only used rarely and sporadically. It would be practically impossible and 
also uneconomical to keep stock of all the size types. This gave us an idea to determine inventory using a 
differentiated way of inventory management with the help of ABC analysis. However, its utilization for the given 
purpose was far from simple, and it required gradual solution to a number of partial problems in the following 
steps: 

1) The statistical analysis was based on a data matrix containing chronologically arranged orders of 
individual types of pallets and their quantities (number of pieces) on the respective days of the monitored 
quarter. A quarter was chosen to have a sufficiently large matrix for statistical analysis and a period that 
is short enough to fix forecasts for the next period. The data matrix for the first quarter of 2016 contained 
1,130 order items, and 17,228 pieces of pallets of 357 different size types were ordered. Similar 
quantities were also recorded in the other quarters of 2016. The data matrices were exported to MS 
Excel and adjusted to enable sorting, filtering, and grouping on the basis of more points of view. 

2) To apply the ABC method, it was first necessary to identify distribution of frequencies of individual pallet 
types in the entire spectrum of size types (i.e. how many times a given pallet type was ordered in the 
given quarter) in the given period. Another examined parameter was the number of ordered pieces of 
each pallet type. Subsequently, the data matrix was arranged according to individual pallet types, and 
partial sums of the number of orders and the number of ordered pieces were identified. Arrangement of 
orders by pallet type and by number of orders is shown in Table 1.  

Table 1 Pallet type frequency distribution for Q1 2016 

Pallet size type Absolute frequency of 
deliveries Relative frequency Cumulative relative frequency 

720X1020 84 7.43% 7.43% 

465X720 27 2.39% 9.82% 

495X720 19 1.68% 11.50% 

515X720 19 1.68% 13.19% 

630X880 19 1.68% 14.87% 

650X900 19 1.68% 16.55% 

670X930 18 1.59% 18.14% 

740X1040 17 1.50% 19.65% 

535X720 16 1.42% 21.06% 

540X720 14 1.24% 22.30% 

630X910 14 1.24% 23.54% 

950X540 1 0.09% 99.91% 

980X1295 1 0.09% 100.00% 

357 1130 100.00% X 
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The next step was to determine the volume of safety stock of the selected 10 pallets, which was done Table 1 
shows that the first 10 most frequently ordered types represent 2.8% of all 357 ordered types and, at the same 
time, they cover 252 of 1130 orders, i.e. 22.3% of the total number of orders. Next tables were analogously 
made for the parameter of the total number of ordered pieces and for all the other quarters of 2016. On the 
basis of the outcomes, it was decided to make pallet group A, managed through safety stock, every time of 10 
most frequently used pallet types in the respective quarters in accordance with the order frequency criterion 
taking account of and with correction according to the number of pieces. All the researched cases proved that 
these selected 10 types cover about 20% of the total number of deliveries and the number of pieces. 

3) using common statistical analysis. The average volume of one order in a given period and the standard 
deviation were calculated from the data submatrix of each of the selected pallet type. Supposing at least 
approximately normal distribution of the number of pieces in a delivery, the chosen probability was 98%, 
with which the determined level of inventory will not be depleted. This level of the inventory shortage 
risk proved to be sufficient, particularly because potential shortage of the inventory has no fatal 
consequences for the manufacturer. Missing pieces can be manufactured subsequently together with 
the other currently manufactured pallet types. 

4) Another difficulty of the solution consists in the fact that the proposed stored quantity is calculated from 
the data of one quarter, but it will not be used until the following quarter. Therefore, it would be 
convenient to make a demand forecast, i.e. the need for pallets, for the following period. However, as 
there is no data available for making time series of selected pallets, a so-called “naïve forecast” was 
applied. This forecast assumes that the demand in the following period will be the same as in the current 
period. The model can then be dynamic made by conducting a new analysis in each finished period, 
and this analysis is used again as a forecast for the following new period. 

5) To verify functionality of the proposed procedure, a simulation model applied to 2016 data was created. 
The procedure of the simulation model will be shown on the example of the most frequently and in the 
largest volumes ordered pallet size type (720x1020).  The first quarter analysis resulted in proposing 
prompt stock of 22 pieces. This number was applied to the actual data of orders in the second quarter. 
We found that the stock shortage was in 6 of 84 orders, so the success of covering the number of orders 
from the inventory was 91.9%. As for the number of ordered pieces, the success of covering them from 
the inventory was 88.8%. All the other 10 selected pallet types were assessed similarly, and the average 
success of covering the demand from the inventory would be 80.2%, or 82.4% respectively. The data 
for the third quarter and the fourth quarter were assessed in the same way and with similar results. This 
implies that the proposed model is functional, and it was recommended to try it out in practice. 

4. CONCLUSION 

The growing customer requirements concerning services connected with delivery, particularly their reliability 
and short delivery times, and the parallel pressure on cost reduction require close cooperation of the members 
of supply systems, including packaging suppliers. Therefore, a way of pallet inventory management to be 
introduced by the pallet suppliers was proposed on the initiative of the pallet purchaser in order to make their 
manufacturing more even and thus to ensure high quality of pallets, reliability of printing paper deliveries, and 
reducing the costs relating to deliveries. The proposed way of order and supply management with the help of 
prompt stock of selected group A pallets could even be further improved by making forecasts of the demand 
for the selected pallet types more accurate if the time series of the demand for the selected group A pallet 
types were monitored and evaluated. It is also possible to recommend consultations with the workers of the 
sales department, who should have the current information about the expected changes in the paper mill’s 
customer structure. They could also change the portfolio of the paper sheet size types, i.e. also the required 
pallets. Another possibility of application of the proposed way of managing prompt stock is at the supplier of 
honeycomb boards for completion of packaging. Application at this company would be particularly desirable in 
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view of the quality problems. The thing is that short delivery times do not make it possible for these boards to 
dry out properly. The proposed way of inventory management in the selected pallet types is being piloted at 
the company in the first half of 2017. Providing the testing is successful, the company is considering its 
introduction in the routine operation. 
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Abstract 
In the supply chains, packaging logistics is an important component of the material and information stream, 
which ensures an adequate level of service for all participants in the chain. It is particularly important from the 
logistics operator's point of view to ensure proper (efficient and economical) packaging rotation between the 
chain links. Disruptions in this area may lead to delays, additional costs, and other difficulties that ultimately 
translate into a decrease in efficiency and performance in the supply chain. The paper presents the possibility 
of using a tool (A3 report) in improving the pallet turnover of a logistic operator. 

Keywords: Process improvement, packaging flow, pallet turnover, logistics operator, A3 report 

1. INTRODUCTION 
Searching for new solutions and management methods that will enhance the company's competitive 
advantage and allow it to better adapt to the turbulent environment, especially including those related to 
customers, is the domain of managerial activity. In that case, process management is an important area in 
which all changes are made. The trend is to introduce management methods and techniques that depart from 
the classical ways of improving processes and replace them with new, unconventional methods [1]. The 
essence of these methods is to focus on reducing waste and loss. Lean Management is currently the most 
widely used concept in enterprises, with the main goal of eliminating loss-making and finding the right solution 
for the process by using appropriate tools and adequate staff involvement. Over time, Lean Management has 
developed tools that enable you to diagnose, evaluate and improve processes and activities. The most 
common and well-known of those tools are: the value stream mapping, 5s, Total Productivity Maintenance 
(TPM), Kaizen and others [2,3]. In addition to these solutions, there are a number of smaller, useful tools and 
troubleshooting techniques, such as the Pareto - Lorentz chart, 5 Whys, the Ishikawa diagram, sheets and 
control charts, histograms and other graphs and diagrams. The tool-bonding method provides solutions for 
diagnosing and evaluating interference and providing solutions that underlie continuous improvement. These 
include the 8D method, the five-step Kepner-Tregoe method, or the PDCA-based A3 report method. The 
purpose of this article is to focus on the last group of solutions that allow you to continually search for possible 
solutions of problems and ultimately improve your processes. The article presents the practical use of the A3 
report in relation to the chosen element of the logistics system - packaging rotation based on an example of a 
chosen logistic operator. 

2. A3 REPORT AS A TOOL FOR SOLVING PROBLEMS 
Literature in the field of quality management and Lean Management provides many tools to assist with 
monitoring and gathering information about processes that occur in organizations. However, having only data 
or adequate knowledge is not enough to solve problems [4]. In order to make the right decisions, it is necessary 
to process them appropriately in accordance with the adopted process improvement procedures. One example 
of such a tool is the A3 report. It has been developed at Toyota, and is essentially a one-size-fits-all A3 format 
(11x17 inches) standardized approach to team-based problem solving based on the PDCA cycle [5]. A3 
Reports exist as the following 3 types: (1) The Problem Solving A3 Report, (2) The A3 Report Proposal, (3) 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

365 

The Status A3 Report [6,7]. It is a guide to effective and systematic problem solving and is a communication 
tool whose primary purpose is to produce a document in the form of a report on current issues, results of 
already made improvements and more. This report includes the following information: a definition and 
description of the problem, a description of the current state, a design of the future (target) state, which will 
allow the problem to be eliminated, as well as an action and control plan [8]. A3 is part of the improvement 
process which involves lean thinking in solving of problems. According to Lean Thinking, the most important 
part of the report is the first 4 stages of planning (left side of the report), the second part refers to the remaining 
stages of the Deming cycle (do, check, act) [9]. The standard structure of the A3 report is shown in Figure 1. 
The data presented in the report should be graphical, the words should only be used if the situation cannot be 
described by drawing, sketch, graph, diagram, etc. The report should be easy to read, logical, understandable 
for everyone and should "tell the story" [5]. You can use classic lean tools such as 5 Whys, Fishbone Diagram, 
Flow Chart, Histogram, Pareto Diagram, PDPC, Radar Chart, Relations Diagram, Activity Chart Diagram, 
Check Sheet, Control Charts, Gantt Chart, Matrix Diagram, Spaghetti Diagram, Value Stream Map, and more 
as visualization elements in the report [10].  

 

Topic: What is the problem? Owner Date 
1. Description of the case/ Business justification 5. Suggested remedies 
Why should we solve it? How can we solve the problem? 
2. Current state/ Description of the problem or 
possibilities 6. Plan 

What is the situation at present? How the 
problem manifests itself? 

What action needs to be undertaken? 

3. Targets/Indices 7. Further actions 
What do we want to achieve? How to maintain the achieved results? 
4. Analysis 
What are the causes of the problem? 

Figure 1 A3 report creation stages (based on [11]) 

3. CHARACTERISTICS OF PALLET TURNOVER IN A SELECTED ENTERPRISE 
Problems with correct and unobtrusive execution of processes arise in every organization. Sometimes they 
are easy to solve, but more often this is not the case as, due to the complexity and the interpenetration of 
processes, it seems impossible to solve the problem. These difficulties are particularly apparent in logistic 
service organizations that have a unique and exceptional character [12]. 

The EUR pallet is the most frequently used transport and storage support element [13]. According to EPAL 
Poland, there are nearly 10 million pallets in circulation, taking into account the unit price of 20 PLN per a used 
pallet and up to 32 PLN for a new pallet, they total to nearly 300 million EUR of frozen turnover value. That 
huge amount can be lost irretrievably due to a negative assessment of the usability of the pallets in use. The 
assessment itself is based on the guidelines contained in the pallet assessment cards, not in the rules. In order 
to reduce and diversify the risk of loss, pallet handling is increasingly reported to logistic service providers who 
assume responsibility for the proper pallet status. This has created a new service that deals with the marketing 
of packaging (pallets), which is currently provided not only by specialized logistic operators but also by other 
companies that deal exclusively with the return of recyclable packaging. 

The process of recycling the packaging (pallets) has been analyzed in case of a chosen logistic operator. The 
operator offers two alternative forms of pallet circulation to their customers: two-way and one-way. In the two-
way form, the supplier and the pallet recipient are subject to individual settlement. The pallets exchanged 
between the supplier and the customer are verified based on a pallet assessment card, and the operator offers 
the pallet provider to return pallets to the recipient. The returned pallets come from the palette pool available 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

366 

at the logistic operator branch. The original Euro pallets are in compliance with the standard. If the operator 
discovers technical, quantitative pallets or non-compliance of the pallet with PN-M-78216 (UIC 435), the 
supplier is required to exchange the pallets with EUR pallets and correct the number of pallets to be returned 
on the bill of lading. On the other hand, the recipient is obliged to return the received number of Euro pallets 
that conform to the standard and marked as returnable on the bill of lading. The consignee which returns empty 
pallets is obliged to fill in the bill of lading, as the sender enters their data and their identification number and, 
as the consignee, enters the operator's data and the number of pallets returned. Once a month, a rotation 
report is generated for each of the parties, which is a base for settlement of the pallets. 

 Based on the analysis of quantitative data from the logistic operator, it was noted that the number of pallets 
in circulation was not equal to the number of pallets recovered from the recipients of the operator. The level of 
deficiency is 25% of the total number of pallets traded in the two-way form and 35% for the one-way pallet 
trade. 

4. ADAPTATION OF PROCESS IMPROVEMENT TOOLS FOR PALLET MANAGEMENT  
1 to 1 pallet trading service accounts for 98% of pallet management services in the surveyed company. Due 
to its specificity (contract only with the ordering party) the records show only the number of pallets not returned 
by the recipients, without taking into account the reasons for not returning pallets. In the surveyed unit, pallet 
retrieval in the 1 to 1 service was 62% during the period considered. This means that the company did not 
utilize the potential in terms of profit from additional services such as pallet turnover. Target recovery was 85%. 

In the first step of the study, the reasons for low recovery of pallets required a survey, based on a pallet 
assessment card. The study was attended by 50 suppliers of logistic operator (drivers) and 20 customers 
(recipients). The results showed that the rating was made with responsibility for classification as the main 
criterion. Study groups chose options that did not burden them with responsibility, as shown in Figure 2.  

 
Figure 2 Results of a survey determining the cause of low recovery of pallets,  

study period: January-February 2015 

In order to reach the origin of the problem, a detailed analysis of the data was made based on the A3 report. 
The first step was to set a business goal that was to improve customer satisfaction and increase the return 
from the pallet service. The analysis showed that the amount of lost profit from failure to perform pallet return 
service amounted to over 164,000 PLN for the surveyed branch, on a company scale it amounted to 1,170,000 
PLN. 

The next stage was a detailed analysis of the current state. This section analyzes the reasons for not receiving 
pallets from buyers during delivery. In order to identify the main reasons, all entries in the bill of lading were 
analyzed within the period from January to March 2015. The results are shown in Figures 3 and 4. The 
customer group that uses the most negative pallet verification record is the network receivers.  
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The next step was to determine the desired status. According to the strategic goals set by the company, it was 
to achieve a monthly pallet recovery of 85%. The auxiliary goal was to achieve a weekly recovery rate of 75%. 

The Ishikawa diagram was used to identify the root causes. Participants in each stage of the pallet marketing 
process, including drivers, terminal workers and the pallet management administration in the surveyed office, 
participated in the identification of these causes. This helped to identify the causes/problems affecting low 
pallet retrieval. These reasons include (according to respective areas): 
1) Responsibility of the driver: lack of knowledge of the pallet classification procedure, lack of time to wait 

for the pallet to be repacked in accordance with the EUR standard, lack of reliable pallet verification 
during the reception of bill of lading, driver dishonesty, pallet damage during loading/unloading. 

2) Tool imperfections: verification is not possible, pallet assessment cards are not accurate. 
3) Sender: no verification of resources during the order submission, erroneous data on the bill of lading, 

poor pallet quality, no pallet rules in place according to the contract, lack of knowledge about the pallet 
classification. 

4) Consignee: no pallets to exchange on delivery, customer dishonesty (abuse of the record with negative 
pallet verification - according to the law, the palettes stay at the recipient), ignorance of pallet 
assessment cards (wrong verification). 

5) Terminal/Warehouse: ambiguous assessment of pallets (classification), media damage due to improper 
handling of shipments, inaccurate verification of pallets during handling. 

6) System: no verified pallet registrations (corrections - no pallet number of the recipient), lack of validation 
verification tool (entries on the bill of lading). 

 
Figure 3 Reasons for not returning pallets to recipients 

 
Figure 4 Reasons for negative verification of pallets by site of verification 
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Pareto analysis (Figure 5 and Table 1) was used to determine priorities. 

Table 1 Key factors affecting pallet retrieval 

Factor Occurrences 

Lack of knowledge of pallet assessment cards 68 

No verification is possible 41 

Dishonest suppliers 41 

Poor pallet quality 38 

Dishonest drivers 36 

Lack of knowledge how to verify the pallets 32 

No pallets for replacement during delivery 28 

Pallet damage during handling 18 

No verification of resources during the submission of an order 14 

No time to replace pallets with negative verification 4 

 
Figure 5 Pareto chart, defining key factors affecting pallet retrieval 

The next step is to identify remedial actions that address identified root causes, including those: 
1) Training for the drivers. 
2) Handing over pallet score cards to all drivers. 
3) Scheduling visits to customers with the largest number of pallets written off. 
4) Creating pallet protocols for customers with the lowest possible pallets. 
5) Introducing the requirement for photo documentation of pallets negatively verified. 
6) Training for all staff who evaluate pallets for the bill of lading. 

The action plan assigns the responsibility and timing of the action. Prior to this, training was provided for drivers 
who were to align their knowledge of the pallet classification and pallet reimbursement obligations. In addition, 
all drivers were provided with pallet rating cards. The biggest challenge was the change in the contract with 
the carriers. The annex introduces an obligation for the driver to make a photo record in the case of a negative 
pallet verification at the consignee. For this purpose, a mobile device that has a photo camera capability is 
used. Thanks to the integration with the system, the photo is assigned to the corresponding bill of lading and 
is immediately visible in the company's IT system. The driver billing procedure has also changed. In addition 
to the standard conformity of entries on the bill of lading, in the case of BL recording for negative pallet 
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verification, the clearing employee has the additional obligation to verify that the negative verification has been 
documented and that the verification is correct. Photos are available in the bill of lading browser and are the 
basis for the settlement of the driver. If it is determined that the photographed palette meets the EUR 
requirements contested by BL, the driver will remain unsettled. He is also required to return the pallet with 
incorrect verification and the sender is charged with the cost caused by this situation. Prior to the introduction 
of the annex, all settlers were acquainted with the Pallet Rating Cards.  

The implemented activities translated into a 4% increase in the recovery of pallets during the period considered 
(Figure 6). 

 
Figure 6 Recovery of pallets in a branch 

The increase in the recovery of pallets in the branch has translated into a profit from additional services. 
Assuming an average pallet turnover of 11,000 units per month and a service fee of 5.5 PLN per a stacked 
pallet, the result of the branch was improved by 2,200 PLN per month [14]. 

5. SUMMARY 
Pallet handling in enterprises is a very complex process. As the research shows, the main problem is the 
classification of EUR pallets. Each pallet negatively verified by the recipient is a loss for the sender, on average 
26 PLN. Pallet turnover significantly increase company costs. Recipients often overuse a negative verification 
statement, making extra income of the pallets. An analysis of the pallet rotation system at a chosen operator 
showed that the 1 to 1 system used in 98% of cases was incomplete. This is indicated by a reporting system 
that does not take into account corrections that refer to negatively verified pallets. According to the results of 
the study carried out with the help of the A3 and Pareto rules, the main factors influencing the low pallet 
retrieval in the surveyed branches are: lack of knowledge of pallet assessment cards, lack of check validation 
(in bills of lading), dishonesty of suppliers and poor pallet quality (shipped by senders). The A3 report, adapted 
from Toyota, is a useful tool for continuous improvement in various organizations, not only in the automotive 
industry. Simultaneously, it documents the key effects of problem-solving activities in a concise manner and 
includes well-established problem-solving methodology. 

REFERENCES 
[1] SZMAL A. The role of innovative initiatives in innovative activities in the enterprise. In SGEM 2015: 2nd 

International Multidisciplinary Scientific Conference on Social Sciences and Arts, Book 2, Political sciences, law, 
finance, economics and tourism. Vol. 3, Economics and tourism. Sofia: STEF92 Technology, 2015. 

[2] KRUCZEK M., ŻEBRUCKI Z. Doskonalenie struktury łańcucha dostaw z wykorzystaniem koncepcji Lean. 
Logistyka, 2011, nr 2. 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

370 

[3] KRUCZEK M., ŻEBRUCKI Z. Wykorzystanie narzedzi" lean manufacturing" w logistyce produkcji. Prace Naukowe 
Politechniki Warszawskiej. Transport, z. 64, Warszawa, 2008. 

[4] DOHN K., GUMIŃSKI A. Key changes improving the quality of customer service of a logistics operator on a 
regional LSP market. Carpathian Logistics Congress. November 4th - 6th 2015, Jesenic, Czech Republic. 
Conference proceedings. Ostrava: Tanger, 2016. 

[5] SOBEK D., JIMMERSON C. A3 reports: tool for process improvement. Industrial Engineering Research 
Conference, Houston, Texas, 2004. 

[6] LIKER J.K. Principle 13: Make decisions slowly by consensus. In: the Toyota way: 14 management principles 
from the world’s greatest manufacturer. New York: McGraw-Hill, 2004. 

[7] SOBEK D, SMALLEY A. Understanding A3 Thinking: A Critical Component of Toyota's PDCA    Management 
System.Productivity Press, Taylor & Francis Group, New York, 2008. 

[8] PIASECKA-GŁUSZAK A. Lean management w polskich przedsiębiorstwach przy wykorzystaniu wybranych 
narzędzi rozwiązywania problemów - wyniki badań. Prace Naukowe Uniwersytetu Ekonomicznego we Wrocławiu, 
nr 369, 2014. 

[9] FLINCHBAUGH J. A3 Problem solving. Applying Lean thinking. Lean learning Center, e-book, 2012. 

[10] MANOS A. Introduction to A3 Problem Solving. Problem solving through People. Profero Inc., Chicago, 2009. 
[11] SHOOK J. Managing to Learn: Using the A3 Management Process to Solve Problems. Gain Agreement, Mentor 

and Lead. Off-Piste Design, 2010. 

[12] MATUSEK M. Innowacje usług w przedsiębiorstwach produkcyjnych - jak uniknąć "paradoksu usług“. Organizacja 
i Kierowanie, 2016, nr 2. 

[13] PRZYBYLSKA E. Zastosowanie nowoczesnych rozwiązań w zaopatrzeniu materiałowym linii produkcyjnej 
przedsiębiorstwa. Zeszyty Naukowe Politechniki Śląskiej, seria Organizacja i Zarządzanie, z. 63, 2013. 

[14] WITKOWSKA K. Analiza obrotu opakowaniami zwrotnymi w wybranym przedsiębiorstwie branży TSL. Praca 
inżynierska napisana pod kierunkiem naukowym dr. inż. Z. Żebruckiego, WSB Chorzów, 2015. 

  



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

371 

THE IMPACT OF LOGISTICS ON THE LEVEL OF CURRENT ASSETS IN THE GROUP 
PURCHASING ORGANIZATION 

ZIMON Grzegorz 

Rzeszów University of Technology, Department of Finance Banking and Accountancy, Rzeszow, Poland, EU 

Abstract  

A group purchasing organization is a multi-stakeholder entity that is designed to improve the company financial 
position. Logistics in the GPO is expanded because there are cooperating companies and the central unit in 
such an organization. The purchasing group's central unit manages the supply chain process, which directly 
affects individual logistics management. Logistic processes in an enterprise are generally considered in a 
short-term or operational aspect. Therefore, logistics management is a great support for building short-term 
management strategies and that is why it has a large impact on current assets. The article presents the impact 
of logistics on the level and structure of current assets and in units operating within a GPO. The analysis was 
based on the financial data of 25 trading companies operating in the group. The research was done on the 
basis of the financial statements for 2013-2015. In the study the preliminary financial analysis and selected 
financial indicators were applied. 

Keywords: Logistics, purchasing group, current assets 

1. INTRODUCTION 

In order to survive on the market commercial companies need to compete with small, medium and large 
companies. Generally, the key to winning a business contract is the favorable price a company offers. 
Increasingly, however, this is not enough, and therefore sellers are forced to offer long merchant loans. The 
long repayment offer has a significant impact on the decision-making process and facilitates the fight against 
competition. However, if  a company wants to build its position on the market, it must manage efficiently and 
effectively its current assets. Management of current assets is building appropriate strategies for inventories, 
receivables, and cash. Logistics has a major impact on various components of current assets. Customers 
increasingly pay attention to the time, price and place of delivery of goods, i.e. to logistic processes. Logistics 
is the process of managing of movement and storage activities to facilitate the flow of products from the place 
of origin to final consumption [1]. All consumers and suppliers depend on the process to be as short as 
possible. The shortening of this time is an interference in the management of receivables, inventories and 
cash, and thus the assets that create current assets. The customer is interested as cheap as possible goods 
that are delivered exactly at the destination point. The logistics organization has a great influence on the level 
and structure of current assets. In multi-entity enterprises such as group purchasing organizations there are 
still mutual relations between individual companies. The companies obtain some guidelines from the central 
unit of group, which modifies the classic methods of logistics organization. In commercial companies operating 
in GPOs an impact of logistics on current assets is strongly expanded. Businesses have many different options 
in terms of delivery organization, which differently affects the level and structure of current assets. 

2. CURRENT ASSETS 

Current assets are possessions whose useful life is shorter than 12 months [2]. These are assets with high 
liquidity, their high level increases the financial security of enterprises. In an enterprise they play an important 
role because management has a great influence on financial performance, management effectiveness and 
financial liquidity. The level of current assets and structure depend on industry and types of an activity. 
Manufacturing companies account for a high share of the total assets structure, whereas turnover assets are 
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predominant in the business. Their level depends on the asset management strategy chosen by the business 
manager. In enterprises where the share of fixed assets in total assets is high, the profit is generally low as 
the assets generate high fixed costs [3]. The reverse situation is much more favorable when the current assets 
outweigh the fixed assets. Such a structure of assets affectspositively the financial security of an enterprise. 

Current assets are short-term, they are reproduced several times a year [4]. Hence, the most important 
influence of the management of turnover assets is reflected in the results of financial liquidity. 

Current assets management is the choice of separate strategies for receivables, inventories, and short-term 
investments. Such a division makes it difficult to manage the revolving assets as a whole. It is important for 
managers to determine how they want to manage their current assets and then try to create appropriate 
strategies for each asset. An asset management strategy will be influenced by logistics organization. 
Accelerating and streamlining of inventory management will shorten delivery times, reduce inventory, 
accelerate cash flow, and lead to faster receivables. 

The situation is more complex in units operating within GPOs where group purchases occur and slow down 
the effectiveness of the management of current assets. 

3. GROUP PURCHASING ORGANIZATIONS 

Nowadays, more and more companies operate as multi-entity organizations. Mutual operation is an opportunity 
for safety. These types of organizations may include Group Purchasing Organizations(GPOs). The purpose of 
GPOs is to strengthen competitive power. GPOs  have a positive impact on the quality of service or goods 
sold. Typical defects are organizational costs and loss of flexibility [5]. To be successful a GPO must be able 
to foster and maintain the commitment of its members. [6]. This is possible thanks to the unification of the 
group members and the acquisition of powerful purchasing power [7]. The easiest way to define a GPO is to 
identify it as a group of companies from the same or different industries that combine to make a joint purchase 
[8]. Another definition of a group purchasing organization is based on Martin Christopher's logistics and supply 
chain definitions and it is as follows: the Group Purchasing Organization is a group of cooperating companies 
that jointly controls and streamlines the flow of goods, information and money from suppliers to final recipients. 
Participants in such a system form a separate central unit whose main task is to achieve the goals set by the 
companies operating in the system [9]. The central unit of GPOs organizes purchases and negotiates delivery 
terms. It often sets limits on the amount of orders one needs to make to get a certain discount. It has a 
significant impact on inventory management policies, cash trading and receivables management. Companies 
operating in marketing and purchasing groups can organize delivery in several ways, it depends on the fact of 
having the central warehouse that can serve as a point of separation. The central warehouse for commercial 
companies is in the flow of the stream of materials, goods which are stored in the main inventory system as 
buffer stocks to cover independent demand [10]. The choice of an appropriate  supply method has an impact 
on costs. The rational strategy can improve the profitability of the company [11]. There are 4 types of supplies 
in GPOs: 
a) Direct deliveries 
b) Deliveries with the use of the central unit of the purchasing group 
c) Combined deliveries 
d) Supplies bypassing manufacturer 

4. LOGISTICS VS. CURRENT ASSETS IN COMPANIES OPERATING IN A GROUP PURCHASING 
ORGANIZATIONS 

In the group studied 90% of purchases and deliveries are carried out by the central unit. The central unit’s task 
is to negotiate prices, terms and conditions of delivery. Companies participating in joint purchases receive 
goods directly from the manufacturer or from the central warehouse. These two delivery systems were 
identified as variants A and B. The details are shown in Figure 1. 
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Figure 1 Organization of purchase of goods in the industrial GPO 
Source: own research 

Goods orders using options A and B is organized by the central unit. Option A, i.e. the direct delivery is the 
cheapest and fastest way to receive goods. Option B is a more costly way to receive goods because they are 
purchased from the central unit's main warehouse. Central unit,because of the storage of goods at home, 
imposes additional margins on the supplies sold. It must acquire funds for the functioning of the warehouse. 

Option A can be described as conservative logistic management. The company executes large orders, 
receives long deadlines for repayment of liabilities. Cash is in the enterprise. The company does not have to 
collect charges very quickly. It is a strategy of "waiting" for cash. The company does not need to use inventory 
optimization methods in this way. It does not have to deal with the organization of supplies. All it has to to do 
is to make sure that it orders the product in a timely manner. The order is sent to the central unit that handles 
its further implementation. Companies that are managed in such a way generally try to order such quantities 
of goods which guarantee high discounts. Table 1 below shows the impact of logistics on current assets when 
a company adopts a logistic conservative strategy. 

Table 1 Logistic conservative strategy vs. current assets 

Current assets Level 

Inventories High 

Receivables High 

Cash Average 

Source: own research 

The lack of an application of methods leading to inventory optimization increases their level. With the option A 
of delivery, the central unit negotiates the terms of the deal and the company usually gets a long credit term 
for the merchant credit. This allows to extend the loan term to their own counterparties and therefore the 
receivables grow. This management style is characterized by faster turnover of liabilities. Earlier money flows 
from the buyers before the arrival of goods from the manufacturer, which positively affects the level of cash. 

Most of the 20 companies use option A for the delivery of supplies. They apply conservative logistic 
management and it is confirmed by the results of the analysis of the level and structure of current assets. 

Central unit-
Central 

warehouse 

Manufacturer 

 
Company 

O
ption A 

O
ption A 

Option B 
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Table 2 shows the average results for 2013-2015. 

Table 2 Results of selected indices for companies using conservative strategies in logistics management 

Company 

 

Share of inventories in 
current assets 

Share of receivables in 
current assets 

Inventory rotation index 

Company 1 0.66 0.34 71 

Company 2 0.49 0.50 66 

Company 3 0.49 0.15 123 

Company 4 0.41 0.56 54 

Company 5 0.42 0.51 57 

Company 6 0.42 0.47 49 

Company 7 0.42 0.58 50 

Company 8 0.43 0.47 72 

Company 9 0.51 0.48 58 

Company 10 0.51 0.42 91 

Company 11 0.49 0.43 69 

Company 12 0.51 0.48 59 

Company 13 0.42 0.45 55 

Company 14 0.42 0.57 64 

Company 15 0.42 0.56 74 

Company 16 0.57 0.20 84 

Company 17 0.40 0.54 60 

Company 18 0.51 0.44 84 

Company 19 0.44 0.52 47 

Company 20 0.40 0.59 46 

Source: own research 

Option B of supply organization is aggressive logistics management. In the latter case, companies must 
already use different types of systems to determine the demand for goods at a given time. The item is shipped 
from the central unit store, it is not worth using this system often because it is expensive. Deliveries also cost, 
the timing of payment obligations is short. The central unit wants to get paid quickly. Logistics must be 
organized quickly and accurately on time. Orders are often submitted, the procurement department must 
control the stock level systematically. The impact of this aggressive logistics management policy is presented 
in the table below. 

Table 3 Aggressive strategy vs. current assets 

Currentassets Level 

Inventories Low 

Receivables Low 

Cash Average 

Source: own research 
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Logistics organization in Just In Time system is an aggressive collection of receivables and keeping cash 
reserves to meet emergency obligations. Deliveries must be organized very often to complement the missing 
product range. The logistics department has to be expanded to a large extent because the company is to a 
lesser extent based on the operations of the central unit. The company does not always use joint purchases. 
It frequently purchases from the central unit itself. The advantage of this operation is the reduction of storage 
stock and warehouse management costs. 

In the researched group only 5 units manage aggressively logistics. The table below presents the results of 
selected indices for companies using risk-based logistics (aggressive) based on the JiT principle. Table 4 
shows the average results for 2013-2015 

Table 4 Results of selected indices for companies using conservative strategies in logistics management 

Company Share of inventories in 
current assets 

Share of receivables in 
current assets 

Inventory rotationindex 

Company 1 0.25 0.75 42 

Company 2 0.35 0.36 75 

Company 3 0.34 0.34 91 

Company 4 0.33 0.45 58 

Company 5 0.35 0.59 47 

Source: own research 

5. CONCLUSION 

The research conducted has shown that companies operating in group purchasing organizations can organize 
logistics in two ways. The first approach is the conservative management used by most companies. Units do 
not have to use complicated logistics methods and tools, often with large quantities of goods ordered. 
Deliveries are generally made straight from the manufacturer to the company. Conservative logistic 
management means a high level of current assets. In the structure of current assets, inventories are high. 

Several companies under investigation use aggressive logistic management based on Just In Time principles. 
This strategy means the lower share of current assets in total assets, it is risky logistics management. 

Joint action within a GPO is generally conservative logistic management, characterized by a high share of 
current assets in total assets. Companies use economies of scale, maintain high inventory levels, outsource 
the entire ordering process, and negotiate with the central unit. This operation greatly simplifies the 
organization of logistics, which is primarily aligned with the assumptions and proposals coming from the central 
unit. 
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Abstract  
The present article deals with the selection of an appropriate supplier and service provider in the field of 
transportation and with the determination of key assessment indicators for the selection of transportation 
service providers. At present, the theories of logistic evaluation of material flows in the transportation segment 
are paid much attention due to occurrence of plenty of negative phenomena. This topic is presented in the 
article through a model situation in a particular company.  

Keywords: Logistic evaluation, model situation, transporting service, weight 

1.  INTRODUCTION 

In the Slovakia, there are efforts to apply the knowledge obtained in other countries and search for the best 
solutions for the transportation segment with the aim to offer a methodology regarding the selection of 
transportation service providers while accepting several indicators, often even contradictory ones, in all 
stakeholders, i.e. carriers, consignors, forwarders, manufacturers, as well as traders. And also to find, while 
considering such mass of requirements, the best solution for those who are looking for a provider of 
transportation services.  

A service is define as an activity or series of activities of more or less intangible nature that take place in 
interactions between the customer and service employees [1]. Quality is the key decision-making factor for 
customers, when choosing from several services and means the compliance with the requirements and 
assurance thereof is a controlled process involving people, service systems, as well as supporting tools and 
methods [2]. Authors Grönroos [3] and Parasuraman [4] maintain that the perception of the quality of service 
is the result of a comparison of consumer expectations with actual service performance perception. The 
indicators of quality are importance attributes for customers [5] or also importantance are the performance 
metrics for determining the compliance with performance-based quality contracts [6], [7], [8]. Quality of service 
is a significant factor of transport demand [9], [10]. The transport service quality  is  the  ability  to  meet  the  
needs  of  a  particular  customer [11], [12], [13]. The literature [14], [15], [16, [17], [18], uses various terms and 
applications of methods that might be used for such analysis. The assessment of the quality of a transport 
service provided by a particular company may be carried out while applying the method of determining the 
relative weights of quality criteria [19]. There are several approaches to the determination of relative weights 
of quality criteria importance. The determination of relative weights using the pairwise comparison is based on 
the determination of superiority or inferiority of a single criterion [20]. 

As an example, we can state the methods of key assessment indicators, the methods of logistics performance 
evaluation, etc. For the selected methodology of the assessment of the provision of logistics services in the 
field of transportation, we can use the concept of functional performance evaluation in the transportation 
process. This shall mean the selection of an appropriate supplier and transportation services provider so that 
the transportation fulfils the intended purpose [21], [22]. 
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2.  APPROPRIATE METHODOLOGY PROPOSAL  

The given methodology is formulated so that it is capable of evaluation of the quality of a service provided by 
a provider. To select an appropriate methodology when selecting a transportation service provider, the 
following procedure was chosen: 
 Provider selection, depending on the scope of provided services, based on the experience gained for 

the marketing survey: forwarding agency, carrier, logistics company. 
 Selection of a transportation technology: wagon consignment,piece consignment. 
 Determination of general assessment indicators in the selection of a provider in the field of 

transportation.  
 Selection of an appropriate provider.  
 Provider is selected. 
 Negotiations and subsequent execution of a contract with the selected provider.  

3.  DETERMINATION OF GENERAL ASSESSMENT CRITERIA AND INDICATORS  

To determine the assessment indicators within the provider selection, general indicators were selected in the 
first place (Table 1). The group of indicators is open and it can be supplemented anytime with new indicators 
“U“. The order of indicators in Table 1 is random, i.e. the order of importance of individual indicators is not 
determined yet. 

Table 1 General assessment indicators for the selection of a transportation service provider  

Order 
(random) 

General assessment indicators 

1. Reliability in adherence to delivery times when delivering the transported goods   

2. Total transportation time until the goods are delivered to a customer  

3. The price of transportation from a goods sender to a goods recipient  

4. Provision of regular monitoring on the current location of the transported material   

5. Insurance for the transported material  

6. Warranty for the protection of goods against loss, damage, or disturbance   

7. Simplicity and quality of negotiations on competitive prices offered by individual carriers  

8. Provider’s willingness to negotiate on service alterations  

9. Provider’s willingness to negotiate on price adjustments 

10. Securing the transported goods against theft   

11. A possibility to ensure pallets for the goods relocation  

12. Financial stability of a provider   

13. A possibility to agree on a payment method and conditions with regard to the provided transportation 
service  

14. ISO quality certificate holder 

15. Additional criteria required for a provider selection  

16. Membership in the Association of Logistics and Freight Forwarding of the Slovakia  
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4.  CASE STUDY - A MODEL EXAMPLE OF THE SELECTION OF KEY ASSESSMENT INDICATORS 
(KAIS) WITH THE DETERMINATION OF THEIR WEIGHTS BY APPLYING MATHEMATICAL 
METHODS   

Out of the general assessment indicators listed in Table 1, the following key assessment indicators (KAIs) 
were selected and listed in Table 2: 

Table 2 Specific assessment indicators for the process of selection of a transportation service provider carried  
   out in a company       

Order 
(random) 

Key assessment indicators 

1. Reliability in adherence to delivery times when delivering the transported goods   

3. The total price of transportation from a goods sender to a goods recipient 

6. Warranty for the protection of goods against loss, damage, or disturbance   

9. Provider’s willingness to negotiate on price adjustments 

14. ISO quality certificate holder 

The above specified selection of KAIs will be carried out on the basis of a defined order of importance weights. 
The sum of all KAI weights for a particular model example must equal to one: 

0,1
1




i

u

i
i ww                                                                                                                     (1) 

where:  

wi   - the weigh for the ith indicator,    

u    - the number of indicators. 

Let us define the order of KAI importance weights as follows: 1,3 = 6,9,14. It means that the “I”1 indicator will 
be the most important, followed by “I”3 and “I”6 indicators, both of equal importance, then followed by “I”9 
indicator, and finally by “I”14 indicator, which is the least important. 

4.1  Determination of sensitivity for the evaluation of individual indicators   

By determining the indicator sensitivity, we define a point where a given indicator crosses a borderline between 
two evaluation results. The more closely this sensitivity is determined (i.e. the wider the range of options), the 
higher the explanatory power of the result. 

Indicator sensitivity determination: 
a) a provider is capable of fulfilling a selected indicator exactly as required without the need to apply the 

agreed tolerance, a provider is capable of proposing a new qualitative or cost-effective solution, 
b) a provider is capable of fulfilling a selected indicator as required within the pre-agreed tolerance without 

the customer’s intervention, 
c) a completely new provider with good references, 
d) a provider is capable of fulfilling a selected indicator but the limits of the agreed tolerance are exceeded, 

resulting in the customer’s intervention, 
e) provider is capable of fulfilling a selected indicator but the limits of the agreed tolerance are exceeded 

and the provider waits for the customer’s intervention and only then proceeds further, the provider must 
be constantly supervised to ensure that the contractual obligations are fulfilled, 

f) a new provider without any references, 
g) a provider is not able to fulfil a selected indicator. 
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4.2   Evaluation of selected key indicators an assigning sensitivity values 
To evaluate KAIs, we will use the 1-5 scale, whereas the higher the value, the more the provider is able to 
meet the requirements of individual KAIs and the higher position the provider will hold in the final order of 
applicants - providers. 

Evaluation: 

5 - a provider meets our requirements without any other comments, 

4 - a provider still meets our requirements but with minor reservations, 

3 - a provider still meets our requirements but with substantial reservations, 

2 - even though a provider meets our requirements to the minimum extent, we do not have any other choice, 

1 - a provider does not meet our requirements at all and is unacceptable. 

Now it is appropriate to assign a sensitivity value to the evaluation result:  

5 - a 

4 - b, c 

3 - d 

2 - e, f 

1 - g. 

The example was considering six applicants - providers. In each provider, we were separately evaluating the 
selected KAIs. Then we used the weights determined by applying the Saaty’s matrix for the selected key 
indicators and by calculating their product we obtained the overall evaluation E of a particular key indicator “I” 
for a particular provider p. 

piipi EvE ,, .                                                                                                                      (2) 

where : 

i = 1 to u                                                                                       

E I,p  - the overall evaluation of the ith key indicator “I” of the pth provider, where: 

p = 1, 2, ... - the number of providers, 

u -  the number of indicators, 

wi  -  the weight of the ith KAI, 

 Qi,p  - the sum of overall evaluations of KAIs - the resulting evaluation of the pth provider. 

The list of required evaluations of individual providers is shown in Table 3, where the providers are arranged 
in the order. A provider with the highest sum of KAI evaluations will hold the highest position in the order of 
providers and will be on the 1st place in the Table 3.     

By comparing the resulting evaluations of providers we will obtain the order of providers. The higher the value 
of the sum of the resulting evaluations  Qi,p, the more successful the applicant. To provide a better result 
review, Table 3 was supplemented with the order of providers according to the evaluation results.  

 



June 28th ‐ 30th 2017, Liptovsky Jan, Slovakia, EU 

 
 

381 

Table 3 Evaluation of individual providers 

INDICATORS ORDER OF PROVIDERS 
   “I”1 “I”3 

 
“I”6 “I”9 “I”14  Qi,p 

Weight  iw  0.38 0.22 0.22 0.12 0.06  

iE  evaluation of the 1st provider 5 4 4 2 5 1. 

piO ,  overall evaluation of “I” 1.90 0.88 0.88 0.24 0.33 4.20 

iE  evaluation of 2nd provider 4 5 1  2 5 5. 

piO ,  overall evaluation of “I” 1.52 1.10 0.22 0.24 0.30 3.38 

iE  evaluation of 3rd provider 4 3 5 4 1 2. 

piO ,  overall evaluation of “I” 1.52 0.66 1.10 0.48 0.06 3.82 

iE  evaluation of 4th provider 3 4 4 5 5 3. 

piO ,  overall evaluation of “I” 1.14 0.88 0.88 0.60 0.30 3.80 

iE  evaluation of 5th provider 2 4 4 3 5 6. 

piO ,  overall evaluation of “I” 0.76 0.88 0.88 0.36 0.30 3.18 

iE  evaluation of 6th provider 5 2 3 5 1 4. 

piO ,  overall evaluation of “I” 1.90 0.44 0.66 0.60 0.06 3.66 

4.  CONCLUSION 

In the context of the methodology of logistics evaluation of the transportation service providers was 
implemented the method of evaluating key assessment indicators. The Saaty's matrix was used for the 
determination of the weights of the selected key indicators because it is the most appropriate of the multicriteria 
approach. The selection of key assessment indicators and determination of their weights by mathematical 
methods was chosen as described herein because this method offers the widest range of point evaluation of 
matrix components, being thus the closest to real evaluation of weights of key assessment indicators. 

At present, there are many competitors in the transportation segment and every undertaker should carefully 
decide which method to apply to the selection of an appropriate carrier or a consignor providing the 
transportation services. The present article describes one of the methods of point evaluation of potential 
service providers applied in a particular company; the company name is not presented herein. We all are 
aware of the fact that quality is the only key to successful business and thus to adequate profit. To conclude, 
we would like to point out that there are other options how to evaluate the quality of provided services, including 
the EFQM Excellence Model, emphasizing various systemic measurements. 
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Abstract  

National logistics systems can create a single integrated economy, therefore the problem of choosing locations 
and connecting logistics centres to the network should be one of the most important planning tasks in the area 
of spatial development. For research purposes, research was carried out in which 150 students of Logistics 
from 2nd year of study, formulated cognitive maps for the location of logistics centers with a network of links. 
The Fuzzy Cognitive Mapping (FCM) approach is based on scenarios that allow the user to identify and control 
important parameters affecting the market and analyze their dynamic behavior. It also provides extensive 
interpretations of what the future can bring. The FCM scenarios developed in this study are based on an 
intuitive logic approach combined with expert aggregation analysis. 

The scenarios presented in the article are based on social and environmental analysis to determine the impact 
of parameters on the decision-making process regarding the location of logistics centers. Typically, the 
identification process is carried out primarily through interviews with experts or based on literary research. The 
use of modern FCM tools facilitates and speeds up the scenario creation process, as this method allows the 
identification of all components and determination of the most important connections between the factors in 
the analyzed system. The resulting scenarios are not based on speculative forecasts but are consistent and 
reliable. 

Keywords: Logistics centre, fuzzy cognitive maps  

1. INTRODUCTION  

As defined, a logistics centre is a spatially-functional facility with an infrastructure and organization that 
provides logistics services related to the receipt, storage, distribution and delivery of goods, and accompanying 
services provided by business operators independent of the sender or recipient [3]. The logistic centre can act 
as a binding element for a national logistics system, with similar systems in other countries. National logistics 
systems can create a single integrated economy, so the problem of choosing locations and connecting logistics 
centres to the network should be one of the most important tasks of planning in the area of spatial development. 
At the same time, trans-European transport networks in Europe (Regulation (EU) No 1315/2013 of the 
European Parliament and of the Council of 11 December 2013 on EU guidelines for the development of the 
trans-European transport network and repealing Decision 661/2010 / EU) set out to combine the development 
of multimodal urban nodes, logistics and sustainable Urban mobility and trans-European transport networks 
with transfer points into a single comprehensive system.The aim of the study was to use the FCM expert 
system to analyze the links between economics and society and the logistics centre. Fuzzy Cognitive Maps 
(FCMs) are computational systems used for quality modelling and behavioural simulation. The article uses 
fuzzy logic to acquire and use the experience and expertise of logistics experts to determine the impact of 
environmental and sociological factors on the optimal location of the logistics centre. The Authors' behavioural 
scenarios were based on factors (nodes) whose mutual relations and their strength were defined by experts. 
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2. STUDY AREA 

Poland has significant advantages in developing transport networks in combination with logistics centres: 
firstly, it is a favourable location for logistical centres; secondly, it has a significant internal market of 40 million, 
and finally, it shares trans-European transport networks running east-west and from north to south (partly 
under construction). This results in optimum conditions for the development of logistics centres. To be able to 
establish a trans-European transport Network with a network of logistics centres that is attractive in financial 
terms, several conditions must be fulfilled, including low transport costs in the distribution chain and a 
favourable ratio of distance and time, as reported by Verlinde [14] Transportation and logistics centres may, 
under certain favourable conditions, be extended to Urban Consolidation Centres (UCC) [9], so it is important 
to have some knowledge about their costs and benefits when choosing a location [11]. Although knowledge of 
the cost of delivery operations and potential savings using coherent transport networks is essential for site 
evaluation, this is insufficient alone. It is necessary to understand the links between social and economic 
factors that have a real impact. 

The optimal location of logistic centres requires the selection of areas where there are points of space where 
different forms of transport are crossed: road, rail, sea and air. Linking different modes of transport to a 
sustainable chain (sustainable transport) demonstrates higher economic efficiency and a significant reduction 
in negative environmental impacts [2] [8]. The impact of the transport and logistic centre in a wider spatial 
context (city or region) allows for the integration of goods flows through the cooperation of centres and other 
smaller centres, reducing the number of vehicles belonging to different modes of transport and ultimately 
reducing congestion on main transport routes. The environmental effects resulting from transport activities 
(noise, pollution) remain unfavourable, although the nature of logistic centres that use modern spatial solutions 
and high urban standards has a positive effect on its environment and often forces domino effectors to adapt. 
Sustainability, that is both positive and negative environmental effects of the location of logistic centres should 
be included in the forecast of the environmental impact of the investment and include the mandatory research 
required in the local spatial planning procedure. 

3. FUZZY COGNITIVE MAPS 

Fuzzy Cognitive Maps is a popular method used to study the structure and behaviour of complex systems 
applied in many areas of knowledge [13]. Using the opportunities offered by this method, an attempt was made 
to use it to investigate the factors that influence the decision-making process regarding the location of logistic 
centres. For this purpose a procedure was carried out consisting of the following steps [15]: 

 identification of factors (nodes), 

 identification of interrelations and their weighting, 

 aggregation of weights determined by experts, 

 FCM computation, 

 FCM application. 

Scenario planning stimulates strategic thinking and helps to overcome the limitations of conventional activities 
by creating many new development pathways [1]. In addition, scenarios are useful when the nature of the 
problem is complex, uncertain, and long lasting [7]. Literary scenario methods are categorized in a dualistic 
set of systematic alternatives, separately for "quantitative" and "qualitative" positions, each of which contains 
a wide range of methodological tools. The Fuzzy Cognitive Map (FCM) model makes it possible to develop 
semi-quantitative scenarios that combine the benefits of both quantitative and qualitative analysis. 
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Figure 1 Example conceptual model of the system "economy" society = environment = logistics centre" 

In order to develop a conceptual model of the “economysocietyenvironment=localisation of logistics 
centre” (Figure 1), a team of logistics specialists was asked to identify factors that they believe have an impact 
on the optimum location. Identification of factors [C1,C2,…,Cn] represent the state of the model (system) at time 
t, whose state can be written as vector B(t)= [C1,C2,…,Cn](-1,+1). In the presented case, 22 aggregated 
factors were identified based on mental maps created by experts, collected in three categories: economic, 
social and environmental. 

3.1. Identification of interrelations and their weighting 

Individual Fuzzy Cognitive Maps (FCMs) from different experts did not differ significantly in terms of the 
interrelationships of factors determining the location of logistics centres. There were, however, differences in 
the assessment of the strength of the individual links between the Ai and Aj elements, which the experts 
assessed by determining the weights wij in the following manner [6, 10]: 

 wij > 0 indicates a positive relationship between Ai and Aj,  
 wij <0 indicates a negative relationship between Ai and Aj,  
 wij = 0 indicates no dependence between Ai and Aj. 
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3.2. Aggregation of call weights determined by experts 

The relationships between individual factors are expressed by linguistic variables that take values from the 
interwal (-1, +1), depending on the scale used (eg negative small, medium, large, positive small, medium, 
large). Setting of parameters, and the transition between linguistic and numerical variables, is done using the 
membership function. In the first place we must aggregate weights. Specified from M experts representing the 
strength of the connection, which is conducted using the centre of gravity method, according to the following 
relationship:  

푤 =
∑ ∙

                                                                     (1) 

where: wij is the aggregated weight of the fuzzy connection Ai  Aj, M is the number of experts participating in 
the modelling, bk the reliability of the k-th expert, and wij

k is the weight value of the fuzzy connection Ai  Aj  
obtained from the k-th expert. Based on the aggregation done, a Fuzzy Cognitive Map is created, which is 
shown in Figure 2. 

 

Figure 2 Fuzzy cognitive map - connections between nodes (Constructed using FCMc software Mental 
Modeler) 

3.3. FCM computation 

Based on the analyses, a matrix of FCM nxn relations is generated, where n is the number of factors adopted 
for modelling, the matrix may be modified in subsequent solutions depending on the weight changes of the 
individual connections. As mentioned earlier, the transition from linguistic variables to numerical values that 
occur in the matrix of relations is made using the function of belonging, which in the work is defined as 
hyperbolic tangent: 

f(x) = tanh(x) =                                                             (2) 

In addition to the function stored in pattern (2), a number of other functions can also be used, described in [13], 
[14].  
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3.4. FCM aplication 

The FCM model represents expert knowledge of system behaviour that has the potential to dynamically 
change both in terms of inputs and the relationships between them. Once built, the FCM model can be used 
to simulate "what-if" analyses. In the case presented in the article, two scenarios of system behaviour were 
simulated: "what" - if we put more emphasis on environmental factors? (Figure 3), "what" - if we put more 
emphasis on social factors? (Figure 4).   

 

Figure 3 Strengthening of environmental factors (protection) (Constructed using FCMc software Mental 
Modeler) 

 

Figure 4 Strengthening social factors (Constructed using FCMc software Mental Modeler) 
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The strength of links on mental maps is represented by experts as linguistic variables (small, medium, large), 
which are then represented in the fuzzyfication as numerical values from 0 to 1 (without units). The larger the 
numeric value, the stronger the link between the nodes. 

By analyzing the results of the scenarios outlined above, it can be stated that: 

 by emphasizing our policy of developing network systems and logistic centres to protect environmental 
factors, we reduce the number of services, decrease the number of offers for investment, increase 
unemployment and the number of social conflicts, and reduce the speed of logistics centres. At the 
same time, positive aspects of such policy objectives can be noted: the wealth of the region increases 
with the level of life of its inhabitants. 

 by emphasizing in the policy of system development of the network and logistic centres for the protection 
of social factors, we cause the number of areas for investment to decrease, the number of transports is 
decreasing, and the storage area decreases. At the same time, it is noticeable that the number of 
potential social conflicts is decreasing, the importance of contract logistics and sustainable development 
in the planning dimension. 

In both policy scenarios, the development of network systems and logistic centres [12] is becoming increasingly 
important. 

4. CONCLUSION 

It is to be expected that both the number of people living in cities and the number of kilometers traveled on the 
road network will increase. These changes may be beneficial to the inhabitants of Poland, since every potential 
investment represents an opportunity to improve the existing conditions and thereby balance development. 
Striving for the development of investment areas means planning for space to make the most of existing 
resources. Every investment has its place and for every planned investment there should be an optimal 
location. This also means that by permitting transformations of space that enable social and economic goals 
to be achieved, the possibility of transformations that would cause changes in the environment are limited at 
the same time. 

The FCM method has been helpful in identifying and quantifying the factors affecting the 
"economysocietyenvironment=location of logistics centre” and has enabled the definition of the role of 
logistics centre in the general behaviour of the system. After analyzing two scenarios, one focusing on 
environmental factors and the other on social factors, it can be stated that the FCM methodology allows for a 
better assessment of the impact of individual factors on the decision making process regarding location of 
logistics centres. At the same time it should be emphasized that it is worthwhile to undertake research in the 
future based on larger groups of experts from different scientific and practical disciplines, since a large 
knowledge base will allow the creation of more reliable cognitive maps. 
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Abstract  

The main aim of the article is to present the importance of innovativeness and innovation in every level of 
supply chain management and therefore for sustainable development. There is focused on the paper the role 
of innovativeness and innovation in creating competitive advantage.  

In this paper authors present problems connected with Supply Chain Management, which allow many 
companies to improve their market position. Companies recognize that their problems, challenges, current 
efforts and position for development do not belong primarily to the area of strategic decision-making but to the 
four other dependent areas: organizational structure, planning, people and style.  

Authors point out the need for effective communication, within organization and also cooperating companies. 
This goal can be achieved thanks to information and communication technology (ICT), with special attention 
to mobile technology.  

Keywords: Logistics, Sustainable Development, Supply Chain Management, Information Technology 

1. INTRODUCTION  

Changes in the economy are affecting the development of logistics management. In the changing market 
managers have to use modern methods, techniques and ideas of management. Their obligation is to learn 
how to implement them effective into practice. Effective and efficient logistics management is an essential 
element of strategic management. This takes place both at the levels prior to the core business companies 
(suppliers), as well as occurring afterwards (customers), and its main aim is the broad exchange of information 
and resources. The issues involved in this exchange of logistics have become increasingly popularized in the 
fields of science and practice. 

The global perspective of supply chain management has changed the nature of the processes of creating and 
implementing innovation, extending beyond the boundaries of individual companies. Bearing in mind the 
conditions and objectives of supply chain management, it should be emphasized that the development of 
innovation is increasingly a result of the cooperation of business partners, often on an international scale. 
Global supply chain management must include sustainability requirements in its strategy. The aim of 
sustainable development is therefore the long-term and responsible growth of global economic systems, 
coupled with social development (where social cohesion, diversity and cultural richness are sought), while 
improving the quality of the environment by reducing the harmful effects of production and consumption and 
preserving natural resources.  

2. SUSTAINABLE LOGISTICS 

In the era of globalization, a very important role is played by logistics. This applies not only to the functioning 
of individual companies but also to national economies and even the world economy. The phenomenon of 
competition can now be observed not just in individual companies but entire supply chains. The pace of 
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development of the modern economy means that companies are forced to constantly introduce more and more 
new solutions, resulting in innovation driving the progress of the market. Enterprises are competing in the 
search for in-novation in the logistics market, and thus technologies are developing at a dizzying pace. 

The implementation of the concept of sustainable development into business practice and the need to meet 
the challenges of the twenty-first century, at the root of which lies the widespread awareness of the profound 
global ecological crisis, are now causing particular attention to be given to issues related to environmental 
quality and cost-effective exploitation of resources. The assumptions of sustainable development clearly 
indicate that the search for new solutions to technical, technological and logistical resources, and 
rationalization of the economy, energy and waste should be a priority for all business sectors and services. 

In the context of the considerations on sustainable development it should be noted increased interest in the 
phenomenon of sustainability in logistics. In recent years, in the context of sustainable resource management, 
there is a new concept, that of reverse logistics.  

It should be emphasized that reverse logistics, which is ”embedded” in traditional logistics as being 
representative of the ecological perspective, applies very well to the imperative of promoting sustainable 
development, including the sustainable use of environmental resources. It allows for the realization of the 
concept of a circular economy, whose primary challenge is to move away from a linear model of the flow of 
raw materials to a model of closed material and energy cycles, significantly reducing the high degree of entropy 
of the modern economy by optimizing the total utility index [13]. 

The essence of balanced logistics has been embodied in the sustainable logistic chains that have arisen on 
the basis of the logistic ecological logic concept. The main assumptions of these chains are [6]: 

 subordination to the principles of sustainable development, 
 strategic partnership between actors in the chain and their extended shared responsibility, 
 imposition of appropriate standards for the entire chain, 
 flexibility, etc. 

The goals of sustainable logistics are as follow [10]: 

 fast, trouble-free information flow, 
 high level of use of infrastructure and personnel, 
 improvement of the management process, 
 elimination of intermediate links, 
 shortening delivery time, 
 stock reduction 
 improved customer service, 
 reducing the cost of goods movement, 
 such an impact on the environment, which meets the requirements of sustainable development. 

Together with globalization progresses, there is a process of internationalization of enterprises and their supply 
chains. Changes in the international market, the liberalization of foreign trade, favourable conditions for foreign 
direct investment and the dynamic development of transport and Information and Communication 
Technologies (ICT) facilitate the emergence of transnational and even transcontinental supply chains. Hence, 
there emerged the concept of global supply chains. 

3. SUPPLY CHAIN MANAGEMENT 

Information and communication technology (ICT), and in particular, the mobile technology, plays a key role in 
furthering the goals of global supply chains integration. While the most visible manifestation of the Internet has 
been in the emergence of e-commerce as a new retail channel, it is likely that the Internet will have an even 
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more profound impact on business-to-business interaction, especially in the area of supply chain integration. 
The Internet can redefine how back-end operations - product design and development, procurement, 
production, inventory, distribution, after-sales service support, and even marketing - are conducted, and in the 
process alter the roles and relationships of various parties, fostering new supply networks, services and 
business models [4]. 

Mobile technology and huge amount of smartphone applications are quickly finding their way into various 
supply chain management functions such as procurement, inventory management, transportation, package 
tracking and sales force automation. 

The supply chain integration should begin with internal integration. In order to achieve external integration and 
for an effective supply chain management, in the first place one needs a correct i.e. as well conducted internal 
integration, a well organized internal flow through particular phases of the enterprise. The concept of supply 
chain management cannot be realized on a large scale if a well organized, planned internal logistic chain is 
unavailable. 

The company applies the principles of reduction, reuse and recycling in many ways, in order to improve the 
sustainability of the industry [7]. Logistics covers the planning, coordination and control both in the aspect of 
time and space, the course of actual processes in the realization of which organization is a participant, for the 
purpose of efficient and effective goal achievement by an organization [9]. 

Construction of the supply chain requires choosing the right partners - links in the chain. It is important (to 
ensure the continuing effectiveness and guarantees of success) to define the conditions for internal 
collaboration. Attention should also be given to defining a new leadership strategy and determining the strategy 
for the partners involved. Integration of such cooperation is reduced to ensure sustainability and identify 
cooperation partners, internal networks cooperation and leadership. 

Global integration and local adaptation strategies of logistics in the relationship between production and 
commercial B2B companies is a complex issue, where, according to the paradigm of sustainable development, 
in addition to the economic results have to be met, often very diverse, social and environmental standards. 

An efficient supply chain can flexible and quickly find itself in the new reality, and sometimes it is the promoter 
of the change. These efficiency factors can be translated directly into the features that define each supply 
chain, and which in recent years are more visualized (3V): 

 visibility 
 velocity 
 versatility 

Currently, in order to be successful, supply chains have to achieve outstanding results in the field of 3V 
(visibility, velocity, versatility), and therefore ensure transparency, speed and versatility of operation (U. Ruhi 
and O. Turel). Transparency is focused on resources, particularly inventories (inventory visibility) and their 
visibility throughout the supply chain. Speed means the ability to satisfy the needs of customers in terms of 
lead times and responsiveness (fulfilment velocity). Versatility is the ability to collaborate with suppliers and 
customers to coordinate the flow of goods in the face of different delivery requirements and conditions 
(coordination versatility) [11]. 

4. INNOVATION IN LOGISTICS 

Innovation and time are the main competitive advantages [14]. Time, here, is understood as the frequency of 
the introduction of new or significantly upgraded versions of the product. Its growth changes and shortens the 
life cycle of such products in comparison to conventional products. The different phases of the life cycle are 
short in-time and rapid demand-dimension [15]. 
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Innovation is critical to the success of many firms. Innovation is the practice of bringing inventions into 
widespread usage, through creative thinking, investment, and marketing. That’s why basic invention is typically 
needed to spur innovative activity. “Invention is that spark where it all begins”, said Flemings [3]. Innovation is 
also defined as: A new product, a new service, a new production process, application or organisational 
structure, which is launched in the marketplace or made use of in production, for the purpose of generating 
economic value. Innovation is based on new knowledge and new combinations of existing knowledge. New 
knowledge may be gleaned from practical experience or generated through systematic research and 
development, and is reflected in gradual modifications and improvements, or in more extensive and radical 
innovations [1]. 

Innovation is also a term in need of clarification as to how it will be used in this thesis. Common definitions of 
innovation are wide: anything “new”, e.g. a new service or a new organisational structure, is an innovation. 

The European Strategy for Sustainable Development recognises the important role that education and training 
systems should play in order to achieve the objectives of sustainable development. Education and training 
should contribute to all three axes of sustainable development, namely the social, economic and environmental 
dimensions. However, there is an information gap on how the concept of education for sustainable 
development has been translated into practice at Member States level. Furthermore, Member States could 
benefit from the exchange of good and innovative ways of delivering education for sustainable development. 

A consequence of the booming market, which is set up to meet increasing customer demand, has led to 
changes in the organization of enterprises. The most important are shortening product life cycles. The first 
generation Volkswagen Golf, for example, was produced from 1974 until 1983. (Convertible version until 1993, 
and the Caddy van to 1992, while in South Africa the car was produced continuously until 2009). The latest 
(sixth) generation VW Golf was produced from 2008 to 2012 (only 4 years). On the other hand, extensions to 
the range can seen e.g. cars of the same model are offered with many variations in engine, bodywork and 
equipment; all this in order to better meet the needs of increasingly informed and demanding customers. In 
this specific race for customer acquisition companies are seen to offer newer products but with a lower level 
of quality than the previous versions, a phenomena that is especially noticeable is the consumer goods market. 
This leads to the creation of simpler, cheaper and more attractive products for the less affluent and less 
prepared customers. From this premise, it can be assumed that the life cycle of that product will be shorter 
than its earlier versions. Such products are technologically excellent and good value, however their shelf life 
is limited. Such market changes have led to the appearance of the phenomenon of disruptive innovation [14]. 

The innovations have strong influence on the sustainable development, but not every innovation makes a 
positive contribution to sustainable development. At the outset, innovation is just a source of structural change, 
social and economic, contributing to economic growth and fluctuations in economic activity. To what extent 
innovation as a whole promotes employment and/or reduces environmental degradation is not predetermined 
from the start but depends on the social framework, price rations or the choice of technology: In principle, it 
can be shaped. 

Various theoretical and empirical studies suggest that innovation, on the whole, offers a positive contribution 
to sustainable development: 

 The new theory of growth puts the emphasis on increasing returns to scale, i.e. a general growth of the 
factor productivity (and thus the environmental and resources’ productivity). 

 The structural change driven by innovation, among other factors, leads to a reduction on environmental 
strains (“gratis effects”) [8]. 

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 the city 
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management at a minimum cost level in consideration of ecological standards [11]. The coordination also 
includes an appropriate organisation of municipal services provided for business entities and the people. 
Another important goal is the reorganisation of in-city relations to achieve a stable balance between space and 
transport within this space. It may be accomplished by relevant planning, organisation and management [12]. 

The primary objective is to create transport solutions for the benefit of the city environment in terms of road 
safety, air and noise pollution, accessibility, energy consumption, safety and the visual environment. This 
applies to the transportation of goods and services to and from city areas. At the same time, goods transport 
should ensure a level playing field for the retail trade in the city area and the vast shopping centres outside the 
centre of city. 

Innovation in logistics is not, however, solely associated with the involvement of modern IT solutions. A sign 
of modernity can also be a way of thinking. Innovative solutions in logistics can also manifest themselves in 
[5]:  

 continuous improvement of a team carrying out innovation and continuous verification of work and 
commitment,  

 constant vigil over the quality of activities,  
 constant focus on work of the the team which is working on the implemented practices and shared 

values,  
 activities involving the constant search for new and better ways to implement the tasks of logistics,  
 satisfaction with work and honesty to customers, elimination of old habits, behaviours and barriers 

associated with changes in the area of logistics activities.  

It follows that the most important drivers of innovation that somehow push companies to create new value in 
logistics are human resources and organizational culture. 

5. CONCLUSION 

To stimulate invention and innovation, we have to pay careful attention to education. Education and training 
build the critical foundation for sustainable development. The Commission encourages Member States in their 
efforts to develop more strategic approaches to sharing knowledge and good practice in a bid to stimulate 
Education for Sustainable Development (ESD) [2]. 

Logistics could play the key role in implementing such ideas into practice. The idea of monitoring the realisation 
of logistics strategy based on the observation of the control variables, determination of concordance of the 
actual level of the assigned indexes included in the strategic plan, and finally specification of methods of 
processing and channels of information flow, complies with the concepts of the object (functional) early warning 
systems. It should be noticed that the objective control of the logistics strategy should also use indexes 
concerning the organisation, technology, product, suppliers, competition and logistics service providers. 

Logistics has always played and it still does play a significant part in competitive strategies based on leadership 
within costs, differentiation (also within logistics service), shortening time cycles and the use of the company's 
capacities. 

The management-oriented integration of all logistics functions and processes becomes more important, 
because it is conditioning not only effective organisation and enterprise modernisation, but it is also opening 
new possibilities of solving problems and using potential effects in the operating and strategic activity. 
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