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PREFACE 
 
 
 

Logistics plays a very important and still increasing role in activities of 
modern business institutions. Due to importance and complexity of tasks involved 
logistics should be (and to great extent is) aided by information systems. Despite 
the fact that Computer Aided Logistics (CAL) systems are designed and imple-
mented in many different forms, a factor of logistics efficiency is always a very 
important issue. 

Current volume consists of 9 papers written by 12 authors coming from 
different institutions. It provides a rich source of ideas, concepts, solutions, and 
perspectives. We believe that presented results will be useful for all researchers, 
experts, and business practitioners, including managers themselves, which are deal-
ing with different categories of information management systems. Chapters are 
ordered alphabetically, according to the surnames of the first-named authors. 
 
 
 
 
 

  Piotr Jałowiecki 
  Arkadiusz Orłowski 
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COMPUTER AIDED FOR SERVICE MANAGEMENT 
 IN AGRICULTURE 

Michał Cupiał 

Institute of Agricultural Engineering and Informatics, University of Agriculture in Kraków 

Abstract.  In this paper author attempts to show the planning of mechaniza-
tion services for these cases using two specialized programs. For planning 
services in the farm was used program OTR-7, but for the planning services 
in the company was used program Machine park manager. The first program 
is used to design agricultural farms by using the technological method, the 
second is a program dedicated to service companies.  

Keywords: computer software, services, organization and management of 
the farm, OTR-7 

1. INTRODUCTION 

Agricultural production requires a variety of machines, in many cases the 
annual exploitation of large part of machinery park is relatively short, and related 
with this total cost of the mechanization are very high [2, 3, 4]. Both the provision 
of services and using them with proper planning, reduce costs and improve the 
business balance of the holding. In practice, it appears that farm income may even 
improve the provision of services below their own costs [1]. Design and planning 
services in the holdings and services company, despite it concerns that similar sets 
of machines, requires a completely different methodical approach. 

In our country there are few programs for mechanization planning services. 
Farmers providing provision of services, set prices on the basis of the reference to 
market prices in the region, not including the incurred costs and therefore not being 
able to calculate the profitability of this activity. There is also lack of the dedicated 
informatics tools that allows to plan terms performance of individual acts of 
service. In this article were presented two applications developed at the Institute of 
Agricultural Engineering and Informatics, which can successfully be used for 
computer support service management of the mechanization in the agricultural 
farm. The analysis was conducted for two cases: a typical agricultural holding, 
which provides services to increase the use of existing equipment and a company 
whose business is based on the performance of field service. These cases require a 
specific methodical approach and, consequently, completely different software. 
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To planning services in the farm was used program called Organizer of 
Agricultural Technology (OTR-7), and for the service company was used program 
called Machine park manager. The first of the programs used to design agricultural 
farms by using the technology, the second is a program dedicated to service 
companies. These programs are free and included on the website www.mcpk.net. 

2. CHARACTERISTICS OF THE OTR-7 PROGRAM  

OTR-7 is a program that in its primary application has to be used to design the 
machinery park in the agricultural farm. Used in this program method of the peak 
decade is designed for this purpose, but in a modified version, with using of 
computer technology allows to design a production system for the entire of 
holding, including all of its production divisions. Such a design can not ignore the 
mechanization services, both those with which the farmer uses, as well as those 
who provides by using own equipment. 

Consequently, although the OTR-7 program was intended to serve other 
purposes,  in the current  version is ideal for mechanization service design. Design 
services for the benefit of using, consists of selecting the method planned in the 
technological cards in the form of service operations. In this case, the program does 
not require to have the appropriate machinery equipment in the farm, but calculates 
the number of hours of work services. To be able to calculate the hours of work 
and calculation of costs , it is necessary to provide service parameters such as 
efficiency of services (W04) and the price per hour of work. In addition, it must 
also specify the number of employed persons at this operation. Efficiency may be 
given in hectares per hour, or in other entities relating to the processed material  
(e.g. in tones). In this case, it must to determine which product should have 
affected on the calculation. On this based, program calculates the amount of work 
done and the time of its execution. Is allowed the possibility of "linking" service 
activities with any other operation occurring on the farm. This enables the 
calculation of hours service, based on core activities, regardless of the efficiency 
with which it is possible to provide the service. 

An example of the screenshot which shows the designing use of 
mechanization services is shown on Fig. 1. 
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Figure 1. Screenshot of the OTR-7 - window designing of use of mechanization services. 

 
Figure 2 and Fig. 3 shows an example of screenshot showing the window of 

design provision of mechanization services. This requires a different approach, 
because the service relies on the use of own technical equipment. This machine, 
which performed service determines the way of performing service activities. In 
creation of this program assumes that the mechanization services will be provided 
by the equipment, which will be performed at the same time for own activities of 
the farm. This is not required, but facilitates the design, because after specifying 
unit which the act is performed, there is no need to re-define this aggregate. Of 
course it is possible to enter activities that will be only services, however, course of 
action is identical to the presented. For planning scope of services provided must 
be given the deadlines for transposition (the term of the decade) and the execution 
time in hours. An additional parameter which is necessary to calculate revenue 
from services is its unit price (per hour). The program simultaneously shows on the 
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chart the number of working hours for this operation, which allow to avoids 
planning services in the decades in which there is a accumulation of field work. 

 

 
Figure 2. Screenshot of the OTR-7 - window design provision of mechanization services. 

 
With this approach it is possible to design a engineering design wheels. This 

requires the implementation of projects for each holding who take part in it and 
works in case of several farms. If there is a dozen or more object, working with so 
many projects is difficult. We can conclude that this program should not be used in 
such case. Engineering design wheels, using the OTR-7, performing in the classes 
students in the Faculty of Production and Power Engineering, learning the rules of 
design and optimalization of the selection and operation of the machinery park on 
farms.  

OTR-7 program was written in Delphi, program data are stored in text files, in 
a specially designed format. The program does not include built-in databases, but it 
is possibility of using of external programs databases such as  databases of 
machines and agricultural vehicles Machines-2 and Machines-3. The application is 
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systematically developed for years and is freely available on the author's website at 
www.mcpk.net. On the website are provided as files with the instructions and 
animations showing how to design using this software. 
 

 
Figure 3. Screenshot of the OTR-7 - window of calculations mechanization services. 

3. CHARACTERISTICS OF THE MACHINE PARK MANAGER PROGRAM 

Machine park manager (MPM) is a program that is aimed to be used to assist 
management in the company providing mechanization services for agriculture. 
Since it was established other than in the previous case functionality, the interface 
and features of the program are different. Another is also a technology of the 
application. 



 12 

The application includes an embedded database, which you can fill in data on 
the service company. The database can contain data of company employees, 
farmers - customers in which will be performed the service, a list of activities 
which offer the company and the machines and tractors. In the current version of 
the program does not allow use of an additional base of agricultural machinery, but 
due to the small number of data reported of machines is not too big hurdle. The 
program contains the organizer, which is very clear and in intuitive way allows to 
schedule service date. Fig. 4 shows a screenshot of a window of planning schedule 
of service. Planning period is associated with few restrictions, the most important is 
to control whether in this date is available machine, tractor, and employee. 
Calculation of hours that will be used to perform the activity is performed based on 
reported field area and performance of the machine (abstracted from the database). 
The program controls the availability of time and if this time it is impossible to 
plan the activities indicates this with an appropriate message. 
 

 
Figure 4. Screenshot of the Machine park manager - the window of planning schedule of 

service. 
 

Agriculture is very sensitive for weather conditions, hence in the 
establishments providing mechanization services, scheduled dates are often 
changed. The program in the current version does not facilitate this activity. 
However, it should be noted that such corrections can not normally be done 
automatically. Any change of date must be discussed with the recipient -  farmer, 
so facilitate this procedure is a difficult task. Perhaps, introduction of such facilitate 
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is purposeful, but without conducting the appropriate tests in an existing company, 
there is no possibility to specify how much is needed. 

The program, which is designed to support management in the company, must 
contain a statement of the indicators and graphs that are relevant for managers. 
Figure 5 shows a screenshot of a monthly statement of use of the machine - in this 
case, combine harvester, and in Fig. 6 a screenshot containing a monthly tabulation 
of the time of work and cost of machinery. The definition "cost" is misleading, 
because in general revenues are calculated here with  from the performed  service 
by using given machine. Gantt chart, in case of having multiple machines is a good 
tool for showing how to load each machine looks and employees. Bar graphs show 
the time of work for individual employees or the machines and payment and the 
amount of revenue. Charts can be easily scaled. Statements and graphs can be 
calculated on an annual basis, monthly and weekly. 

 

 
Figure 5. Screenshot of the Machine park manager - a monthly summary of the use of 

machine (combine harvester). 
 

The program is in its infancy but has already reached the functionality that 
enables to use in the existing company. Of course it would be advisable to 
introduce additional modules, such as billing module, which now requires an 
additional program, or manually writing of invoices for services. 
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 The next, logical development seems to be a module that allows calculation 
of operating costs of machinery park. This can be achieved by two methods: cost 
estimation or calculation based on actual costs incurred. This second method is, in 
a given situation, more purposeful, but it requires conduct additional, accurate 
documentation in the program. This is an additional workload for managing of the 
company, but could allow accurate calculation and give the possibility to use for 
accounting purposes. 

 

 
Figure 6. Screenshot of the Machine park manager - monthly tabulation of the machines. 

 
Machine park manager was written in Java using programming platform, 

Netbeans includes built-in database. Thanks to the advanced technology (Java), its 
use is not limited to use on the Windows platform but can also be used on other 
operating systems. The program is available at website www.mcpk.net and even 
though it is an early development version, can be applied to existing companies. 
Like the previously discussed OTR-7, a Machine park manager has a single 
installer that easily allows to install on computer. It has no manual, but its 
operation is intuitive and after a short period of time, can learn to use it. 
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4. FUNCTIONAL COMPARISON OF THE APPLICATIONS 

In table 1 were selected functionality of both programs. By the plus (+) have 
been identified the mentioned features, by the minus (-) its absence. For additional 
technical support, because these programs are free, none of these programs do not 
have official support. However, in case of an OTR-7 it is possible to contact the 
author and clarify doubts - but this is not guaranteed in the license of use. 

 
Table 1. Comparison of selected features of programs OTR-7 and Machine park manager . 

Program Function needed 
for: Functionality OTR-

7 MPM Hol-
dings 

Company 
Services 

Com-
ments 

Provision of planning services + + + +  

Use of planning services  + - + -  

Organizer - + - +  

Machinery Costing + - + +  

Calculation of profit / income + + + +  
Using a database of agricultural 
machinery + - + +  

Issue of documents (e.g. invoices) - - - +  

Term planning activities + + + +  

Machine utilization graphs + + + +  

Ease of installation of the program + + + +  

Documentation, help, manuals + - + +  

Program availability + + + + free of 
charge 

Additional technical support * - + +  
 

The mere comparison of the features offered by the programs would be 
misleading and must be analyzed together with the needs of the recipient of the 
application. In the case of so many different target groups, others are their 
requirements. The table shows selected functions desired by users, although it 
should be noted that in case of accurate studies that might be for individuals or 
companies more important than these mentioned may be other specific functions. 
The presented analysis shows that in the Machine park manager is missing several 
important functions for the user. This is due to an early phase of development 
applications and in event of a subsequent version  the defects are likely to be 
removed. 
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5. CONCLUSION 

In this paper, two applications were presented for mechanization service 
management in the agriculture. Although none of them in one hundred percent 
does not meet its function, largely allow to design services on the farm or in a 
services company. It was also shown a different approach to the services provided 
by other farmers and by specialized companies. These programs are free and filling 
a market gap, giving the possibility of an information management support services 
in agriculture.  
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THE USE OF INSTRUMENTS TO SUPPORT KNOWLEDGE 
CREATION IN THE SELECTED POLISH ENGINEERING  

INDUSTRY ENTERPRISES 

Katarzyna Dohn, Mirosław Matusek 

Institute of Management and Administration, Faculty of Organisation and Management, 
Silesian University of Technology 

Abstract. The article presents the results of surveys conducted among me-
chanical engineering enterprises. The study aimed at, among others, diagnos-
ing the degree of use of instruments to support knowledge management proc-
esses. Questions were related to instruments used in the collection, codifica-
tion and knowledge transfer. Conducted research was to help in identification 
of potential functioning of built IT system supporting the knowledge man-
agement of engineering  industry enterprises. 

Keywords: knowledge management, mechanical engineering enterprise,  
instruments supporting knowledge creation process. 

1. KNOWLEDGE MANAGEMENT MODEL 

Such concepts as knowledge and knowledge management lived to see a num-
ber of definitions in the literature. Davenport and Prusak define knowledge as a 
seamless combination of experience, value assessments, information about the 
background and analytical insight into the issues which provides a framework for 
assessing, and ready for new experiences and information [Davenport T., Prusak 
L., 1998].  W.R. Bukowits and R.L. Williams state that knowledge management is 
the process by which the organization generates wealth from its intellectual or 
knowledge-based assets [Wawrzyniak B., 2000]. 

Consulting firms, whose operations are based primarily on knowledge, define 
knowledge management as "a systematic and organized attempt to use the knowl-
edge within the organization so that its ability to process the collection and use of 
knowledge have the market effects" [KPMG Management Consulting, 1998]. 

Knowledge management includes  a set of management processes and initia-
tives designed for the organizations to efficiently and effectively utilize data, in-
formation and knowledge, both formal and tacit, individual and shared, saved and 
not saved, to support their activities. 
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The literature presents many different models of knowledge management. 
They show how the knowledge is created and what actions can be taken to relate to 
increase the capacity of the organization. Among there are cited models of such 
authors as I. Nonaka, G. Hedlund and G. Probst, S. Rauba and K. Romhardt.  

The model of G. Probst, S. Raub, and K. Romhardt shows the general concept 
of intellectual asset management in the organization. It consists of six processes of 
knowledge management [Probst G., Raub S., Romhardt K. 2002]: locating, acquisi-
tion, developing, sharing, the use of knowledge and maintenance of knowledge. 

2. SUPPORTING KNOWLEDGE MANAGEMENT TOOLS  

Knowledge management issue in the instrumental sense will rely more on 
proper selection and use of the instruments contributing to the waveforms of the 
main processes involving knowledge at all levels and areas of the organization. A 
set of instruments is wide, from the economic-financial, legal, organizational and 
technical ones. In the literature [Jemielniak D., Koźminski A.K, 2008; Czerska M., 
Szpitter A., 2010, Brdulak J, 2005] you can find numerous descriptions and exam-
ples of use of instruments to support knowledge management. Below, there is a 
short  characteristics of selected instruments.  

Informal meetings of the company are the different types of events that aim to 
encourage employees to talk, open communication and informal exchange of 
knowledge. Implementation of this method activates a knowledge management and 
informal discussions of tacit knowledge transfer among team members, and thus 
the socialization of knowledge. Initiating and promoting socialization takes place 
through the existence of interaction among members of the organization, through 
the exchange of ideas and experience and through informal setting of internal 
events. They reinforce mutual trust, enable teams to reach out to new knowledge, 
encourage a more accurate interpretation of events. 

As part of the exchange of experience workshop team members look to the fu-
ture and respond to the questions themselves, what they can learn during the pro-
ject, how to evaluate project success (or lack of success) and what mistakes to 
avoid when implementing future projects. 

The workshop aims to exchange experiences between project team members 
[McInerey, 2002] During the project's new product development employees accu-
mulate a huge amount of experience and tacit knowledge. 

Tacit knowledge beyond the technical knowledge includes knowledge about 
personal relationships, team structure, etc., which is not codified in any documents. 
Therefore, the workshop contributes largely to the externalization of knowledge. 

Communities of practice are groups of people who share their own thoughts, 
interests or problems of subject matter, in which they are experts and deepen their 
knowledge through continuous acquisition of experience in this field. Communities 
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of practice can help to generate ideas for new products through an informal ex-
change of knowledge. [Wenger, McDermott, Snyder, 2002]. 

Project briefings - briefing of the project is created before the commencement 
of new projects. Experienced employees who are members of project teams com-
pleted projects support the work of the current project team members or restarted 
ones. Knowledge transfer usually takes place at the workshop and involves identi-
fying and pointing out problems that arise during the implementation of projects by 
more experienced workers. In addition, efficiently communicates the current pro-
ject briefing team members on expected results with respect to time, cost and qual-
ity of the managed project. 

Interviews (panels) of experts – it often happens that the experts do not have 
the skills to formalize their technical knowledge, which is understandable for peo-
ple working in different but related areas. 

Another issue is that the time that experts spend regularly on the implementa-
tion of tasks set them within the new product development  is more valuable for the 
company than the time spent on writing reports. Effective means of knowledge 
management, which can be used to overcome these problems is to interview ex-
perts. Therefore, the subjective nature of knowledge places high demands on those 
who bring out, codify, convert expertise in the form of a public amenity.  

Interviews of experts contribute significantly to the conversion of tacit knowl-
edge in explicit knowledge, through the articulation and transfer it to the written 
documents. Recorded knowledge, which has been obtained from the engineers at 
the stage of technical activity will be useful for new product development process  
further creation of new knowledge by other members of the organization, such as 
production workers or team members to start new production.  

Best Practice Cases - best practices are suggested as an effective way of solv-
ing problems or repetitive procedures in a repeatable manner. Made in the majority 
of successful job creation are the basis for a set of best practices. Descriptions of 
best practices kits contain useful information necessary to perform the task and 
achieve the expected result.  

Knowledge Brokers - especially large enterprises may raise the demand for 
transfer of knowledge from one area (functional cells) to another. Specialization, 
and thus the separation of individual groups of workers in such enterprises hinders 
the flow of knowledge within the company. Internal competition only increases the 
problem. This creates the condition for collecting local knowledge and not share it 
with colleagues of other departments. In such cases, the appointment appears in the 
sense of knowledge brokers, who as a  third party are to create a climate of trust by 
identifying internal but also external sources of knowledge.[Dougherty D., 1992].  

Reporting experience - experience reports contain both positive and negative 
experiences, while the technique of good practice is characteristic only of effective 
and best experiences. The purpose of the reports is to gather lessons learned 
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knowledge arising during the project and its codification in the form of a docu-
ment. Database-allows for the collection and availability of explicit knowledge, 
codified. Because knowledge is dynamic, constantly changing and evolving there-
fore also knowledge management systems must be flexible enough to keep pace 
with changes in the organization.  

Research services - when the new product development expertise will be 
needed such as having a scientific character, for example the experimental work of 
the new product, there is a need for research services. Depending on the size of the 
company one can consider the case of employment of professional research-
ers/scientists, or use the services of commercial R & D institutions which happens 
in the case of smaller organizations. 

Instruments to support knowledge creation will be used with a different inten-
sity in enterprises according to: 

- stage of the cycle of knowledge conversion process by I. Nonaka and  
H. Takeuchi [Hegel M., Schulze A, 2005], 

 - adopting knowledge management strategy . [Choi B., Lee H., 2002] 
Regardless of which approach to knowledge management, the company may 

choose one of two strategies [Choi B., Lee H., 2002]: the codification strategy, 
knowledge management and personalization strategy. The distinction of these 
strategies is closely linked with the division of knowledge and formal knowledge 
implicit.. 

3. KNOWLEDGE MANAGEMENT STRATEGIES  

The primary objective of the codification strategy is to collect, process and 
ensure the reuse of existing knowledge on a large scale. Codification strategy is 
based on explicit knowledge, which is obtained, transmitted and stored by IT sys-
tems. This requires companies using this strategy focused on the development, 
implementation and use of databases, computer networks, specialized software. 
This requires large investments in modern technologies, the ability to use this type 
of solutions and to create a system of incentive, encouraging employees to put their 
knowledge in databases [Czerska M, 2010]. 

Personalization strategy focuses on tacit knowledge possessed by individual 
employees and teams, and communication between them. The most important role 
is played here a direct relationship between employees. Also IT technology is uses 
for information and communication, such as telephone communication, video con-
ferencing, e-mail, instant messaging. Thanks to them, there are supports of the 
process of communication among people. The task of the organization in this case 
is to encourage employees to develop their knowledge and to share it with others, 
and the creation of networks among people and enabling them to contact [Choi B, 
Lee H., 2002].  
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Each of the discussed approaches to knowledge management in the enterprise 
will require the use of different methods, tools supporting the process of knowl-
edge creation.  

4. TEST RESULTS 

The article is based on the results of survey having as a goal: (a) identification 
of knowledge sources at engineering enterprises (results shown in the article of the 
same authors, on the basis of 38 enterprises [K. Dohn, M. Matusek, “The main 
knowledge sources in the mechanical engineering industry enterprises. The results 
of the study”]); (b) taking advantage of the instruments supporting knowledge 
management in the successive stages (results described  in the hereby article on the 
basis of 15 enterprises because of the limited number of gathered informa-
tion).Sector of medium and large enterprises has been the subject of the research of 
the Silesian province. The study covered 15 companies classified as a mechanical 
engineering company for general use (number of enterprises 4), mining engineer-
ing companies (5), machine building company for the armaments industry (2), 
machine-building companies for the automotive industry (4).  

The study mainly concerned the scope of the implemented tools and instru-
ments used to support knowledge management in selected enterprises of mechani-
cal engineering industry. Tests were made in the form of targeted interviews with 
representatives of companies. Among them were the owners, company directors, 
managers cells responsible for the development of new products and technologies 
to be implemented (eg, structural sections, technical preparation of production). 
Questions regarding the use of instruments to support knowledge have been di-
vided by subsequent stages of knowledge management, ie locating, codification, 
knowledge transfer.  

Respondents have made assessment of the use of the instrument on a scale of 
0 to 5, where 0 means no use of a 5 intensively used. Simultaneously, the questions 
focused on the future that is evaluating, according to respondents, the need to im-
plement the solution.  

Figures 1 and 2 show the results of answers to questions about how to acquire 
knowledge in the studied companies. Respondents evaluated the degree of utiliza-
tion of low-knowledge customers. At the same time the desired level was assessed 
as very high (12 ratings of 4 and 5). It is important therefore, according to respon-
dents, the need to improve the process of acquiring knowledge from customers. As 
stressed in the talks, they are a very important source of knowledge acquired during 
use of the product. Other highly rated instruments are benchmarking and database. 
The last tool is used intensively as a source of knowledge for designers and tech-
nologists to design/modify products. A valuable source of knowledge acquisition in 
the surveyed enterprises were fairs and conferences.  
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It should be noted that cooperation with other organizations (research units, 
universities, other companies, etc.) was assessed at a very low level. Respondents 
argued that by the lack of trust in partners, lack of funds but also the bad experi-
ence of such cooperation in the past.  
Figures 3 and 4 show the results of evaluations of the use of instruments to support 
codification of knowledge. As you can see in the surveyed enterprises there are 
procedures for creating, storing documents such as paper and electronics. The latter 
uses the previously mentioned databases. There is, however, the lack of codifica-
tion of organizational of knowledge. Respondents emphasized the reluctance of 
workers to codify their knowledge. As the causes they mentioned the lack of time, 
fear of dismissal, after following the disclosure of only the known improvements in 
their operations and competitive atmosphere among colleagues in front of superi-
ors. Engineering companies carry out their tasks often in the form of projects, 
hence it is important to store information about their progress. Respondents 
stressed the need to record problems encountered and how to resolve them in a 
project. It is very important because in subsequent projects other employees  often 
take part. It is required to reinforced companies in maintenance (collection, updat-
ing, dissemination ) of electronic documentation. (Fig. 4) Often discussed problem 
was the lack of software in allowing companies to manage documents of different 
versions of products, so many in audited companies of a given branch. The prob-
lem was reported both by engineers and workers responsible for customer sales 
product. Such knowledge is needed not only during the product design and its im-
provement but also for activities after sales eg service, maintenance and repair. 
 

Figure 1a. The results of the assessment instruments used for  
knowledge-assessment existing. 
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Figure 1b. The results of the assessment instruments used for knowledge-assessment  
existing 

 
 

Figure 2a. The results of the assessment instruments used for knowledge- assessment  
of the planned state. 
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Figure 2b. The results of the assessment instruments to use knowledge  
acquisition – assessment of the planned state. 

 
Figures 5 and 6 show the results of the assessment instruments used to trans-

fer knowledge assessment. As it can be seen the best were such tools as an e-mail, 
Internet or intranet. The least are used in newsletters, and newsletters in the ab-
sence of the declaration by respondents need. Despite the absence of an employee 
of such name as the broker of knowledge, respondents said that such people infor-
mally can point in different organizational units. These are mainly workers with 
longer experience with a very good idea of skills and qualifications of employees 
in the company. Relatively poorly are used internal training and workshops and at 
the same time the lack of strengthen them. 
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Figure 3. The results of the use of instruments of codification of knowledge – assessment 
of existing situation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The results of evaluation of the use of knowledge codification instruments - as-
sessment of the planned state. 
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Figure 5. The results of the assessment instruments used to transfer knowledge assessment 

of existing state. 
 

Figure 6. The results of the assessment instruments used to transfer knowledge - assess-
ment of the planned state. 

5. CONCLUSION 

Commonly used approach to knowledge management goes in the direction of 
the collection, processing, transfer of knowledge which, as the in the literature, 
raises the effectiveness of activities in the development of new product so essential 
to the business of construction industry machines. In turn, generate new knowledge 
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is an essential element of the new product development and thus the key to growth. 
Instruments to support knowledge creation should be adjusted depending on the 
strategy of knowledge management. 

Enterprises using instruments to support knowledge creation should focus on 
the implementation to the practice their smaller amount. The choice should take 
into account acceptance, understanding their employees and the usefulness of se-
lected methods. 

 
The publication is financed from public science funds in the years 2010-2013 as 

the research project No. 03-0112-10 /2010 dated 09.12.2010. 
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COMPANY UNDER A VARIABLE LEVEL OF DEMAND FOR COAL 
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Abstract.  In the paper the complexity of the problem of determining the 
multi-assortment break-even point was introduced. The paper also presents 
the concept of break-even point calculation for the coal mines.The sensitivity 
analysis presented in the article is based on the Monte Carlo method and cov-
ers research on the impact of random fluctuations of demand on the break-
even point of the mines. A normal distribution was accepted for random fluc-
tuations of demand, and the presented variants of the analysis consider: 
− the expected value and the dispersion according to the retrospective data, 
− the expected value according to predictive formulas, and the most prob-
able error (standard) of the prognosis as dispersion, 
− the expected value with the consideration of the correlated changes in the 
demand and dispersion as the most probable error, 
− the assumed increase or fall of the expected value and dispersion as the 
most probable error. 
Histograms are prepared on the basis of the obtained results. Thanks to these 
histograms it is possible to estimate how the mine’s break-even point will be 
shaped as well as in which direction these changes will progress and with 
what probability. This provides the basis for the assessment of the economic 
consequences of the random demand fluctuations.  

Keywords: the sensitivity analysis, the multi-assortment break-even point, 
the SIMPLEX algorithm, the Monte Carlo method 

1. INTRODUCTION 

Enterprises rarely produce just one type of product. Calculating the break-
even point for an enterprise which produces a wide assortment of goods is rela-
tively complicated. The complexity of this problem gave rise to a number of ap-
proaches developed in the literature to calculate the break-even point for multi-
assortment enterprises. However, many publications and scientific papers present 
the approach to determine the break-even point for the mining industry which is 
based on the single assortment point method. The authors treat the sales of several 
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assortments as one type of coal or derive an average sales price for the coal and 
unit prices of different assortments. In the author’s view, it leads to unreliable re-
sults and cannot constitute a basis for reliable analysis, evaluation and rational 
decision based thereupon. Therefore the author decided to approach the complexity 
of the problem of determining the break-even point in the conditions of multi-
assortment production, as well as presented own concept for the method of its cal-
culation.  

Furthermore, this publication presents the method for evaluation of impact of 
variable coal recipients’ demand on the mining enterprise’s break-even point. The 
author employed the Monte Carlo method for creating the set of variants of recipi-
ents’ demand.  

In his research the author uses the developed software package (MPS, 
PCPOST and SmpRand) which represents an important element supporting the 
management of the group of mines. This method makes production decisions more 
rational [5] as it combines methods of optimization programs of production and 
sales of carbon (using the SIMPLEX algorithm) with an extensive, multiaspect, 
post-optimal analysis results optimization programs of formal production and sales 
of coal in the coal company conditions (own software algorithms). 

2. THE ESSENCE OF MULTI-ASSORTMENT BREAK-EVENT POINT  

The break-even point analysis includes the examination of the so-called 
break-even point, i.e. the point at which sales revenue balance off the costs in-
curred. At such a point, the enterprise generates neither profits nor losses – the 
financial result is equal to zero. According to this definition, the break-even point 
occurs which the sales revenue (S) is equal to the amount of total costs (Kc) which 
may be described with the equation below: 

 KcS =  (1) 
whereby: 

 cxS ⋅=  (2) 
and  

 kjzxKsKc ⋅+=  (3) 

After [replacement]: 

 kjzxKscx ⋅+=⋅  (4) 

where: 
x – quantity of production (sales), [ton], 
c - price of coal, [PLN/ton], 
kjz – variable cost, [PLN/ton], 
Ks – fixed cost, [PLN]. 
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The approach proposed in the literature [10, 11] to solve the problem of a 
multi-assortment break-even point (consisting mainly in determining the threshold 
amounts of individuals assortment types), although very important, is of little use 
and is complicated, posing considerable difficulties particularly in the interpreta-
tion of results. Therefore, ruling whether an enterprise is close to the break-even 
point is relatively difficult. 

Hence, the author proposes own solution for determining the multi-assortment 
break-even point for coal mining companies and, within this solution, two calcula-
tion methods [6]. This paper covers only one of these methods.  

2.1. Proposed method for the calculation of the multi-assortment break-even 
point 

The equation (4) describes n assortments of coal with respect to a single coal 
mining company in the form as follows: 

 ( ) ( ) ( ) Kskjzcxkjzcxkjzcx nnn =−⋅++−⋅+−⋅ ...222111  (5) 

The author proposed to determine the maximum boundary production (sales) 
quantity of a given assortment upon the assumption of zero production of all other 
assortments, in accordance to the formula below: 

 nn

s
nG kjzc

Kx
−

=        for x1 = 0, x2 = 0, …, xn-1 = 0 (6) 

It is proposed that the threshold quantity (xpn) for n assortment is determined 
as a product of its threshold quantity and its mass (wn) (calculated as a quotient of 
maximum production of this assortment (xn) and the maximum mining company’s 
production (Qs)): 

 nnGn wxxp ⋅=  (7) 

After replacement we obtain: 
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Sum of boundary quantities of individual assortments will be the quantitative 
break-even point (PRI) as a weighted average expressed with the use of weights 
which sum up to 1 (convex combination): 
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The denoting unit gross mark-up as m and knowing that: 
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formula (9), after simplification will be as follows: 

  ( )∑
= −

⋅=
n

i ii
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s kjzc
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Q
KsPRI

1

  [ton] (11) 

In turn, it is proposed to calculate the break-even point in quantitative ap-
proach, which constitutes a “critical” value of revenue which will cover the costs 
incurred, as follows: 
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After simplification, the formula (12) will be as follows: 

 

∑
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The methods to determine the multi-assortment break-even point described in 
the literature allow the calculation in terms of value and quantity. However, they 
do not provide for a method to calculate the break-even point in terms of percent-
age, i.e. as a degree of use of production capacity which, in the author’s view, is a 
simpler and clearer criterion of result interpretation. The author proposes to deter-
mine this as follows: 
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3. CHARACTERISTICS OF THE PROPOSED METHOD 

The evaluation of the impact of variable demand of coal recipient on the ef-
fectiveness of the functioning of a group and individual mining companies shall be 
based on a set of optimal solutions of the production and sales optimization task for 
a coal mining company. The set of optimal solutions is created by multiple deter-
mined of an optimal production and sales program under a randomly adopted de-
mand scenario conditions. To obtain the most probable demand scenarios at indi-
vidual coal recipients, the author used the Monte Carlo method [4]. 

The analysis algorithm comprises of two steps. In the first step, a demand vec-
tor is selected at random. The vector constitutes a sub-vector of right sides of the 
optimization model equation (16) [5]: 

 
Objective function: 

 max)(
11 1 1

→−⋅− ∑∑∑∑
== = =

p

j

jr

i

p

j

ijm

k
jijkijkijk Ksxkzc  (15) 



32 

Sales restrictions: 

 ∑∑∑
= = =

≤
p

j

jr

i

ijm

k
kijk Zx

1 1 1

  for all k  (16) 

where: 
xijk − net amount of extracted coal of ij type accepted by consumers in group k, 

[netto tone], 
Zk – consumer demand for group k, 
i − index of coal type, i = 1, 2, 3, ..., rj, 
j – index of mine, j = 1, 2, 3, ..., p, 
k – index of consumer groups, k = 1, 2, 3, ..., mij, where mij marks numerousness 

miscellany k for coal of ij type. 
The remaining restrictions in the model relate to the structure of production 

and the capacity of individual mines [5]. The reality of the obtained solutions is 
assured by allowing the possibility of storing coal. 

The normal distribution was adopted for the random fluctuations of demand, 
whereas the analysis variants presented include: 

1) expected value and dispersion according to historic (retrospective) data, 
2) expected value according to prediction formulas, whereas the dispersion 

represents the most probable (standard) error of the forecast, 
3) expected value with the consideration of correlated demand changes and 

dispersion as in point 2, 
4) adopted increase or decrease in the expected value and dispersion as in 

point 2. 

The demand vector selected at random translates into the initial solution, modi-
fies relevant slack variables at the same time. The smallest slack variable of nega-
tive value is selected (the most inadmissible). Next, it is reduced to zero to avoid 
reducing other negative slack variables. The above manner of computation always 
leads to an admissible solution due to the allowed possibility of storing the coal.  

The second step is the optimization of an admissible solution and consists in 
searching for non-basic non-zero variables which correspond to negative dual char-
acteristics. Further, their values are modified so as to increase the quality index by 
applying the SIMPLEX for this purpose.  

The analysis is performed for a sufficiently numerous set of random demand 
datasets, thus obtaining new optimal solutions. The analysis results are presented as 
histograms of analyzed economic and technical parameters for the entire company 
and for individual mining plants. This allows the probability of obtaining an 
adopted level of analyzed parameters for the company and the mining plants it 
owns to be determined. 
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4. EXAMPLE OF CALCULATIONS AND EVALUATION OF RESULTS 

The calculations were done for a real coal mining plant “E” which is a part of 
a coal mining company holding a total of 5 mining plants. Table 1 outlines the 
production possibilities of an analyzed mine “E” along with economic and techni-
cal indexes, whereas table 2 contains types and quality parameters of the coal of-
fered by this mining plant. 
 

Table 1. Technical and economic coefficients for mine „E”  
Specification Unit  

Average Extraction ton/day 11 300 
Max. Extraction netto ton 2 600 000 
Unit cost PLN/ton 192,53 
Fixed cost % 81,2 

 
Table 2. The types and qualitative parameters of coal offered by mine „E” 

Contents 
ashes water sulphur Share in 

extraction 
Calorific 

value max min max min max max 
Coal size 

grade 
Type of 

coal 
[%] [kJ/kg] [%] [%] [%] [%] [%] [%] 

cobble 34,1 5,5 30 283 9,0 4,0 6,5 2,7 0,8 0,5 
nut coal 34,1 11,0 29 934 9,0 5,1 12,0 10 1,0 0,81 
fine coal IA 33 6,4 29 746 9,0 4,0 6,5 2,7 0,8 0,5 
fine coal IIA 33 77,1 23 720 22,0 16,0 13,0 8,0 0,8 0,61 

 
In the first stage of the analysis, the demand values of individual recipient 

groups were selected at random in accordance with the normal distribution with 
expected (nominal) value equal to the forecasted demand (sales) value in the year 
2011. The adopted standard deviation (dispersion) value results from the analyses 
of demand changes among individual groups of recipients (see table 3) [1, 2, 3, 7, 
8, 9, 12]: 
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where: 
yn - actual value of endogenous factor, 
ymod - model-based value of endogenous factor, 
N - number of observations, 
L - number of estimating parameters for model structure. 
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In the second stage, the analysis of effects of random demand changes was 
carried out in accordance with the most probable forecast error. To determine the 
forecast error for each case, the stochastic structure parameter estimation (i.e. pa-
rameters of the distribution of random factor) was performed, which allows to con-
clude on the goodness-of-fit of a given model to empiric data at hand, by determin-
ing [1, 2, 3, 7, 8, 9, 12]: 

− matrix of variance and covariance: 

 [ ] 21
rXXK T σ⋅⋅=

−
 (18) 
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− estimation of variance in prognosis model:  
 TuKuy ⋅⋅=2

ˆσ  (20) 

whereby: 
 [ ]21 += Nxu  (21) 
where: xN+2 – the time for which the prognosis is prepared, 

− dispersion (standard deviation) of the forecast upon the assumption of (17) 
and (20) in accordance with the following formula (see table 3): 

 
22
ŷryprog σσσ +=  (22) 

 
Table 3.  Nominal value and dispersion σr ,σyprog for every group of consumers [ton] 

Name of consumer group Nominal pro-
gnosis values Dispersion σr 

Di-
spersion σyprog  

Export 8 300 857 95 728 70 205,89 
Export 9 419 447 133 461 116 913,60 
Indv. consumers 1 336 060 13 035 10 565,02 
Indv. consumers 3 5 475 600 212 387 140 552,80 
Indv. consumers 4 1 391 200 53 962 35 710,60 
Dust kettles 2 385 300 92 521 61 228,09 
Grates 2 265 940 10 315 6 826,40 
Grates 3 1 095 000 42 472 28 107,22 
Grates 4 567 619 22 017 14 570,20 
Chamber grates 1 425 765 16 514 10 928,80 
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In the third stage, the impact of correlated demand value changes on the value 
of the break-even point was determined. In order to do this, the nominal forecasted 
demand value for each recipient was decreased in first case (P1) and increased in 
the second case (P2) by the model error value (tab. 4).  

In the fourth stage, the nominal forecasted demand value for each recipient 
was decreased in first case (P3) and increased in the second case (P4) by 10% 
(tab. 4). The number of samplings was adopted at 1000 which allows to obtain a 
sufficiently large set of production tasks for individual mining plants as well as it 
allows to calculate the break-even point in the cross-section of the analyzed vari-
ability of coal recipients. 

 
Table 4. Nominal value of prognosis P1, P2, P3 and P4 for every group of consumers [ton] 

Name of consumer 
group 

Nominal 
value of 

prognosis P1 

Nominal 
value of 

prognosis P2 

Nominal 
value of 

prognosis P3 

Nominal 
value of 

prognosis P4 
Export 8 230 651,11 371 062,89 270 771,3 330 942,7 
Export 9 302 533,40 536 360,60 377 502,3 461 391,7 
Indv. consumers 1 325 494,98 346 625,02 302 454,0 369 666,0 
Indv. consumers 3 5 335 046,20 5 616 151,80 4 928 039,1 6 023 159,0 
Indv. consumers 4 1 355 489,40 1 426 910,60 1 252 080,0 1 530 320,0 
Dust kettles 2 324 071,91 2 446 528,10 2 146 770,0 2 623 830,0 
Grates 2 259 113,60 272 766,40 239 346,0 292 534,0 
Grates 3 1 066 892,78 1 123 107,20 985 500,0 1 204 500,0 
Grates 4 553 048,80 582 189,20 510 857,1 624 380,9 
Chamber grates 1 414 836,20 436 693,80 383 188,5 468 341,5 

 
The author based the analysis of break-even point of the analyzed mining 

plant, with reference to adopted variants of demand changes of coal recipient, on 
the per cent break-even point (PRP). The nominal value of the mine’s break-even 
point was calculated in accordance with formula (14). For each of 1000 optimal 
coal production and sales plans, in the cross-section of analyzed demand scenarios, 
the revenue from sales were calculated for the analyzed mining plant. Further, the 
per cent contribution of values of this revenue in the mine’s maximum revenue was 
calculated in accordance with the formula: 

 %100
max

⋅S
S l

 (23) 

where: 
Sl – sales revenue of a mine, at l iteration step, [PLN], 
l – subsequent iteration steps, l = 1, 2, …, y, 
Smax – maximum revenue of the mining plant when whole coal is sold, [PLN].  
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The received results should each time be compared with the nominal value of 
mine’s break-even point. All results smaller than the nominal value mean represent 
that the mining plant is below the break-even point. The results of the break-even 
point for thus calculation are listed in table 6 and illustrated in Figs. 1-3. 
 

Table 6. The list of the nominal, minimal, maximum and average values of the forecasted 
break-even point level and probability with dispersion σr, σyprog , and levels P1, P2, P3 i P4 

The probability of the occurrence of the 
break-even point, [-] Break-even point 

[%]  At least 

 
 
 
 nominal 

value Min max average min max above average 

σr 81,22 84,35 99,97 99,69 0,003 0,003 1,000 0,964 
σyprog 81,22 85,44 99,97 99,69 0,003 0,003 1,000 0,980 

P1 81,22 68,22 99,97 98,24 0,003 0,003 0,978 0,837 
P2 81,22 97,26 99,97 99,84 0,003 0,003 1,000 0,997 
P3 81,22 44,00 90,49 74,28 0,003 0,155 0,570 0,547 
P4 81,22 90,46 90,47 90,47 0,003 0,001 1,000 0,730 

 

The nominal value of the break-even point for the mining plant equals 81,22% 
and is exceeded with demand levels P1 and P3. The decrease in demand to the level 
of P1 revealed that in 22 of 1000 cases the mining plant may fall below the break-
even point and become uneconomical (fig. 1), whereas the decrease in the demand 
to the level of P3 further deteriorates the financial situation of a mining plant – the 
loss resulted in 430 of 1000 cases (fig. 2). In such case, the chance that the mining 
plant in such situation will be above the nominal profitability (15,66%) is very low 
(probability of 0.001 at P4) (fig. 3). This is a result of fluctuations in sales of indi-
vidual types of coal – small, but significant enough to drive the mining plant close 
to the break-even point.  
 

 
Figure 1.  Histogram showing frequencies of achieving given break-even point for mine 

„E” with nominal value P1 and dispersion σyprog .  
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Figure 2.  Histogram showing frequencies of achieving given break-even point for mine 

„E” with nominal value P3 and dispersion σyprog. 
 

 
Figure 3. Histogram showing frequencies of achieving given profitability for mine „E” 

with nominal value P4 and dispersion σyprog . 

5. CONCLUSION 

The method proposed by the author to calculate, analyze and evaluate the 
break-even point is a simple and effective tool supporting rational decision making 
in the scope of production. Both the method and the results obtained have been 
positively verified by the author during the studies in terms of practical application 
thereof.  

This method of analysis is likely to reflect real situations that might occur. 
The results obtained for the multi-variant change in demand enable a direct indica-
tion of what values the volumes analysed can achieve (for example: the multi-
assortment break-even point), and with what probability. 
 
This study is supported through the statutory research registered in AGH Univer-
sity of Mining and Metallurgy in Krakow at no. 11.11.100.481 in the year 2011. 
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Abstract. Transportation and related services have always played a big role 
in economy. Authors will present of the paper describes the use of Transport 
Exchange, which is a tool in education for the faculty of Logistics, offered by 
the Poznań University of Technology. They will present types of exchanges 
occurring in the market. The last part encloses a summary and a forecast of 
directions, in which transport exchanges might develop. 

Keywords: internet exchange, e-logistics, classes 

1. INTRODUCTION 

Modern technologies are finding also wide application in the logistics. These 
technologies are ensuring the very fast flow of information and the unrestricted 
reach. Growing demands of customers, who want to obtain a high level of logistics 
and who therefore are interested mainly in complex service, force the development 
in shaping offers of companies from the sector of logistic service. This enables 
using information techniques and technologies. More and more clients require from 
the company to be flexible and fast in its reactions. 

The using of IT as a main tool of economic activity is called e-business. The 
implementation of e-business solutions can bring following benefits in logistics 
[15], [18]: 

1) Creating new supply and distribution channels; 
2) Reduction of costs by on-line supply management in the direct and indirect 

sell; 
3) Reduction of costs of the distribution system, which brings advantages to 

the final client; 
4) Integration and exchange of knowledge through opened partnership 

systems; 
5) Building a global presence via Internet (it caused the formation of virtual 

markets). 
E-logistic is a crucial area of e-business. Comparing it with e-business, it is 

possible to notice specific elements in e-logistic. Thus, defining in most simple 
way, e-logistic is a widespread use of information technology for support of 
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logistic management in a company and support of its business environment 
management, especially management of its supply chains [16]. 

Internet became the basis of modern electronic economy. It formed the 
possibility for creating models of cooperation with partners in the common, global 
business environment, which arisen because of globalization and new technologies 
[6], [13]. 

The use of electronic exchange is the most specific element of e-logistics. The 
number of e-exchanges and their popularity increase every year. It is a result of the 
reduction of costs of enterprises’ functioning in the context of research of business 
partners. 

The opened character of Internet, as well as relatively low costs of access to 
Internet exchanges mean in practice that not only big corporation have access to 
them, also medium and small enterprises use them [2]. This enables dropping the 
idea of rigid supply chains, which are traditionally configured, and replacing them 
by dynamic chains including partners, who offer to each other best conditions of 
cooperation for determined moment [1]. 

The possibility of carriers searching, who have characteristics considered on 
following places of the ranking of the choice of carrier, i.e. low transport prices and 
readiness to negotiate them, is the main advantage of using exchanges [8]. 

Facing a possibility of a ride with an empty car, carriers are ready to take a 
cargo both as full loads and as additional cargo. Enterprises, which freight an 
empty car, have the chance to negotiate a proper transport price, which enables 
reducing cost of the transport. This means that they can achieve competitive 
advantage based on low costs. 

Sometimes it happens that during classes, students face strictly academic 
theories, which they cannot implement into practice in their further professional 
carrier. The most frequent definition of the educational system is the statement that 
it is the entire set of organizational principles, as well as the content, methods and 
means of teaching and learning, which all together form a coherent structure 
subordinated to the realization of socially accepted goals of the education. 
Referring this concept to tools of education, it encloses all kinds of objects that 
affect students’ senses in order to facilitate them the cognition of the reality [4]. 
Thus, we should treat the use of education means, like Internet exchange, as 
components of the modern education system, which reinforce and integrate effects 
of education tools. It is important for universities to aim at adjusting their study 
curriculums to needs resulting from the analysis of the labor market [11], [7]. 

Authors divided present paper into several points. The first part includes 
fundamental information on internet exchange, which become the more and more 
popular. It shows their classification and principals of their functioning. Next part 
presents TimoCom Internet exchange, which functionality and principles of 
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functioning are often used during classes. Next point includes an analysis of 
questionnaire survey realized in the group of students and which concerned classes 
realized within frames of the faculty.    

2. ELECTRONIC EXCHANGES IN THE AGENT TECHNOLOGY  

As it has been already mentioned in the preliminary part of the chapter, 
information technologies and communication infrastructure developed 
significantly. The agent technology is a perfect example of new technologies from 
this area. The agent technology seems to be very promising because of possibilities 
of using it in e-logistics – mainly in result of its autonomic research of information 
in the dispersed environment. The term Software Agent means software executed 
remotely in another computer, in a network or locally. Such program operates in 
accordance to requirements of its user or another agent, who initiates it. 
Software Agent has following features [2], [3]: 

1) environment, 
2) objective, 
3) Autonomy, 
4) Adaptation, 
5) Mobility. 
The use of agent technology is not limited to personal computers rigidly put in 

the net. It is also possible in case of mobile devices [3]. Then, they can work in the 
online and offline mode. After opening the connection, it is possible to send the 
agent to the environment and initiate it. On subsequent connections, it is possible to 
receive results of agent’s activity and, eventually, giving next orders. 

The main advantage of agent technology is that it does not require effective 
transmission channels. The agent can autonomically gather and process data on its 
server, while the user receives only results of agent’s work.  

However, its disadvantage is the necessity of creating a developed security 
system for the work environment of the agent. 

There are three implementation of the agent technology in e-logistics: 
searching agents, monitoring agents and managing agents. 

The specific character of searching agents is that they search determined 
information in accordance to strictly defined criteria. These are possibilities of 
application for searching agents: 

1) Searching information about cheapest materials, half-products, services in 
offers of potential suppliers on electronic products and services exchanges. 
The agent monitors several exchanges in the Internet and chooses the most 
attractive offer, later it gives information concerning it to the user. 
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2) Determining the amount of particular products in warehouses and stores. 
Assuming that a shop uses services of one supplier of determined 
assortment, the agent is able to communicate automatically with the 
supplier and order the product. 

However, monitoring agents are a group of agents that characterize with a low 
mobility. They can explore: 

1) The current technical state of devices, 
2) Situation in warehouses – it can give information about potential 

deficiencies or shortcomings, 
3) Current turnovers of cooperating partners, e.g. warehouses. 

Managing agents have both characteristics of monitoring and searching agents. 
These are exemplary applications of determined group of agents: 

1) Management of the flow of products through following parts of the supply 
chain; 

2) Management of comprehensive realization of orders of warehouses 
The combination of quantitative methods in e-logistics and managing agent 

technologies enables fluent steering of the dynamic selection of patterns of means 
of transport. The application of the agent technology in the functioning of 
electronic exchanges significantly increases the efficiency of realization of this sort 
of service. 

Internet exchanges are a platform for trade contacts between enterprises, in 
other words for the B2B segment. They can be local or global. At present, big 
concerns are the most interested in virtual markets because they can significantly 
reduce supply costs of materials for production. However, thanks to internet 
exchange, similar chances are given to smaller firms. Thanks to the possibility of 
negotiating on the exchange with thousands of suppliers, who offer their products, 
it is possible to find low prices in a relatively short time. Exchanges have a strong 
impact on the manufacturing process, as well as on the process of distribution 
because they enable reducing costs of searching new suppliers and customers, and 
they fasten the information flow, too [10]. 

Companies participating in the exchanges can save on transaction costs. 
Besides, they can make smaller purchase; optimize the range of use of assets. 

In case of the transport exchange, it is possible to enumerate two basic 
elements [5]: 

1) Freight Exchange including transport offers (products to be transported), 
2) Vehicles Exchange, which gathers information concerning free means of 

transport, like: free passes, free cargo spaces. 
Such system realizes following functions [9]: 

1) Collection of orders, 
2) Publication of offers and information about free vehicles, 
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3) Administration of contracts, transport offers, and free vehicles. 
Currently there are many offers of this sort of service in the market. There are 

some basic groups of solutions, that can be distinguished [16]: 
1) Web sites, 
2) off–line databases, 
3) mailing lists, 
4) communicators, 
Of course, the first and largest group of solutions refers to web sites. After 

registration of a user, they offer access to their databases; both in form of viewing 
existing offers and adding own ones [3]. The information exchange takes place 
online, through Internet, information is mostly stocked on site’s server. The vast 
majority of such sort of sites is paid. Generally, the registration of a new user is 
connected with a certain fee and the time of registration is limited – this also means 
the necessity to actualize the registration and thus bring more charges [2]. 

Using this type of stock exchange requires only a web browser – which fact is 
surely an advantage. This allows relatively fast learning to operate web sites of 
such exchanges. Unfortunately, its defect is that the user needs a rigid connection 
with Internet with high-speed information exchange service for the efficient use of 
the exchange. Moreover, there is no generally accepted standard of building stock 
exchanges in the form of Internet sites – so, each site has its own architecture, 
functional and graphic side. In consequence, it may hinder viewing different sites - 
electronic exchanges, in order to compare offers from two different exchanges of 
this type. 

Off-line databases represent the second group of solutions. The user has an 
application in his computer, which is of course offered by a company offering such 
sort of service, and he has the possibility to browse offers and enter new ones. The 
application serves also for communication. After connecting the exchange server is 
sending data with offers and updates the local database [2]. 

Another group of solutions is the mailing lists. Users exchange their offers 
using electronic mail. Presented method has a serious defect: all users receive all 
offers send in determined time by mail server that operates the service. However, 
some companies might find important that such sort of service is free (if we don’t 
take under consideration the charge for Internet connection) [3]. 

The latest solutions we can observe in the Internet are exchanges in form of 
so-called communicators. They operate similarly to communicators, like Gadu-
Gadu, Tlen; they facilitate conducting chats with many people in the same time, in 
real time. All users of such service have their own, individual identifiers. The 
communicator enables grouping and filtering callers, i.e. rejecting callers, who are 
not in the center of interest at the moment [2]. 
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3. TRANSPORT EXCHANGE - TimoCom 

Timocom exchange was one of first exchange build in accordance with the 
concept of the off-line database. It was funded in 1997 by TimoCom Soft- und 
Hardware GmbH. The exchange TC Truck&Cargo started to operate in the same 
time. In year 2009, the product called TC eBid® entered the market. Data from 
year 2010 show that the exchange gave about 300 thousands of international offers 
of free cargo spaces and freights presented by 85 thousands of users from the entire 
Europe. 

The exchange functions like a common Web site, with access authorization, it 
operates like an electronic notice board. The exchange helps giving information 
about free trucks or freights. The negotiation process, which takes place before 
signing the contract, is realized via mail of phone, eventually – via Internet 
communicators. The procedure of signing the contract requires sending the order in 
for of a paper, by fax or in electronic form – as an attachment to an e-mail [12].  

Entrepreneurs using this Internet solution have access to offers of free cargos 
in trucks of freight offers; this way they are able to charge their cargos quickly or 
optimize the use of their own vehicles (figure 1). 
 

VEHICLEFREIGHT

Agreement

Internet 
Exchange

 
Figure 1. Ways of functioning of the Internet exchange. 

 
The use of the exchange requires downloading the software from the website 

of the company offering the service. Downloading it enables adding information on 
available loads and cargo space in the dialog box in Internet Explorer – as the 
figure 2 shows it. 
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Figure 2. Dialogue box of the Internet Transport Exchange Timocom. 

Source: personal elaboration based on www.timocom.com 
 

Working with the transport exchange is preparing cargo requests or offers, as 
well as cargo space requests and offers, all in own personal computer. These 
requests and offers are prepared off-line and next, they get connection with the 
main server in Dusseldorf 

The Exchange has the function of forming a Closed User Group (CUG). 
Companies and affiliated groups of enterprises can create their own exchange 
within frames of the exchange, i.e. a CUG. This way, transport companies of niche 
sectors gain advantage in terms of information, while they exchange offers between 
themselves. 

Next interesting function concerns characteristics of searching trucks of 
freights for a determined area. The user can see in the same time: offers from 
neighboring countries, as well as search offers on the area enclosing place about 
200 km from determined postal code of place of departure or destination.  

TimoCom Exchange verifies severely its participants. Members of the 
exchange are checked from the point of view of solvency, before they get access. 



 46 

The exchange searches information about debts of the company, its economic and 
business situation. It establishes credibility and the general evaluation of the 
enterprise, as well as it experience and reputation. Candidates gain access to the 
exchange only when they are present in the market for at least six months [8]. 

During classes, students work with CUG and this causes that they see trucks 
or freights they entered into the system. However, carriers from outside do not 
have possibilities of using trucks or freights put into the system by students. 
Students learn how to enter free trucks and freights and how to search them in the 
service. They also learn how to plan routes and determine best solutions from 
following points of view: adequate time to transport the cargo, the use of the 
vehicle or the cost of transportation.   

3. SURVEY ANALYSIS  

The survey research was realized between 17 May and 10 June 2011. The 
group of respondents was formed from students of the Faculty of Engineering 
Management of the Poznan University of Technology. The research included an 
assumption that students of the third year of study, faculty Logistics, will answer 
the survey. The survey was realized in randomly selected groups. 80 surveys were 
realized, 68 of them were classified as correct from the point of view of coherence 
and logics of presented answers. 

The poll was aimed at following goals:  
1) Assessment of the usefulness of classes using online exchanges; 
2) Diagnosing skills and knowledge obtained during classes; 

Research results are presented graphically. Prepared tables and charts base on 
the dependency (1), which illustrates the frequency of giving responses of the type 
y (y = a, b, … ) within frames of the question x (x = 1, 2, 3, …, 10). [Sroka, 
Niedbał 2008, p. 294] 
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where: 
Σex, y – number of answers – type y (y = a, b, …) given within frames of the 
question x, 
ΣEx – total number of responses given within frames of the question x. 

First question of the survey served for determining information whether 
respondents had been in contact with an electronic exchange. 98% of respondents 
did not have any contact with determined tool and 2% of them already used 
Internet Exchange during their summer job during study. 
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Next questions of the questionnaire concerned the assessment of usability of 
functions they met during classes (figure 3a, figure 3b, figure 3c, figure 3d). The 
summary of this part of the survey shows that the option to create templates has a 
very high level of usability - 85%, the function of offering free vehicles has a very 
high level of usability – 84%, options of freights and calculation of costs, as well as 
planning routs are functions with similar level of usability: 74%, 77% and 71%. 
The function of creating the external group had in the opinion of majority of 
respondents – 74%, high usability. However, 16% of survey participants declared 
to find this option very useful. Next question (figure 4) was supposed to determine 
the assessment of usability of teaching classes. Even 72% respondents answered 
that classes of determined type are very useful, only 18% of them found classes 
useful and 3% said that classes seem not very useful for them from prospects of 
their future occupation. 
 

 
Figure 3a. Usefulness of Internet Exchange functions during teaching classes. 

 
 

 
Figure 3b. Usefulness of Internet Exchange functions during teaching classes. 
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Figure 3c. Usefulness of Internet Exchange functions during teaching classes. 

 
 

 
Figure 3d. Usefulness of Internet Exchange functions during teaching classes. 

 
 

 
Figure 4. Usefulness of classes from the prospect of future occupation  
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4. SUMMARY 

Changes taking place in modern economy caused that enterprieses use 
transport more. However, the analysis of costs of own transport shows that usually 
it is more profitable to outsource this area of activity – so companies decide to buy 
transport service from outside of the firm. 

The popularization of use of Internet by companies led to the intensive 
creation and development of online transport exchanges, where producers, 
freighters and carriers present a big number of offers. This allows signing contract 
with the most competitive partner from the point of view of price and quality, who 
will answer requirements of the client. 

Laboratory classes realized within frames of the faculty Logistics allow 
student to know internet exchanges. It is important to present students enumerated 
functions of transport exchange in practice, prepare instructions enabling 
deepening their knowledge in the process of education. 

Today companies search specialists the more and more often. Therefore, it is 
important that universities support qualifications and skills of future logistic 
specialists. The implementation of such sort of tool, like online exchange, offers 
students knowledge and skills from the range of fundamentals of internet exchange 
activity. Thanks to this, they are perceived as future users of such tools and this 
upgrades their value in the labor market. 
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Abstract. The article presents activity based costing and benchmarking 
methods. Then it was shown that the activity based costing method can pro-
vide important information in the process of benchmarking company. At the 
end in the paper was demonstrated a model of data integration, which aims to 
ensure the provision of information of economic indicators derived from cost 
accounting system to the needs of benchmarking processes. 
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based costing, benchmarking 

1. INTRODUCTION 

The most important goal of any enterprise is to remain on a competitive mar-
ket. Remain on the market forces many companies to move away from the classical 
model of the tasks implementation to the process approach. This change gives the 
possibility to use many methods to increase business efficiency by optimizing pro-
cesses. The enterprises implements process methods, such as: 

• Benchmarking – the method that compares own ways of doing activities to 
the way of other organizations; 

• Activity Based Costing – the method of cost calculation based on the proc-
ess approach; 

• Kaizen Costing – continuous improvement of all aspects of business; 
• Just In Time – method that improves the supply processes; 
• Total Quality Management – method that improves the quality of the proc-

esses; 
• Target Costing – the method of the cost calculation based on the process 

approach; 
• Business Process Reengineering – the method of the radical process re-

engineering; 
• X-engineering – method of optimization processes performed at the inter-

face between the organizations. 
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In the process approach one of the necessary conditions for the duration of the 
companies is the organization of processes that occur in them, that they are imple-
mented faster, better and cheaper than the competition. Benchmarking gives com-
panies the opportunity to compare their organization to the competitive organiza-
tions or organizations in other industries. Thanks to this method managers can 
learn how to improve ways of action’s of the organization to match the market 
leaders. Effective use of benchmarking requires the provision of information on 
how to implement processes and their metrics, indicators, so that it will be able to 
compare with benchmarking partners and to monitor the effects of entering a cor-
rective action. 

2. BENCHMARKING 

The globalization of the economy contributes to the tightening of competition 
between companies on an unprecedented scale. Maintaining a competitive market 
requires continuous improvement of the processes. One of the methods for support-
ing quality improvement is the process benchmarking. This method first was used 
by Japanese in the fifties. In the United States leader in introducing benchmarking 
was Xerox Company. David T. Kearns, former director of the Xerox defined 
benchmarking as a continuous process of evaluation of products, services and prac-
tices in relation to the strongest competitors or companies considered as the leaders 
in the industry [1]. Benchmarking is not about inventing processes from scratch, 
but observing how they are implemented by leading companies in the market and 
then implement best practices within your organization. In other words, bench-
marking is a meaningful consideration of alternatives coming from the outside. In 
benchmarking there are still asked question: "Why do others do it differently?" 
And "How do others do it better?" [5]. 
The process of benchmarking consists of the following steps: 

• choice the subject of benchmarking; 
• analysis of own methods of the procedure; 
• selection of the partners for benchmarking; 
• data collection; 
• data analysis; 
• identification of the processes for improvement; 
• improvement program implementation; 
• improvement program consolidation. 
It can be benchmarked almost everything that can be measured Figure 1. Due 

to the fact that such a comparison is time consuming and expensive undertaking 
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often decide to benchmark processes underlying their activities. Other words com-
panies choose for benchmark processes that determine their position in the market. 
When selecting the object of benchmarking is often taken into account also the 
processes that shape the company image in the eyes of its customers, which is con-
sistent with the whole philosophy of the process approach, in which the most im-
portant is customer satisfaction. 
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Companies

Single parts

Components

Products
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Figure 1. Object of benchmarking 

Source: [5] 
 
After selecting the object of benchmarking should be made a thorough analy-

sis of its handling. It is useful to build a detailed process map to a proper under-
standing of the processes and mechanisms taking place in the enterprise. Then 
there are determined the units of measurement and the places where measurements 
are taken in order to compare own benchmarks with partners. 

The next step is the selection of benchmarking partners. One should choose 
those partners who treat the subject of benchmarking as a basis for their existence 
and are the market leaders. In the selection should be also taken into account such 
factors as readiness for benchmarking and comparability. Table 1 lists the types of 
benchmarking in terms of partner selection. 
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Table 1. Types of benchmarking 

Type of benchmarking Benefits Defects 
Internal benchmarking (… 
within the company) 

• relatively easy to collate 
data 
• good performance in a 
diverse, outstanding busi-
nesses 

• limited viewing angle 
• Internal prejudices 

Competitive Benchmarking 
(… with competitors) 

• comparable products / 
processes 
• relatively high acceptance 
• unequivocal position 
against the competition 

• difficult data comparison 
• danger of "duplication" in 
the industry 

Functional Benchmarking 
(…with companies from 
outside the industry) 

• a relatively high potential 
for innovation 
• increased range of ideas 

• relatively difficult trans-
formation, "foreign ele-
ments" for their own enter-
prises 
• counter-comparability 
• time-consuming analysis 

Generic Benchmarking (... in 
various areas of business 
from outside the industry) 

  

Source: [5] 
 

In internal benchmarking comparisons is limited to one company. Partners are 
sought in other departments, subsidiaries or abroad branches. Limiting the collec-
tion of information to own business gives an easy and simple data compilation. 
Access to information is also not difficult, since they are not secret. The disadvan-
tage of this type of comparison is limited viewing angle, often it turns out that the 
comparison is not made with market leaders. 

In the case of benchmarking with competitors, one can uniquely determine the 
position of company against competitors. Much more difficult is the acquisition of 
information and its compilation for comparison. 

Another type of benchmarking is to compare functions of the company. In 
many companies with a not constitute competition for themselves are carried out 
similar functions (eg storage or supplies). It is relatively easy to identify the market 
leaders in the field. Because these companies are not competitors, so it is much 
easier to get information. The difficulty can make the same comparison of data 
among other things due to the fact that they come from a variety of management 
information systems. 

Development of functional benchmarking is a generic benchmarking which 
consists in comparing the processes taking place within the various fields in com-
pletely different industries. 
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The next phase of benchmarking - data collection - can be realized by means 
of interview, questionnaires, or temporary integration of workers in the processes 
of the benchmarking partner. Information can also be collected from external 
sources such as statistical yearbooks, journals of the company, interviews with 
customers and suppliers. This step is very difficult for benchmarking with the 
competitors due to the fact that a large part of the information may be a company 
secret and they cannot be obtained. 

After collecting the necessary data one can proceed to their analysis. The ana-
lyzed data should consist of two elements [1]: 

• numerical data (results); 
• description of processes (practice). 
Both elements are important in the process of benchmarking. The numerical 

data help determine the position of the company towards its partners. The descrip-
tion of the process allows specifying the differences in the way of action. With this 
information it is possible to develop plans to improve processes and implement 
changes. 

All these steps are time consuming and labor-intensive. Hence it becomes 
necessary to support them through designed for these purpose information tech-
nologies. Such systems should provide the ability to integrate data from multiple 
sources and then analyzes not only indicators, but also the ways of processes im-
plementation. Among the many indicators compared in the process of benchmark-
ing, time and costs of processes implementation deserve special attention. There-
fore, the possibility of integration of cost calculating methods focused on the proc-
esses with benchmarking provides an opportunity for effective use of benchmark-
ing in the enterprise. 

3. ACTIVITY BASED COSTING 

Activity Based Costing method was formalized in the late eighties R. Cooper, 
S. Kaplan, and H.T. Johnson [4]. The need to develop a new method of calculation 
had its source in a number of factors, among which are mentioned most frequently: 

• strong market competition and increasing customer requirements, resulting 
in the low tolerance for defects or poor quality products; 

• the development of information technology as a result of which was re-
duced processing time; 

• increase in indirect costs and fixed costs at the same time decreasing the 
cost of wages due to the diversification of production; 

• automation of technological processes; 
• use of new management methods; 
• increase the cost of the phases before and after production. 
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In this case, the classical methods of calculation proved to be inaccurate, 
mainly because of the way of accounting for indirect and fixed costs. 

Citing a Szychta [3] in the conception of ABC method was adopted that not 
final products, but the activities entail indirect costs that may be reported to these 
activities. The costs reflect the resources consumed by the company to provide 
products or services. Settlement of costs takes place in two stages. 

In the first phase cost accounting the consumption of resources is assigned to ac-
tivities. In the second phase is determined which actions are consumed by products 
or other cost objects (customers, distribution channels). Figure 2 shows a cost flow 
diagram developed by CAM-I (Consortium for Advanced Manufacturing - Interna-

tional).

 
Figure 2. Flow cost diagram in ABC method. 

Source: [6] 
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Cost analysis in the vertical plane gives the answer to the question of how 
much the thing costs. The horizontal plane corresponds to the question of why the 
thing costs. 

Introducing the company to ABC cost accounting method requires the deter-
mination of the steps needed to produce a product or service. The analysis of the 
economic process is to identify all activities and identify actions that increase the 
value of the product for the customer as well as actions that do not increase value 
of the product [3]. After defining a set of activities needed to produce a product or 
service one should consider whether it is possible to eliminate or shorten the dura-
tion of some operations without reducing customer satisfaction. 

The company management often requires the preparation of internal reports 
on the costs for separate parts of the economic process. So the next step to carry 
out cost calculation is the extractions of cost centers that group together several 
closely related activities. The classification of actions proposed by Cooper and 
Kaplan can be used when extracting the cost centers. According to Cooper and 
Kaplan there are distinguished the following levels of activities [2]: 

• concerning the entire enterprise; 
• concerning the type of products (product families); 
• concerning the party (series) products; 
• concerning the unit of the product. 
The costs allocation in the ABC method can be done directly or indirectly. To 

obtain accurate data about the costs of producing products or services it should be, 
if it is possible to charge cost centers directly. When the resource is consumed by 
several activities the costs are assigned indirectly. In this case, the costs should be 
accounted for each operation using the appropriate keys subdivision (area, power 
of electrical devices, number of employees, etc.). 

When performing ABC calculations it is important to define the unit of meas-
urement that characterizes the costs of activities. The measure considered as the 
size of the operation should be easily measurable, understandable, and proportional 
for the settled using this methodology cost [3]. 

Activity based costing method allows to specify the exact costs incurred by 
the company during the activities. While assigning the costs of activities it can be also 
recorded the start and end time of actions. In this approach data provided by the ABC 
method could be used as key indicators to compare the processes in the method of 
benchmarking. The next chapter presents the concept of an inclusive system of activity 
based costing method with the method of benchmarking processes. 
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4. INTEGRATION OF ACTIVITY BASED COSTING AND BENCHMARKING 
METHOD 

Effective use of benchmarking requires, among the others, proper identifica-
tion of: 

• the subject of benchmarking; 
• own ways of action; 
• indicators that will allow comparison own processes with the processes of 

benchmarking partners. 
Using information from the cost accounting system allows selecting these 

processes and cost objects, which from the standpoint of a business organization 
are the most important and determine its duration on the market. Detailed map of 
processes, which is being prepared for the activity based costing method, can be 
used in the benchmarking method to analyze organization procedures. The results 
provided by the cost accounting system can be used as measures in order to com-
pare own organization with other organizations. Cost accounting system can also 
provide data on the execution time of processes. Duration of the process can be 
used in the method of benchmarking as another indicator of designating the posi-
tion of the company. Monitoring of both costs and time processes can be a justifi-
cation for entering changes in the way of organizing work, or indicate that these 
changes do not bring the expected results. 

Benchmarking is not limited to the comparison of indicators and monitoring 
changes in their value during the reorganization. No less important is to identify 
differences in the procedures of own organization in relation to other companies 
that are leaders in the market. Analysis of differences in the procedures allows 
determining the direction of change within own organization. One of the methods 
of gathering information about the differences in procedures is questionnaire. So, 
an important element of the system supporting the benchmarking should be a mod-
ule that allows creating of surveys and store survey results. The proposed system 
model is designed to provide quick access to information on the specific indicators 
for both processes and cost objects defined in the activity based costing method 
and provide information about own procedure and procedure of benchmarking 
partners. 

Figure 3 shows a model of a system integrating the activity based costing and 
the module questionnaires, aimed at supporting the introduction of benchmarking 
in the enterprise. Cost accounting module in the Process table provides a detailed 
map of processes in the enterprise. Each realization of the process is an activity that 
has a beginning and an end, consumes company resources and contributes to pro-
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duce a cost object. Action table contains information about procedures of the or-
ganization. In addition to detailed map of processes in the enterprise and determi-
nation of their own methods of procedure costing module provides indicators de-
scribing both time and cost of implementation of individual action and produce 
cost objects. 
 

Figure 3.  The model of integration cost accounting system with questionnaires system  
to support benchmarking 
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The questionnaire module is to provide opportunities to create templates of 
questionnaires, which will collect information about the differences in the proce-
dures of the benchmarking partners. Questionnaires templates can be dedicated to 
processes and cost objects. This module is also responsible for collecting data from 
completed questionnaires. The module allows creating questionnaires containing 
different types of questions such as: 

• open type: 
• text; 
• integer; 
• floating point; 
• date; 
• logical; 

• closed type: 
• single choice; 
• single choice with an open response; 
• multiple choice; 
• multiple choice with open answers. 

For the closed questions the user is able predefining answers. Part of the func-
tionality of the system associated with the questionnaires wizard is included in the 
tables Q_template, Question, Answer_type, Predefined_answer. The second part of 
the module is responsible for the storage of results of completed surveys.  
It consists of tables: Q_result, Answer, Selected_answer.  

Survey results can be used to identify differences between organizations  
involved in the process of benchmarking. 

5. CONCLUSION 

The presented model can effectively support the conduct of benchmarking in 
the enterprise. Its advantage is that within a single system can be shared informa-
tion about: 

• processes that are crucial for the organization; 
• procedures of the organization; 
• process indicators; 
• differences between own procedures and benchmarking partners procedures. 
The use of information technology in the benchmarking process allows more 

efficient use of this method in the enterprise. Delivered by the cost accounting sys-
tem precise information about key indicators of processes such as cost and time of 
execution increases the credibility of the compared data and allows accurate posi-
tioning of the company in the market. Undoubtedly implementation of such a sys-
tem significantly could contribute to the increased use of benchmarking. 
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Abstract. Today, when the electronic media allow organising new ways of 
communication with the customers, business activity does not require in-
vestments in buildings and their equipment. More important is the idea - find-
ing a new product or service which consumers are interested enough to pay 
for it, or sometimes just to use it - and thus generate revenue for the project 
creator. Besides electronic shops, markets and auctions new forms have 
emerged like service aggregators, integrators, or outside the Internet: contact-
less payments or new application of two-dimensional barcode (2D codes). In 
this paper new business activity models, new models for generating revenue 
and for finding financial resources (like crowdfunding) are described. The 
subject of researches is analysis and comparison of the most spectacular Pol-
ish and international examples of new business models.  

Keywords: business model, start-up, social portals, social shopping, social 
search engines, crowdsourcing, crowdfunding, RFID, two-dimensional bar-
code, contactless payments 

1. INTRODUCTION 

In 1977 Marc Uri Porat in The Information Economy: Definition and Measure-
ment had forecasted that collection and distribution of information would create a 
new quality of economic, which would certainly influence on the social life [13]. 
Today in the information society epoch we use the term digital or electronic econ-
omy which means new manners of the conducting business activities based on grow-
ing possibilities of contemporary information management techniques. So it is an 
economy that is characterized by extensive use of the Internet and information tech-
nology. In details we can define the digital economy as a virtual area, on which the 
business activity is being conducted. It is a space where participants of the business 
life are getting knowledge about themselves from web pages, where direct contacts 
are developing between participants, where electronic transactions are being con-
ducted and where the exchange of the value is being created. All these things caused 
the revolutionary changes for all market participants. Organizations must redefine 
their strategies and they create new business models. Many of them are based on the 
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Internet. This paper will present some interesting examples which are the subject of 
the author's own research. 

2. BUSINESS MODELS IN DIGITAL ERA 

Business model is a term used to describe the key components of a given busi-
ness. It consists of 4 elements: customer value proposition, profit formula, key re-
sources and key processes. All taken together create and deliver value [11]. There are 
many classifications of new business models, e.g. Timmers in 1998 listed 11 specific 
e-business models [17], Cherian in 2001 identified more than 20 types [3]. However 
it is possible to classify them into the following two categories: the revenue model 
and integrated model [10]. The revenue model refers to the manner in which an or-
ganization is able to generate income. The integrated model refers to the strategy and 
to the configuration of the organisation, designed to exploit business opportunities. 
Let us see the history and the current state in this area. Let us check, whether indeed 
they are only confined to web-based. 

Developing of first electronic computers in 1940s generated new chances for 
business i.e. creation of computer production plants. Later, in 1980s, as a conse-
quence there was a new market for software companies.  

Invention of the Internet initiated a great deal of new ideas of commercial de-
ployment of this computer network. Soon, it sparked off quick establishment of nu-
merous companies providing access to the Internet. The first one was established in 
1974 in U.S. by BBN (Bolt, Beranek & Newman). It was Telenet, commercial packet 
data network, which referred to as commercial version of ARPANET [1]. Other new 
services are prepared by companies providing commercial mail servers (MCI Mail in 
1983, CompuServe Mail in 1989), and FTP or other which customers were willing to 
pay for.  

Invention and popularisation of WWW triggered the demand for websites: as a 
result, it led to establishment of not only website design companies, but also compa-
nies providing website publication i.e. hosting companies, and soon after, companies 
offering positioning of websites on Search Engine Result Pages (SERP). Search en-
gines were also another way for doing business. In digital economy websites are the 
source of information on potential suppliers, partners and customers. Firms look for 
them in general or industry-specific search engines. Thus, search engines’ customers 
include those who look for, and those who wish to be found, particularly on the first 
SERP [6]. 

Electronic mailboxes enabled companies to correspond and receive orders 
electronically – which currently is also implemented by applications on websites. 
IT techniques allow not only for online placement and acceptance of orders, but 
also for issuance and storage of electronic invoices which all together significantly 
reduce the time of transactions.  
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In 1990s, on the Internet there were available not only site describing the 
company, but also websites enabling shopping or biding i.e. e-stores (Amazon 
1995, Merlin 1998), and e-auctions (eBay 1996, Allegro 2000). They constituted 
first e-business models reflecting the traditional ways of doing business. Then, 
arose the problem – how to realize such an important element of the transaction as 
a payment is in those services. New more innovative business models have 
emerged. First electronic banking services started in the early 1980s both in the 
United States and the United Kingdom, but only in 1990s banks opened new Inter-
net channel of communication with customers. In 1995 Security First Network 
Bank (SFNB) made possible to open new accounts over the Internet using a stan-
dard web browser [5]. In 2001 more then 50% of American banks offered internet 
banking allowing for electronic transfers and credit card payments in e-commerce 
[4]. It gave a chance to establish and develop credit card authorisation centres, 
payment card clearing agents and payment aggregators e.g. Przelewy24.pl; there-
fore, e-stores did not have to sign separate contracts with many banks in order to 
operate. Concerns with card payments, time-consuming electronic transfers and 
international transactions initiated searching for new solutions such as micropay-
ments (CyberCash 1994, PayPal 2000), and immediate electronic payment systems 
such as PayByNet where there is no need to wait for another clearing session. Re-
petitive frauds gave the opportunity to establish a market for companies protecting 
transactions security and authentication i.e. ensuring security of communication by 
e.g. SSL certificates or digital signatures. On the market started activity companies, 
which do not only create and issue certificates, but also confirm them, like 
VeriSign in 1995 (established in 1980s as a part of RSA Security by Ron Rivest, 
Adi Shamir and Leonard Adleman – the fathers of RSA algorithm). 

The Internet increased the share of small and medium enterprises in the global 
market. All companies have better access to local and global markets but it caused 
the fierce competition. In very dynamic and insecure environment there is constant 
need to update old strategies. It is connected with the necessity to invent new prod-
ucts or services responding better to customers’ needs together with new business 
models. 

New forms appeared on the market such as service integrators or aggregators 
which combine offers of various companies ensuring convenience to customers 
(e.g. lower prices for group purchases or fewer invoices in integration services 
case) and reducing companies’ costs. A large number of online shops inspired to 
give rise to comparison engines like BizRate, PriceGrabber, Ceneo or Nokaut. 
These portals show lists of prices from different on-line stores for specific prod-
ucts. Another idea is to combine consumers' group, raising the possibility of ob-
taining higher rebates and lower prices for goods and services. Group or social 
purchasing services search for companies that agree to sell their product cheaper, 
but on condition, that they will be bought by an adequate number of people. The 
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announcement about cheaper offers published on Gruper or Groupon can reach 
thousands of customers, and thus becomes the advertisement. Cheap deals from 
Groupon, Gruper, Fastdeal or Cuppon can be found on market aggregator sites like 
Snuper and Sumos. An example of the integration is triple play. It combines in one 
package fee for Internet, television and telephone. Nowadays, it can be said that it 
is a quadruple play – because more often the fee covers fixed line and mobile.  

Thus, new business ideas often go beyond the area of the Internet – apart from 
demand for online payments, it was also demand for mobile payments applied in 
traditional stores i.e. contactless payments (PayWave, PayPass) or mobile payments 
(mPay, EasyPay, Google Wallet). Contactless payment (often referred to as "wave 
and pay") allows customers to transmit payment data to special terminal (i.e. 
reader) using devices like smartcards, key chains, and cell phone stickers. The spe-
cial reader beeps to signal that the transaction is finished [2]. Such payment is not 
required PIN number or signature so the procedure lasts shorter than credit card 
payment (with insertion into the reader and authorization). Contactless payment 
system needs radio technology for data transmission; very often it is a RFID, men-
tioned below, or NFC (near field communication). Payment via mobile phones (m-
payment) involves such procedures in which cell phone is used as a substitute of 
credit card. The transaction is made using special software installed on SIM card or 
mobile phone. Sometimes it requires authorisation with PIN number. In Poland 
today it is possible to use this method in shops (EasyPay) and instead parking me-
ters (mPay). 

RFID tags (radio-frequency identification) and 2D barcode are other exam-
ples of no-Internet ideas. They are applied in commerce and logistics. RFID is a 
radio technology that is used to uniquely identify tagged objects [7]. RFID tag is a 
microchip, which stores and transmits data to the reader. Active one has its own 
battery and automatically emits a signal containing information e.g. about the 
product in the store. Passive tag can only be read by a reader which will stimulate 
the tag. There are many applications of it e.g. product or pallet tracking, checking 
the content of trucks, searching for goods in warehouses, eliminating expired goods 
(the tag can contain not only a code, but also expire date). Two-dimensional bar-
code is a matrix barcode consisting of black and white "cells". It can contain much 
more information than tradition bar code. The most popular application for it is 
marking devices, instruments and documents, both for inventory and item links 
with additional information. It is also used in the transport and shipping, in the 
electronics industry [12]. 

Now RFID and matrix barcode are also applied in other areas. RFID tags en-
able to identify people or pets by implants and two-dimensional barcode are 
adopted in advertisements (in Asia in 2003). Currently, 2D barcodes are applied as 
a part of advertising: They can be read by mobile phones applications e.g. from 
promotional materials in newspapers or street advertising. They are also used in 
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Tourist Information Systems – when placed on crucial objects they allow for get-
ting information about those objects quickly. Notable example is project “Decode 
Łódź” (In Polish "Odkoduj Łódź") cofinanced from European Union funds. 

Similar to this two-dimensional barcodes appliance is SaveUp an application 
that allows photo-shopping by mobile phone. It makes a picture, recognizes a 
product (for now only book) and searches for shops where it is possible to buy it 
cheaply. The application uses technology image recognition technique developed 
by iTraff. It already works on IOS operating system, and will also be available on 
Android. 

As a result of rising number of Internet’s users, advertisement companies took 
interest in the new medium. Media houses operate as traditional ad agencies; how-
ever their actions are wider and cover integrated multi channels ad campaigns to-
gether with positioning, collection and analysis of customers’ data. This caused 
that frequently visited websites became popular, e.g. social networks. They can 
earn much money from ads due to numerous hits a website. Moreover, users’ ac-
counts represent valuable source of data concerning, but not limited to market be-
haviour. Users sometimes realize it but they do not stop use such services. They 
often want to keep contacts with friends and spending a nice time, less on find a 
job on specialised social networks such as GoldenLine, Profeo or LinkedIn [16]. 

Grouping potential investors with authors of innovative ideas portals are an-
other specialized social networks. It is the least formal way to look for an investor; 
usually funds are raised in the form of numerous small amounts provided by many 
their users. It is a reason to name such social portals as crowdfunding. Kickstarter 
in United States and PolakPotrafi.pl in Poland are examples of crowdfunding ser-
vices.  

Other examples of social networks are crowdsourcing sites like Ask.com, Ya-
hoo Answers, Answerbag.com, Dig, Aardvark and Polish Pytamy.pl. There are 
used also other names: Q & A (Questions & Answers) applications or social search 
engines. In most of these services their users have to create an account and then 
they can ask, reply and what is important, assess and verify the wrong answers. 
This creates a database of pairs: question and answer, which can be reused. These 
systems are so arranged that the questioner did not wait for a response too long [6]. 
All crowdsourcing sites accept questions asked in natural language, so they act like 
improved semantic search engines today. There are the sematic web (or Web 3.0) 
applications, which will ensure more relevant results based on the ability of under-
standing the definition of the word or term that is being searched for. Many start-
ups (starting young enterprises) building semantic search engines try to be better 
than Google or another traditional search engines. The most famous their examples 
are Hakia and Wolfram Alpha [6]. 

Problems of social network users inspired the creation of companies that are 
removing (for order) files or entire users' accounts with their content, which is not 
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easy in certain portals. The system of protection of reputation offered by Reputa-
tionDefender is an example; it looks for information on a given company/person in 
40 top social networking websites for a fee (options: My reputation, My privacy, 
My company and My baby) and removal of inconvenient or untrue forum entries. 

Similar trends can be observed globally, and also in Poland. At the first confer-
ence TechnoBoard, organized in April 2011 in Warsaw, ideas were presented to cre-
ate start-ups providing e.g. brand image monitoring and management in social media 
sector, online tools for full accounting or multi-channel marketing campaign man-
agement platform (SMS, MMS, mass mailing and discount voucher management on 
the phone). In April 2011 Polish system of creation and exchange of v-cards 
nioovo.com was granted the title “Start-up of the Day” organised by Microsoft 
BizSpark. It is the first Polish start-up awarded in the programme, third one from 
Central-East Europe. The nioovo is aimed at sharing full and always up-to-date 
contact data. When the user changes his (or her) job or address, and updates this 
information on nioovo, all people who received the link to v-card will receive in-
formation about changes and will be able to update their contacts/address books. 
The innovativeness of this idea was appreciated earlier by PARP’s experts (Polish 
Agency for Enterprise Development); the project received co-financing from the 
Innovative Economy Operational Programme. The implementation of the project 
was possible due to assistance of strategic partner – mobile network operator Or-
ange – Centertel. 50% discount on purchase of nioovo service for its subscribers 
helped to launch the service on the market.  

In  parallel competitions Polish star-ups are involved and noticed. Recommen-
dation social portal Booklikes.com intended for readers around the world, was quali-
fied for the competition Seedcamp New York. In August 2011, it had several thou-
sand active users, mainly from the United States. Booklikes and above-mentioned 
SaveUp and two others Polish start-ups were participated in recent TechCrunch Dis-
rupt in September 2011. 

Some projects, especially those supported by public funds, are controversial 
such as Korker, the service theoretically aimed at looking for private lessons but in 
practice for doing homework. Nowadays, there are a lot of similar Polish crowd-
sourcing portals where students ask for help with their homework, and depending 
on the option (paid or free) they receive the answer within short period of time or 
count on luck. However, these services were not supported from public resources 
granted by PARP. The project Korker received subsidy from European Union 
funds; however after the indignation of Polish teachers in May 2011, the Ministry 
of Regional Development commissioned to carry out a control of procedures of the 
call for proposal and assessment of the project. As a consequence of procedural 
errors the donation is to be paid back.  

Each company should discover its key resources like the people, technology, 
products, facilities, equipment, channels, and brand. All firms need to respond to 
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competition but they must obey the law. Each new company should found its own 
way to create value for customers like alternative products and services, e.g. creating 
opportunity to address the needs of large groups of potential customers who are shut 
out of a market because e.g. existing solutions are too expensive or too complicated 
for them. Another opportunity is to leverage a tested technology by bringing it to a 
whole new market (RFID, 2D barcodes) [11].  

Described above new business models focused on added value of communica-
tion or collaboration between theirs customers, or they are support part of value 
chain, added-value by integrating multiple steps of the value chain. In the next para-
graph new profit formulas will be presented. 

3. PROFIT SOURCES FROM NEW BUSINESS MODELS 

Mentioned above, the start-ups are innovative and interesting and they can 
meet the sophisticated needs, previously inconceivable, like electronic protection 
of reputation, electronic business cards system or photo-shopping. But every com-
pany is aimed at bringing money; thus, it should be defined how an interesting idea 
will become profitable. The strategic goal most often is to provide certain services 
for free, with a view to change in the future the relation: charge to free. But some-
times user education and the convincing that the payments for certain Internet ser-
vices are reasonable, takes a long time. Therefore other strategic goal is not collec-
tion of fees, but attracts significant number of users and uses their data for promo-
tional purposes or treat the users as potential customers of another service. 

Some high tech services from the beginning required clearly defined charges or 
fees e.g. purchase of computers, providing Internet access or monthly Internet con-
nection costs. It has been never questioned that such services as hosting (at least 
commercial site hosting) or certificate purchase – are not free. But many people have 
opposite opinion referring to Internet content or software. 

When computers were not mass products, software had been developing by 
scholars working at various universities and for military programs or initiatives. Pro-
grammes were made by big groups of people. When it turned out that software be-
came more indispensable for increasing number of users, software companies were 
established. In 1980s almost all programs were proprietary, and the way to hide the 
programme code was its closure. It made impossible further cooperation with people 
from outside the company. Adversaries of software commercialisation developed the 
definition of free software. Next generation began to use the term open source be-
cause of the ambiguity of the word free [14]. Many distributions of Linux system or 
Apache software are under open licences. When a lot of people work on a certain 
project it is very difficult to determine who owns it (of course if someone is inter-
ested in); thus, most of open source software is out of charge. It does not mean, how-
ever, that companies cannot make money on free software. Sources of revenue can 
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include trainings, maintenance and software adaptation to customers’ individual 
needs. The increase in public acceptance of open source software forced the biggest 
producers Sun, IBM, or Oracle to support open source initiatives more frequently. 

When first websites were designed no one considered charges for using the con-
tent, especially that websites were created by scholars, enthusiasts, people who 
wished to be well-known. Websites content available for free became inevitable fea-
ture of the Internet. It also concerned all the objects uploaded in the web such as 
figures, photos, videos and music files. But some people started wondering if free 
Internet content concept should be so obvious.  

Invention of MP3 encoding algorithm gave to owners an opportunity for con-
version music and uploading MP3 files. As a consequence first P2P (peer-to-peer) 
services were established – the first one, Napster, in 1998. It was closed in 2001, as a 
result of being sued by heavy metal band Metallica and RIAA (Recording Industry 
Association of America) after publication of songs from Metallica new album before 
the official premiere. Mass popularity of P2P demonstrated how huge the demand on 
legal file copying is. In 2003 the first e-store with e-music was opened (iTunes Music 
Store) [15]. 

A little later the problem of content published on the website was noticed. Ac-
tually, it became visible when newspaper owners realised that the sale of traditional 
press decreased because readers more often read online articles. Currently, in most 
cases Internet users can only read an abstract or introduction of a press article. Fees 
for access to some parts of online services were imposed by the Wall Street Journal, 
Financial Times, Times and Sunday Times (2009 and 2010), and many others, in-
cluding Polish newspapers (e.g. Przekrój). However, it is not widely approved by net 
surfers due to the fact that free social networks also provide information about cur-
rent events. So, how to convince Internet users to pay for content? Press publishers 
provide better quality of news: language accuracy and reliability. Now it should be 
determined the amount of payment that will encourage (and not discourage) web-
readers to pay for content. According to the BCG’s research (Boston Consulting 
Group), Americans and Australians are willing to pay $3 monthly, whereas Europe-
ans even $7 (Italians). Inventor of Pirate Bay, the portal with illegal music and mov-
ies closed in 2008, proposed innovative system of micropayments Flattr – considered 
to be the best European start-up in 2010 (the European Start-up Awards 2010). Flattr 
enables musicians who share their music or bloggers publishing their articles to col-
lect fees – depending on how many people will be interested in what they do. The 
service is currently tested – it was launched in August 2010. It is paid at least 2€ per 
month [15]. 

Marketing companies, interested in the Internet, invented a new model of earn-
ing money: instead of users fees (subscription or utility models) they introduced 
payments for placing their ads on most popular websites i.e. advertising model. Ac-
cording to comScore, graphic ads were displayed on Facebook website 176,3 billion 
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times in Unites States in first quarter of 2010. For the first time the portal left Yahoo! 
Services behind (131,5 billion hits). Google generate about 90% of its revenues from 
ads on SERPs and their value exceeded $31 billion (estimated in May 2011). 

Attracting many users is not only important because of the greater advertisers' 
interest. Significant number of users can be a potential market for a new product to 
be launched by portal especially if this new product is easy to use via existing users 
accounts. In May 2011 Google began testing the Google Wallet – contactless pay-
ment system – enabling to pay by waving a mobile over a reader. Payment is made 
from the account to which credit card (MasterCard CitiBank) or Google Prepaid card 
is assigned. The service will allow also for storing information concerning loyalty 
cards; thus, consumers will be able to receive discounts while paying. Google would 
like also to test discounts on products discovered via Google ads. The service is cur-
rently available only for American users of Nexus phone in Sprint stores. Facebook 
seems to consider similar service because at the end of 2010 its owners (one of them 
is Peter Thiel, the inventor of PayPal) established subsidiary Facebook Payments. 

4. ANALYSIS OF SELECTED MODELS 

New ICT enterprises are launched in one of three ways: initiated by existing 
organisations which e.g. create authorisation centres or payment systems (Pay-
ByNet established by KIR - National Clearing House), spin-offs (VeriSign, Goo-
gle) separated from home institutions e.g. universities; and start-ups i.e. small, new 
enterprises (formerly Amazon, now mentioned SaveUp, Flattr). Launching of new 
enterprises requires capital. In the first case capital is at disposal of an organisation 
wishing to implement certain idea. In other two cases inventors of innovative busi-
ness concepts are forced to look for funds opportunities. Not all of them can afford 
to finance their enterprises, mainly due to their young age. Many enterprises, called 
in the past “garage businesses”, started their business with low equity, and today 
they are located in skyscrapers in the most prestigious places on the whole world 
because their idea was so appealing and emerged in the right moment. Innovative 
ideas today are supported by seed capital funds or venture capital – bodies which 
professionally manage the capital from resources entrusted to them by public ad-
ministration, individuals or commercial institutional investors [13]. Apart from 
them, new forms of innovation support appear such as business angels or mention 
above crowdfunding. Business angels are wealthy people who wish to invest their 
own funds. They are interested in financial supporting of innovative ideas, in ex-
change for block of shares in a given start-up. Networks, clubs or guilds of busi-
ness angels appear like Lewiatan Business Angels in Poland, which offer capital 
for innovative start-ups, but also they match investors seeking for investment op-
portunities with promising enterprises. They deal with projects’ selection, their 
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appropriate preparation and providing trainings, both for entrepreneurs and inves-
tors. 

Not all supported enterprises immediately generate profits, but investors ex-
pect that they will earn some money in the future, e.g. currently developed seman-
tic search engines, such as Evri or Hakia [6], will prove to be profitable in the era 
of Web 3.0.  

How companies implementing new business models manage? We cannot, for 
obvious reasons, investigate new interesting ideas like SaveUp, because they are 
just starting or operate on the market too shortly. It would be interesting to com-
pare companies like ReputationDefender (now Reputation.com) and Polish Guarda, 
but the second was established in 2011, ReputationDefender started out in 2006 but 
does not publish its financial data. Private firms are not required to disclose their 
finances, and very often decline to confirm newspaper information. Only listed com-
panies have to publish the data. But many enterprises practising new business mod-
els, like Facebook or Nasza Klasa (nk), are not on the stock exchange. In the follow-
ing comparisons are used data from the reports [8] and [9] and from reliable news 
agencies. Sometimes it was difficult to get them for the same points in time, and 
therefore the data are in other tables. There are analysed American companies operat-
ing in the global market and Polish ones. Summary of its results (such as profit or 
revenue) is difficult to compare, and therefore the average values for a single user are 
calculated. ARPU in all tables means average revenue per user. 

Social Shopping phenomenon is one of the most widely commented in recent 
months in the Polish network. Although the first of these services Gruper.pl ap-
peared in Poland only in April 2010, they gained several million users (3,2 million 
in 2010 [9]). Precursor and the most popular service of this kind in the world is 
Groupon, which already operates in 37 countries, including Poland. There are al-
ready 50 such websites in Poland, the largest is Gruper. 
 

Table 1. Social Shopping 

Service Estab-
lished 

Revenue 
 in 2010 

Number of 
Users in 2010 

ARPU 
in 2010 

Number of 
employees 

in 2010 

Number 
of seats 

Groupon 2008 $ 760 000 000 51 000 000 $ 14,90 4000 565 

Gruper 2010 4 000 000 PLN 1 155 735 3,46 PLN
$1,15* not available NA 

* It has been calculated using yearly average exchange rates for 2010. 
Source: own work, based on data from [9] [20] [21] 

 
ARPU of both services differ by 13-times (using published by NBP yearly 

average exchange rate for 2010: 3,01). Groupon has high average revenue for user, 
but consistently lost money each quarter except the first quarter of 2010. Its reve-
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nue is actually falling. ARPU in June 2009 was about $21.69, by March of 2011 
that had plummeted to just over $7.76 [19]. We know these data because Groupon 
is the second popular Web 2.0 company (after business social network LinkedIn), 
which wants to go public in 2011 - it is intended in October or November. Gruper 
does not publish information about its profit or loss so it is impossible to compare 
average profit or loss per user. 

Social portals exist longer than previous model and there is much more data 
available about them. The Table 2 indicates the most popular ones in the world and 
in Poland. Their ARPU using the average dollar rates from these years are more 
similar - differs only by 1,3 times. 
 

Table 2. Social portals 

Service 

Estab-
lish-
ment 
year 

Revenue  
in 2009 

Profit  
in 2009 

Number of 
Users in 

2009 

ARPU  
in 2009 

ARPU  
in 2008 

Nasza 
klasa (nk) 2007 62 800 000 PLN 18 500 000 PLN 10 894 000 5,76 PLN 

$1,85* 
3,5 PLN 

$1,45 
FaceBook 2004 $ 777 000 000 $ 200 000 000 300 000 000 $ 2,58 $ 1,87 

* It has been calculated using yearly average exchange rates for 2009 
Source: own work, based on data from [8] and [23] 

 
Social shopping ARPU is higher than the ARPU of social networking sites, 

although in the first case, not all users, i.e. subscribers, buy something through the 
site, although only the buyers provide revenue from commission. Social shopping 
needs an army of traders who persuade the company to promote on its site. Thus, 
these projects require the employment of more workers than e.g. social networking 
sites. Facebook and nk have revenue mainly from ads, although both defined vari-
ous kinds of fees from users.  According to Deloitte, the ARPU of social networks 
should reach $4 in 2011, in the majority from ads, because the advertising ARPU is 
estimated at $3.50 [22]. 

Sometimes different businesses are comparing, e.g. Google and Facebook. Ta-
ble 3 shows that Google has six time greater ARPU than Facebook. Initially, Goo-
gle resisted the activities of the search and related advertising services. Facebook was 
earning on social network popularity (although recently raised the price of advertis-
ing). Currently, both companies' business lines intersect. Google intends to use its 
new product - social service Google+ to improve the quality of search results. It is an 
attempt to undermine the monopoly on Facebook. Meanwhile, Facebook is planning 
to build its own, largely independent of Google, ecosystem services and applications. 
Google, launching its own social network, relies on the synergy of the new site of the 
previously offered web services. It seems that the integration Google + with the fol-
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lowing services will be proceed. For users such integration can be dangerous because 
the data about them are in the hands of one company. 
 

Table 3. Revenue per unique user for tech companies in January 2011 
Company Amazon eBay Google Yahoo Facebook 
ARPU $ 189 $ 39 $ 24 $ 8 $ 4 

Source: own work, based on data from [18] 
 

As it is in Table 3 Amazon and eBay ARPU, so old e-business models, are 
much higher than new models representatives. These companies have been acting for 
at least 10 years, and they have developed proven ways of gaining revenue thus they 
are proven brands. Apart from this, users are not only visitors of the website, but they 
are buyers as well. If the store sells expensive goods that the greater revenue it 
reached. Table 4 includes data of the biggest Polish e-commerce sites. Using yearly 
average exchange rates for 2010 we can state that the biggest Polish e-auction has 2 
times lower ARPU than eBay, and Polish e-stores are worse than Amazon from 3 
to 10 times. But all these services have better results than Web 2.0 ones. 
 

Table 4. Polish e-commerce companies 

Service 
Estab-

lishment 
year 

Revenue in 2010 Number of 
Users in 2010

ARPU  
in 2010 

ARPU  
in 2009 

Allegro 2000 660 000 000 PLN 11 499 090 57,40 PLN 50,28 PLN 
neo24.pl 2006 217 000 000 PLN 234 000* 927,35 PLN 808,56 PLN 
Komputronik 2002 130 985 000 PLN not available not available 1 122,15 PLN 
Merlin 1998 111 469 000 PLN 1 995 724 55,85 PLN 58,38 PLN 
empik 1991 204 000 000 PLN 1 315 279 155,10 PLN 50,28 PLN 

Source: own work, based on data from [9],  * data from August 2010 
 

The best results have business models, which are not based on individual user 
fees. But Internet users are increasingly accepting the fees for additional services. 
During the conference, the Internet 2K11, nk (Nasza Klasa) representative said that 
40% of revenue comes from charging users (game, purchase of additional options) 
and virtual gifts which were bought on the nk portal. 

5. CONCLUSION 

The worldwide spread of the net has prompted the appearance of new busi-
ness models and has changed the ways in which almost any business can be con-
ducted. The increased speed and mobility of business activities creates opportunity 
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to quickly react for market need. New business models may be conducted over the 
Internet using any of the applications that rely on the net. Every new application in 
the Internet stimulates the creative people to activity and to developing other new 
services. Many of them were not previously inconceivable, and now we cannot live 
without them. Therefore the prediction of the twentieth century visionaries as Ra-
dovan Richta, Uri Porat and Daniel Bell, that the economy will become the domain 
mostly of services and intellectual techniques, just comes true. 

The electronic media allow for using a new way of communication with cus-
tomers, new business models are created - which do not require large investments 
in buildings and their decoration. The idea constitutes the most important part of 
business - finding a niche, a service that consumers are interested in enough to pay 
for it, or sometimes just to use it. New business models are applied also for build-
ing a new strategy and new sources of revenue. Interesting ideas appears not only 
in U.S., and the new services can be popularised over the world via the net. 

Web users more often understand and accept charges, but new models are still 
mainly based on advertising. However, best results can be achieved from the sale 
and sale brokerage. From the models, which were the subject of author research, 
the most compatible examples to the world ones, are Polish social portals and e-
auctions. The reason for this is that these are proven models and they have been 
acting for years. 

In digital economy, full of electronic services and digital products, invest-
ments are necessary, but not as big as those in infrastructure in the past. Besides, 
there are new possibilities for financing innovative projects. For the three basic 
resources of classical economics: labour, land and capital, came fourth: the people 
and their innovative ideas.  
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Abstract. Companies from the agribusiness sector are still insufficiently 
recognized in terms of logistics solutions for its business. The paper 
examined the companies in two planes. The first was the size of the 
company, who has determined by the number of employees. The second 
plane was a branch within agribusiness sector. The level of advance and 
organizational area of company supported by IT systems were different 
depend on size of company. In small enterprises the scope of use IT systems 
was very low. 
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1. INTRODUCTION 

The information is the result of organizing data. The organization is made 
through a computer system, which is a tool that is used to integrate data from 
multiple sources in a particular stream of information [1]. In case of companies 
from the agribusiness sector, there is often the need to connect different spheres of 
production, storage and transport with each other. Such connectivity is provided by 
an IT system which supports orders. It generally performs the following functions: 
collecting, processing, storage, presenting, information transmission and providing 
the efficiency of the flow [2]. Logistics information systems include hardware, 
software and trained staff used for controlling and monitoring and evaluation of the 
logistics of the company [3]. The information accompanying the material flow is 
the most important element in building up an efficient supply chain and therefore 
also customer satisfaction. Information logistics should therefore be effective both 
inside and outside the company [4]. Through the development of appropriate 
procedures for the flow of cargo and information in every situation (peak, average), 
latter assessment of the flow of information with the guidelines is possible [5]. The 
implementation of appropriate IT tools enables performing planned activities by 
                                                 
1 Research granted by Ministry of Science and Higher Education from the funds for science in years 
2009-2012 as a scientific project no N N112 049637 "Procesy logistyczne w funkcjonowaniu 
przedsiębiorstw przetwórstwa rolno-spożywczego". 
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employees in the proper order as well as saving time [6]. There are programs 
offered on the market that make it possible to optimize the production and logistics 
processes, to conclude simulation, to plan and to schedule in real time. The purpose 
of such logistics support is to help in the decision making processes [7]. Most 
frequently, indicated benefits from the implementation of the ERP system include 
better warehouse management, lowering the inventory level, higher level of 
customer services and demand forecasting [8]. An important constraint for the 
implementation of such systems are high costs but also little knowledge of the 
solutions offered by such systems, or lack of acceptance by end users [8]. 
Companies from the agribusiness sector are still unrecognized in terms of logistics 
solutions, including those associated with the use of IT systems. The research 
conducted by Rokicki and Wicki in grain processing companies showed that 
companies with a small-scale action, use the IT methods for supporting logistics in 
a low degree. One comprehensive IT system was owned mainly by large 
companies [9]. However, in studies conducted in the milk processing enterprises it 
was found out that the differences between internal and external assessment of 
logistics activities in enterprises are higher in small and medium-sized enterprises. 
This means that despite often declared sufficient level of knowledge of logistics, 
the applied solutions differ from recommended practices. Most often, the shortages 
related to the area of IT [10]. 

2. RESEARCH METHODS 

The aim of the study was to assess the level of solutions in supporting 
logistics processes in enterprises of the most important sectors of agribusiness 
industries. Data were collected on the basis of surveys which were carried out from 
December 2009 to March 2010. The questionnaires were sent to all small, medium 
and large companies, operating in the food processing sector, based on REGON 
number [the National Official Register of the National Economy Units] and 1.5 
thousand randomly selected micro-enterprises. There were 10 thousand enterprises 
in total.  511 responses were obtained (5.11%). The data for this study were used 
without their processing; only the records with the lack of data were not recognized 
in the analyses. The study focuses mainly on enterprises in branches which 
received at leas 10 responses (Table 1). 

The companies selected for the research of agribusiness sector included the 
following trades: manufacturing and meat processing, fruit and vegetable 
processing, manufacturing of dairy products, manufacturing of grain mill products 
and starch, production of bakery and farinaceous products, animal feed production, 
manufacturing of beverages. 
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Table 1. Number of researched enterprises by sector 
Number of enterprises by size Sector 

micro small medium large total 
meat 9 59 38 11 117 
fruit and 
vegetable 2 18 11 2 33 

milk 2 8 8 6 24 
cereals 13 15 7 2 37 
bakery 
industry 25 164 24 1 214 

fodder 2 11 1 0 14 
beverage 
producers 3 6 4 0 13 

Total 56 281 93 22 452 

3. RESULTS 

The companies from the agribusiness sector differed due to the nature of 
manufacturing operations. For instance, the processes of supply and production in 
companies producing diary products and processing fruit and vegetables were 
different. Seasonality is certainly an important factor. 

A separate department dealing with managing information was reported by 
few entities (Figure 1). Such division was organized by entities from the dairy 
industry (21%), grain industry (16%) and those manufacturing feed. Only in case 
of companies producing beverages no entity declared the existence of such separate 
department. Especially, small companies do not see the need of having the 
organizational unit. 

Figure 1. Existence a separate department dealing with managing information  
in agribusiness sector (%) 
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The respondents had to choose the areas of logistics activities in which a 
separate costs record is kept. Five business activities were differentiated: the sphere 
of inventory, warehousing, transportation, packaging and information management. 
Certainly, not all companies kept record of the costs in particular areas (Figure 2). 
In relation to the IT sphere, the best situation was in milk processing companies 
(13% of entities) and feed manufacturing (7%). Keeping the record of costs was 
not present in any of fruit and vegetables processing, grain and beverages 
manufacturing trades. 

 

Figure 2. Records of the cost of information management in agribusiness sector (%) 
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Figure 3. Existence a comprehensive information system in agrobusiness sector 
 

Companies wanting to operate effectively in the market must use modern 
tools. Financial and accounting systems [FK] were most commonly used by the 
companies (Figure 4). Such systems were used by more than 50% of entities in 
each of the branches. MRP (material requirements planning) system was used most 
often in baking and farinaceous companies (22% of enterprises), and least often in 
case of companies dealing with feed production (2%). ERP class systems 
(enterprise resource planning) were used with similar frequency as MRP systems. 
However, they were mostly used by diary companies (17%) and fruit and 
vegetables processing companies (12%). None of the companies producing feed 
used the ERP system. Electronic data interchange (EDI) was used by half of the 
dairy companies. In case of bakery, feed and meat industries, less than 10% of 
companies used this system. Expert decision support systems (BI - Business 
Intelligence) were used by individual companies in particular industries. 
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In the agribusiness sector enterprises, commercial EAN-13 bar codes were 
used most often, as a way of products labeling (Figure 5). This method was used in 
most enterprises of the dairy industry (96% of companies) and fruit and vegetables 
processing companies (76%) and least often in feed manufacturing entities (14%). 
The percentage of companies using bar codes for summary units (ITF-14) and bar 
codes for logistics entities (EAN-128, SSCC) was low. Diary and fruit and 
vegetables industries also lead in case of this element. RFID codes were used only 
in two bakery companies. Little popularity of this method of marking is associated 
with high costs of its application. 

Figure 5. Methods of products labeling  in agribusiness sectors - multiple choice (%) 
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In addition to the own assessment of the company, perceiving the place of the 
company among competitive companies from the sector is important. As a rule, 
extreme ratings are most rarely used and those describing the position of the 
company, similar to the average, dominate. 

 
Figure 7. Evaluation of information management in compare to competition in agribusiness 

sectors (%) 
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scale of business activity. In relation to systems used, the best situation was again 
in case of dairy industry. Bar codes EAN-13 were most frequently used for 
products labeling by the companies. Codes for summary or logistics units were 
used less frequently. Again, dairy industry was presented most favorable regarding 
this element, while bakery and feed companies were the worst. Practically, the 
radio technology with RFID tags was not used. 

Usually, the companies perceived their IT support as good. The share of 
entities assessing themselves in this aspect was considerable (mainly bakery and 
grain companies). Perceiving of IT support in their own company is worse than in 
comparison with other companies. This may mean that the level of the use of IT 
systems in the agribusiness sector is low. The fact that it may be much higher is 
seen in case of diary companies. This profitable trade made high investments 
expenditures since the beginning of the twenty-first century. This may mean that IT 
investments are too costly for some less profitable trades. 
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Abstract. In article has been presented timber haulage logistics from the 
place where is harvested to customer – one of the most modern sawmill in 
Poland. The research include following factors: distance of transportation, 
time windows for pick-up and delivery, dimensional and species diversity, 
multiplicity of timber locations, size of potential buffer at factory plant. 
Based on the results of research on each of presented factors, an assessment 
of its impact on the system efficiency and evaluation of whole system 
effectiveness has been conducted. Presented approach is based on 
decomposition of global problems to a number of stages. The first stage 
consisted in the identification and location of suppliers of wood raw material. 
The second step is to create a mathematical model of the transport system in 
the Witness environment that contains all the analyzed elements. The third 
stage is a computer simulation of the delivery process to determine the 
impact and importance of individual elements on the efficiency of the 
transport system. The final stage is to determine the optimal solution, or 
solution close to optimal. 

Keywords: Wood Supply Chain, Logistic in Forestry, Wood Supply Chain 
Optimization 

1. INTRODUCTION  

Efficient and effective distribution of goods and services is an extremely 
important issue. Often the possibility of proper goods distribution determinates 
existence of the company on the market. Current free market economy puts ever 
greater demands on the transportation process and companies which realize this 
process. The information about the size of demand and delivery time is often 
transmitted in dynamically. In return it is expected to be the same dynamic 
response in form of routing, fleet size or the choice of logistic centers to handle the 
transportation task. An important factor in the change of supply policy is fact that 
in most of big companies globalization of supply sources is observed. These 
processes forces the individual companies to search for more effective ways of 
transferring goods in both directions form the company and to the company. Hence 



 87 

in recent years the issue of supply chain management developed very dynamically. 
For a first time supply chain management (SCM) appeared over a dozen years ago 
as a supply chain [2]. Then in the next few years, this issue has become very 
important, widely analyzed problem. Initially it was used to describe executive 
responsibilities in corporations. Currently, the meaning of the supply chain is 
focused on time and quality dimension, this is largely a direct requirement of the 
market where customers expect faster and more reliable supply of defect-free 
goods. Supply chain primarily is interpreted as a number of three or more 
organization or individuals, which are directly involved in the movement of 
products, services, finance and/or information from supplier to customer [6]. Thus, 
the supply chain is present in every process of production, regardless of whether it 
is controlled or not. By supply chain management should be understood planning 
and management of all activities in the field of sourcing, procurement, processing 
and logistics operations [3]. 

Also in forestry, despite the multifunctionality of forest management, 
enshrined in Law on Forest, economic calculation plays a very significant role. The 
importance of transportation process in this industry was described at the beginning 
of the twentieth century by Dr C. A. Schenck [8]. Transportation of timber is one 
of the most costly and most complicated operations in the timber production 
process [4]. In forest industry is generally agreed that the great potential lies in 
improving the integration between the various stages of the wood-flow and using 
increasingly exquisite methods in order to increase the utilization of raw material 
and production capacity. Simultaneously the customer orientation seems to be in 
the center of attention. To solve decision problems in the timber transportation 
optimization models have been used for over 40 years. Since that time the nature of 
the problems has changed. The variety of decision problems and size of 
transportation tasks has increased significantly. This entail needs to create larger 
models including more input information, what in consequences results in more 
restrictions, and higher level of complexity. In traditional terms, the planning of 
transport operations was limited to designing and implementation a communication 
network of forest roads, which would minimize the costs of timber transporting 
while costs of implementation and maintaining would remain at a relatively low 
level. The new approach in planning of timber supplies should also bear in mind 
the importance of forest road network for the development of recreation in forests, 
forest protection from biotic and abiotic components etc. It should be also stressed 
that in forestry sector researchers have to consider many differences in practice, 
organization and ownership between ecosystems. In some cases a company may 
control more or less the entire wood-flow or supply chain whereas in others there 
are several companies involved concentrating on a specific part of the chain. This 
of course also has an effect on how planning is performed and how efficient each 
company is. There is also a mix of private and state owned companies with 
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different objectives and regulations [12]. These additional factors make today's 
transportation problems much harder to solve. Very often formulated transportation 
problem which consist more than one objective function requires a separate 
solution for each criteria, and then finding a compromise solution [11]. In scientific 
research to solve such a transportation problem the heuristics methods are very 
often used, which although it may not lead to an optimal solution, they have high 
efficiency and ability to solve complex problems with many objective functions [1] 
[5] [7] [9]. Modeling and computer simulation of the wood supply chain seems to 
be definitely the best method for its evaluation and optimization. Of course the 
supply chain can be evaluated using the method of qualitative assessment, such as 
benchmarking. This method gives a picture of current trends, but certainly on base 
of this, perspectives cannot be read. While simulation allows for a detailed analysis 
of process and also evaluation of impacts from its modernization. It should be 
noted that the greatest flaws of computer simulations is long time of developing 
process and they are very specific what drastically limits reuse possibility [10]. 

2. THE WOOD-FLOW AND SUPPLY CHAIN 

The wood-flow always begins in forest at harvest areas, where timber is being 
harvested and depending on harvesting system clearing out of the branches and 
bucking can be done or whole tree is being transported to other place where 
bucking is done. When tree is bucked many types and sizes of logs might be 
produced depending on quality, length and diameter. Harvesting process isn’t 
stable during year. Harvesting is mostly done during winter and main part of timber 
is available on the market on three internet platforms. Two of them occurs twice a 
year - Forest Timber Portal, which is limited tendering and e-timber portal online 
unlimited tendering. The third platform in also called e-timber but it’s regular 
internet auction where timber is available whole year, only location is changing, 
depending on where harvesting is being proceed. Transportation process is usually 
done in one step. Logs are delivered directly to sawmills, pulp-mills, heating plants 
or other buyers. Transport to heating plants is normally done is done by special 
vehicles as it generally requires that the energy wood is chipped. However the main 
transportation of timber is done by logging trucks for saw- and pulp-logs. Logs at 
sawmills are sorted and cut into the boards. Boards are dried and sawn again 
depending on size and quality to finally become new products. Generally mills 
could be divided in two groups. First one is concentrating on large volumes of very 
few but standardized products, second one have large number of specialized 
products in low volumes. In sawmills production a large number of chips is 
produced, they can be transported to paper- and pulp-mills as a raw-material or 
burnt at heating plant or sawmills. Pulp-mills and paper-mills produce a variety of 
pulp and paper and major part of it is exported.  
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It typical wood-flow several actors might be involved (Fig. 1): 
• forest enterprises with large forest assets (The State Forests National 

Forest Holding) 
• forest owners associations, which represent the private entities and 

have their own pulp- and sawmills 
• independent sawmills or pulp-mills, without any larger forest asset 
• independent forest owners not connected with any industry 

 

 
Figure 1. An illustration of the wood-flow including a harvester, a forwarder, a logging 

truck, a saw-mill, a paper mill and a heating plant.  Source [12] 
 

Above actors are representing two groups – producers and consumers, 
additionally loggers and transporters may take a part of wood-flow. Those entities 
are responsible for movement process. Management can be centralized or 
decentralized. In Poland in most cases the process of decentralized management 
can be observed. Despite the fact that all entities which are involved in the wood-
flow process, understand and recognize the need for integrated action to optimize 
the process, they very often take individual actions to complete their own short-
term goals thereby hindering cooperation and integration. In managing of process 
with many actors planning becomes dependent on what the co-operating actors are 
planning to do, and both plans should be changed in order to account for the 
interrelationships. 
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3. PURPOSE, MATERIALS AND METHODS 

The purpose of this research was analysis of wood supply chain to chosen 
plant and possible optimization method of this process. 

The raw timber material supplies to one of the most modern sawmills located 
in the north-eastern Poland has been monitored. During the five-day of 
observation, the number of vehicles that delivered timber to the plant has been 
specified. Then, on the basis of shipping documents the origin of load was defined 
and also the distance traveled between the administrative unit of the State Forests 
National Forest Holding and the sawmill. On this base the average transportation 
distance has been calculated. The analysis covered the size of the single loads, 
which were transported on individual vehicles. Time, in which individual vehicles 
were housed on the site, since the passage through the gate of the plant until it 
leaves the plant was measured. During this period, vehicles with cargo were 
weighed, the load and shipping documents were controlled and finally vehicles 
were unloaded. Based on the measured parameters the average capacity of single 
load, the average delivery distance and average time which vehicles spent at 
factory plant were calculated. These data has been used for construction of 
theoretical model in Witness environment. Witness is simulation software package 
which gives the power and flexibility to represent real world processes in a 
dynamic computer models, simulate the implications of different business 
decisions and understand any process, however complex. It is especially 
predesigned to work in following areas: resource scheduling, capital investment 
planning, branch network rationalization, customer service improvement, business 
process improvement, and network planning. It provides comprehensive decision 
making support: KPI, energy usage & cost reporting, scenario management, 
process optimization. For model simplicity it has been assumed that all transporting 
vehicles carry loads with size equal to average. The journey begins with the start of 
loading operations, and therefore the starting point is the location of material 
within the State Forest administrative unit defined as the location of headquarters 
of this unit. Unloading of the vehicle takes place in a sawmill. Because speed of 
loaded and unloaded vehicles is significantly different, for the purpose of the 
model it has been assumed as an average speed of national wheel transport for 
loaded and unloaded vehicles and it does not change depending on the total 
distance between the place of loading and plant. For each route between a supplier 
and recipient separate vehicles have been assigned. The model assumes the 
existence of “time frames” - loading operation can take a place only during 
working hours of forest officer, availability of the driver during the day and the 
time when sawmill operates. These elements have been identified as critical for the 
efficiency of the wood supply chain. Constructed in this way the model was used 
for further analysis. Subsequent iterations were designed to answer the question to 
how the modification of time frames, identified as bottle necks effect on other 
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parameters of the supply chain and how the change of delivery distance would 
affect the transportation task. 

4. RESULTS 

During observation a direct supply chain has been identified, which consist 
three elements: the product provider (The State Forests National Forest Holding), 
the supplier / distributor (many entities in the form of transport companies) and 
client/buyer (sawmill).To the analyzed plant material has been delivered from 52 
administrative units. Transport distance ranged from 7.4 km to 196.4 km, and a 
single load capacity ranged from 15.9 to 37.5 m3. Average capacity of single load 
amounted to 30.1 m3 (Fig. 2). The average transport distance weighted by the 
delivered capacity was 65.3 km. Statistically there was no similarity between the 
size of a single load and distance of delivery. The major part of delivered timber - 
66% came supplied from a distance between 50 and 100 km, only 5% was 
delivered from distance larger than 150 km (Fig. 3). 
 

Figure 2. Size of single loads  
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Figure 3. Capacity of supplied timber depending on the distance of transport 

 
Vehicles which came to delivery point were queuing to enter to the plant. 

Three vehicles were able to enter the plant simultaneously, next entry was possible 
after at least one vehicles has finished unloading activities and left sawmill. The 
average time which single vehicle spend inside amounted to 0,797 h (47’49”). In 
the case of close distances, the trucks were able to accomplish more than one 
journey during the work shift. For long distances, it was not always possible, but it 
should be noted that each of the observed vehicles was supported by only one 
driver, when driver held a break according to work regulations, the vehicle has not 
worked as well. Deliveries of raw wood material were carried by many small, often 
one-person, transport companies, which is a characteristic for the Polish timber 
transport market. Analyzed sawmill accepts timber deliveries for a six days a week 
(Monday - Saturday) for twelve hours a day from 7:00 am until 7:00 pm. The 
highest turnout of vehicles has been observed between 1:00 and 4:00 pm - 38% of 
all vehicles. The lowest turnout has occurred between 4:00 and 7:00 pm - only 7% 
of vehicles (Fig. 4). 
 

 
Figure 4. Number of recorded vehicles divided into time frames 
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Running the first simulation (Option 1) allowed for the verification of the 
correctness of the model. In the scheduled time - 5 days, 4145 elements, 
representing the same number of cubic meters of timber has entered into the model. 
The difference in the amount of timber that was transported during the actual 
observation and which took part in the simulation results from the assurance in 
each administrative unit of cargo, which would amount times the payload of the 
vehicle, as well as the design load in the form of integers. Vehicles in this 
simulation managed to deliver 2790 m3 instead of 4160 m3 delivered in reality, it 
indicates an inaccurate design of elements or imprecision of model. Preliminary 
analysis showed that, although transport companies do not use any programs to 
control the fleet or routing assistance software, it's probably the habits and 
activities developed based on years of experience and knowledge of the specifics of 
the market resulting in achieving of measurable results. Element, which can be 
guided by the carriers, and which disturb the smooth functioning of the model, 
proved to be a driver working time. In accordance to work regulations they are 
allowed to work nine hours a day in two 4.5 hours periods divided by at least 45 
minutes break and followed by at least 11 hours of continuous rest period. This 
setting of driver shift has resulted in lack of coordination with loading and 
unloading periods, because in simulation process transportation fleet could begin 
work earlier. During this simulation five full shifts was held in sawmill and in 
forests units. And transport fleet has done six full shifts. Detailed information about 
occupancy and blocked and waiting time of transportation vehicles can be found in 
Table 1. The entire timber cargo was transported from 38 Forest. In rest of them 
some timber hasn’t been transported. The largest percentage of outstanding 
deliveries took place at an average distance about 70 km with the largest amount of 
raw material to be transported. Wyrandy unit fell the most negative, because from 
214 m3 of timber scheduled for export only 90 m3 were delivered to the sawmill. 
To improve the functioning of the model in the next simulation (Variant 2) 
assumed that the vehicle driver operates according to a predetermined schedule, but 
every day working shift may start early at 6:00. This modification allowed for a 
much more faithful representation of reality. In this variant has been delivered 
4140 m3 of timber despite the fact that transport vehicles performed less full 
working shifts in comparison to the previous variant. Situation of trucks has 
improved significantly, thanks to the facts that working shifts begun together with 
the time frame of raw material loading process, it better corresponds with time 
frames at the beginning and end of the supply chain. Vehicles traveled over than 
six thousand km more than in the previous case (Variant 1), and at the same 
percentage of time which the vehicles spent in a queue to enter the sawmill was 
reduced to 41.28% of total working time (Table 1). In the next simulation (Variant 
3) examined the impact of the final time frame (unloading shift) on the efficiency 
of the supply chain. After a prolonged time of operation of the plant from 12 to 14 
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hours and shift working hours from 7:00 am-7:00 pm to 9:00 am-11:00 pm, it 
turned out that the situation has not improved or even worsened. The overall 
waiting time of vehicles in the queue has lengthened and the whole transportation 
task could not be finished at the scheduled time (Table 1).  

In the next simulation (Variant 4) attempt to extend the working time in the 
administrative units of the State Forests from 10 to 12 hours did not bring more 
efficiency to the model. The achieved results were exactly the same as in variant 2. 
However, in cases where extended operation time of both forestry unit and sawmill 
from 12 to 14 hours per day (Variant 5) the results were slightly worse than in the 
case of variant 2 (Table 1). Measurable improvements has been achieved in the 
next simulation (Variant 6) by setting the simultaneous start of all shifts (drivers, 
forestry units and recipient). In this variant waiting time decreased by about 3% 
(Table 1). In this configuration, completing of the transport task was possible in 
time shorter by 11.6 hours comparing to previous variants. 

The simulation number seven was designed to check how reduction of 
transportation distance will affect the efficiency of supply chain. The distance has 
been shortened by 10%. Every single distance between sawmill and forest unit has 
been reduced by 10%. This change allowed to complete transport task in time 
shorter by 15 hours in relation to the simulation in variant 2. The number of 
journeys has not changed naturally, but the total distance decreased by 2677 km. 
Waiting time in queue to enter the plant was reduced to 40.8%, due to the different 
distribution of vehicles arriving to destination point.  
 

Table 1. Percentage distribution of vehicle states and occupancy in particular variants  
of the simulation  

Vehicles in % Idle % 
Transfer 

% 
Loaded 

% 
Blocked Distance Loads 

Variant 1 0.1 36.8 63.1 62.9 20912.4 115 

Variant 2 0.2 58.4 41.4 41.3 27142.5 138 

Variant 3 0.2 41.3 58.5 58.4 25011.95 131 

Variant 4 0.2 58.4 41.4 41.3 27142.5 138 

Variant 5 0.2 56.9 42.9 42.7 27142.5 138 

Variant 6 0.2 60.8 39.1 38.9 27142.5 138 

Variant 7 0.2 58.8 41.0 40.8 24465.0 138 

Variant 8 0.2 60.8 39.07 38.9 24465.0 138 
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As a next modification to the reduced distance simultaneous stars of every 
shifts have been added. Intention of this simulation was to confirm whether the 
simultaneous start of shifts will cause similar change of results as in previous case. 
As it turned out this change with the reduced transportation distance had no such 
impact on blocked time as previously. The final results are almost the same, also 
final time needed to realize transport task hasn’t change. The only change which 
can be observed is different distribution between loaded and transfer time. 

5. SUMMARY 

Analyzing the results obtained during the simulation, should be stressed that 
all analyzed elements have a significant impact on the functioning and the system 
efficiency. As the most important has appeared driver’s work time, which was one 
of the three time frames in the designed system. Its significance has been a very 
important inter alia because it was the shortest time period used in the model. 
However, only the synchronization of all individual elements can provide optimal 
solutions. In presented model the best results were obtained not by extending the 
individual time frames but thanks to their synchronization. Equally important was 
the distance of delivery, its reduction by 10% yielded significant results. As a many 
previous researchers has proved, shortening the distance, almost always resulting in 
reduced costs for the task [13,14]. But if the working time is extended, the cost of 
the production or process increases. Because in optimization processes cost 
function plays a key role, this solution will be sought, where the transport distance 
decreases. 
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Abstract. In this work IT solutions used in logistics systems in agri-food 
processing companies were compared. Range of supporting logistic processes 
with IT system in agri-food companies in Poland is still insufficiently 
recognized. This sphere of activity may not efficiently function without the 
proper IT tools. This paper examined the scope of logistic processes 
supporting with using IT solutions. The largest range of IT support in the 
management of logistics processes was observed for inventory management, 
warehousing and transportation. 

Key words: IT support, logistic processes, agri-food processing 

1. INTRODUCTION 

Information is usually defined in two ways. The first denotation is notification 
of something, communicating something, news, instruction, advice. According to 
the second definition, the information involves any factor that makes people or 
automated equipment to work more efficiently and intentionally [1]. An 
information product is then defined as a finite information set modeled in a specific 
language, on a relatively durable separated and identifiable material medium. The 
most common information products are books, magazines, compact discs of 
recorded information, etc. [2]. 

The information flow involves the movement of information between 
organizational units of the organization conducting further operations and 
communication with the environment (customers, authorities, media, contractors, 
competitors, etc.). The efficiency of information processes depends largely on the 
infrastructure used in information systems [3]. Logistics processes are often 
isolated on based on the functional division of the areas of activity of the 
organization (purchasing, production, distribution). Process approach in logistics 
focuses on coordination, while simultaneously integrating (merging) functions and 
sections implementing specific actions in the enterprise [4]. The main objective of 
                                                 
1 Research granted by Ministry of Science and Higher Education from the funds for science in years 
2009-2012 as a scientific project no N N112 049637 "Procesy logistyczne w funkcjonowaniu 
przedsiębiorstw przetwórstwa rolno-spożywczego". 
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the logistics process is to ensure proper efficiency of movement and adequate 
customer service while minimizing the costs incurred [5]. Meeting the objectives 
set is possible with the IT system, the tool which integrates data from multiple 
sources into a single stream of information [6]. The ADC (automatic data capture) 
techniques, with the use of bar codes or RFID facilitating the use of IT systems, are 
still hardly widespread in Poland. A large part of a recording operation is 
performed manually. The automation of data reading process allows gathering 
information in a real time in many areas of logistics [7]. In countries with a higher 
level of logistics development in companies, mobile technologies based on RFID 
[8] which should be included in companies that intend to participate in national or 
international supply chains, are more and more important. Reducing inventory and 
its costs often involves the cooperation with the use of CPFR (Collaborative 
Planning and Replenishment) as well, which requires efficient IT and 
telecommunication systems [9]. For many companies, the cost of their own IT 
systems may be too high, however, they may take advantage of software-as-a-
service, that is information services outsourcing [10],  often offered on IT 
companies servers as cloud computing. This allows lowering the cost barrier of IT 
solutions implementation [11]. 

Research companies, which support the measurement of efficiency and 
effectiveness of the companies, provide their own solutions in the following areas: 
data integration, expert systems of decision support, data mining and risk 
management [12]. The results of studies conducted in selected industries of 
agribusiness sector show that IT support relates to all areas of logistics. For 
instance, in case of grain companies the sphere relating to packaging management, 
reverse logistics was supported in a smallest degree [13]. In case of companies 
producing dairy products basic use of modern product identification methods was 
recognized as well as shortages in the scope of information integration in one IT 
system [14]. 

2. RESEARCH METHODS 

The aim of the study was to determine the IT support of logistics processes in 
agricultural and food processing enterprises. The data were collected on the basis 
of surveys which were carried out from December 2009 to March 2010. The 
questionnaires were sent to all small, medium and large companies, operating in 
the food processing sector, based on REGON number [the National Official 
Register of the National Economy Units] and 1.5 thousand randomly selected 
micro-enterprises. There were 10 thousand enterprises in total. 511 responses were 
obtained (5.11%). The current study focused on the agribusiness sector enterprises, 
which employed at least 10 employees. There were 438 companies in total, which 
included 311 small companies (up to 49 employees), 98 medium-sized companies 
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(50-249 employees) and 29 large companies (more than 249 employees). The 
structure of companies is presented in Figure 1. 
 

 
Figure 1. Structure of the enterprises surveyed 

 
The companies selected for the research of agribusiness sector included the 
following trades: manufacturing and meat processing, fruit and vegetable 
processing, production of oils and fats, manufacturing of dairy products, 
manufacturing of grain mill products and starch, production of bakery and 
farinaceous products, animal feed production, manufacturing of beverages, tobacco 
production and production of other food products. Most of the companies were 
baking and then meat processing companies. The number of companies of the 
various sectors is shown in Figure 2. 

 
Figure 2. Number of surveyed enterprises in particular branches of agribusiness industry 
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The questions asked in the survey related to the use of IT solutions in support 
of the core areas of logistics such as inventory management, warehouse manage-
ment, transportation, packaging and information management. The questions 
related also to the type of IT systems used and their integration. A synthetic index 
of the level of use of IT in logistics management in enterprise was also prepared. 
Thee indicators range from 0 to 5 and the scoring was as follows: 
− integrated logistics support through a single system - 1 point, 
− supporting logistics actions in one of the five core areas - 0.2 point for each 

area, maximum 1 point, 
− using electronic records of stocks - 1 point, 
− electronic automated exchange of data with business partners - 1 point, 
− using MRP, ERP, BI systems in any area of logistics - 1 point, 

The analyses were carried out in a cross-sectional of the size of enterprises, 
i.e. for small, medium and large companies.  

3. RESULTS 

In surveyed companies, the basic area of business activity involves the 
production of food or feed products. The sectioning of the logistics area 
responsible for all areas of logistics has not always occurred. Only in 95 of 438 
surveyed companies a separate logistics department occurred (22% of companies) 
dealing with managing of all areas of logistics. Organizational units responsible for 
individual functional areas of logistics functioned much more often. The units of 
transportation, storage and inventory management were sectioned most often 
(Figure 3). 
 

Figure 3. The share of companies with a separate department dealing with one of the areas 
of logistics 
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The presented data show that in the researched companies the logistics 
activities were not of considerable importance. This is also reflected in the 
achieved results regarding the level of sophistication of IT solutions supporting 
logistics activities. 

Separate logistics departments functioned more often in large companies. The 
above included also the frequency of separating small logistics units. This means 
that the communication level connected with the environment requires 
distinguishing the department responsible for organizing an efficient products 
supply and distribution system. 
The research, regarding the scope of the use of IT logistics support, analyzed the 
functioning of information system in companies involving all logistic aspects. Such 
a system existed in 20% of the surveyed enterprises, including in 17% small 
businesses and in that 38% of large companies (Figure 4). Chi2 test for indepen-
dence of variables carried out, pointed to a statistically significant relationship 
between the size of a company and the use of a single IT system supporting 
logistics (chi2

emp. = 9,47, chi2
0,05 = 5,99, p-value = 0,0088, df = 2). 

 

Figure 4. The share of companies with one IT system which supporting all logistics 
activities 

 
The study determined also the areas of logistics supported by IT systems 

which may also be integrated. The following areas were determined: transportation, 
inventory, packaging, warehousing management and orders management. Mostly, 
computerized areas included orders management, then warehouse management and 
inventory controlling (Figure 5). 

The frequency of the use of IT systems in particular areas of logistics, 
increased proportionally to the increase of the company. In each analyzed area the 
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companies. Probably the breadth of assortment, as well as the number of partners 
in small companies, were not significant enough to enforce the use of IT systems. 
Lots of small companies were still carrying out written records of inventories. 
 

Table 1. Results of chi-square test for independence for occurrence of IT systems 
supporting particular logistics area in companies of different size 

Logistics area Chi2
emp. Chi2

0,05 P-value df 
Transportation 14,14** 5,99 0,0009 2 
Inventory 39,11** 5,99 0,0000 2 
Packaging 41,09** 5,99 0,0000 2 
Warehouse 29,34** 5,99 0,0000 2 
Order mgmt 8,67* 5,99 0,0131 2 

Crticitcal value: chi2
0,05 = 5,99; chi2

0,01 = 9,21 

 
Table 2. The prevalence of IT systems to support particular areas of logistics 

Company size 
Logistics area small medium large All companies 

Transportation 23% 38% 48% 28% 
Inventory 26% 57% 59% 35% 
Packaging 9% 32% 38% 16% 
Warehouse 32% 57% 69% 40% 
Order mgmt 37% 50% 59% 42% 

 
The use of IT systems in inventory management was most common in large 

companies (Figure 5), although it was still over 15% of large companies, which 
kept written records of inventories. In case of small businesses, written (manual) 
records were carried out by 61% of companies. A significant increase of companies 
participation, in which electronic evidence was used, was noticeable together with 
the increase in their size. In large companies, about 31% used systems for 
automatic scanning and registering of incoming and issued logistics units from the 
warehouse. Most of them used a bar code technology regarding this scope. 

Also the analysis of independent variables with the use of Chi-square test 
confirmed these clearly defined dependencies. The hypothesis of no relationship 
between the size of company and the way of inventory record was rejected  
(chi2

emp = 40,53**, chi2
0,05 = 9,49, p-value = 0,0000, df = 4). 
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Figure 5. The share of companies with different inventory control system 
 

Another area of analysis was the communication with business partners, both 
suppliers and customers. Indicated in most cases the way of communication was 
communicating directly (in a personal way or by phone) as well as with the use of 
order sheet transferred directly, by fax or electronic mail. The use of electronic 
forms available with the record in the database was observed practically only in 
case of medium and large companies. As much as 69% and 28% of large sized 
companies used this form of communication with contractors. In large companies it 
was the most frequently used communication channel, while in small and medium-
sized companies direct communication by telephone dominated. Also in this case 
chi-square test for feature independence was carried out and confirmed the 
dependence of communication channels on the size of the company (chi2

emp. = 
83,88, chi2

0,05 = 21,03, p-value = 0,0000, df = 12). 
IT support in logistics processes may be implemented with the use of various 

kinds of software. In some cases, it may include simple financial accounting 
software for performing certain functions of inventory management. The study 
included the analysis of the use of information systems supporting logistics 
processes in companies. 

The software which was indicated in most cases was FK [financial and 
accounting] class software and then MRP and ERP. In more than 13% of 
companies EDI modules were also used allowing for automatic exchange of 
messages (Figure 6). 
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Figure 6. The share of companies with different software used in logistics 
 

ERP class systems occurred in just 5% of small businesses and in that 45% of 
large companies. MRP systems were slightly more common, used in 12% of small 
companies, 35% of medium companies and 41% of large companies. Chi-square 
independence test confirmed that the types of programs used in businesses  
to support logistics depend on the size of the company (chi2

emp = 65,69**, 
chi2

0,05 = 18,31, p-value = 0,0000, df = 10). 
The surveyed companies indicated that the support of various logistics 

activities use various kinds of programs, which means that there is no integration of 
logistics activities, also in the scope of IT support. Dominance of FK programs 
used for IT support of logistics processes shows that most companies, especially 
small and medium-sized, do not look for comprehensive solutions which would 
allow supporting all processes in the enterprise. They are used during the use of 
already implemented functions in accounting programs. The study should be 
carried out in this aspect, which would show what the entrepreneurs expectations 
are regarding the software, especially those operating on a small scale. 

The study asked also about investment plans for the future, including 
investments planned in IT systems. About 24% of all respondents said that they 
plan to invest in IT infrastructure and software. Such a response was obtained in 
case of 17% small, 38% medium and 48% of large enterprises (Figure 7). 
Similarly, only planned investment regarding warehouse and transportation means 
were indicated. 
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Figure 7. The share of companies planning to invest in IT infrastructure and software 
 

On the basis of selected characteristics on the use of IT in managing logistics 
processes, the index of the level of support of logistics processes with appropriate 
IT solutions was constructed. The index ranges form 1 to 5. Figure 8 presents an 
average index level resulted in regards to companies of varying sizes. In small 
companies the average ratio was 1.53, in medium-sized 2.23 and 3.34 in large 
companies, and the total for the companies surveyed was 1.81. This means that, on 
average, in case of small business in just one of the areas of logistics, a type of 
software, not dedicated to handling logistics, was used. Considering different 
number of the groups of companies, as much as 55% of surveyed companies was 
characterized by a low or very low level of IT solutions use in logistics, and only in 
case of 19% of companies an observed level could be considered as high. 
 

Figure 8. The average level of IT supporting index in logistics 
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There were no companies included in a group of low-level IT logistics support 
among large companies, and in case of 60% of them the level was high (with the 
average index level of 4.28). In a group of small companies, as much as 65% of 
companies was observed to have low or very low level of logistics support with the 
use of IT solutions and the average rate for this subgroup was only 0.75. In a group 
of medium-sized enterprises, only 12% was reported as having very low level of IT 
logistics support. The test of feature independence carried out confirmed the 
diversity of companies based on the scope of IT logistics support. The level of IT 
support of logistics activity increased significantly, proportionally to the increase 
of the company size (chi2

emp = 55,96, chi2
0,05 = 12,59, p-value = 0,0000, df = 6). 

4. SUMMARY 

The studies analyzed the scope and level of IT support of logistics operations 
in agribusiness enterprises. The analysis was carried out in a cross-section of the 
size of companies. It was found that the scope and level of the use of IT systems in 
case of logistics tasks is low. In terms of functionality, most solutions were used in 
such areas of logistics as transportation and warehouse management. Rarely one 
integrated IT system covering all aspects of logistics was used. It was present only 
in case of 20% of surveyed companies, especially large ones. 

Strong relationship between the scope of IT support and the size of the 
enterprise was observed. In medium-sized and large companies, IT systems in 
logistics were used more often. The level of IT solutions in small enterprises was 
particularly low. They based mainly on their accountancy software to support 
logistics processes, such order management. 

Among IT systems used for supporting logistics processes, financial and 
accounting programs were mostly indicated. Only about 20% of companies used 
MRP or ERP systems. The last ones were present in case of 17% of small, 45% of 
medium-sized and 86% of large companies. They did not always integrate a whole 
logistics activity. 

There was no strong feeling of need to improve IT supporting of logistics 
processes in surveyed companies. Investments in the development of IT systems 
were indicated on fourth position after investing in transportation means, 
warehouses and warehouse equipment. This means that the enterprises feel mostly 
the shortages in the scope of physical logistics infrastructure. 

The results obtained show that there are significant effectiveness reserves con-
nected with the possibility of facilitating logistics processes (inventory optimiza-
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tion, transportation, reduction of losses) and cost reduction of the company. 
However, this requires improving the management of information flow within the 
company, as well as in the supply chain, which is not possible without the intro-
duction of complex IT solutions. According to the results of studies from different 
countries, the greatest barrier of modern IT solutions implementation are high 
costs, reluctance of employees and attachment to already existing, often partial, 
solutions. A possible solution, although still raising fears, is the outsourcing of IT 
services. 
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