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Abstract: The phenomenon under study relates to the preparedness process. We need metrics to achieve multi-strategic 
goals. Situational factors and the direction of development of operational priorities are measurable factors. Public officers 
need measure these, that political decision-makers leads in the right direction. The research problem of a new servant in 
office is how to interpret the measured results to make a decision proposal. The research method was an action research. 
The problem solving follows the logical steps of the Deming Cycle: Plan the exercise, Do the notes, Study the content, 
Act customer-oriented. Multi-method approach promotes value-generating processes in the region’s hybrid organization. 
The evaluation of results is based on stakeholder feedback, a participate-decision by the City of Kotka’s Urban Board and 
a decision on funding by the Kymenlaakso Regional Council. In practice, content analysis of situational factors creates 
certainty of interpretation about the direction of development of operational priorities. This is important for BCFI analysis 
especially in turbulent situations. Implemented in the context of the readiness exercise, this was found to be exceptionally 
meritorious. 
 

1 Introduction 
The City of Kotka is a key player in a Kotka-Hamina 

region as the largest residential centre and the 19th largest 
city in Finland [1]. The city is home to 61 % of the 
population in the region. Of the 21 major Finnish cities, 
Kotka has the fifth largest number of immigrants, 9.6 % of 
the population [2]. The Kotka-Hamina area, formed by two 
cities, is located on the southeast coast of Finland [3]. From 
the supply point of view, the region is nationally 

significant. Port of HaminaKotka Ltd is Finland’s largest 
port, with regular connections to all major ports in the 
world. Port of HaminaKotka Ltd is a joint-stock company 
owned by local authorities, the City of Kotka (60 %) and 
the City of Hamina (40 %) [4]. The joint-stock company is 
one of many in Kotka Group businesses [5]. Thus, the 
public shareholders play an important role in corporate 
governance to deliver value to society. 

 

 
Figure 1 Linking value generating preparedness process to sustainable development by value chain securing

The Finnish concept for comprehensive security means 
that the vital functions of society are ensured through the 
co-operation of authorities, citizens, companies and the 
third sector. The way that works based on the crisis 
management model in which competent authority 
supported by all relevant security actors [6]. The key idea 

of the society’s security strategy is that we are all security 
actors. The role of local government is crucial as the 
decision-making system directly influences the foundation 
of the crisis management model, in other words, the above-
mentioned stakeholders. Based on the author’s years of 
experience in the research field, a strategy that reinforces a 
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community-wide operations, enhance resource-based view 
[7] and strengthen mutual trust [8], thus, promote a joint 
performance [9]. Figure 1 illustrates stakeholder value 
generating processes in value chain securing, owner 
collaboration, and value-generating factors [10,11]. 

 
1.1 The need for an action research 

Working in the City of Kotka with the Kotka Group has 
taken a year. The scope of the study 2019-2020 covers a 
larger entity than in the previous target organization 2009-
2018. From a national perspective, and referring to the 
Kotka Group assets, the logistical importance of the current 
action research is far more critical. In both cases, the 
assisting target organization has been, and is, facing 
change. In responding change, actions have to be a part of 
continuity management to influence the competitiveness of 
the city properly. 

The need for action research based on a situation: in 
which the organization performance and operational 
impact of an organization examined with making the 
necessary changes. This article addresses the statutory 
obligation of a public organization to act in all situations. 
It is challenging to meet all the obligations if there is a 
structural change in the organization and no common 
approach has not yet established. Background of the target 
organization in the City of Kotka is in two separate 
technical organizations: Facility Management and 
Municipal Engineering. The integration at 2019 brought 
together nine independent service units, without the 
common purpose, why the 400 employee’s division exists. 
Identifying critical operational priorities can be 
challenging in such a situation, as the interpretation of 
criticality relative to the goal cannot made. However, the 
preparedness process includes trainings, in which provides 
useful insights into the expectations of the larger hybrid 
organization and people there. By developing dynamic 
capabilities, a public service organization has purpose; it 
shares a common identity, and gets enhanced opportunities 
to achieve joint performance [12]. 

The second reason for action research is a wicked 
problem. The preparedness process is continuous, works 

year after year, and intended to work in all circumstances. 
A competent authority should be able to react as the 
situation changes in a turbulent environment. In order to be 
able to manage processes, it should be possible to measure 
demand for commodities, expectations for the management 
and service production system. On the other hand, disaster 
and emergency preparedness plans are not legally public, 
but all stakeholders must work together to make the 
processes work effectively to deliver a sustainable 
competitive advantage to the community [13]. 

Finally, the most important reason for action research 
is the personal interest as a researcher and as a director of 
technical services. To live up to expectations, management 
must be effective and results must support the 
sustainability goals of the city. To achieve above-
mentioned goals, it is necessary to measure the direction of 
development of priorities and to be able to evaluate the 
results obtained. The need for methodological support in 
management is particularly evident in a disruption when 
the manager has begun in a new, security-critical 
organization, in a new area. Situational factors must 
identified in order to target decision-making properly – 
how else a new manager interprets what the measurement 
result looks like. In such situation, there is a need for a 
management takeover procedure related to forming 
situational awareness, to be relevant security actor, and on 
the other hand, to successfully deal with corporate 
governance to support region value generating processes. 
 

2 Methodology 
The theoretical framework of the study is based 

integration of two viewpoints of separate dissertations. 
Tuomi (2012) point out the quality management in public 
sector [14]. The situation factors need to know to achieve 
performance. Corresponding author introduced an 
innovative preparedness process to achieve joint 
performance - to conduct the Security Strategy of Society 
and the City Strategy to the critical public service unit’s 
Operations Strategy [7]. Figure 2 illustrates a theoretical 
framework of this action research.

      

 
Figure 2 a theoretical framework of the study

 

 
The multi-methodology based action research was 

carried out in the previous organization of the researcher. 
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The study has published in international peer-reviewed 
publications. In this publication, objectivity achieved 
through the same manner. There are two levels at the public 
sector, an administrative level and an operational level. The 
feedback of decision-makers tells whether the results and 
the development measures are successful as intended. The 

structure of the theoretical framework reflects the 
narrowing gap between expectations and experiences.  

The decision-making and implementation system is 
shown in figure 3. One-year timeline includes several 
board’s meetings, and different exercises. Because the 
timeline is a continuum, the graph represents the process 
metrics. 

 
Figure 3 dashboard of iterations in the study’s timeline

Knowledge of the procedure above is useful, without 
compromising the security of classified information. Thus, 
the study conducted in a manner that does not open the 
detailed content of the diaries or exercises. The decision 
limits a bit the degree of freedom of the study. For 
example, the mutual evaluation of daily logs content with 
operational priorities in the Analytical Hierarchy Process 
[15] present in figure 4 left out. The paper describes 
developed procedure and feedback from decision-makers 
indicates the qualitative correctness of the choices made.  

The readiness exercise lasted two days at June of 2019 
and produced two situation diaries. The diaries maintained 
by the two of divisions’ employees who had good 

knowledge of their field of expertise. Situational factors are 
issues, which representatives of all divisions in the city, the 
city group and authorities discuss and make decisions.  

The purpose of producing diaries was to effectively 
contextualize the situation, evaluate the significance of 
data obtained, and successfully manage the division. At 
this stage, it is important to note the role of assistant 
personnel. There is a risk associated to the frequency of 
debriefing exercises. Many valuable findings can forget 
unless topics addressed as part of value generating process 
to the shareholders and stakeholders. Communication is a 
part of the management of public trust, as Port of 
HaminaKotka Ltd did [16].

  

 
Figure 4 link between operational priorities and content of daily logs
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Table 1 presents the attributes of operations priorities 
for the management of technical services’ division. In the 
action research, content analysis tells you what the text of 
the situation diaries are. The method is part of qualitative 

research [17]. The procedure proceeds in such a way that 
the text is partitioned, processed and finally organized into 
a new whole. 

 

Table 1 key management areas 1-4 and attributes 1.1 – 4.5 

 

 

Content analysis is an efficient alternative for tracking 
public opinions, the direction of demand fluctuations over 
a given period of time, political tendencies, or mapping 
emerging ideas in the aforementioned iteration rounds.  

Microsoft Excel spreadsheet software used to classify 
the content analysis issues. The data categorized in relation 
to the four key management areas. Table 2 shows the 
principle of contents of daily logs integration with 
technical services management. 

 

Table 2 connection chart of content analysis and operation priorities 

Content of 
the Daily 

Logs 

Content Applies to 
Knowledge & Technology 

Management 

Content Applies to 
Processes &  
Work Flows 

Content Applies to 
Organizational 

Systems 

Content Applies to 
Information 

Systems 

1.1 1.2 1.3 1.4 1.5 2.1 2.2 2.3 2.4 2.5 3.1 3.2 3.3 3.4 3.5 4.1 4.2 4.3 4.4 4.5 

Day 1, # 1                     

…                     

Day 2, # n                     

Day 1 ∑n/N:                     

Day 2 ∑n/N:                     

The methodology section of the study works as a 
discourse analysis of the mechanism how the text and 
results obtained [18]. Iteration runs with stakeholders’, and 
works as a continuous quality improvement model, 
consisting of a logical series of four key phases: Plan, Do, 

Study, Act. Implementing multi-strategies requires 
strategic choices, collaboration and interoperability from 
the supplier of critical public services to secure value 
chains. Figure 5 illustrates the discourse analysis utilized 
with the SIPOC strategy map [19]. 

  

1 
Knowledge & Technology 

Management 

1.1 Training the staff of our organization 

1.2 Innovative research and development 

1.3 Communication from unit to unit and level to level in hierarchy 

1.4 Adaptation to changes in knowledge and technology 

1.5 Dissemination of knowledge and technology within the organization  

2 Processes & Work Flows 

2.1 Short and fast delivery times for order fulfillment 

2.2 Reducing unprofitable time  

2.3 Timely delivery to stakeholders (customers) 

2.4 Inventory optimization 

2.5 Customizing changes to requirements and orders 

3 Organizational Systems 

3.1 Organizational leadership and management systems  

3.2 Quality control of service processes and operations 

3.3 Well defined tasks and responsibilities in the operations 

3.4 Utilizing teams and other ways of organizing 

3.5 Code of conduct on information security 

4 Information Systems 

4.1 Information systems support processes 

4.2 Visibility in information systems 

4.3 Availability in information systems 

4.4 Reliability and quality in information systems 

4.5 Functionality and usability in information systems 
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Figure 5 SIPOC strategy map for discourse analysis (Adapt Kaplan & Norton 2004, Vornanen 2017)

The diagram tells how the critical public services 
supplier plans to utilize resources, in other words, the 
inputs. The information systems needs to produce 
situational awareness of these. The order-fulfilment 
progress, when the process works by studying outputs and 
acting with stakeholders. Common awareness increases 
reliability and mutual trust, and thus joint performance: as 
a result the value chain being secured by preparedness 
process. 

The Balanced Critical Factor Index (BCFI) analysis is 
a strategic decision support tool [20], which is based into 
Sense & Respond method [21]. The tool shows, which 
feature is critical and which is not. In this case, the 
criticality of the difference between expectation and 
experience arises from the gap between these two factors: 
is the direction of development worse or better. The 
calculations are sensitive to the behaviour of statistical 
data. Table 3 presents the questionnaire sample. [22]  

 
Table 3 questionnaire sample of the BCFI –analysis 

 

Expectations 
1-3 year 

Experiences 
1-3 year 

Direction of Development 

Evaluate the future 
 

(Tick the box) 

Evaluate the past 
 

(Tick the box) 

Compare to 
competitors 

(Tick the box) 

Rate 
1…10 

 Rate 
1…10 

Worse 
(W) 

Same 
(S) 

Better 
(B) 

Worse 
(W) 

Same 
(S) 

Better 
(B) 

Worse 
(W) 

Same 
(S) 

Better 
(B) 

1 
Knowledge & 
Technology 
Management 

1.1                       

…                       

1.5                       

 
The calculations are based formulas (1), (2), (3) and (4), as shown below.  

 
���� � ��� 10⁄     (1) 

 
���� �  ����� � ����/10 � 1|   (2) 

 

���� �  |���  �  ���/100 � 1|   (3) 
 

��� �
���   ��!  

�"#�   �$%�   �&'&
      (4) 

Parameters 

��� � ()*+ ,- )�.)/0*01,+2 

��� � ()*+ ,- )�.)31)+/)2 

2�� � 40*+5*35 5)61*01,+ ,- )�.)/0*01,+2 

2�� � 40*+5*35 5)61*01,+ ,- )�.)31)+/)2 

�� � 7)00)3 .)3-,38*+/) 0ℎ*+ )�.)/0)5 

�� � :,32) .)3-,38*+/) 0ℎ*+ )�.)/0)5 

���� � �8.,30*+/) 1+5)� 

���� � ;*. 1+5)� 

���� � <13)/01,+ ,- 5)6)=,.8)+0 1+5)�, .)3/)+0 6*=?)2 

��� � �3101/*= @*/0,3 1+5)� 

The author expected to receive at least three 
responses from both of the key service processes. In 
December 2019, a questionnaire distributed to all 
participants at the division’s management briefing. The 

response time was two weeks and everyone allowed 
responding anonymously. 
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3 Result and discussion 
3.1 Creating situational awareness by content 

analysis and discourse analysis  
The results of the content analysis shown in the 

following two figures. Figure 6 illustrates clustered 
keyword entities showing trends in demand. On the second 

day of the readiness exercise, the Executive Team's 
Summary Surveys increased. This is a reason why the sum 
of the percentages for the second game day is greater than 
100%. Figure 7 shows the distribution of the completely 
analysed material in relation to the division’s operational 
priorities.

 

 
Figure 6 grouping game feeds based on content analysis 

 

 
Figure 7 grouping game feeds to operations priorities based on content analysis

3.2 Evaluation of BCFI analysis responses 
Total number of respondents was 14 of 65. Six replies 

received from different municipal engineering units and 
eight from different construction units. Not a single answer 
came from the division's administration. The respondents 

represent managers, experts and supervisors. The amounts 
are sufficient to describe the method. Reliability and 
validity of this study assessed by public feedback from 
stakeholders. Figure 8 shows the answers of all 
respondents.  

 

  
Figure 8 operations priorities for the division’s management process

The figure compares a balanced CFI-analysis, a scaled 
CFI-analysis, and a normalized scale CFI-analysis. The 

difference between analyzes is in their sensitivity to 
statistics. The purpose of using three CFI analyses is more 
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easily to identify so-called weak signals among the 
indicators. The highest peak among the attributes of 
Processes & Workflows is number 2.2 reducing 

unprofitable time in subprocesses, In Knowledge & 
Technology Management the strongest feature is 
adaptation (1.4). In Organizational Systems, the strongest 
feature is leadership (3.1), and in Information Systems, 
processes support (4.1). The four factors point to the root 
cause.  

On the other hand, these refer also to the need for 
change management and research on manufacturing 
strategy (Quality, Cost, Time, and Flexibility). Facility 
Management and Municipal Engineering organizations has 
been scattered across buildings in the city for more than a 
decade. A common identity could hardly form. There is a 
need for a division headquarters. To clarify the 

organizational structure, the director assembled nine units 
into a management process and two core service processes. 
The operating units in the processes are the Common 
services unit, the Infrastructure unit, and the Buildings unit. 

Figures 9 and 10 demonstrate the respondents’ view. 
The attributes with the biggest gap between past and future 
are the strongest ones. In fact, due to amount of basic and 
core technology in the units, some priorities that stands out. 
The Infrastructure unit, as known as the first core process 
emphasized adaptation to knowledge and technology (1.4), 
and reducing unprofitable time (2.2). The Buildings core 
process emphasized innovativeness and performance of 
research and development (1.2), timely delivery to 
stakeholders and customers (2.3), and reducing 
unprofitable time (2.2).

 

 
Figure 9 direction of development by experiences and expectations in the Infrastructure unit 

 

 
Figure 10 direction of development by experiences and expectations in the Buildings unit

The answers given by the division’s staff suggest that 
the customer expectations and experiences in the service 
taken into account. The critical factors point to the aspects 
of the knowledge and technology management as well as 
the process and workflows. There are aligning with the 
findings from the city’s command centre. Content analysis 
linked expectations and demand fluctuations to these. 
Improvement requires, for example the use of information 
technology, and usability of common systems.  

On the other hand, looking at the holistic picture at the 
timeline, there are broader expectations to the information 

systems than those in the division’s core processes not 
identified as critical. The exercises in the preparedness 
process generated and deepened a stakeholder-based view 
of expectations. Responding to these requires updating the 
Code of conduct.  

 
3.3 Continuity management overview  

The “paper & pen” content production method is 
reliable, deployment is fast, and it works in all 
circumstances. However, very exceptional circumstances 
are rare although possible. On the other hand, a diary is not 



Acta logistica  - International Scientific Journal about Logistics 

Volume: 7  2020  Issue: 3  Pages: 145-154  ISSN 1339-5629 

 

METRICS IN THE PREPAREDNESS PROCESS  

Vesa-Jukka Vornanen; Josu Takala 

~ 152 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

dynamic, and basic office application skills do not provide 
a competitive edge. Advanced Excel use is desirable 
because the program is widely used. Data exported to Excel 
can generate Gantt allocations, dynamic maps, and an 
interactive dashboard for the management team in the 
city’s command centre.  

Since it is not possible to do everything at once, choices 
have to make. There were not many critical factors in this 
study. If there were many, it would have been necessary to 
analyse mutual criticality in order of implementation. Then 
the AHP method needed. Competitive review is important. 
The corresponding author and the safety park task force 
made an excursion to Finland’s oldest safety park. The 
joint-development project got so-called “meat around the 

bones” during the iteration rounds. Discussions and visits 
provided insight into what security-related activities could 
be, what should avoided, and how the actions selected 
would improve the observations made during the readiness 
exercise. As the preparedness process progressed, the 
findings taken into account in the emergency and local 
defence-training plan, and tested in the exercises.  

The implementation of Security Strategy for Society 
and its concept for comprehensive security formed a 
common direction for technical services’ development. 
Figure 11 gathers integration themes and viewpoints from 
iterations rounds into an EFQM-based [23] and evolving 
quality development model.  

 

 
Figure 11 viewpoint integrator for the technical services division operating in the city by the sea

3.4 Public feedback and recognitions from 

stakeholders  

According to risk management manager Kiiski the City 
of Kotka received a lot of positive feedback from the 
KYMI19 readiness exercise. Director general of Regional 
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state administrative agency of Southern Finland and actors 
from the Helsinki-Uusimaa Region, its 26 municipalities 
and a wide network of stakeholders, including YLE News, 
and HUS Helsinki University Hospital reported that the 
measurement (in the preparedness process) considered an 
extraordinary merit in practice [24]. 

The city of Kotka decides to participate in the Virtual 
Port Logistics Safety Park joint-development project with 
the Southeast Finland University of Applied Sciences. The 
aim of the project is to provide occupational health and 
safety education for port and industrial logistics 
companies, to create lasting conditions for a virtual 
development environment, and to find a financial solution 
to manage the safety park [25].  

Referring to the three-year funding for the Virtual Port 
Logistic Safety Park joint-development project decision, 
the reasons for the decision are as follows. The applicant 
and the content of the project meet the specific objectives. 
The project supports the Kymenlaakso Smart 
Specialization Strategy by making a significant 
contribution to the development of industries important to 
the region (Logistics and Digitalization). There is a clear 
continuity in the exploitation of the project results. The 
project activities will launch and lay the foundations for the 
operation and further development of a physical safety park 
of port logistics.  

Particular interest is the utilization of the virtual reality 
environment to manage the risks of a physical safety park 
and to develop new features or processes. The project 
received a score of 43/60 in the evaluation [26]. 

 

4 Conclusions 
Approaching to management and implementing the city 

strategy of a 400-person organization involves identifying, 
evaluating, and in some cases redefining actions. In 
redefining, content analysis is important. In a year, the 
division found a purpose, direction and vision which are in 
line with the ones of the city. At the end of 2019, the 
technical services division launched co-operation 
negotiations to update the Code of conducts and 
restructure. Nine units will merge to three, and 
organizational levels will lower five to three closer to the 
customer interface.  

The conclusion of action research is, a content analysis 
of situational factors creates certainty of interpretation 
about the direction of development of operational 
priorities. The phase plays a key role in the preparedness 
process like the PDSA cycle from content analysis 
(Planning phase) to discourse analysis (Doing phase), and 
to BCFI analysis (Studying phase) to strategic decision-
making (Action phase). The value chain becomes secured 
in the process in a measurable and sustainable way, 
transforming intangibles assets into tangible assets.  

The study identified the need for deeper research. 
Analysing the manufacturing strategy would give the city 
an insight into other organizations studied in different 
countries around the world. In order to realize the city’s 

vision of being the gateway to new opportunities, carry out 
further research is well founded.  
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Abstract: The study is aimed to develop the logic-linguistic models to design a number of rules for the correct calculation 
of the vehicles needed, taking into account the technical, technological, and weather and climate conditions of the 
harvesting and transport complex. The article has shown that the construction of the design of logic-linguistic models was 
not performed earlier to solve the problem of the agro-industrial production transportation support, considering the 
opportunity of forecasting size of influences of the weather and climatic factors on improving the productivity of the 
harvesting and transport complex elements. It is determined that the experience of applying the fuzzy logic theory in 
many practice situations confirms the universality of the mathematical apparatus. This toolkit provides better results than 
classical approaches (set theory, probability theory). This aspect indicates the expediency of the chosen mathematical 
apparatus for solving the tasks. The article using fuzzy logic explores the relationship and interdependence of technical, 
technological factors and weather and climate conditions for modeling transport support in harvesting and transport 
complex. Fuzzification of the parameters is carried out, based on the compiled equations using trapezoidal and triangular 
membership functions. The set of rules necessary for the creation of logical-linguistic models (LLM) for each factor has 
been arranged. LLMs were developed for dependent parameters, which will allow further modeling of the transport 
support of the harvesting and transport complex in the Fuzzy Logic Toolbox application of the MATLAB package. 
 
1 Introduction 

Transport support in agriculture, as in other industries, 
plays a key role. The consumer price of products largely 
depends on the efficiency planing of the transportation 
process. This is because the share of the cost of 
transportation is 20-30% of the final cost [1,2]. This trend 
is especially clearly seen in the delivery of agricultural 
goods during harvesting. 

This period is characterized by the intensification of the 
use of rolling stock and harvesting equipment (combines, 
tractors, etc.). Therefore, the complexity of the 

organization of transport services at a sufficient quality 
level increases. In this case, the main factor for improving 
the reliability of the logistics system is the accuracy of 
determining the required number of trucks for the 
transportation of agricultural goods. 

Based on the practice of functioning and interaction of 
the harvesting and transport complex (HTC) elements 
during the harvest, there is a problem of ensuring 
uninterrupted operation between harvesting equipment and 
vehicles. There is an option to solve this problem by 
applying standard technological solutions [3,4]. It is 
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possible to take into account technological aspects using 
probabilistic approaches [5-8], as well as risk theory [9]. 
However, in order to properly plan the operation of the 
harvesting and transport complex, it is necessary to predict 
the harvesting time and possible timing. To do this, the 
model should include parameters that take into account 
weather and climatic conditions. 

Therefore, the use of fuzzy logic to build logical-
linguistic models is the most correct. Indeed, the 
application of this approach allows fully reducing the 
fuzziness in the system under consideration, which will 
allow us to determine the required number of trucks with a 
smaller error for various scenarios than with the use of 
probability theory [10]. 

The study aims to develop the logical and linguistic 
models that allow creating a set of rules for the correct 
calculation of the necessity of the vehicle, taking into 
account the technical, technological, and weather and 
climatic conditions of the harvesting and transporting 
complex. 

 
2 Literature Review 

The experience of using fuzzy logic in logistics and 
transport systems proves the appropriateness of using this 
mathematical apparatus when it is necessary to consider 
fuzzy parameters during model building.  

One of the first problems that were successfully solved 
using the fuzzy logic apparatus were tasks in the medical 
field. Today, this issue is also significantly reflected in 
modern research, additionally using neural-network 
models [11]. Similar approaches are used in logistics and 
to improve the functioning of various types of transport 
systems. 

Fuzzy logic has been successfully applied to increase 
the safety of vehicles on the road network sections in the 
settlements [12] at the beginning of the 21st century. 
Several works were carried out in the area of smart 
transport systems, where the issues of timely determination 
of congestion [13,14] and general problems of managing 
saturated traffic flows were solved, using the hierarchy 
method to assess the different levels of control [15,16]. 
Another practical area of application of fuzzy logic, 
according to the results of research in the sphere of road 
transport, is designing an evolutionary-type model for the 
prediction of possible traffic accidents in city networks 
[17]. 

The next study was based on an approach that would 
maximize profits when planning the transportation of solid 
materials using pipelines. The solution to the problem was 
made possible by creating a new design of fuzzy logic 
systems (IT2FLS) type interval 2 [18]. 

Separately, it is worth noting the use of the fuzzy logic 
apparatus in solving the multiobjective nonlinear 
transportation problem (MNOTP), where the weighting 
coefficients of the membership functions are presented 
particularly [19]. Fuzzy logic is also used in large-scale 
research, for example, in determining the overall level of 

security of transport infrastructure. It can be done only by 
fixing the uncertainty of environmental threats the 
transport infrastructure faces, as well as its resistance to 
damage and the consequences of damage [20]. Such 
approaches are often used in the absence of the possibility 
of obtaining the necessary statistics or complete lack of 
data.  

Often the fuzzy models are used to organize traffic 
routes of various modes of transport: automobile [21,22], 
rail transportation [23], and ship navigation [24]. Routing 
aspects are important enough to determine the best option 
for transport support of any industry [25]. An innovative 
solution to this problem was the use of a modified ant 
algorithm [26]. It should be noted that when building a 
supply chain that includes a distribution center, a fuzzy 
theory application is also possible [27]. 

As for the issues of transport support for the agricultural 
sector, these tasks were considered using the fuzzy logic 
apparatus of the fleet of vehicles, primarily involved in 
harvesting [28]. A similar study was conducted to optimize 
the work of the farm in growing tomatoes [29]. The 
fundamental research in terms of the transport process 
planning in agriculture was a study designed to solve the 
main transportation problems by adjusting the membership 
functions to the specifics of the system under study. In this 
case, only three factors were considered that were 
associated only with the technical aspects of transportation 
[30].  

When planning the delivery of agricultural products, 
the key role is played by the issues of coordinated work of 
harvesting and transport equipment. At the same time, 
ensuring coordinated interaction can be achieved using the 
theory of fuzzy sets and neural networks to obtain accurate 
forecasts in difficult to predict operating conditions. From 
this point of view, studies were conducted for determining 
the transshipment volumes of grain in logistics systems 
[31-32], as well as the calculation of demand in ports of 
departure depending on soybean production [33]. 
Moreover, according to studies, in general, supply chain 
management should be based on the use of models with the 
necessary data coverage [34]. A similar sample is shown 
when constructing supply chain options for the delivery of 
grain cargo by three transport modes [35]. However, a 
classical approach is presented here, using the Petri nets 
apparatus, which does not always allow finding an 
unambiguous optimum. 

Regardless of the specifics of the fuzzy logic apparatus 
application, the key aspect was the correctness of the 
formulation of many terms and, as a result, the correctness 
of constructing a logical-linguistic model (LLM). In the 
paper [36] an example of the logical-linguistic models' 
development with the programming languages using the 
classical Zadeh theory is shown. 

It should be noted that LLMs are used along with 
mathematical ones and are the most productive for the 
efficient presentation of data. Based on logical-linguistic 
models, it is possible to implement the creation of an 
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intelligent interface of computer programs and the 
operating system as a whole [37]. 

The logical-linguistic models are the most acceptable 
type of models used in intelligent systems for processing 
complex structures of diverse types of data and knowledge. 
A typical example of the LLM is the concept that reflects 
the laws inherent in classes of objects [38]. 

The information sources and scientific literature 
analysis showed that the construction of the logical and 
linguistic model was not carried out earlier for the transport 
support of agricultural production, considering the results 
of forecasting values of the weather and climate factors 
influence on improving the efficiency of the HTC elements 
functioning. 

The diversity of the fuzzy logic theory application 
testifies to the universality of the mathematical apparatus, 
which, when solving various problems, shows better 
results than classical approaches. Therefore, this is another 
proof of the relevance of the selected tools for solving the 
given tasks. 

 
3 Research Methodology 

 

3.1 Research tasks 

To achieve the goal, a research structure has been 
developed, according to which must be resolved the next 
problems: 

1. Segregation of the future model parameters into 
dependent and independent according to the formed logical 
chains; 

2. Definition of the influential dependent parameters 
and those affected by the system elements; 

3. Formation of the logical chains that show the 
interconnection and interdependence of the parameters 
when modeling the transportation support for the HTC; 

4. Assignment of terms for each term-set of linguistic 
variables; 

5. Fuzzification for each system parameter; 
6. Development of logical-linguistic models. 

Adjustment of the set of rules for each model. 
The final step is the result of this study. At the same 

time, the constructed logical-linguistic models with the 
formed individual set of rules will act as initial information 
at the next stage of the study - computer simulations using 
the Fuzzy Logic Toolbox profile package in the MATLAB 
simulation shell. 

 
3.2 Parameters classification 
The classification of parameters was performed in 

order to develop a matrix for constructing logical chains. 
At the same time, an object-independent approach is 
practiced. It involves a third-party assessment of the 
objects presented for classification. They should be 
assessed objectively, which is possible with the 
involvement of independent experts [39-41]. As a result, 
dependent and independent parameters are highlighted. 
Independent parameters are marked with “-” and 
dependent parameters are marked with “+”. The results are 
presented in Table 1.

 

Table 1 Classification of dependent and independent parameters 

Dependent parameter “+” Independent factors “-” 

Soil condition 
Rain 

Dew 

Crop productivity Hail 

Crop moisture Field size 

Lodging Soil moisture content 

Quantity of harvesters Harvester header width 

Harvester speed Road type 

Harvester efficiency Load capacity of vehicles (trucks) 

Quantity of vehicles (trucks) 

Distance from field to the threshing-
floor 

Vehicles (trucks) operating speed 

Vehicles (trucks) turnover time 

Method of harvesting 

The presented classification fully reflects the objective 
opinion of various expert groups on the degree of influence 
or independence of each parameter from the set of 
proposed factors. Table 1 allows establishing the influence 
levels of both dependent factors and independent ones. 
This will allow us to more correctly formulate the future 

logical-linguistic model, which in the conditions of 
fuzziness makes it possible to reduce the error in obtaining 
the final result – the number of vehicles involved in the 
transport support. 
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3.3 Definition of influence levels of independent to 

dependent parameters 

The classification of the basic conditions for the HTC 
operation and consideration of the experts’ 
recommendations made it possible to identify the levels of 
the interdependence of parameters. Thanks to this aspect, 
it is possible to determine the dependence of the studied 

factors. It should be noted that the dependence of the 
parameters will occur both in the context of “dependent 
parameters – independent parameters”, and in the logical 
chain “dependent parameters – dependent parameters”. 
Dependent parameters are listed, and their dependence on 
independent parameters is indicated (Table 2):

  
Table 2 Influence levels of independent to dependent parameters 

Independent factors which influence Influenced dependent parameters 

Rain 

Soil condition 

Crop moisture 

Lodging 

Vehicles (trucks) operating speed 

Dew Crop moisture 

Hail Lodging 

Field size Quantity of trucks 

Soil moisture content Soil condition 

Combine header width Combine efficiency 

Road type Vehicles (trucks) operating speed 

Load capacity of vehicles (trucks) Vehicles (trucks) turnover time 

Distance from field to the threshing-floor Vehicles (trucks) turnover time 

Based on Table 2, we can conclude that the most 
significant (from the point of view of the number of 
influence levels) is the independent parameter “Rain”. This 
factor affects four elements of the system under study. 
Therefore, when constructing logical chains, “Rain” 
should be reflected in the largest number of them. 

Similarly, the study performed the formation of levels 
of interconnections in the logical chain “dependent 
parameters – dependent parameters”. The results of the 
procedure were reflected in the development of the final 
logical chains presented in the matrix (Table 3). 

 
3.4 Formation of logical chains 

When developing future logical-linguistic models, it is 
important to pay attention to the primary technological, 
technical, and weather-climatic aspects in which the 
transport support of the harvesting and transport complex 
takes place [42,43]. For this, matrix-forming logical chains 
were created (Table 3). 

Based on Table 1, three alternatives for constructing 
logical chains are identified, which are built on, apart from 

the technical and technological aspects of the HTC 
operation, weather, and climatic factors. The latter 
primarily affect the start time of the harvesting and its 
duration, which ultimately determines the quantitative 
need for rolling stock. Moreover, the largest number of 
construction chains are based on the weather conditions of 
the harvesting and transport complex. This will naturally 
affect the construction of logical-linguistic models in 
subsequent stages. 

 
3.5 Definition of fuzzy term-sets and finding values 

of linguistic variables 

The preparatory stage should be carried out in order to 
complete the fuzzification (the transition from a clear set to 
a fuzzy one) [44]. It consists of the development of term 
sets for each model and, accordingly, the definition of the 
values of linguistic variables for a particular term. The 
results of the procedure are presented in Table 4 for 
independent factors. 

The results of parametric identification are performed 
for dependent factors in Table 5.
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Table 3 Matrix of logical chains for design linguistic models 

Kind 

of 

factor 

Initial 

parameter 
Transit chain Result 

W
ea

th
er

 c
on

di
tio

ns
 

Rain 

Lodging-method of harvesting-harvester speed-harvester 
efficiency-quantity of harvesters 

Quantity of trucks 
Soil condition- harvester speed-harvester efficiency-quantity of 
harvesters 
Lodging- crop productivity-quantity of harvesters 
Vehicles (trucks) operating speed-vehicles (trucks) turnover 
time- quantity of harvesters 

Hail 
Lodging-method of harvesting-harvester speed-harvester 
efficiency-quantity of harvesters Quantity of trucks 
Lodging- crop productivity-quantity of harvesters 

Dew 
Crop moisture-method of harvesting-harvester speed-harvester 
efficiency-quantity of harvesters Quantity of trucks 
Crop moisture- crop productivity-quantity of harvesters 

T
ec

hn
ic

al
 

as
pe

ct
s 

Soil moisture 
content 

Soil condition-harvester speed-harvester efficiency-quantity of 
harvesters 

Quantity of trucks 

Harvester 
header width 

Harvester efficiency-quantity of harvesters Quantity of trucks 

Load capacity 
of vehicles 

(trucks) 
Vehicles (trucks) turnover time-quantity of harvesters Quantity of trucks 

T
ec

hn
ol

og
ic

al
 

as
pe

ct
s 

Road type 
Vehicles (trucks) operating speed-vehicles (trucks) turnover 
time-quantity of harvesters 

Quantity of trucks 

Distance from 
field to the 
threshing-

floor 

Vehicles (trucks) turnover time-quantity of harvesters Quantity of trucks 

Field size Quantity of combine harvesters Quantity of trucks 

It should be noted that to highlight the values of 
linguistic variables, both expert recommendations and 
mathematical expediency were used at the same time. The 
latter refers to the minimum possible allocation of the 
number of ranges (terms) by the factor to prevent the 
massiveness of the final model. Indeed, this can reduce the 
speed of calculations or lead to the inability to experiment 
as a whole. 

 
3.6 Parameter system fuzzification and designing 

of membership functions 

The next step is the process of fuzzification of system 
parameters. Thanks to this procedure, it is possible to 
convert fuzzy parameter values to linguistic truth-values 
[45]. 

A comparative assessment between membership 
functions has shown that triangular and trapezoid 
membership functions will best represent dependencies. A 
similar type of function is often used in solving logistic 
problems. Confirmation of this is one of the latest studies 
performed when choosing a route in the formation of the 
supply chain in fisheries [46]. 

Fuzzification was performed for all dependent and 
independent parameters using the classical approaches of 

the theory of fuzzy logic,. As an example, this article 
discusses a procedure based on the logical link “Dew” 
(independent factor) “Crop moisture” (dependent factor). 
The choice of this pair is because the independent factor 
(“Dew”) is harder to predict than the three aspects of the 
considered weather and climate conditions. In this case, the 
dependent parameter (“Crop moisture”) plays a key role in 
choosing the start time of the harvest and the total duration 
of the harvesting and transport complex, at which the 
harvested crop will be of the best quality. 

Triangular and trapezoidal membership functions are 
the simplest, according to the research study [47]. These 
functions are formed using the piecemeal-linear 
approximation. The trapezoidal membership function is a 
generalization of triangular function. It allows you to 
specify the core of a fuzzy set in interval form. Following 
convenient interpretation is possible in case of trapezoidal 
membership function: a core of a fuzzy set is an optimistic 
estimate; fuzzy set carrier – pessimistic evaluation. 
Triangular and trapezoidal membership functions are most 
widely used in practical applications according to the work 
of prof. Rothstein [48]. These two studies explain why such 
types of membership functions are expediently for using 
during the experiment. 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 7  2020  Issue: 3  Pages: 155-166  ISSN 1339-5629 

    

DESIGN LOGICAL LINGUISTIC MODELS TO CALCULATE NECESSITY IN TRUCKS DURING 

AGRICULTURAL CARGOES LOGISTICS USING FUZZY LOGIC  

Ievgen Medvediev; Dmitriy Muzylyov; Natalya Shramenko; Pavlo Nosko; Peter Eliseyev; Vitalii Ivanov 

~ 160 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

Fuzzification for the parameter “Dew” will take the 
following form (Figure 1).

 

Table 4 Terms and values of linguistic variables for independent parameters 

Parameters / conditions Term Index 

Rain 
Lingering  10-20 mm 

Heavy 10 mm 
Short term 5 mm 

Dew  
Long  7 hr 

Moderate  5 hr 
Short-term 2 hr 

Hail 
Heavy 10 mm 

Moderate 5 mm 
Small  2-3 mm 

Field size 
Large 500 ha 

Medium 200-300 ha 
Small 100 ha 

Relative soil wetness 
High 61,8 % 

Moderate 50 % 
Low 44 % 

Header width 
Large 11 m 

Medium 7-10 m 
Small 3-6 m 

Road type 

With improved coating 51-60 km/h 
 Grader   35-50 km/h 
Steppe  18-35 km/h 
Field 12-18 km/h 

Load capacity 

High 20 t 
Higher than average 10-12 t 

Average 5-7 t 
Low 3 t 

Distance from field to threshing 
floor 

Long 40 km and more 
Higher than average 20-35 km 

Medium 10-19 km 
Short 2-9 km 

 
 

 
Figure 1 Graphic of fuzzification result for independent parameter 'Dew'

 

 
 
 

 
A calculation was also performed for trapezoidal and 
triangular) membership functions ( )uµ  for the parameter 

“Dew”. 
 

 

 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 7  2020  Issue: 3  Pages: 155-166  ISSN 1339-5629 

    

DESIGN LOGICAL LINGUISTIC MODELS TO CALCULATE NECESSITY IN TRUCKS DURING 

AGRICULTURAL CARGOES LOGISTICS USING FUZZY LOGIC  

Ievgen Medvediev; Dmitriy Muzylyov; Natalya Shramenko; Pavlo Nosko; Peter Eliseyev; Vitalii Ivanov 

~ 161 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

Table 5 Terms and values of linguistic variables for dependent parameters 

Parameters / conditions Term Index 

Soil Condition 
Satisfactory  Dry 

Unsatisfactory  Wet 

Crop productivity 

The highest 50 c/ha and more 
Medium 37,5 c/ha 
Lowest  25 c/ha and less 

Crop Moisture 

High 25 % and more 

Medium 18 % 

Normal 16 % 

Lodging 

High <25 % 

Medium <15 % 

Low 5 % 

Number of Combine Harvesters 

High 5 units and more 

Medium 3-4 units 

Low 2 units 

Combine Harvester Speed 

High 10 km/h 

Normal 5-7 km/h 

Low 2-3 km/h 

Combine efficiency 

High 5,5 ha/h 

Medium 4,5 ha/h 

Low 3 ha/h 

Number of transport means 

Above normal 6 units and more 

Normal 3-5 units 

Insufficient  2 units 

Vehicles (Automobile) Operational 
Speed 

High 51-60 km/h 

Higher than average 35-50 km/h 

Average 18-35 km/h 

Low 12-18 km/h 

Vehicles (Automobile) Time of 
Turnover 

Fast 10-20 min 

Satisfactorily  21-40 min 

Slow 41-60 min 

Harvesting Method 
Direct 1  

Separate 0 

( )
0, 0 if 3,5

1, 0 2 ,

3,5 3,5
, 2 3,5

3,5 2 1,5

u u

u u

u u
u

µ


 ≤ ≥
= ≤ ≤
 − −
 = ≤ ≤

−

  (1) ( )
0, 2,75 if 6,5

2,75 2,75
, 2,75 5

5 2,75 3

6,5 6,5
, 5 6,5

6,5 5 1,5

u u

u u
u u

u u
u

µ


 ≤ ≥
 − −= = ≤ ≤ −
 − −

= ≤ ≤
−

  (2) 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 7  2020  Issue: 3  Pages: 155-166  ISSN 1339-5629 

    

DESIGN LOGICAL LINGUISTIC MODELS TO CALCULATE NECESSITY IN TRUCKS DURING 

AGRICULTURAL CARGOES LOGISTICS USING FUZZY LOGIC  

Ievgen Medvediev; Dmitriy Muzylyov; Natalya Shramenko; Pavlo Nosko; Peter Eliseyev; Vitalii Ivanov 

~ 162 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

( )
1, 7 8,5

6 6
, 6 7

7 6 1

u

u u u
u

µ
≤ ≤

= − − = ≤ ≤ −

   (3) 
where u  − considered fuzzy parameter; ( )uµ  − 

membership function. 
Fuzzification for the “Crop moisture” parameter is 

shown in Figure 2.
  

 
Figure 2 Graphic of fuzzification result for independent parameter “Crop moisture”

Similarly to the “Dew” factor, the membership 
functions were calculated ( )uµ  for “Crop moisture”. 

( )
0, 0 if 17

1, 0 16

17 17
,16 17

17 16 1

u u

u u

u u
u

µ


 ≤ ≥


= ≤ ≤
 − −
 = ≤ ≤

−

  (4)

( )
0, 16,5 if 23,25

16,5 16,5
,16,5 18

18 16,5 1,5

23,25 23,25
,18 23,25

23,25 18 5,25

u u

u u
u u

u u
u

µ


 ≤ ≥
 − −= = ≤ ≤ −
 − −

= ≤ ≤
−

  (5)

( )
1, 25 27

21,5 21,5
, 21,5 25

25 21,5 3,5

u

u u u
u

µ
≤ ≤

= − − = ≤ ≤ −

  (6) 

 
The presented example allows building a logical-

linguistic model of the dependent variable “Crop 
moisture”. The fuzzification procedure was carried out 
similarly for the other factors of the functioning of 
transport services during the harvesting period described in 
Section 3.1. 

 
4 Results and Discussion 
Eleven logical-linguistic models were built as a result 

of the study. At the same time, for example, the fuzzy 
mathematical model of “Crop moisture” in the form of a 
linguistic model consists of 9 rules and will take the 
following form: 

 

 
"Rain S " "Crop moisture "

"Rain " "Crop moisture "

"Rain " "Crop moisture "

"Dew S " "Crop moisture "

"Dew " "Crop moist

IF hort term THEN Normal

IF Heavy THEN Medium

IF Lingering THEN High

IF hort term THEN Normal

IF Moderate THEN

→
→

→
→

→ ure "

"Dew " "Crop moisture "

"Dew S " "Rain S " "Crop moisture "

"Dew " "Rain " "Crop moisture "

"Dew " "Rain "

Medium

IF Long THEN High

IF hort term AND hort term THEN Normal

IF Moderate AND Heavy THEN Medium

IF Long AND Lingering THE

→
→ →

→ →
→ → "Crop moisture "N High
















   (7)

The final table with a set of rules for each of the 11 
developed logical-linguistic models can be represented as 
follows (Table 6).
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Table 6 Resulting table with rules quantities for each logical linguistic model 

Fuzzy logical linguistic model Rules quantity 

Soil condition 9 
Crop productivity 3 

Crop moisture 9 
Lodging 9 

Quantity of harvesters 15 
Harvester speed 4 

Harvester efficiency 11 
Quantity of vehicles (trucks) 6 

Vehicles (trucks) operating speed 6 
Method of harvesting 11 

Vehicles (trucks) turnover time 15 

Table 6 shows that the most cumbersome is LLM, 
which determines the technology of the transportation 
process and the harvesting equipment operation. These 
models consist of 15 rules, which makes it necessary to 
take into account more conditions when calculating the 
number of harvesting combines needed, as well as planning 
the turnover time for trucks involved directly in the 
transportation of the HTC. Therefore, in order to avoid the 
disruptions in possible operation, these two indicators 
should be agreed upon to exclude both the downtime of the 
combine waiting for the truck and, conversely, the 
formation of a queue of empty trucks near the field. 

 
5 Conclusion 
The paper studies the interconnections and 

interdependencies of the technical, technological factors 
and weather and climate conditions for further modeling of 
the transport support for the harvesting and transport 
complex. A classification is made with finding mutual 
influence between the variables of the system under study. 
Based on this, the matrix of logical chains between the 
parameters (weather, climate, technical, and technological) 
is developed. 

The process of assigning terms to each of the dependent 
and independent parameters was carried out, and the values 
of linguistic variables were assigned. Parameters were 
fuzzified based on the equations made using trapezoidal 
and triangular membership functions. The set of rules 
necessary for creating logical-linguistic models (LLM) for 
each factor has been compiled. 

The logical-linguistic models have been developed to 
solve the problem of transport support for agro-industrial 
production, considering the opportunity to forecast values 
of the weather and climatic factors that influence the 
efficiency increase of the harvesting and transport complex 
elements functioning. 

The developed LLM for dependent parameters will 
allow further modeling of the transport support of the 
harvesting and transport complex in the Fuzzy Logic 
Toolbox application in the MATLAB package. According 
to the results, you can get a set of rules for all the elements 
of the fuzzy system, in which the required number of trucks 

is more accurately calculated under various, even the most 
implicit, conditions of operation of the HTC. 
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Abstract: This article examines the practices of logistics service providers (LSP) and the most outsourced services in 
Morocco through an empirical study based on a questionnaire answered by various foreign and Moroccan logistics service 
providers as well as dealing with the impact of outsourcing on the performance of industrial companies with increasing 
competitive pressures and globalization. These companies have developed the strategy of logistics outsourcing which is 
a process that companies are increasingly resorting to. It is for an industrial or commercial company means "entrusting 
all or part of a logistics chain, previously carried out internally, to an external service provider". 
 
1 Introduction 

The new context in which Morocco is evolving 
inevitably leads to increased competition on global 
markets. To fully grasp Morocco's competitive advantages, 
we are conducting a study on areas of improvement in 
logistics that could boost the Moroccan economy by 
bringing out new services that are essential to 
multinationals by bringing out new services that are 
indispensable to multinationals, such as the new trend 
'outsourcing strategy' and the emergence of service 
providers with multiple levels of logistics services. 

Significant work addresses the process of choosing to 
outsource, particularly in the company's international 
activities [1], or describes the process of purchasing 
logistics services [2]. Most often, the literature analyses the 
logistics service provider-customer relationship through 
one of the two players in the dyad. Thus, the approach to 
outsource from the customer's side is extensively analysed 
in terms of the customer's perception of the outsourcing of 
logistics activities [3] particularly on the European market 
[4], the purchase of services by the client and the 
prioritization of selection criteria [5], methodologies 
allowing the implementation of outsourcing and the 
transfer of outsourced activities to the service provider [2] 
or according to the performance perceived by the industrial 
client [6], or the perception of the skills and performance 
of the logistics service provider by the industrial client [7]. 

Since 1995, logistics outsourcing has been growing 
steadily in France and Europe [8] and confirms its 
development among industrialists [9]. In this context, 
logistics service providers are only one illustration of the 
creation of added value to the operation of a company. 

Since the start of the outsourcing strategy, the logistics 
service provider has played a key role in the company's 
logistics activity, it is always looking for the right provider 
who will do the job properly and comply with standards. In 
a competitive environment, this value creation is a way for 
companies to differentiate themselves from the 
competition expand their markets, win new customers, 
and, above all, better meet the demands of customers 
seeking high-performance service offerings. 

There is now a renewed interest in the provision of 
logistics services. The main reasons for this are based on 
the steady growth of the logistics services market and the 
vital importance of logistics service providers (LSPs) in 
supply chains [10]. Logistics services can be defined as a 
succession or combination of complementary activities 
that contribute to the creation of added value [11]. These 
activities may concern load breaking operations (reception 
and control of materials and goods, handling, storage, etc.), 
para-industrial operations (after-sales service and repairs, 
assembly, finishing, etc.), para-commercial operations 
(preparation of orders, constitution of promotional lots, 
sales forecasts, price marking, tracing-tracking, etc.), 
management operations (monitoring of expiry dates, return 
of pallets, stock management, etc.), consulting activities 
and transport operations (traction, chartering, 
purchase/negotiation of freight, etc.) 

In the United States, an annual survey carried out since 
1991 shows the growing impact of logistics services 
among manufacturers [12-13]. In France and in Europe, 
due to the increasing diversification of the services offered 
by the LSPs, logistics services are highly scalable [14]. On 
the side of the principals, logistics outsourcing has become 
an unavoidable strategic dimension with the 
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implementation of new management rules, new skills and 
new social relations [10], the weight of contractualisation 
in the relationship [15], or providers' monitoring strategies 
[16]. 

While Logistics Service Providers (LSPs) have become 
key players in supply chain management. This chain is a 
system through which organizations deliver their goods 
and services to their customers. They form a network of 
interconnected organizations with a common purpose [17]. 
From the mid-1980s, many industrial or commercial 
companies disengaged from the operational realization of 
their logistics activities (transport, storage, etc.) which 
were not the core of their business. Thus, a new player 
emerged, the LSP. These operators therefore provide 
shippers (owners of the goods transported) with specific 
means of transport and storage, and this by expanding their 
service offer to other activities with higher added value, up 
to the operationalization and management of complex and 
personalized logistics and information systems. The speed 
and reliability of information exchange is crucial to 
coordinate, between the different actors in the supply 
chain, the precise time and place of services that guarantee 
the best results, and to provide the information that the 
manager needs to operate the system. 

FULCONIS and PACHE [17] introduce this notion of 
service provider as an assembler of competence. Providers 
would no longer become mere executors in charge of 
ensuring the operational implementation of logistics 
activities, but "organizers (or pivots) of competence 
networks".   This study by these two authors goes even 
further by shifting the centre of gravity of competence 
networks towards the service provider, all the more so if 
the degree of outsourcing is extensive and complex. The 
notion of LSP as a satellite is mentioned. Thus, the real 
drivers of the value chain would no longer be the 
industrialists, but the logistics providers, who would be at 
the heart of all the different "dynamic networks". In the 
extreme version of the phenomenon, it would no longer be 
a company that outsources its logistics, but the service 
provider that outsources other related activities such as 
production, marketing, etc. HESSE offers a different vision 
of the relationship between industrialists and logistics 
service providers. Indeed, for HESSE service providers are 
more like "coordinators and architects" within competitive 
strategies in industry-commerce relations [18]. Thus, 
contrary to what is developed by FULCONIS and PACHE 
[17], industrialists and service providers would not be 
against each other in a struggle for influence, but real 
partners with the aim of creating a definite competitive 
advantage towards other market companies. 

The research in logistics and supply chain management 
is increasingly interested in issues related to practices in 
emerging markets [19] where few studies have been 
conducted. However, this research has largely overlooked 
the role played by LSPs, despite their role as facilitators of 
their clients' internationalization projects as the leading 
players in their target markets [20].  

From this perspective, the article focuses first and 
foremost on the birth of the LSP. Using this perspective, 
we will then look at the strategic role of the LSP in the 
supply chain, which has been strengthened by the 
expansion of the range of logistics services that has 
encouraged the development of different categories of 
LSPs. Then in the third part, the exploitation of the result 
of the questionnaire answered by the interviewers through 
the empirical study carried out.   

 
2 Evolution of logistics providers 

Situated at the interface between production and the 
market, logistics service providers have quickly 
transformed themselves into true multi-service and multi-
functional professionals in the context of a shift from 
industrial activities to service activities. The rise of these 
new players was first confirmed in the USA [21] and then 
returned to Europe. Their growth is due to their ability to 
develop technological innovations that make it possible to 
formulate solutions for the control and regulation of flows. 

At the origin of this evolution are the new forms of 
organization of production/distribution which are 
manifested by new requirements. It is not limited to the 
classic need for a transport service, but now covers a wider 
range of conditions and services. 

 
2.1 Traditional benefits: the change 

The traditional services offered by service providers to 
commercial and industrial enterprises can easily be seen 
when it comes to discussing the evolution of the main 
components of these services, i.e. time, tracking, frequency 
and shipment. 
 Delay: Previously, delays were long, routing cycles 

were staggered, and arriving a few days before or after 
the delay did not cause any concern. Today, all cycles 
have become much shorter, whether they are 
innovation, product life or simply supply cycles. 
Undergoing the logic of just-in-time, lead times are not 
going to be simply short, but very short depending on 
the strategies. 

 Monitoring: this is done only at times of traffic flow, 
while at other times the loss of information on the flow 
makes the possibility of monitoring out of reach. In the 
new approach, monitoring is done in real time. At any 
time, the sender can ask the service provider to modify 
the route, change the flow and modify the flow 
structure. 

 Frequency: In the classical approach, the frequencies 
of the flows are low, spaced and irregular. With the 
development of industrial logistic strategies aimed at 
eliminating stocks, shipping frequencies are high and 
regular [22]. 

 Shipments: Classically, shipments were made in full 
loads resulting in massive flows. The size of the batches 
will undergo a drastic reduction, giving rise to 
repetitive and diffuse shipments in order to respond to 
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the logic of variety which becomes the competitive 
weapon of all the partners in the physical circulation. 

 
2.2 New services: outsourcing 

With a preoccupation for improving performance and 
profitability, companies resorted to the direct appropriation 
of activities annexed to their principal activities. This 
approach, which propelled companies into business lines 
that they did not master, proved too costly. The option of 
using an outside companies to perform certain operations 
instead of doing it yourself is becoming a winning strategy 
for many companies. In defining this phenomenon, the 
literature most often tends to use the terms subcontracting 
and outsourcing as synonyms. On the other hand, we 
believe that these notions refer to two different 
relationships. Therefore, subcontracting is a very 
widespread activity that concerns all companies. It 
consists, for the principal, in entrusting outside companies 
with the task of carrying out certain tasks on his behalf, 
according to specifications, while retaining final economic 
responsibility for the subcontracted activity [23].  

On the one hand, this relationship does not deal with 
situations where the principal subcontracts the entire 
production or services. On the other hand, it ignores 
situations in which the specifications of the principal are 
transmitted to the service provider without a real 
specification [24]. For its part, outsourcing represents a 
larger operation than conventional subcontracting, in that 
it consists of a service provider taking charge of one or 
more activities. 

The choice of the client company to entrust all or part 
of its staff employed in the activity concerned, as well as 
the means of production associated with it, is secondary. In 
this relationship, the service provider retains a certain 
economic responsibility by becoming involved in an 
operating result (such as reducing inventory levels or 
improving customer service), which may have a direct 
effect on the remuneration system adopted. In addition, the 
outsourcing of logistics and other managerial operations is 
becoming more and more important as the advantages it 
brings to the shipper [25] are varied, namely: the reduction 
of logistics costs and the improvement of service quality 
by using a specialized service provider capable of 
achieving better productivity and reliability of operations 
instead of being paralyzed by inadequate means of its own, 
the shipper has a larger choice of service providers before 
it. 

 
2.3 Logistics services: a new generation of 

stakeholders 
Before asking ourselves about the origins of these 

stakeholders, we should first define this new activity that 
the Anglo-Saxon literature [21] describes as Third-Party 
Logistics (TPL). In the past, a company, in order to 
organize its logistics, had to call upon a consulting 
company to program, a transport rental company to execute 
and its own means to control. Currently, a TPL offers these 

three aspects of logistics management in a single service. 
According to a study by the Eurosiris [26] on the French 
case, logistics service providers have three main origins, 
the most important of which is the transport sector. 
 Providers from the transport sector: The majority of 

providers from the transport sector come from the road 
transport industry. 

 Service providers from large manufacturing 
groups: This type of service provider is made up of 
subsidiaries of companies with a high level of activity 
and which generate a large volume of flows, upstream 
(supply of materials and components) as well as 
downstream (delivery of finished products). It should 
be noted that the option of making a logistics service 
provider a subsidiary has tended to recede, giving way 
to the contractual route (subcontracting, partnership). 

 Providers of services to industry: This category 
includes all the companies specializing in the execution 
of certain transactions for the benefit of industry. These 
operations, known as annexes, are often logistical in 
nature (industrial packaging, warehousing, etc.) [26]. 
 

2.4 The offering system of logistics service 
providers: 

The supply system implemented by logistics service 
providers brings, especially in the field of physical 
distribution, a new concept of flow control. It is no longer 
a service that is assessed solely by its cost, but a 
systemically integrated and structurally multifaceted 
service capable of adding value to the cargo handled. 
However, setting up such a service requires a major 
logistical infrastructure that can only be provided by large 
companies.  

The small company (often transport), for its part, will 
limit itself to a single-product offer, which consists of 
providing traction by subcontracting its service to logistics 
providers who require a high degree of professionalism and 
a significant capacity for expertise. This is how logistics 
service providers are going to focus on nodes (nodal 
points) to develop integrated and varied services capable of 
generating greater added value. "Traction activities thus 
form part of a larger set of physical distribution operations 
carried out, for the most part, on freight handling 
infrastructures such as warehouses and platforms" [26]. 
The latter have now become the target of investment by 
carriers wishing to offer logistics services. The rise of 
logistics service providers with their new offering system 
has contributed to a reconfiguration of the relationships 
between physical distribution partners.  

First of all, it contributed to the decline in the dominant 
corporeal (or patrimonial) option until the 1970s by 
replacing it with the contractual option (subcontracting, 
partnership), which is not based on one-off transactions but 
on long-term transactions. It then changed the mechanism 
of market behaviour. 
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3 Methodology 
Regarding the offer of logistics services of Moroccan 

companies, we designed a field study with a questionnaire 
(realized in the period between September 2019 and 
February 2020) for service providers, this empirical 
analysis is based on a database that includes targeted 
observations on 64 service providers. The table 1 presents 
the providers in different sectors of activity: 
 Maritime, road, air transport, 
 Shipping service, 
 Storage & handling, 
 Supply Chain Audit & Consulting. 

 

Table 1 The sample targeted by the questionnaire of logistics 

service providers 

Sector Type Sample size 
Maritime 
transport 

Large companies 10 

Road transport  Large companies 21 

Small and 
medium 
companies 

2 

Air transport Large companies 5 
Rail transport Large companies 1 
Shipping service Large companies 7 
Storage & 
handling 

Large companies 14 

Audit & 
consulting in 
SCM 

Large companies 4 

 
The purpose of this study is to determine the activity of 

logistics service providers in Morocco. In addition, we 
would like to know the different types of services offered 
by service providers, and the logistics activities most 
outsourced by the principals as well as other information, 
which we will develop further in what follows. 

 
4 Use of the questionnaire and 

interpretation of the results: 
Figure 1 describes the types of companies currently in 

Morocco, it should be noted that 62% of the responses to 
the questionnaire for logistics service providers came from 

international companies located here in Morocco, while 
38% came from Moroccan companies. 

 

 
Figure 1 Distribution of providers surveyed by nationality 
 
On the other hand, in figure 2, we note that the majority 

of the clients of these service providers are industrialists 
with a percentage of 54% compared to 36% for the mass 
distribution sector. The 10% refers to different clients, for 
example: the media, car rental agencies, etc.  

 

Figure 2 Distribution of the clients of the providers surveyed 
 
As shown in the figure 3, the Distribution or 

downstream transport (88,23%) and warehousing (85%) 
are the two most proposed logistics services on the 
Moroccan market, the percentage of upstream transport is 
in third position with (64,7%), after comes the transit and 
customs clearance with the percentage (55,88%), labelling 
with (41,17%), packaging with (35,29%), however we note 
that IT solutions is low with a rate of 23.53%. The other 
unexplained services with a rate of 32.35% are: weighing, 
stuffing and stripping of containers, shipping service, etc.
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Figure 3 Existing logistics services on the Moroccan market 

Figure 4 demonstrates that the majority of logistics 
service providers in Morocco claim to have direct contact 
with their clients' customers with a rate of 68%. While the 
remaining 32% have no relationship with them at all what 
may explain why Moroccan companies are conservative 
about entrusting their logistics activities to a third party is 
the fear of losing direct contact with their customers.  

 

 
Figure 4 The direct contact between the logistics service 

provider and their customer's client 

 
The figure 5 present the percentage of re-internalization 

of logistics activities, it should be noted that 65% of service 
providers have had no experience of re-internalization of 
logistics activities by their customers, because they have 
considered themselves satisfied with their partnership. So, 
let the 35% claim to have gone through such a situation. 

 
Figure 5 Percentage of re-internalization of logistics activities 

by the providers' customers. 

 
Concerning the question for the causes of the re-

internalization of outsourced activities according to the 
providers, the answer was for the following causes: 

Cause 1- Customer's claim of a better control of 
the flows on his part. 

Cause 2- Global strategic decision of outsourcing 
companies. 

Cause 3- Failure of the service 
Cause 4- Expensive logistics services. 
Cause 5- Loss of market share by the customer. 

 
The figure 6 below is a representative graph of the 

percentages of the results:
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Figure 6 Causes of the re-internalization of outsourced activities according to the providers

5 Discussion 
A database containing information on Moroccan 

logistics providers service has been used, the supply of 
logistics services is low and not very diversified in 
Morocco, and there are few companies offering a wide 
range of logistics services. However, companies offering a 
full range of logistics services are exclusively subsidiaries 
of European groups and most often have multinational 
companies as their customers. 

Using information from several sources, we found that 
industrial and commercial companies in general prefer to 
internalize logistics activities, it is in this sense that the 
paradox of collaborating or coordinating with a provider 
where the question arises. Therefore, only some companies 
outsource the part relating to transport and storage. The 
internalization of logistics is due to the mistrust of these 
operators to entrust internal information concerning their 
business to third parties. While the transport and storage 
represent a substantial part of the market for logistics 
service providers. Unfortunately, the level of services 
offered is of relatively low quality and they are subject to 
technical conditions that are below standard.  

Logistics subcontracting of the TPL type (Third part 
logistics: storage, stock management, order preparation, 
organization of physical distribution and information and 
value-added services) are mainly provided by foreign 
companies or companies oriented towards international 
trade, while the offers of Moroccan companies are focused 
on transport or simple storage.  

Red tape and competition from the informal sector in 
road transport and warehousing make it difficult to develop 
the formal sector and meet high quality standards. Finally, 
information systems are poorly developed for the real 
needs of the supply chain. Certainly, the behaviour of 
Moroccan companies with regard to logistics is a function 
of their size, their fields of activity and the degree of 

competition. Large companies and those with externally 
oriented activities have started to broaden the scope of their 
logistics strategies (outsourcing, Logistics Information 
Systems, etc.).  

In logistics services, Moroccan companies 
initially focused on the marketing of more or less complex 
transport services. However, the SDTM and La Voie 
Express have become real logistics integrators and have 
customers who are mostly Moroccan. They rely on 
warehouses in the main provincial cities where the 
grouping can be carried out. Marotrans is the only company 
that has made transport quality a priority. It has the 
exclusivity of road transport in Morocco for many foreign 
companies such as McDonald's, Cofarma, Carnaud, the 
transport of milk for Nestlé. 

Logistics demand from Moroccan companies 
(especially SMEs) remains low. Generally, the only 
outsourcing done by Moroccan companies is for transport 
and storage. In addition, Moroccan logistics providers 
focus largely on transport.  

The logistics and transport service market there is 
dominated by a majority of European service providers 
[27] such as Géodis, DHL, Kühne & Nagel, Dacsher where 
the majority of LSP are Small and Medium Enterprises 
(SMEs) specialized mainly in transportation services [27]. 
On the other hand, according to the Moroccan agency for 
the development of logistics [28], despite the difficulties 
related to the international economic situation. The market 
for logistics services and road transport of goods in 
Morocco has experienced an average annual growth of 
5.2% between 2010 and 2016. The volume of activities and 
investments of companies in the sector is clearly evolving 
in Morocco encouraging the development of LSP.  
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6 Conclusion 
This study thus aims to analyse how the LSP develops 

managerial capacities in order to develop in its market. 
Over the last decade, Morocco has embarked on a national 
logistics development strategy through several 
infrastructure development projects and multi-flow 
logistics platforms.  

The purpose of this paper was to review the existing 
logistics service providers in Morocco, their practices as 
well as the most outsourced services. This field survey 
allowed us to synthesize the Moroccan market through a 
questionnaire and the analysis of various articles and 
reviews dealing with this issue. Due the gradual opening of 
borders and the massive arrival of foreign competition, 
Moroccan companies find themselves in two situations. 
Some companies have understood that the use of logistics 
service providers could be a lever for improving 
performance, but also a way to focus on areas of 
differentiation from competitors, and others hesitate to 
outsource their logistics activities because internal 
resistance or apprehension about the involvement of an 
external supplier in the company's activities. This work is 
divided into three parts. First, we have explained the 
principles of logistics outsourcing in emerging countries. 
Then, we have described the evolution of logistics service 
providers over time. Finally, we have presented our 
research approach and our results in the Moroccan market. 

In this regard, several perspectives may emerge from 
our research and several questions deserve to be pursued 
and elucidated by future research. For example, research 
will be needed for the selection and evaluation of the 
choice of the appropriate logistics service provider for the 
principals. 
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Abstract: This paper presents a methodology oriented to obtain profits in the short-term and is applied to the brewery 
industry for distributing goods. It is composed of two models of Operations Research (OR), the Knapsack Problem (KP), 
and the Traveling Salesman Problem (TSP). Also, the Greedy Algorithm is used. In the first step, the KP modified model 
is used in the choice of the product to give priority to products, which maximize the profit of the Company, making the 
load assignments for each route respecting the constraints of volume and weight of vehicle capacity. The volume of the 
vehicle considers full boxes, and its weight and profit are calculated in bottles. As a result, the product loaded is prioritized, 
where the highest profit product is delivered first and then the low-profit product. Subsequently, the TSP model was used 
to select the best route for the distribution of the products. Finally, with the Greedy Algorithm and results obtained 
previously, the customers to be visited are determined. 
 
1 Introduction 

In Mexico, 2014, the number of Micro, Small, and 
Medium Enterprises (SMEs) were more than four million, 
according to [1]. Moreover, according to [2], the SMEs are 
99% of the businesses that exist in Mexico. The SMEs 
generate 80% of current jobs and more than 36% of Gross 
Domestic Product (GDP), for this reason, it is the economic 
sector that has one of the most significant social impacts. 
To accelerate and to improve their competitiveness, any 
federal programs support the entrepreneur, where they can 
obtain advice, services, and credits. The support offered 
focuses on solves economic problems or develops 
strategies to make the SMEs grow. Nevertheless, there are 
no programs to analyze the internal process of each one of 
the SMEs. 

There are international studies that report problems to 
implement development projects and low success rates 
[3,4]. A good strategy that SMEs can use to obtain the 
analysis and the improvement of their processes is to 
interact with universities because, after all, education and 
research are keys in the formation of worldwide markets 
[5]. On the other hand, in Mexico, the universities, 
especially those that are offering postgraduate studies, are 
developing investigation [6] based on the case study 
method and using data from SMEs in order to develop the 
application of knowledge to real-world situations [7]. In 

this way, the case presented and improved is a result of this 
relationship.  

Within the improvement to the brewing company, the 
knapsack Problem (KP), the Traveling Salesman Problem 
(TSP), and the Greedy Algorithm are used to solve the 
problem of distribution of goods to customers incurring in 
the lowest possible costs. The problem is tackled because 
the Company is not complying with the deliveries to 
customers promptly, and the priority of the Company is to 
attend the customers that represent more income. The 
current delivery of the company process consists of 
supplying the customers as soon as possible, which incurs 
unnecessary costs because they do not have a delivery plan. 

The KP or also known as the Backpack Problem is a 
Combinatorial Optimization Problem (COP) and is used to 
define objects to fit into a backpack, so that optimizes the 
total value, without exceeding the weight and/or volume of 
the backpack [8] proposed a solution of 0-1 in the KP  (non-
viable - viable) while several processors run at the same 
time, it was a way to achieve better time solution of the 
problem of this nature for the NP-Hard solution. Besides, 
[9] proposes three levels of the knapsack algorithms that 
minimize the errors of the best solution for small problems. 
These algorithms are discarded and made a selection of the 
best solutions that were defined as Hyper-heuristics. 

On the other hand, [10] propose a heuristic be able to 
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generate a common knapsack problem considering that the 
products can do rotations in two and three dimensions. 
While the TSP model is approached from the street vendor, 
he wishes to visit exactly once each of a list of cities and 
return to origin.  

Now, the importance of the TSP model is that it is 
representative of a larger class of problems known as COP 
too. It belongs to the class of problems known as NP-
complete. Specifically, it is possible to find an efficient 
algorithm that can give the solution (i.e., that run in 
polynomial time). Also, the TSP model has practical 
implications for issues as seemingly diverse as drilling of 
printed circuit boards [11], x-ray crystallography [12], and 
the robotics assembly [13]. Some practical problems 
involving laser drilling of printed circuit boards [14] or 
movements in the manufacture of chips mean the TSP 
model up to a million nodes. 

Nevertheless, as noted above, it has not discovered any 
effective algorithm that can find the optimal solution to the 
TSP model, and a guaranteed-search method exhaustive 
because it becomes more impractical as it increases the 
number of points (n). Increases the number of possible 
solutions to a TSP model (n - 1)! / 2 (if the direction of 
travel is ignored), so, to find all the possible solutions to a 
problem of 20 nodes, a computer-generated by, say, 100 
solutions per second would require more than 19 million 
years [15]. 

Also, the application of the Greedy Algorithm was used 
to find the best solution for every step, with the hope that, 
at some point, to obtain a better solution. [16] defined that 
this algorithm seeks the best solution from a selection of 
possible solutions. [17], who defined an algorithm to 
optimize again to obtain the solution of Greedy Algorithm 
nature based on partial solutions and reach the best solution 
more quickly with fewer resources. 

For a vast instance, the exact methods are inefficient 
regarding resolution times, and here is where the 
metaheuristics help us to solve them. It is possible to build 
an effective solution using the Greedy algorithm; some of 
the solutions reported with this algorithm have an error of 
5% [18].  

 
2 Background 

This section is separated into two subsections: the first 
subsection is about the analysis of the companies according 
to their sizes, the number of employees and the entities as 
they are located, and the second subsection is about the 
beer companies in Mexico. 

 
2.1 Companies in Mexico  

According to the information of the National Institute 
of Statistics and Geography (INEGI) [19], the companies 
are classified into four types based on the number of 
employees and their sales expressed in US dollars with an 
exchange rate of 21.92.  

 
1. Micro Industry. This type of industry has a maximum 

of 15 employees, and their sales are a maximum of 
USD 1,387,808.10. 

2. Small Industry. This type of industry has a maximum 
of 100 employees, and their sales are a maximum of 
USD 18,504,108.03. 

3. Medium Industry. This type of industry has a 
maximum of 250 employees, and their sales are a 
maximum of USD 50,886,297.08. 

4. Big Industry. This type of industry has more than 250 
employees, and their sales are more prominent than 
USD 50,886,297.08. 

 
In Mexico, the manufacturing sector is considered the 

companies that make beer, the steel industry, the 
automotive industry, and others. 

According to INEGI (2018)[20], the manufacturing 
sector generates 27 % of the national total, with 39% of 
total employees. It makes the manufacturing sector one of 
the most important for the country. These data are shown 
in Figure 1. 
 

 
Figure 1 Importance of Manufactures in the Economy (source: 

INEGI, 2018) 

 

There is not enough data to analyze the behavior of 
manufacturing companies by their size; for this reason, the 
INEGI 2014 data will be employed for the analysis. The 
manufacturing sector from 2008 to 2013 in the number of 
companies grow a 12.1% in total, but the strata that most 
grow was the micro with a 13.3% and the small decrease 
in 8.5%, while the medium and the big grew 4.5% and 
9.7%. The decrease of 8.5% shows that small companies 
have trouble to survive and that is the reason to focus the 
present work to help in the improvement of one small 
Company. These data are presented in Table 1. 

The indicator of increase or decrease in the number of 
companies needs to be accompanied by the analysis of 
evolution in the number of employees. It because although 
the companies show the evolution and the perception of 
economic growth, the number of employees shows the 
social impact of each one of the strata in the country.  
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Table 1 Evolution of companies by stratum 2008 and 2013 (source: economic census of INEGI, 2014) 

Strata Companies  Percentage 
growth 

2008 2013 2018  2008-2013 

Total manufactures 436 851 489 530    521 744  12.1    

   Micro 404 156 458 096   13.3 
   Small 22 349 20 455   -8.5 
   Medium 7 113 7 431   4.5 

   Big 3 233 3 548   9.7 
 

The total growth of employees in the manufacturing 
sector was 8.8 %. It is contrary to the growth observed in 
Table 1. In micro manufactures, the number of employees 
decreased by 2.2%. In the small strata, the decrease was 
4.5%; in the medium strata, the growth was 6.7%, and the 
best strata were in big manufacturers with a growth of 
17.4%. These data are shown in Table 2. Table 1 shows the 
growth of companies from 2008 to 2013 in quantity and 
percentage associate with this. While Table 2 shows the 
growth in quantity and percentage of employees affected 
directly with the growth (positive or negative) of the 
companies. In Table 1, the micro-companies grow 13.3% 

while in Table 2, the micro-companies decrease in 2.2%, 
one of the reasons for these data could be that to survive 
small companies are now micro-companies with fewer 
employees and fewer profits, and that could explain the 
growth of micro-companies. In comparison, other small 
companies conserved their profits but had fewer 
employees, that could explain that the percentage of micro-
companies grew and the percentage of employees 
decreased. The reality that tables show is those small 
companies are a vulnerable sector that needs help, the rest 
are only assumptions, that need more in-depth analysis.

 
Table 2 Evolution on the number of employees by stratum 2008 and 2013. (source: economic census of INEGI, 2004) 

Strata Employees  Percentage growth 

2008 2013  2008-2013 

Total manufactures 
4 661 062 5 073 432 

8.8          

    Micro 1 080 713 1 057 456 
-2.2 

   Small 467 197 446 181 
-4.5 

   Medium 797 907 851 506 
6.7 

   Big 
2 315 245 2 718 289 

17.4 

 
According to INEGI, Mexico (Country) is divided into 

five regions, South-southeast, Center-West, Center, 
Northeast, Northwest. Each one of these regions was 
analyzed by INEGI to know the number of Companies, 
Employees, and the Gross Total Production. The region of 
interest is the Region South-southwest, where Puebla 
located. This region contributes to the country with 36.9% 

of the Companies, 14.2% of the Employees, and 18.4% of 
the Gross Total Production. The percentage of each one of 
these regions in the Total National is presented in Table 3. 
Puebla is located in the south-southeast region, the region 
that brings more companies to the total Nacional 
(According to Table 3).

 

Table 3 Economic regions of Mexico. (Source: economic census of INEGI, 20014) 

Regions Companies Employees Gross Total Production 

Percentages 

Total nacional 
100.0 100.0 

100.0 

   South-southeast 36.9 14.2 
18.4 

   Central-west 24.0 22.1 
20.8 

   Center 24.5 24.9 
26.6 

   Northeast 
8.6 27.5 

26.7 

   Northwest 
6.0 11.3 

7.5 
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Puebla is the City with the most quantity of companies 
in the Region south-southeast. With a grew total from 2008 
to 2013 of 22.8%. The micro-companies grew 22.4%, 
small companies grew 38.6%, medium companies grew 
46.4%, and big companies grew 38.2%, being Puebla, who 
grew more in the region. The input of each City in the 
region south-southeast is presented in Table 4. 

The information about the contribution of Puebla in the 
economy of México is vital because the Company to be 
analyzed is a beer manufacturing company settled in 
Puebla. This Company is of small size because it has 32 
employees. This Company is active in superstores, coffee 
shops, restaurants, and lodging houses. 
 

 

Table 4  Companies by Entity according to their size, 2013. (source: economic census of INEGI, 2014) 
Strata Total Micro Small Medium Big 

Absolute % Absolute % Absolute % Absolute % Absolute % 

South-southeast 
180 574 100.0 176 471 100.0 2 976 100.0 834 100.0 293 100.0

   Campeche 3 440 1.9 3 349 1.9 63 2.1 18 2.2 10 3.4

   Chiapas 16 856 9.3 16 580 9.4 215 7.2 44 5.3 17 5.8

   Guerrero 26 774 14.8 26 627 15.1 120 4.0 23 2.8 4 1.4

   Oaxaca 
36 964 20.5 36 712 20.8 210 7.1 29 3.5 13 4.4

   Puebla 
41 114 22.8 39 467 22.4 1 148 38.6 387 46.4 112 38.2

   Quintana Roo 
3 043 1.7 2 894 1.6 122 4.1 23 2.8 4 1.4

   Tabasco 
5 075 2.8 4 898 2.8 128 4.3 34 4.1 15 5.1

   Veracruz  
24 674 13.7 23 893 13.5 551 18.5 153 18.3 77 26.3

   Yucatán 
22 634 12.5 22 051 12.5 419 14.1 123 14.7 41 14.0

 
2.2 The beer industry in Mexico 

There are two Mexican corporations in the beer-market, 
that dominate more than 97% of the market in Mexico  
Grupo Modelo and Cervecería Cuauhtémoc Moctezuma 
(CCM), part of Grupo Femsa. Grupo Modelo had a market 
share of 57%, while CCM had a market of 42% [21]. It left 
a very reduced market to other breweries in the national 
market. Also, it is necessary to take into account that 
foreign breweries corporations are interested in the 
national market; this makes harder the competition for 
small companies. The product of the Company to study is 
available in supermarkets, restaurants, and bars. These 

products share the market with a lot of different beer-
brands, also with foreign beer-brands. 

According to [22], there are 55 economic units in the 
country dedicated to brewing, which generate 1.2% of total 
gross production with a total gross production of 78,403 
million Mexican pesos. In the brewery industry work 
11,834 persons, of which 7.3% are women and 92.7%, are 
men. The brewery industry is number 14 in order of 
importance in Mexico, as can be seen in Table 5. 

According to [22], the primary entities that produce 
beer are Zacatecas with 18%, Coahuila with 15%, DF with 
12%, Nuevo Leon with 11%, Oaxaca with 11%, the other 
33% is distributed among other entities.

 
Table 5 Position of the importance of Brewing Companies in Mexico (source: economic census of INEGI, 2015) 

Position of 
importance 

Industry 

1 Petroleum refining 
2 Truck and Tractor Truck Manufacturing 
3 Manufacture of basic petrochemicals of natural gas and refined oil 
4 Manufacture of cars and trucks 
5 Manufacture of other parts for automotive vehicles 
6 Preparation of soft drinks and other soft drinks 
7 Pharmaceutical industry (Manufacture of pharmaceutical preparations) 
8 Manufacture of electrical and electronic equipment and parts for motor vehicles 
9 Steelmakers complexes 
10     Manufacture of gasoline engines and their parts for automotive vehicles 
11 Manufacture of other iron and steel products 
12 Manufacture of interior seats and accessories for motor vehicles 
13 Food processing for animals 
14 Brewing 
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Mexico ranks as the fourth largest beer-producing 
country in the world, after China, the United States of 
America and Brazil. 

Since 2010, Mexico is the leading exporter of beer 
worldwide. Currently, one in five beers exported in the 
world is produced in Mexico. 

The production of beer is essential in the beverage 
industry because brewing, according to gross production, 

is among the 14 most important activities of the country's 
manufacturing production, among a total of 291 activities, 
below oil refining, the manufacture of cars and trucks, 
among others. 

Brewing represents 29.3% of the total gross production 
of the Beverage Industry, being the second most important 
economic activity within it, as is shown in Table 6.

  
Table 6 Importance of brewing in the beverage industry source: economic census of INEGI, 2015) 

SCIAN Code Economic activity 
Economic 

units 
Busy 
staff 

Gross 
production 

Branch 3121 Beverage industry 100 100 100 
Class 312111 Preparation of sodas and other soft drinks 1.5 39.2 54.9 
Class 312112 Water purification and bottling 89.9 40.1 4.8 
Class 312113 Ice making 4.1 5.2 1.3 
Class 312120 Beer making 0.3 7.2 29.3 
Class 312131 Elaboration of alcoholic beverages based on grapes 0.3 1.3 1.8 
Class 312141 Elaboration of rum and other distilled cane drinks 0.2 0.4 0.6 
Class 312142 Elaboration of distilled agave drinks 2.9 5.9 7.2 

 Other activities 0.8 0.7 0.1 

According to the history, The Cuauhtémoc brewery 
group (Grupo Cuauhtémoc Moctezuma, 2012) emerges on 
November 8, 1890, in the City of Monterrey, Nuevo León 
and because of the needs of this group they start to create 
companies to provide them, like Vidriera Monterrey, Hylsa 
Factories Monterrey, Packaging Carton Titan, Grafo 
Regia, and Malta. With this history, it is easy to show how 
the born of new companies helps other companies to born 
or to grow, improving with this the economy of the country 
and also if any company broke other companies are 
affected. 

 
3 Problem Description 

Company A is a brewery company that serves local and 
national markets. The national market is served by courier 
service, while the local market is served directly by the 

Company, for which the Company has its transportation. 
The Company has the problem of not having a plan to 
optimize the distribution of their product at the local level, 
so this document focuses on solving this problem. The 
Company has 17 small local customers in the City of 
Puebla. The Company sells two types of beer, and there are 
two presentations for each one, bottles and barrels. The 
weekly customer's demand is 1364 bottles of beer type 1 
and 2021 bottles of beer type 2, the content of the bottle is 
350 ml, and are packed in groups of 12 in boxes.  

On the other side, there is a demand for one of 19 liters' 
barrels of beer type 1 and demand of one of 29 liters' barrels 
of beer type 2. This Company supplies individually bottles 
of products type one (y1) and type (y2), but these bottles 
are carrying on boxes, even if there are less than 12 bottles. 
The mentioned data are shown in Table 7.

 
Table 7 Weekly demand per customer 

Product Customer Total Units 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

y1 
28 54 296 80 54 41 82 78 41 54 28 270 28 54 41 135 0 1364

Bottles

y2 54 108 1044 80 54 26 67 79 41 28 26 270 32 54 67 0 0 2021
Bottles

y3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
Barrels

Y4 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

Barrels

In Table 8, four variables are used, where y1, y3 
represents beer type 1, with bottles and barrel presentations 
of 19 liters, respectively, while y2, y4 represent the beer 
type 2 in bottles and 29-liters barrel presentations 

respectively. The same table shows the volume, the weight, 
and the profit obtained by the Company from its sale. In 
the case of y1 and y2, the volume is per box, while the profit 
and the weight is per bottle.
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Table 8 Volume, weight, and profit of each product 

Variable Volume Weight Profit Units 

y1 574 4.2 USD 1.4 Box 

y2 574 4.2 USD 1.4 Box 

y3 2215 24 USD 78.1 Barrel 

y4 
2286.3 38.1 USD 117.5 Barrel 

4 Research Methodology  
Because product distribution is required, and there is 

only one truck, planning the distribution as done in three 
steps, which are detailed below: 

• The KP model was used to obtain the load of the 
truck, assigning first the products that provide more 
excellent utility to the Company, respecting the 
volume, and the weight that can stand the truck. The 
KP was used first because it considers the volume 
and weight of the products. It looks for first select 
products that grant higher profit to the Company, 
thereby ensuring that the first routes to provide 
more profit to the Company — after that, the 
Company will continue distributing the products 
with less profit, giving attention to all customers, 
but prioritizing to customers that have a more 
significant impact on the company profits. 

• Then, the TSP model was used to find the optimal 
route that would minimize the distances, looking for 
fuel economy. 

• Moreover, for last, the Greedy Algorithm was used 
to assign the product to the customers. According to 
the TSP model of the previous step, it was 
respecting the loads assigned with the KP. 

 
5 Case study  
The data necessary to solve the problem were the demand 
of the customers, the capacity of the vehicles, the distance 
from the warehouse to customers and between customers, 
the volume and the weights of the products, the cost of the 
fuel, the value associate to each one of the products. The 
case study was solved in three steps following the 
methodology of section 4.  
 
5.1 Knapsack Problem (KP) 

The KP model is a problem that searches for the best 
solution among a finite set of possible solutions to a 
problem. It models a situation like filling a backpack that 
can have constraints of weight or volume or both. Objects 
in the backpack will have their weight and specific volume 
and will be selected so that putting them in the backpack 
maximizes the total value, without exceeding the 
maximum weight or volume.  

Since the standard Knapsack selecting from existing 
products, those that could be placed in the truck, not 
exceeding the volume and weight, the algorithm suggested 

place to y1, y2, y3, and y4 product, (a part of each) which 
as we shall see, do not exceed the capabilities of the truck, 
since they are considered unique products.  i.e., its amount 
is not considered, and if the total amount of each of the 
products is considered, the amount would not fit in the 
pickup truck in a single route. 
Therefore, the KP model developed by [23] was modified 
according to the volume, weight, and profit of each of the 
presentations of the products chosen and the total of each 
product the truck should carry. The proposed model is 
presented below: 

 
Objective Function: 
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Where: 

k are the products that assume values from 1 to n. 

n is the number of different types of products. 
Pk is the value associated with each product. 
T is the number of bottles per box (T=12). 
wk is the weight associated with each product k. 
vk is the volume associated with each product. 
xk acquires the value of 1 if the product k is chosen and 

0 otherwise. 
W is the total weight of the vehicle. 
V is the volume that the vehicle supports. 
Dk is the total quantity of the product k. 
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Qk is the quantity of product (in bottles) k assigned to 
each route. 

Bk is the quantity of product (in boxes) k assigned to 
each route. 

 
The objective function (1) seeks to maximize the profit 

obtained from the selected products and their quantity. The 
constraint (2) allows selecting an amount of each product 
that does not exceed the total amount to be transported. The 
constraint (3) determines the number of boxes in integer 
numbers. The constraint (4) establishes the number of 
barrels in integer numbers. The constraint (5) verifies that 
the weight of the selected products does not exceed the 
weight limit that can be supported by the vehicle. The 
constraint (6) verifies that the quantity of products does not 
exceed the limits on the volume of the vehicle. The 
constraint (7) verifies that the variable Qk for k=1, 2, 3 is 
an integer, to ensure that the bottles and the barrels are not 
considered on fractions. The constraint (8) verifies that the 
variable Bk is an integer, to ensure that boxes and barrels 
for the calculation of volume, are not considered on 
fractions. 

However, since the program seeks to fill a vehicle each 
time optimally, some steps were cyclical, as shown in 
Figure 2. 
 

  
Figure 2 Flowchart of the process of assigning modified 

Knapsack 

 

The modifications to the KP in Lingo model are shown 
in Appendix A; these modifications allowed the model to 
assign the maximum amount to be transported in the truck, 
respecting the constraints of volume and maximum weight 
that it can hold the truck in each route and they are 
considered complete boxes for the route, even if bottles are 
moved. Lingo code QT variable receives the full amount of 
each presentation of the product, while the variable Q, 
allows fewer of each product, to accomplish with the 
restrictions of weight and volume of the truck. 

The y1 and y2 products were joined to obtain the 
Knapsack since they provide the same utility to the 
Company. In order to assign the products to the truck, there 
were three runs, where the KP respects the constraints of 
weight and maximum volume of the truck that was 1143 
Kg and 57400 m3, respectively. The volume, weight, and 
profit for each of the presentations of the beer can be seen 
in Table 6. 

 
In Figure 8 for each product is shown the variables, 

where the variable v is the volume, w is the weight, R is the 
profit, Q is the quantity to calculate the cost and the weight 
of the products, QT is the total quantity to transport in all 
the three tours,  Q2 is the number of complete boxes (even 
if they are not full) and barrels to calculate the volume that 
the vehicles will transport. 

 
Also, to hold the assignment to give priority to products 

that provide more profit, so that the first route was 
scheduled to carry the load that maximizes profit. Barrels 
(y3, y4) were assigned to the first route, and the rest of the 
space was assigned to boxes of beer type 1 and type 2 (y1, 
y2), with a weekly profit of USD 326.5; route two charges 
y1 and y2 with a weekly profit of USD 141.  Furthermore, 
finally, route 3 comes with y1 and y2 with a weekly profit 
of USD 129.5. With three routes covering the total weekly 
demand, as is shown in Figure 3. 
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(a) (b) 

Figure 3  (a) LINGO runs to assign cargo to 3 routes (b) Distribution of products per route

5.2 Traveling Salesman Problem (TSP) 
Karl Menger conceived the idea of the TSP model in 

the 1930s. This model seeks to minimize the total distance 
of a route that connects all nodes of a network, visiting each 
node once and returning to the starting point. The TSP 
model is shown below: 

 
Objective Function: 

 
1 1
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Where: 
c is the distance traveled. 
i, j are cities that take the value of 1 to n. 
xij acquires the value of 1 if a vehicle goes from City i to 
city j and 0 in another. 

ui, uj define a sequence of visits to the problem cities, 
also representing the cities of origin and destination, 
respectively. 

 

The objective function (10) seeks to minimize the 
distance traveled. Moreover, the constraint (11) forces the 
vehicle to leave only once from each City. The constraint 
(12) requires that the vehicle arrives only once to each City. 
The constraint (13) avoids sub-routes of length greater than 
1. The constraint (14) ensures that the variable xij is binary. 

The distances between the customers were obtained 
using Google Maps, to and from the Company, these 
distances are shown in Appendix B, where the depot is 
node one. 

With the distances matrix, the TSP model is applied in 
Lingo, and the result of the best route is the next 1-18-12-
17-9-10-15-11-7-14-4-8-16-13-6-5-2-3-1, where the depot 
is node one, as shown in Figure 11. In this figure, the 
variable X shows the route obtained. The route begins in 
node one and connects with node 18. Later, it is necessary 
to find node 18, and in the figure, it is observed that it is 
connected with node 12, following the route, can we 
appreciate that node 12 is connected with node 17. To 
complete the route is necessary to follow the connections 
to finally find that the node three return to node 1, with this 
the route ends. In Figure 4, the nodes that were not 
connected (with cero) were omitted to avoid use more 
space for the figure. 

Until now, it has been obtained the quantity and type of 
product to carry each route and the route to follow for the 
deliveries.
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Figure 4 LINGO runs to get the TSP model results and the route obtained

 

The route obtained with the TSP algorithm was 
modeled in MATLAB using strength lines to connect the 
customer points. Also, the customer points were connected  

 
in a map, using the streets and their direction. The route 
obtained with TSP to attend the customers is shown in 
Figure 5.

 
 

 
(a) (b) 

Figure 5 The route obtained with the TSP algorithm.  (a) drawn with MATLAB, (b) in a map

5.3 Greedy Algorithm 
Finally, Greedy Algorithm is used to identify the data 

and sort it according to the route obtained with the TSP 
model, and select the customers according to their demand, 
verifying that the demand is as close as possible to the 
result obtained in the KP, this process is shown in Figure 6. 
 

 
Figure 6 Flow Diagram of the Greedy Algorithm 

 
 

The Greedy Algorithm was used to assign the products 
for each of the three routes. When making the assignment 
the customer's request, the goods of customer four are 
divided into two routes, because the customer demand 
exceeds the capacity of the truck. Taking into account the 
result of the TSP model, and the allocation of boxes and 
barrels obtained with the KP, a Greedy Algorithm is 
performed for the specific allocation of products in each 
route. 

In Table 9, (customer column), the route designated by 
the TSP model for delivery is observed. In the following 
columns, the quantities of the product to be delivered by 
the KP are written.
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Table 9 Assignment of the Greedy Algorithm 

Customer Route 1  Route 2  Route 3 

y1 a y2 a y3 b y4b y1 a y2 a y3 b y4b y1 a y2 a y3 b y4b 

1         
 

     

18 0 0 0 1     
 

     

12 2.25 2.25 0 0     
 

     

17 11.25 0 0 0     
 

     

9 6.525 5.85 0 0     
 

     

10 3.375 3.375 0 0     
 

     

15 4.5 4.5 0 0     
 

     

11 4.5 2.25 0 0     
 

     

7 3.375 2.25 0 0     
 

     

14 2.25 2.7 0 0     
 

     

4 11.75 0 0 0  13 86.985 0 0      

8 6.75 5.625 1 0     
 

     

16 3.375 5.625 0 0     
 

     

1         
 

     

13         
 

 22.5 22.5 0 0 

6         
 

 4.5 4.5 0 0 

5         
 

 6.75 6.75 0 0 

2         
 

 2.25 4.5 0 0 

3         
 

 4.5 9 0 0 

1         
 

     

Total 59.95 34.43 1 1  13 86.985 0 0  40.55 47.35 0 0 

Volume 58643.55  57391.39  50368.5 

Weight 420.165  419.937  368.55 

a boxes, b barrels

The route one carries a load of products for twelve 
customers. The load is composed of 95 boxes of product y1 

and y2, delivery 1 barrel of y3, and 1barrel of y4. Route two 
delivery to customer 4 with 87 boxes y1 and y2. Finally, 

route three delivery to 5 customers with 88 boxes. In Figure 
7 are shown the routes obtained, using strength lines for the 
union of customer points. 

 

 
(a) (b) (c) 

Figure 7 Routes obtained with Greedy Algorithm - route 1 (a), route 2 (b), route 3 (c)

5.4 Results discussion 
The combination of these three models helps us to solve 

the problems of deliveries by first delivering the products 
that generate the highest profit to the Company and 
optimizing the route to make those deliveries. In route one, 

it supplies 12 customers and delivers 95 boxes of which 60 
boxes are of type 1, and 35 boxes are of type 2, one barrel 
of 19 liters of beer type 1, and one barrel of 29 liters is of 
beer type 2. The route two was done for a customer, 100 
boxes are delivered, which 13 boxes of beer type 1 and 87 
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boxes of beer type 2. The route 3, supplies five customers, 
and 89 boxes are delivered, which 41 boxes are of type 1 
beer and 48 boxes are of type 2. The route of each of the 

three routes is added, where the depot is the red star, and 
the black spots are the customers, as can be seen in Figure 
8.

 

 
(a) (b) (c) 

Figure 8 Route 1 (a), route 2 (b), route 3 (c)

The vehicle used for the Company is a truck with a 
capacity of 1143 kg of weight. The dimension of the back 
of the pickup truck is 225 cm x 135 cm. The boxes can 
carry one on top on another, stocking a maximum of two 
boxes. With the maximum boxes stocked, the volume that 
the vehicle can carry is 57400 cm3. The median fuel 
consumption is 7.3 Km/liter. The current cost of diesel is 
USD 0.84. 

In Table 10, the kilometers per route and the total 
kilometers of the three routes are presented. 
 

Table 10 Kilometers to cover the three routes. 
Route Km 

1 
14.734 

2 2.37 

3 37.151 

              Total
54.255 

 
According to the total kilometers cover by the three 

routes and the median of fuel consumption of the vehicle, 
the vehicle needs 7.432 liters of diesel to cover the routes. 
With the current cost of diesel, the Company will spend 
USD 6.2. 

The routes that the Company follows typically are 
random, but the median of the costs incurs per week were 
USD 8.7; with this improvement, the saving per year is  
USD 130. 

 
6 Conclusions and future research 

directions 
To help the small companies to survive, it is necessary 

for the interaction between the schools and the companies. 
In Table 1, the decrease of small companies from 2008 to 
2013 is 8.3. The idea of helping small companies is to 
avoid them continue decreasing. The small companies 
contribute to jobs, and if they decrease, the number of 
employees will decrease, as can be seen in Table 2. 

The proposed model is based on the combination of the 
knapsack problem, the Traveling Salesman Problem, and 
the Greedy Algorithm. The proposed model satisfies the 
demand of customers, focusing on the profits according to 
the needs of the Company. 

The scheduling of delivery days to the customer 
supports production to keep track of a demand history and 
to carry out the production schedule, so that in the future, 
they may have optimal delivery routes established. It is 
improving the attention to customers, avoiding the 
shortage, and being able to give information on delivery 
dates according to the scheduling of previously established 
routes. Moreover, it also supports production planning to 
maintain a suitable make to stock (MTS). As a future work 
can be used, the Capacity Vehicle Routing Problem 
(CVRP) instead of the TSP model. 
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Abstract: The paper presents results of the evaluation of the development of eco-innovations in Slovakia in relation to 
GDP and the current situation in terms of logistics and COVID-19 pandemic. The issue is based on the analyses of overall 
eco-innovation index of the Slovak Republic in relation to GDP growth of Slovakia. The calculation regards the current 
state of logistics during the pandemic where GDP belongs to the main elements associated with effective eco-innovation 
supporting.  The correlation and regression analysis are used to examine the degree of interdependence between economic 
growth and total eco-innovation index. The results from applied regression and correlation analysis of total eco-innovation 
index and GDP point to the fact that GDP belongs to key factors enabling effective eco-innovation supporting. 
 
1 Introduction 

The whole world economy is exposed to changes 
associated with the world economy globalization. 
Nowadays, the success in the business environment is 
strongly connected with innovations and it also applies to 
Slovakia. Moreover, it is really significant to understand 
that an innovative open society and knowledge are a 
condition of a modern economy. This is due to the fact that 
innovation affects present life as well as future occasions 
or living conditions interfering all life activities. 

Now, there is a strong emphasis on innovation and its 
importance is constantly increasing. A strong emphasis is 
also placed on sustainability associated with ecological 
innovation. Effectiveness of innovation and efficient 
performance of organizations significantly depends on the 
skills and abilities of employees to create, design and apply 
innovation, but on many other factors, too. One of the most 
influencing factors is the coronavirus COVID-19 
pandemic that actually impacts our lives in various areas. 

The pandemics negatively affected economic growth, 
as well as gross domestic product (GDP). Therefore, the 
paper is aimed to analyse the relation of performance of 
eco-innovation in the Slovak Republic and its GDP with 
regard to pandemic situation that significantly affects 
economic situation as well as logistics. 

 
2 Eco-innovation and pandemics in context 

with logistics  
The economic development of new economy is 

generally aimed at increasing the life quality of its 
population which depends mainly on the economy 
performance, on the GDP level as well as on the growth in 
economy. Its growth is represented by economic changes. 
They are expressed in the elementary macroeconomic 
variables increase over time. From the short-term point of 
view, the economic growth is measured with respect to real 

GDP growth. Within the long-term period it is related to 
the potential product growth [1]. 

Mankiw et al. [2] presents that the growth of the 
economy belongs to the substantial goals of economic 
policy leading to population standard increase and better 
and more diverse consumption. Research, innovation, 
university education and other factors, including logistics 
belong among the most important factors supporting 
sustainable economic growth. 

However, in recent times, it is not sufficient only to 
innovate. The more importance is placed on the innovation 
creation applied on the fundamentals of sustainability 
which represent eco-innovation. The EU [3] states that it is 
essential to apply eco-innovations which afford increasing 
environmental protection and the EU industry ability to be 
competitive, to introduce technologies, operations and 
business procedures using environmental sources much 
more effectively. 

The Innovation Management introduces eco-
innovation by innovation activities in the area of 
sustainable resources and used materials from the 
environment, taking into account the increasing 
significance of social and economic development [4-7]. 
The eco-innovation performance across the EU Member 
States illustrate Eco-Innovation Index. They aim at 
capturing the different aspects of eco-innovation by 
applying 16 indicators grouped into five dimensions: eco-
innovation inputs, eco-innovation activities, eco-
innovation outputs, resource efficiency and socio-
economic outcomes. The Eco-Innovation Index shows how 
well individual Member States perform in different 
dimensions of eco-innovation compared to the EU average 
and presents their strengths and weaknesses. The Eco-
Innovation Index complements other measurement 
approaches of innovativeness of EU countries and aims to 
promote a holistic view on economic, environmental and 
social performance [8]. 
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As it is presented by Straka [9] the distribution logistics 
provides the organizational, information and physical 
interface between the innovation process and resources. It 
is associated with the significant role to arrange the most 
appropriate way how to select, analyse and transport these 
sources within the innovation process based on the 
principle of sustainable development and eco- innovations. 

Eco-innovation belongs to the issues discussed within 
the goals in the European Union (EU). It is solved within 
the Eco-Innovation Action Plan (EcoAP) [10]. It is a 
significant integrant of all economic policies [11,12]. The 
extent of environmental issues and also challenges related 
to competitiveness within in individual global economies 
require higher care in the area how to recover current 
technological production as well as social patterns of 
behaviour. The situation is similar in Slovakia.  

However, the question is how the state of eco-
innovations in Slovakia will progress because the world as 
well as our country is currently affected by the COVID-19 
pandemic and modern production is not able to operate 
without completely organized material processing and 
transport, because they are the prerequisite for functional 
logistics [13,14]. However, there is a question how the state 
of eco-innovation in Slovakia will progress because it has 
to face the problems caused by the COVID-19 pandemic. 

Nowadays, the pandemic-related measures have caused 
the closure of the largest automobile factories in Slovakia. 
The automotive industry has become an important engine 
connected with the growth of the Slovak economy for 
several years. Its significance also results from the fact that 
it directly employs circa 120,000 people.  

After calculating the money that companies spend and 
people engaged in the passenger cars production as well as 
number of participated occupations increase to 200,000. 
Automobile production contributed up to 44% of the 
Slovak industry and passenger cars export presents 35% of 
overall domestic exports last year. Slovakia has become a 
leader in the amount of produced cars per thousand 
inhabitants during previous years [15,16]. 

This is the reason why we are interested in how these 
facts influence eco-innovations in the Slovak Republic. 
The paper´s objective is to evaluate eco-innovations in 
Slovakia with regard to the GDP and current situation in 
terms of logistics and the COVID-19 pandemic. 
 
3 Methodology  

Subsequently after the theoretical findings 
consideration, we have analysed the necessary and relevant 
information relating to the area of innovation as well as 
eco- innovation (total eco-innovation index) and GDP. The 
considered data are acquired from the database server 
Eurostat (2019) [17], European Commission, 
Environment, Eco-innovation Action Plan, The Eco-
Innovation Scoreboard and the Eco-Innovation Index 
(2019) [18]. 

Relevant indicators from the point of view of the 
applied analysis of the relation between eco-innovation and 

GDP are organized with regard to the selected examined 
indicators. Then the correlation and regression analysis is 
used in order to find out dependencies between total eco-
innovation index and the gross domestic product growth. 
“With regression we analyse the relationship among 
variables. The dependent variable is denoted Y, the 
independent variable X. The variables will never be 
perfectly related, so there is always an error term. Variation 
from the regression line can be thought of as having two 
parts: explained variation, which is accounted for by the 
independent variable, and unexplained variation, which is 
unaccounted for by the independent variable. That is, part 
of the change in a variable is due to another variable that 
we hypothesize, and part is due to other factors.  
In regression analysis we are concerned with whether the 
relationship pattern between two values of variables can be 
described as a straight line, which is the simplest and most 
commonly used form. 
 

� �  � �  ��           (1) 
 
where:  
Y is the dependent variable, measured in units of the 

dependent variable, X is the independent variable, 
measured in units of the independent variable, and a 
and b are constants defining the nature of the 
relationship between the variables X and Y. 

a or Y-intercept (also known as Yint) is the value of Y when 
X = 0.  

b is the slope of the line and it is known as the regression 
coefficient and it is the change in Y associated with a 
one-unit change in X. 

 
The greater the slope or regression coefficient is, the 

more influence the independent variable has on the 
dependent variable, and the more change in Y associated 
with a change in X. 

The regression coefficient is typically more important 
than the intercept from a policy researcher perspective as 
we are usually interested in the effect of one variable on 
another” (Regression Analysis, 2019). 

Because visual examinations are largely subjective, we 
need a more precise and objective measure to define the 
correlation between the two variables. To quantify the 
strength and direction of the relationship between two 
variables, we use the linear correlation coefficient: 
 

� �
∑


�� 
 ���
��
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 ��
��

���
         (2) 

 
where:  
x̄ and sx are the sample mean and sample standard deviation 

of the x’s, and ȳ and sy are the mean and standard 
deviation of the y’s, 

n is the sample size is. 
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This statistic numerically describes how strong the 
straight-line or linear relationship is between the two 
variables and the direction, positive or negative. 

In ANOVA, we partitioned the variation using sums of 
squares so we could identify a treatment effect opposed to 
random variation that occurred in our data. 

The sums of squares and mean sums of squares are 
typically presented in the regression analysis of variance 
table. The ratio of the mean sums of squares for the 
regression and mean sums of squares for error form an F-
test statistic used to test the regression model. 

The relationship between these sums of square is 
defined as 
 
Total Variation �  Explained Variation �
                                     Unexplained Variation     (3) 
 

The larger the explained variation, is the better the 
model is at prediction. The larger the unexplained 
variation, the worse the model is at prediction. A 
quantitative measure of the explanatory power of a model 
is R2, the Coefficient of Determination: 

 

&' � ()*+,-�./ 0,1-,1-2�

321,+ 0,4-,1-2�
      (4) 

 
The Coefficient of Determination measures the percent 

variation in the response variable (y) that is explained by 

the model. Values range from 0 to 1. An R2 close to zero 
indicates a model with very little explanatory power. An R2 
close to one indicates a model with more explanatory 
power [19]. 

Finally, the inductive-deductive method presents 
identified results and resultant conclusions based on the 
findings from prevenient analyses [8,17-20]. 
 
4 Result and discussion 

Taking into account the values related to eco-
innovation reached in 2018, Slovakia is one of the 
countries whose eco-innovation index reaches rather low 
level. Sweden, Finland, Germany and Luxemburg belong 
to the best-rated countries. The Slovak Republic occupies 
the eighth place within the group of countries with the 
lowest eco- innovation index [20]. 

At present, from the perspective of the COVID-19 
pandemic, Slovakia has applied actions which, from the 
logistics point of view, meant closing important enterprises 
for the country's economy (such as industrial enterprises, 
various services, etc.). As Bibel states, telecom operators 
have noticed decreased movement of people by 30%, and 
some operators report a decrease in their clients' 
movements by as much as half [8] and according to the 
Google COVID-19 Mobility Report for Slovakia [21], 
Figure 1.

 

 
Figure 1 Google COVID-19 Mobility Report for Slovakia [21]

These facts have a significant impact on the economy 
of the Slovak Republic and therefore we have also 
examined the relation of eco- innovations and GDP by 
means of regression analysis. 

Data from Eurostat [17] and the Eco-Innovation Index 
[18] are the basis for the correlation and regression analysis 
which we carry out with the intention of finding out the 
dependence between total eco-innovation index and GDP 
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in the case of Slovakia. Table 1 presents the values 
calculated on the base of realized statistical analysis.

  
Table 1   Calculated values from statistical analysis  

SUMMARY OUTPUT       
Regression Testing       
Multiple R 0.890235  

     
R Squared 0.792517       
Adjusted R Squared 0.723357  

     
Standard Error 7.55457       
Observations 5  

     

ANOVA   
 

    

  
Degrees of 

freedom 
Sum of 
squares 

 Mean 
Square 

F-value Significance F 
 

Regression 1 653.9854  653.9854 11.45905 0.042929  
Residual 3 171.2146  57.07152    
Total 4 825.2         

   
 

    

  
  Coefficients 

Standard   
   Error 

 
t Stat P-value 

Lower 
95% 

Upper 
95% 

Intercept -150.764 63.3563  -2.37962 0.097652 -352.392 50.86438 

Eco-innovation 2.612389 0.771727  3.385122 0.042929 0.15641 5.068368 
Source: authors' computation 

At the beginning of the regression testing we have to 
compute the correlation analysis. The calculated 
correlation coefficient value is 0.890235. The closer the 
value is to 1, the more positive correlation (dependence) is 
between measured variables. The value calculated by us 
indicates a strong relationship between GDP and eco-
innovations in the Slovak Republic.  

The R-Squared represents the value of the coefficient 
of determination. Its calculated value is 0.792517. After 
multiplication this value by 100 it denotes that the 
determined regression line specifies the variability in 
average GDP growth to 79%. Other factors reflect 
unexplained variability and other unspecified effects such 
as the influence of random factors.  

Adjusted R-squared regards the quantity of estimated 
parameters and the number of measurements, too. It is 
recommended to determine the Standard Error as small as 
possible. This analysis of the dependence between the 
monitored variables (GDP and eco- innovations) is carried 
out for the conditions of Slovakia.  

Another part of testing includes the analysis of variance 
(known as ANOVA). It allows us to test a null hypothesis 
which considers that the selected model to explain 
dependency is not appropriate. An alternative hypothesis 
assumes the opposite statement. We applied the F test to 
evaluate this assumption. The significance value F = 
0.042929 < 0.05.  Because the calculated value is lower 
than 0.05 (α - significance level) it denotes that we reject 

the null hypothesis. It means that the model has been 
chosen correctly from which it follows that average GDP 
growth is dependent on eco-innovations. 

We have also realized the regression analysis. 
Regarding its results where Intercept-b0 equals -150.764, 
we can assume that if the eco-innovation index were zero, 
the average GDP growth would be -150.764 euros.  

From the relation of the eco-innovation index to 
average GDP growth results that X Variable is 2.612389. 
It means: If average GDP growth increases by 1%, the eco-
innovation index will increase by almost 3 points. This 
statement is statistically significant with respect to the p-
value for the eco- index and average GDP growth, where 
we have found out that its value is less than 0.05 
(0.042929).  

Moreover, this part of our calculations also takes into 
account a 95% confidence interval for b0 and b1. If the 
average GDP growth increases by 1%, the total eco- index 
increases in the range from 0.15641 to 5.068368 points 
with the probability of 95%. 

Results from the given calculations acknowledge the 
theoretical findings. Lisý et al. [1] presents that economic 
growth signifies economic changes, which are expressed in 
an increment of essential macroeconomic variables over 
time. By presented calculations and their results it has been 
proven there is dependence between the examined 
parameters - average GDP growth and eco-innovation 
index [1]. 
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The confirmed assumptions are also presented by 
Mankiw et al. [2]. He considers that research, innovation 
(eco-innovation as well) and many others are significant 
factors influencing as well as supporting sustainable 
economic growth. 

However, the results also point to the fact that if GDP 
growth would be -150,764 euros then eco-innovations 
would reach 0. In the current situation accompanied by the 
closing of enterprises, representing the centrepiece of the 
Slovak economy, during the COVID-19 pandemic, this is 
supposed to be a positive finding for eco-innovation. If a 
recession occurs, economists currently estimate that 
Slovakia's economy will decline by 6% on average for the 
whole of 2020. The probability of a recession is 50% when 
we are talking about a strong recession [22]. Eco- 
innovations based on the analysis would also be realized 
during the recession or would remain at least 0. 

This fact is caused by their nature, because eco-
innovations present a selection of generally appropriate 
materials. They are also associated with distribution 
processes that require less energy, fewer natural sources, 
and complexly they do not burden the environment so 
much [23]. It means that if we do not burden nature with a 
negative impact of human, it can make some positive 
changes through its own regenerative ability, which are 
practically also eco- innovations, realized by nature itself.   

This is also confirmed by actual images from the 
Copernicus satellites from the European Space Agency, 
where Sentinel-5P monitors air pollution around the world. 
Recent satellite data show that in January and February 
nitrogen dioxide pollution was significant. When 
restrictive measures began to apply, the amount of gas 
began to decline, see Figures 2 and 3. Compared to the 
same period a year earlier, the current values are much 
lower [24].

  

 
Figure 2 View on Europe showing air-pollution before launching measures related  

to the COVID–19 pandemic [24] 

 

 
Figure 3 View on Europe showing air-pollution few days later after launching measures related 

 to the COVID–19 pandemic [24]
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These facts point to the regeneration of eco-innovations 
based on natural resources to a certain extent. The 
measures related to the COVID-19 pandemic have a strong 
global logistics impact and are now we are more focused 
on local logistics [25,26], which also positively affects eco-
innovation.  
 
5 Conclusions 

This paper presents results of the evaluation of the 
development of eco-innovations in Slovakia in relation to 
GDP and the current situation in terms of logistics and 
COVID-19 pandemic. With respect to the carried-out 
analyses, we can state that: 
• Slovakia is one of the countries within the European 

Union, characterized by the low eco-innovation index. 
• GDP belongs to key factors enabling effective support 

for eco-innovation. 
• The failure of global logistics replaces local logistics, 

which is also a positive factor for eco-innovation. 
 

These facts are significant mainly these days, where the 
pandemic negatively affected economic growth, and 
mutual relationship GDP and eco-innovation can affect the 
sustainable economic development of Slovakia in the time 
of a pandemic. 
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Abstract: Nowadays, with the very rapid development of Internet possibilities and a large number of product variations 
on the market, the interest of shoppers is growing for a product that would meet all the required criteria and parameters. 
In the past, retailers of various types of products used product catalogues and brochures in printed form to present their 
portfolios. At present, the Internet is the most widely used primary information medium. Works in the way of product 
configurators are performing via the Internet. These are tailored to the requirements of customers to meet their needs and 
wishes. Automobile sellers realize that through product configurators, they can engage a potential customer more 
effectively and customize the resulting product with their production capabilities. Detailed and detailed product 
configurators are a step towards the keen interest of shoppers and consumers. An overview of product configurators in 
different types of use and with other manufacturers is not only necessary for customers, but also manufacturers. For 
customers, the analysis needs to be able to choose a better configuration offer; for manufacturers, the study is necessary 
for reasons of competitiveness. This article aims to present an analysis of the use of product configurators of automobiles 
manufactures operating in the Slovak Republic. 
 
1 Introduction 
Thanks to advances on the Internet, e-commerce and mass 
customization, the demand for product configurators is 
growing. Today, customers ask sellers for many product 
configurations options [1]. 
We define a product configurator as a Computer-Aided 
Manufacturing (CAM) system that produces its output - a 
product. The product configurator has evolved into an 
online guide that guides customers exactly after what they 
are looking for. A configurator platform is a tool used to 
create custom applications without custom encoding [2,3]. 
 In the case of mass customization of products, the 
configuration system - configurator takes over an essential 
part of communication with the customer [4]. The 
configurator is an application whose task is to tailor the 
product to each customer according to his requirements [5]. 
Execution of a massive number of configurations in 
combination with excellent product variability cannot 
realize other than with the support of information 
technologies [6]. Compared to custom production, for cost 
reasons, the sale of a product cannot be accompanied by 
expert consultation at the same level. For this reason, there 
is a strong trend towards a full application of configuration 
systems, which using a web browser will help the customer 
to assemble the desired product interactively [7,8].  The 

customer usually works with the configurator in several 
phases of the sales cycle. In the first phase, it uses the 
configurator to get acquainted with the product. If the 
product addresses him, the customer applies the purchase 
configurator in the second phase. The configurator 
performs some tasks, such as monitoring the status of order 
equipment, re-ordering based on reconfiguration, 
providing support, service and other additional services 
[9,10]. 
 The configurator should be integrated into the 
manufacturer information system focused on building a 
relationship with the customer. The information obtained 
from contact with the customer should not be forgotten; it 
should be preserved and reused for further communication 
with the customer. Current configuration systems often 
suffer from serious shortcomings that can cause the 
customer to feel confused, insecure, frustrated, and 
ultimately discouraged from purchasing [11]. 
 We define the configurator as software with the 
analytical capabilities to create, maintain and use electronic 
product models that allow a complete definition of all 
possible product variants with a minimum of data entry 
operations and a minimum of services required by system 
maintenance [9]. 
 The configuration system consists of two primary 
components, a database and configuration logic. The 
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database contains all optional parts of the product. The 
configuration logic determines which options can be 
combined [1]. 
 The configuration system can be divided into primary 
and advanced according to the function. The main thing is 
that it must allow you to build a configuration. Logically 
follows the requirement for the validity of the created 
configuration, i.e. the configurator should include means 
for verifying component compatibility, for finding and 
resolving conflicts. The configuration system should 
provide the customer with at least necessary information 
about the individual selected components. The customer 
should be able to deliver the created assembly to the 
manufacturer [10]. The expanding functions of the 
configuration system include the assistance of the 
configurator based on the knowledge database, i.e. specific 
recommendations and further guidance of the customer 
through the process of creating the report. This group of 
functions also includes access to previously created 
configurations of our own as well as other customers, 
which provide inspiration based on collective know-how. 
The configuration system can also be connected to a live 
operator who can answer complicated atypical questions 
[11,12]. 
 If the configuration system performs both basic and 
advanced functions well, it grows from a pure technical 
means for the one-time recording of components into a 
comprehensive communication tool for effective, high-
quality and long-term contact with the customer [9]. 

 
1.1 Product configurator  
  Building a configuration is often a time-consuming 
activity in which the customer has to make many decisions. 
Some decisions can be made immediately, some need to be 
thought about longer, especially in the case of expensive 
products such as cars. For some arrangements, the 
customer needs brief information; for others, he needs very 
detailed information. Assembling the product can take 
several minutes, but it can also take hours and, including 
the customer's decision time, several days [6]. 
 In the case of typically oral communication, this means 
that the customer comes to the store, the salesperson’s 
employee compiles the configuration with him. If the seller 
does not have some information available, he will pass it 
on to the customer later. If the customer cannot make an 
immediate decision, he must visit the store several times. 
This process is lengthy and costs a lot of time for both the 
customer and the seller [8,13]. 
Internet configurators are a means of avoiding inefficient 
communication. The customer assembles the product as 
soon as time allows, he has the whole day available. 
Directly from the configurator, it can continuously obtain 
information at precisely the level it requires and gradually 
assemble the final product until it is delighted with the final 
product [4,10]. 
 In the case of a fully integrated configuration system, it 
can start the execution of the production cycle at the 

moment of sending the order, again regardless of whether 
it is a standard time of sale or not. It saves on sales costs, 
and shorter order fulfilment times can be achieved [5,13].  
The configuration system fulfils only its primary function, 
i.e. the possibility to assemble a right product from 
mandatory and optional components. But it can perform a 
number of other services and become a valuable marketing 
tool. Ideally, the customer does not need to contact a live 
seller, and therefore the company only obtains information 
about the customer through the configuration system [11]. 
The configuration system can store customer information 
and use it when repurchasing. If it offers functions that the 
customer will appreciate even after the completion of the 
transaction, he continues to visit the configurator, and this 
opens up the possibility of marketing for the customer. 
Long-term contact with the company and its configuration 
system increases customer loyalty and the likelihood of 
repurchase. A poorly developed configuration system can 
easily lead to a customer disincentive to purchase [8,9]. In 
the best case, it leads to a reduction in customer satisfaction 
during the purchase or to the selection of a product that 
does not meet its physical needs [11,14,15]. This will be 
reflected in a decrease in customer loyalty, its transfer to 
competition and a decline in sales and subsequent profits. 
Meeting all the requirements for configuration systems is 
not easy, and most existing configurators fall far short of 
them [16]. In practice, it is relatively common for the 
configurator to be at such a level that it directly discourages 
customers from purchasing. A common reason is a 
misconception with which the configurator is created, or an 
attempt to minimize costs [17]. This situation is sometimes 
exacerbated by the lack of standards, general advice and 
theoretical support. Properly designed and constructed 
configuration systems are, therefore, among the key factors 
in the success of implementing a mass customization 
strategy [14,18]. 
 
2 Methodology 
 The best known and most used product configurators 
include automobile configurators. Configurators for 
automobiles replaced various catalogues and brochures in 
paper form, which offered different graphical 
representations of elements and properties of automobiles. 
 The automobile configuration starts by selecting the 
type of automobile offered by the manufacturer. The 
choice of type defines its primary function and use. 
Subsequently, the configuration is usually divided into 
fundamental and individual steps in which the various 
characteristics of the automobile change. The different 
levels are related to the choice of automobile type. 
Necessary steps of automobile configuration: 
Step 1 - engine and transmission selection, 
Step 2 - a selection of equipment level, 
Step 3 - choosing the colour of the interior and exterior, 
Step 4 - a selection of additional and additional equipment, 
Step 5 - representation of the final product and breakdown 
selected elements. 
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 The configuration of automobile is also offered by 
automobile manufacturers whose production plants are 
located on the territory of the Slovak Republic and which 
have been the subject of research. Automobile 
manufacturers producing in Slovakia are Volkswagen 
Slovakia, KIA Motors Slovakia and PSA Peugeot Citroën 
Slovakia. The configurators of these cars are different. 
They offer a variety of options for motorization, equipment 
levels, optional equipment and post-configuration services. 
The possibilities of graphical display and the speed of its 
response are also different. 
 
3 Result and discussion 
 The Volkswagen automobile configurator consists of 
six individual steps such as Model, Fuel, Variant, Design, 
Equipment and My Automobile. The first step “The 
model” consists of choosing the type of automobile from 
the Volkswagen offer, for example, the Golf Variant. 
Second step “Fuel” offers a choice of fuel type, 
transmission and drive. The third step “Variant” provides a 
selection of equipment levels. Fourth step “The design” 
provides a range of changing paintwork, wheels and seat 
covers. Step Five “The equipment” offers a choice of 
special equipment packages. Sixth and final step “My 
automobile” displays the ultimate configured automobile 
and a summary of the individual steps with a detailed 
listing of the selected equipment and its prices. The 
configurator offers a graphical display of the final 
automobile from several exterior and interior views, even 
in 360-degree rotation. The sixth step also offers additional 
steps, which are added such as saving the configuration to 
a profile, printing the shape in pdf, loading the 
configuration from the pattern, sharing the configuration 
on Facebook, contacting the seller and arranging a test 
drive. 
 The Kia automobile configurator consists of six 
individual steps such as Model Selection, Version, Colour, 
Wheels, Equipment and Summary. The first step “Model 
selection” includes selecting an automobile type from Kia's 
range, such as the Cee´d Sportswagon. The second step of 
the version offers a choice of level of equipment and 
motorization. The third step, “Colours”, provides the 
option of changing the colour of the body. The fourth step, 
“Wheels”, provides the possibility of changing the size and 
colour of the wheels. Step 5 “The equipment” offers a 
choice of equipment details, optional interior and exterior 
material. Sixth and final step “The summary” provides the 
possibility to print the configuration, save the 
configuration and buy the vehicle in the selected 
configuration. The right side of the configurator displays a 
review of the automobile with the final price, in which it is 
possible to "click" the details of the selected vehicle 
elements. The sixth step offers the additional step “Test 
drive”, the possibility of arranging a test drive of the 
automobile and the option of “Login”, for login and re-
view of the configuration. 

 The Peugeot automobile configurator consists of six 
individual steps such as Select Version, Select Engine, 
Select Colour, Select Interior, Select Optional Equipment 
and Summary. Before starting the configuration, you have 
to first select a model from the Peugeot range, for example, 
308 SW. Only after choosing the Peugeot vehicle model is 
it possible to create a configuration. The first step, “Select 
version”, consists of selecting the equipment level. The 
equipment has a choice of Access, Active, Style, Allure 
and GT. After choosing an equipment such as Style, the 
configurator displays the critical material and different 
elements from the lower material. Click on Show key 
equipment to view all equipment elements Comfort, 
Design, Safety, Audio and on-board systems. From the first 
step, the configurator offers a graphical display of the 
automobile in the selected exterior and interior equipment 
in several views with the possibility of zooming in. From 
the first step, a summary of the configuration and the 
current final price of the automobile are displayed on the 
right side of the configurator, with the option of displaying 
details and technical parameters. The Second step is to 
select engine menu to select the choice of the engine 
according to the type of fuel. The third step, Choose the 
colour, offers the option of changing the body colour. The 
fourth step, “Choose interior”, provides the option of 
changing the colour of the seat fabric and choosing 
additional equipment, like an audio and on-board systems 
such as CD player, a navigation system, navigation system 
+ CD player. Fifth step Select option offers the option to 
select safety features such as reversing camera, front and 
rear parking assist, alarm, super lock, front and rear parking 
assist. Sixth and final step “The summary” provides 
information on the selected engine, exterior elements, 
interior and optional equipment with the possibility to 
change the specified details. The configurator offers the 
configuration Save as Pdf., Save, Print, Send to a friend. In 
the last step, the configurator creates a graphical display of 
the final configuration in the form of a video presentation. 
 Citroën automobile configurator starts by selecting an 
automobile model from the Citroën range, such as the C4 
Picasso. The configurator consists of three individual steps 
such as Technique, Style and Optional Equipment. On the 
left side of the configurator, the current price of the vehicle 
is displayed from the beginning of the configuration, at 
which it is possible to save, open the previous setting or 
change the automobile model. The first step “The 
technique” consists of selecting the level of equipment and 
motorization. The equipment offers Live, Feel and Shine 
equipment. Engines are divided according to the type of 
fuel into gasoline and diesel with appropriate 
transmissions, either manual or automatic. The second step 
of the Style offers a choice of changing the colour of the 
car, upholstery and wheels. Third and final step “Optional 
equipment” provides a selection of optional equipment 
elements that the selected equipment level does not 
contain, such as LED taillights, a panoramic roof glass, 
xenon headlights, a keyless system and much more. 
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Throughout the configuration, the configurator offers the 
Show my Citroën option after selecting the required 
elements, providing Automobile Summary, Equipment and 
technical characteristics and a graphical display in several 
different exteriors and interior views. 

Every year the use of product configurators increases, 
therefore the sellers offer the possibility to customize - to 
adapt the product to their requirements. Most vendors have 
individually created configurators, which differ in 
technical perfection and functions provided, which makes 
them diverse. The configuration options adapt to the 
possibilities of mass and automated production in the 
company. Configurators help users to get acquainted with 
the range of product features through a graphical display, 
to adapt the product to their ideas and to facilitate 
shopping. 
 In summary, it displays the base price of the 
automobile, the final cost of the configured vehicle, and the 
amount of each configuration step. The configurator offers 
the option to set save and download in Pdf format, or to 
book a test drive, receive an offer and receive a catalogue. 
When the Equipment and technical characteristics are 
displayed, it displays the individual equipment elements 
and the technical parameters of the engine. 
 The selected configurators used by our research of the 
Volkswagen, Kia, Peugeot and Citroën automobiles are 
different and differ in the configuration options on offer 
(Table 1). The configurators in the individual configuration 
steps offer various options for filtering, comparing, 
searching, selecting, displaying and the like. The 
configurator with several configuration options offers the 
potential customer easier to configure, more thoroughly 
display and adapt the car to his ideas and requirements. The 
table shows the offered summary of different options of all 
manufacturers, including and not containing the 
possibilities of the individual manufacturers being 
compared. 
 We consider the configurator, which provides the most 
significant sum of lively options, to be more thorough and 
sophisticated. According to the number of positive values, 
we can rank the configurators from best to worst 

(Figure 1). We consider the configurator of the 
Volkswagen automobile maker to be the best configurator, 
the configurator of the Peugeot automobile maker is in the 
second place, the configurator of the Citroën carmaker in 
the third place and the configurator of the Kia 
automobilemaker as the worst and least sophisticated 
configurator. 

 
Table 1 Comparison of product configurators individual 

automobile 

 

 
Figure 1 Evaluation of product configurators
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 Volkswagen's configurator is the only one to offer fuel, 
transmission and drive filtration, time-saving equipment 
and search for optional equipment elements. With the best 
configurator, we lack the option of choosing additional 
exterior parts, such as a carrier for skis, snowboards and 
bicycles. 
 The Peugeot configurator is the only one to offer the 
possibility of displaying a video presentation of the final 
configuration. With the second-best configurator, we lack 
the opportunity of time-saving equipment. 

The Citroën configurator does not offer any specific 
option. With this configurator, we lack the option of 
choosing from several petrol engines for given selected 
equipment. 
 The Kia configurator is the only one to offer a choice 
of additional exterior elements such as a ski, snowboard 
and bicycle carrier. With the worst configurator, we lack 
several options for displaying the interior and exterior. 
 
 After the results, the configurator must observe the 
following features: 

• Simplicity- because compiling a configuration is 
complicated, it must seem like a simple matter. 

• Intelligibility- the information must be provided 
in a language understandable to the customer. 

• Clarity- there must be an easy orientation for the 
customer at every step and moment, he must 
know the next configuration step. 

• Adequacy of images and information- the 
customer should see precisely the pictures, views 
and information he needs in the configurator. If he 
does not see them, he is frustrated, cannot decide 
and feels insufficiently informed. If the 
configurator is full of information, it takes the 
customer time. 

• The logical layout-the layout must be easy to 
understand, and the individual configuration 
options should follow each other logically and be 
grouped into thematic units. 

• Standard control-the customer will appreciate 
more standard than intuitive operation. 

• Presentation style- it is necessary to use the 
appropriate element layout, the number of fonts 
used, and colour scheme. 

 

4 Conclusions 
 Product configurators are indeed a fascinating form of 
implementing mass customization into production and 
adapting the product to customer requirements. With the 
growing progress on the Internet, online stores and mass 
customization, the demand of customers for the possibility 
of changing the product to their needs, after tailoring the 
product, is growing. The main goal of this article was to 
analyse and compare product configurators. In the analysis 
of configurators, we characterized and compared the 
configurators of automobiles whose production plants are 

located in the Slovak Republic - Volkswagen, Kia, Peugeot 
and Citroën. In the final evaluation, we took into account 
the offered, comprehensive, different options of 
configurators. According to the summary configuration 
options, we created a detailed report in the form of a table 
in which we compared the configurator options and 
assigned to them containing and not containing 
configuration options. Based on the sum of the positive 
possibilities, we then ranked the configurators from best to 
worst and described their specific and missing 
opportunities. Using a comparison of configurators, we 
came to the conclusion that the examined configurators can 
be continuously improved and innovated based on 
competitors' configurators. 

The future direction of our next research will be 
focused primarily on the customer. Because customer often 
lacks basic knowledge and the experience required to build 
a configuration that optimally meets his needs. The product 
configurator has therefore provided the necessary and 
available information for decision in text or graphical form. 
Configurators are most often based on communication with 
one user and often forget about a person's social behaviour. 
The simplest way to alleviate this is to save the 
configuration, recall it, and modify it. 

Manual configuration requires a lot of time and effort 
from the customer, especially if the product is complex. 
The task of the product configurator is to save time and 
effort of the customer. In particular, we can that verify the 
validity of the configuration, automatically generating 
clear choices and displaying only possible product 
combinations. 
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Abstract: Inventories are the assets of a company and creates her value.  In this paper, we will deal with the most 
commonly used methods of inventory valuation (FIFO, LIFO, AC) and we will point out their impact on the company's 
profit generation. Confirmed hypotheses presents state that Slovak production companies use the FIFO method for valuing 
inventories and they have the most common type of inventories: finished products. Based on the results of inventory 
valuation using FIFO, LIFO, AC methods, we can state that the best results are shown by the FIFO inventory valuation 
method, because it realistically shows the price of inventories, which inventories are valued when consumed for 
consumption and corresponds to the price of inventories when acquiring € 8175. In the area of inventory value, it would 
be appropriate to introduce a simulation tool in the inventory management in companies, which would model the results 
of inventory valuation by individual methods. 
 
1 Introduction 

The decision on the method of valuing inventories 
should be based on economic efficiency, which is linked to 
profit generation. The main goal of this paper, we will deal 
with the most commonly used methods of inventory 
valuation and we will point out their impact on the 
company's profit generation.  

Inventories are a type of current assets that significantly 
affect the company's financial results and profit generation 
[1]. In practice, inventory valuation is linked to the 
Accounting Act Law 431/2002. In many cases, companies 
do not address inventory valuation of individual types of 
inventories but follow the valuation method that suits them 
best or is set out in the company within the framework of 
the Internal inventory valuation directive. Inventories 
represent the assets of an enterprise which, given the 
purpose for which they were acquired, are not of a long-
term nature [2]. Their optimal size ensures the success of 
production and business activities. When deciding how 
much and what supplies are needed for the efficient course 
of business activity, the decisive factors are e.g. the size of 
the company, the type and scope of its activities, 
technological processes of production, the situation on the 
market of raw materials and other factors [3]. Inventories 
create raw material inventories - material, raw materials, 
components – WIP – work in progress, spare parts, fuels, 
MRO goods - service etc., inventories of own production - 
work in progress, semi-finished products of own 
production, finished products, animals, supplier 
inventories – goods [4]. All these forms of inventory must 
be valued in the company at their consumption. Businesses 
decide which method of valuing inventories they choose.  

 

2 Literature review  
Li, YC, Liu, ZK. (2014) commented that selecting the 

inventory valuation method plays an important role in 
accounting in the firm. Different inventory valuation 
methods will impact profit and inventory, according to 
accounting standards there are several inventory valuation 
methods. The firm must be able to consider the actual 
situation, choose the most suitable method of inventory 
valuation [5]. Inventory processes are very difficult in the 
companies and exist some inventory problems in the 
companies, that are is needed to solve.  Utami et al. (2018) 
have solved the problems exist in the leasing of photocopy 
machines which are recording incoming goods data, the 
data of goods being leased, and data about the quality of 
goods in storage. The system of evidence of goods has not 
been managed properly and the absence of an integrated 
system slows data sharing process the loss data, or data 
redundancy. The method of inventory recording of goods 
used is FIFO. Design of new system of evidence is able to 
improve the implementation of performance to be more 
effective, faster, good, safe and meet the needs of the 
company [6]. Behunova et al. (2020) presented that the 
inventory valuation is a part of production costs that are 
important to optimize, because their influence is on the 
selling price of product. In order to achieve a competitive 
price of the product, it is necessary to know not only the 
market but mainly the production costs that influence profit 
generation. Production costs form the largest part of the 
sales price of the product, it is important for the 
manufacturing company to monitor costs so that the price 
of the product is competitive in the domestic or foreign 
market [7]. Cost of production create costs of consumption 
of inventory and using of relevant method of inventory 
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valuation (FIFO, LIFO...) and new inventory evidence is 
important [8]. Regularly control of the costs have to use a 
suitably chosen implementation management logistics, 
which is currently a progressive tool of business 
development and competitiveness instrument in all 
companies and mostly in SMEs [9]. Le, HE. et al (2019) 
are describing using of inventory value methods is very 
important in various areas of industry. In chemical industry 
treatment methods and types differ depending on their 
physicochemical properties. In the paint manufacturing 
plant, storage, weighing, and mixing processes should be 
used emission model method to estimate. Those methods 
are connected with the inventory valuation methods and 
they influence profit generation [10]. Lara (2018) in her 
chapter of the book describe inventory valuation methods 
and their significance in area of income tax. Inventory 
create a part of asset in the firm and inventory value are 
very important for taxes payment. The most using methods 
of inventory valuation is method FIFO and AC. In the area 
of decreasing base of taxes, the firms are using method 
LIFO. By this method, the firms presented not relevant 
information about state of assets. Method LIFO is not 
punctual for inventory valuation [11]. Very important for 
evidence of inventory is reporting system that can be part 
of accounting system or management business system 
[12,13]. The value of inventory affects the price of the 
product to the customer and the price of the product on the 
market. This reason is base for inventory management in 
companies [14,15]. 
 
3 Methodology 

Valuation of inventories at consumption is based on 
methods (Figure 1) such as FIFO (first in - first out), LIFO 
(last in - first out), AC (average cost; average cost; 
weighted arithmetic average). In addition to these basic 
methods of valuing inventories, we also know other 
methods that are less common in practice, e.g. HIFO 
method - (Highest In - First Out) (the highest price is used 
to assess the decrease in inventories, the value of the most 
expensive inventories), LOFO method - (Lowest In - First 
Out) (the lowest price is used to assess the decrease in 
inventories, the value of the cheapest inventories), NIFO - 
(Next In - First Out) method.  

Each of the methods of valuing inventories has its 
advantages and disadvantages and companies have the 
right to choose a specific method, which affects the 
company's costs in valuing inventories and opportunities 
for customers [16]. Costs significantly contribute to the 
creation of the company's profit. From this point of view, 
it is important to optimize the level of inventory costs. 
Inventory optimization is possible with a large number of 
different types of inventory in the company and with 
different inventory prices. The most frequently used 
valuation methods of inventories within the operational 
management of inventories are the FIFO, LIFO, AC 
methods. FIFO method is an valuation method in which 
assets produced or acquired first are sold, used, or disposed 

of first. For tax purposes, FIFO assumes that assets with 
the oldest costs are included in the income statement's cost 
of goods sold (COGS) [17].  

 

 
Figure 1 Methods of inventory valuation   

 
The FIFO method follows the logic that to avoid 

obsolescence, a company would sell the oldest inventory 
items first and maintain the newest items in inventory. 
Although the actual inventory valuation method does not 
need to follow the actual flow of inventory an entity must 
be able to support why it selected the use of a particular 
inventory valuation method [18]. The inventory valuation 
method opposite to FIFO is LIFO, where the last item 
purchased or acquired is the first item out. In inflationary 
economies, this results in deflated net income costs and 
lower ending balances in inventory when compared to 
FIFO [2]. Method - (AC) The average cost inventory 
method assigns the same cost to each item. The average 
cost method is calculated by dividing the cost of goods in 
inventory by the total number of items available for sale. 
This results in net income and ending inventory balances 
between FIFO and LIFO. This method is base for using 
stochastic optimalization models in praxis and decrease 
inventory that inventory bind money in companies [19]. 

 
4 Results of research 

As part of the project of inventory optimization in 
companies, we implemented a research questionnaire. The 
sample for the elaboration of the questionnaire consisted of 
1560 companies from the field of industry with a focus on 
industry: mining, engineering, automotive, metallurgy, 
construction, energy in Slovakia. From the implemented 
questionnaire, we used two questions that we need for the 
area of inventory valuation in companies and the selection 
of a suitable method of inventory valuation and its impact 
on the company's profit generation. We established two 
basic hypotheses that we needed to verify through 
questionnaire questions.  

 
H1: The most commonly used method for valuing 

inventories is the FIFO method. 

Methods of 

inventory 

valuation 

FIFO

AC

HIFO

LIFO

LOFO

NIFO
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H2: The most frequently valued type of inventories 
is finished goods. 

The results of a research questionnaire with a sample of 
1560 companies from the various industries pointed to the 
most frequently used method of valuing inventories in 
companies.  

Hypothesis H1 was confirmed. H1: The most 
commonly used method for valuing inventories is the FIFO 
method (Figure 2). 660 companies are using method FIFO 
of inventory valuation that means 42% of selected 
companies. Method FIFO is very easy, effective and is 
accepted by Accounting Law 431/2002 in Slovakia.

 
 

 
Figure 2 Using of methods of inventory valuation in companies 

The results of a research questionnaire with a sample of 
1560 companies from the various industries pointed to the 
most frequently valued type of inventory is finished goods.  

Hypothesis H2 was confirmed. H2: The most 
commonly valued type of inventory was finished goods. 

The most frequently type of inventory was finished goods 
for 621 companies that mean 40% of selected companies 
(Figure 3). This conclusion points to direct using of 
finished goods for business and sale.

 
 

 
Figure 3 Most often type of inventory in companies 
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On the base of two hypothesis we can  confirm that: 
42% of selected companies use method FIFO of inventory 
valuation that is very easy, effective and is accepted by 
Accounting Law 431/2002 in Slovakia, and the most 
frequently type of inventory were finished goods [20]. 40% 
of selected companies are using this type of inventory for 
business and sale and create profit in the companies. 
Conclusions of the questionnaire survey we will value 
inventories using the FIFO method for the finished 
product. We will also point out the use of the LIFO and AC 
methods and significance of those methods for profit 
generation in the companies. As part of the decision-
making process on the form of valuing inventories in 
companies, it is important to monitor the impact of the 

method used on the amount of the company's profit. We 
calculated the value of inventory costs according to 
selected methods - FIFO, LIFO and AC. The sales plan 
assumes 750 pieces of finished products, so we determined 
the amount of costs for a given number of finished products 
by individual methods. 

FIFO method is an accounting method. FIFO assumes 
that the remaining inventory consists of items purchased 
last. An alternative to FIFO is LIFO method. LIFO is an 
accounting method in which assets purchased or acquired 
last are disposed of first. The calculation of the price of 
finished goods by method FIFO in the amount of 750 
pieces is in table 1.

  
Table 1 Valuation of inventory by method FIFO [11] 

FIFO Increase Decrease Balance 

ks €/ks € ks €/ks € ks €/ks € 

Initial state       200 10 2000 
Increase (300) 300 11 3300    200 10 2000 

      300 11 3300 
Decrease (400)    200 10 2000    

   200 11 2200 100 11 1100 
Increase (400) 400 11,5 4600    100 11 1100 

      400 11,5 4600 
Decrease (350)    100 11 1100    

   250 11,5 2875 150 11,5 1725 

Final balance    750  8175 150  1725 

LIFO method is an accounting method. This method 
used to account for inventory that records the most recently 
produced items as sold first. The cost of the most recent 
products purchased (or produced) are the first to be 

expensed as cost of goods sold (COGS)—which means the 
lower cost of older products will be reported in items costs.    
The calculation of the price of finished goods by method 
LIFO in the amount of 750 pieces is in table 2.

 
Table 2 Valuation of inventory by method LIFO [11] 

LIFO Increase Decrease Balance 

ks €/ks € ks €/ks € ks €/ks € 

Initial state       200 10 2000 
Increase (300) 300 11 3300    300 11 3300 

      200 10 2000 
Decrease (400)    300 11 3300    

   100 10 1000 100 10 1000 
Increase (400) 400 11,5 4600    400 11,5 4600 

      100 10 1000 
Decrease (350)    350 11,5 4025 50 11,5 575 

      100 10 1000 
Final balance    750  8325 150  1575 

Average cost method (AVCO) calculates the cost of 
ending inventory and cost of goods sold for a period based 
on weighted average cost per unit of inventory. AVCO is 
applied differently in periodic inventory system and 

perpetual inventory system. In periodic inventory system, 
weighted average cost per unit is calculated for the entire 
class of inventory. It is then multiplied with number of 
units sold and number of units in ending inventory to arrive 
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at cost of goods sold and value of ending inventory, 
respectively in perpetual inventory system, we have to 
calculate the weighted average cost per unit before each 

sale transaction. The calculation of the price of finished 
goods by method AC in the amount of 750 pieces is in 
table 3.

 
Table 3 Valuation of inventory by method AC [11] 

 Increase Decrease Balance 
ks €/ks € ks €/ks € ks €/ks € 

Initial state       200 10 2000 
Increase (300) 300 11 3300    500 10,6 5300 
Decrease (400)    400 10,6 4240 100 10,6 1060 
Increase (400) 400 11,5 4600    500 11,32 5660 
Decrease (350)    350 11,32 3962 150 11,32 1698 
Final balance    750  8202 150  1698 

Based on the valuation methods used, we can state that 
for the same amount of issued inventories, the valuation in 
the item of costs is different (Figure 4). The lowest value 
of inventories is in the FIFO method; on the contrary, the 
highest value of costs is reflected in the LIFO method. For 
the values of the final balances of finished products, the 
cost value is highest for the FIFO method and lowest for 
the LIFO method. The LIFO method increases the cost 

item, which may be reflected in the reduction of the tax 
base, which is prohibited for business in Slovakia. 
Businesses can use the FIFO and AC method, which 
realistically measures inventories in consumption. The 
highest value of inventories that remain in the warehouse 
is presented by the FIFO method, which is important for 
the company because inventories are the property of the 
company that the company owns.

       

  
Figure 4 Results of valuation of finished goods  

5 Discussion 
All of authors in this article described to significance of 

inventory value methods. Their opinions were confirmed 
with the results of research. Li, YC, Liu, ZK, (2014) 
commented that selecting the inventory valuation method 
plays an important role in the firm [5]. Different inventory 
valuation methods will impact profit. This fact is presented 

in table 4. Utami et al. have solved the problems exist in 
the leasing of photocopy machines the method of inventory 
recording of goods used is FIFO, where the goods enter the 
first then the goods are issued first [6]. This method was 
used in research. Behunova et al. presented that the 
inventory valuation is a part of production costs that are 
important to optimize, because their influence is on the 
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selling price of product. In order to achieve a competitive 
price of the product, it is necessary to know not only the 
market but mainly the production costs of the company that 
influence profit generation [7]. This fact is presented in 
table 4 and in figure 4. Le, HE. et al. are describing using 
of inventory value methods is very important in various 
areas of industry in industrial chemicals differ in their 
treatment methods and types, depending on their 
physicochemical properties [10]. We can use this method 
FIFO in various industries. Lara in her chapter of the book 
describes inventory valuation methods and their 
significance in area of income tax. When the firm create 
high costs than have lower profit and pay lower taxes [11]. 

We investigated the impact of inventory valuation on 
the company's financial results (table 4) in determining the 
consumption of inventories at 750 pieces, the selling price 
of which was set at € 15. Revenues for all methods were 
the same, only the item of inventory costs changed, which 
we determined on the basis of three methods for valuing 
inventories (FIFO, LIFO, AC). We determined the 
operating costs fixed for all three methods. We found that 
when valued using the FIFO method, the company 
achieves the highest economic result in the form of a profit 
of € 875. With this simplified calculation of profit, we can 
see that the choice of the method of valuing inventories can 
ultimately affect the amount of the company's profit. When 
setting the valuation method, companies must take into 
account changes in the prices when acquiring inventories, 
which will reflect the changes in valuation more 
significantly and the more significant impact it will have 
when using individual methods. 

 
 Table 4 Generation of profit in company 

 
6 Conclusions 

Inventories create the assets of all companies and 
therefore their value is important. Based on the confirmed 
hypotheses, we can state that Slovak companies use the 
FIFO method for valuing inventories and at the same time 
have the most common type of inventories of finished 

products that are realizable on the market by selling and 
obtaining financial resources to purchase new inventories. 
The result of the calculation of the inventory price showed 
the highest value of stocks in the warehouse using the FIFO 
method in the amount of € 1,725. Based on the results of 
inventory valuation using FIFO, LIFO, AC methods, we 
can state that the best results are shown by the FIFO 
inventory valuation method, because it realistically shows 
the price of inventories, which inventories are valued when 
consumed and corresponds to the price of inventories when 
acquiring € 8175. The choice of the appropriate method of 
inventory valuation is the responsibility of each company 
and therefore it would be appropriate to introduce a 
simulation tool in the inventory management in companies, 
which would model the results of inventory valuation by 
individual methods and the highest profit share would be a 
criterion for choosing the appropriate method. In 
conclusion, we can confirm that the FIFO method is a 
method that in Slovakia realistically expresses the 
consumption of stocks and the final state of stocks in the 
warehouse as assets of the company. Using of this method 
FIFO is possible in various types of industries; it is method 
for profit influence that is important for business. 
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Abstract: Logistics processes and supply chains are widely viewed. The dependencies and conditions of their functioning 
depend primarily on the products that are in the circulation of these activities. Product flows in supply chains can be 
grouped according to certain types of products and their specificity of transport and storage. It will also determine the 
differences in the processes that will be used and their specificity. The article deals with three types of products: milk, 
fruit and human blood. Contrary to appearances, these products are very similar to each other, and the specificity of 
logistics activities is the same for this group. This is a group that has been called perishable products. Their specificity 
lies in the need to quickly deliver them to the final consumer so that they do not lose their properties. Most of this is 
possible thanks to the use of cold stores and efficient supply chains. The article compares the logistic processes used in 
the movement of human blood along supply chains. The aim of the article is therefore to analyse and compare the logistics 
processes used in the supply chains of blood and perishable products. The article is literary and empirical in nature and is 
based on a literature analysis, case study, participant observation and reports. The study presents the supply chain for 
perishable products, indicates the specificity of individual logistics processes and presents common features for this group 
of products. The Regional Centre for Blood Donation and Blood Treatment (RCKiK in Poland) in Zielona Góra was used 
as a case study. It is the organization that primarily manages the blood flow from donors to hospitals and other 
organizations right down to the ultimate consumer-patient. 
 
1 Introduction 

Shaping a good quality product that meets the 
expectations and needs of customers requires many related 
activities. These activities relate not only to the processing 
of raw materials, materials or semi-finished products, but 
also to many additional activities, such as proper transport, 
storage and information management. Logistics activities 
are determined by the specific characteristics of the 
products and the conditions that must be met so that they 
do not lose them. Many product groups do not require 
special treatment - they are resistant to weather conditions 
and other potentially harmful factors, however, one can 
distinguish those for which inadequate protection may 
affect the loss of quality or performance. The logistics task 
is to provide this protection at every stage of the flow. 
Requirements that often have to be met are unique to 
specific products, but to formulate general principles and 
notice similarities between flows that can later be used as 
reference points in the planning process, they are classified. 
An example of the classification of products according to 
the special challenges posed by logistics are perishable 
products that are sensitive not only to environmental 
conditions, but also to the passage of time. The article 
presents the flow of human blood in the supply chain. It has 
been compared to perishable products like milk and fruit. 

Their specificity lies in the fast flow and minimization of 
the loss of value of these products. This article uses a case 
study of blood flow based on an organization that manages 
these activities from blood donors to patients. It is the 
Regional Centre for Blood Donation and Blood Treatment 
(RCKiK in Poland) in Zielona Góra. 

The aim of the article is therefore to analyse and 
compare the logistics processes used in the supply chains 
of blood and perishable products. The article is literary and 
empirical in nature and is based on a literature analysis, 
case study, participant observation and reports. The 
Regional Centre for Blood Donation and Blood Treatment 
(RCKiK) in Zielona Góra was used as a case study. 

 
2 Logistics processes in business 

management 
The company's activity is based on repetitive, 

successive activities that are to bring a specific result. They 
make up the process, i.e. "a logical sequence of consecutive 
or parallel activities, the implementation of which leads to 
meeting the client's expectations - both internal and 
external - by providing him with a product, service, 
documentation in accordance with his requirements" [1]. 
Before the product reaches the recipient, it must go through 
a series of processes that can shape it directly or indirectly. 
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Due to the multitude of processes, many researchers tried 
to systematize them based on various criteria. M. Porter 
proposed a simple division into basic and auxiliary 
processes. Basic processes are associated with the 
preparation of production and delivery of appropriate 
materials, product production, sales and distribution, 
marketing and after-sales services. Ancillary processes are 
management of the entire unit, its resources, as well as 
improvement activities [2]. Another classification was 
presented by J.G. Miller and T.E. Vollman, who 
distinguished the following groups of processes [3]: 

• logistics - consisting in initiating, conducting and 
coordinating material flows, 

• balancing - activities adapting the funds involved to 
real demand, such as purchases, material 
requirements planning, task delegation, 

• quality - related to process control, compliance with 
technical requirements, 

• information - related activities aimed at ongoing 
updating of data in the organization's system. 

 
Table 1 Logistic processes and activities 

Process Actions 

Transport 

• choice of transport type and level of transport services, 
• establishing the transport network, 
• developing a vehicle traffic schedule, 
• selection of specific transport equipment, 
• handling complaints, 
• control of transport rates, 

Shaping the level and 
structure of inventories 

• formulation of a policy on the stock of raw materials, materials and finished products, 
• development of short-term sales forecasts, 
• definition of the inventory structure at storage points, 
• determining the number, size and location of storage points, 

Logistic customer service 
• agreeing on the scope of customer needs and requirements for the customer service system, 
• anticipating customer responses to an agreed service system, 
• determining the final quality of customer service level, 

Storage 
• determining the demand for storage space, 
• inventory distribution design, 
• receiving, completing and loading materials to and from the warehouse, 

Packaging management 

• choice of packaging to facilitate: 
o for loading, unloading and reloading operations, 
o about storage processes, 
o for protection against damage. 

Source: [4].

Logistics processes on which this study focuses are 
carried out from the moment of obtaining raw materials to 
delivering the final product to the consumer. They rely not 
only on the physical movement of materials, but also on 
proper storage, protection and management of information. 
Many activities performed in the organization would be 
impossible without proper logistic service because it in 
some sense binds all the activities of the company. S. 
Twaróg identified five logistic processes and activities 
performed within them, which are presented in Table 1. 

These processes as a whole come down to the optimal 
flow of raw materials, materials and finished products and 
related information at the lowest possible cost, appropriate 
quantity, quality, time and place of delivery [5]. Despite 
one clearly defined goal, there is no universal way of 
performing individual processes. Many of the conditions 
set depend on the properties of a given raw material, 
material or finished product. Efficient execution of 
logistics processes is particularly important in the case of 
products sensitive to external factors. Time is important 
here and ensuring appropriate conditions at each stage of 
the flow, as well as the information message accompanying 

physical flows. This type of logistics must be applied to 
perishable products. 
 
3 Characteristics of the logistics of 

perishable products 
The classification of products to the group of perishable 

products is not clear-cut and does not depend on a specific 
industry or product type. Some researchers attribute to it 
only products that spoil and, as a result, deteriorate over 
time, which starts from the moment they are produced. 
Additionally, they can be divided into those that have a 
predetermined shelf life, such as milk, blood components, 
yoghurts, and those of various shelf life, such as fresh fruit 
and vegetables [6]. In addition to the time criterion, they 
require appropriate conditions during processing, storage 
and transport. In other literature, demand conditions were 
also taken into account and the group of perishable 
products additionally classified clothing subject to 
temporary fashion and products replaced with the rapid 
development of technology (mainly electronics) [7]. In 
both cases, transportation must be fast and efficient to 
deliver the flow items at the right time and to the right 
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place, but products that lose their value due to deterioration 
require additional protection and the right temperature. The 
situation is similar in the case of storage and inventory 
management - the element that differentiates both types is 
the need to provide protection and optimal conditions for 
products that lose their properties, and the approach to 
inventory is the same - they should be shaped in such a way 
as to meet the demand, but at the same time avoid wastage 
resulting from the destruction of products or changes in 
consumer preferences, which boils down to minimizing 
inventories. Another important issue that perishable 
product logistics must deal with waste management. Due 
to the fact that some of the products may become worthless 
very quickly, there is no way to completely avoid losses, 
therefore actions aimed at neutralizing waste are necessary. 
A particular challenge is that some of the perishable 
products can become hazardous waste, such as medicines 
or electronics. The last highlighted element is information 
management, which is crucial in the event of unstable 
demand typical for this type of product. By monitoring the 
needs and changing preferences of consumers, the volume 
of flows can be adjusted to avoid losses. Moreover, the 
information message accompanying the physical flows can 
improve them and avoid errors. In order to further 
characterize some logistic processes of perishable 
products, three exemplary product groups were selected - 
milk, blood and soft fruit. 

 
4 Identification of logistic processes in the 

flow of perishable products on the 
example of milk, blood and soft fruit 

4.1 Selected logistic processes in the flow of milk 
in supply chains 

The key role of logistics begins with the flow of the 
main raw material of dairy products - milk, which before 
processing is particularly exposed to time, external factors 
and very rapid loss of value. Once harvested, the milk is 
cooled and then collected from farms and transported to the 
dairy plant in two ways [8]: 
• directly - from the producer to the dairy plant with the 

use of tank trucks, 
• indirectly - from the producer, through a collection 

point, to a dairy plant, most often by means of 
cisterns, tanks or containers. 

 
Due to the high sensitivity of the product to external 

factors, both transport and previous storage must meet the 
requirements for temperature and proper hygiene. Pursuant 
to the requirements of REGULATION (EC) No 853/2004 
of the European Parliament and of the Council of 29 April 
2004 laying down specific hygiene rules for food of animal 
origin, raw milk must be chilled to a temperature not 
exceeding 8 ℃ immediately after collection, if it is to be 
picked up within one day and 6 ℃ if it is not picked up 
every day. During transport, proper hygiene should be 
maintained (especially with regard to maintaining 

cleanliness of equipment and containers, which should be 
washed and disinfected at least once a day), as well as such 
conditions that when reaching the plant of destination, the 
temperature of the raw material does not exceed 10 ℃ [9]. 
Once at the processing plant, the raw material is typically 
processed within 24 hours. As with any product that loses 
its value, time is crucial here to avoid potential damage or 
loss of quality. Before processing, the milk is temporarily 
stored in storage tanks or silos equipped with thermal 
insulation, liquid level indicator, temperature indicator and 
a stirrer. The temperature during the storage process should 
be around 4 °C [10]. After the above-mentioned logistic 
processes are correctly carried out, good quality raw 
material can be used for further production. After 
processing, milk does not lose value as quickly as raw milk, 
but dairy products still have a limited shelf life and need to 
be stored under appropriate conditions - on average at a 
temperature of 2 to 6 ℃, with the exception of UHT milk 
and milk drinks in cartons, which retain their properties at 
temperatures up to 25 ℃. 

In addition to the physical flows, an important element 
is the communication of information and demand planning, 
which is difficult due to seasonal fluctuations in the 
demand and supply of milk. The supply is increased in 
spring and summer, and the demand is increased in the 
winter months [10]. Effective information management 
regarding winter demand allows stocks of already 
processed products to be shaped in such a way as to meet 
customer expectations by taking advantage of the surplus 
in the spring and summer period. 
 
4.2 Selected logistic processes in the flow of blood 

and its preparations in supply chains 
Another product that is sensitive to the passage of time 

and external conditions is blood, which is used in blood 
therapy after proper preparation and processing. Before it 
reaches its destination, it must go through a series of 
activities supported by logistic processes. Once collected 
from a donor, blood must be stored in single-use plastic 
containers that contain an anti-clotting solution. Transport 
to the Regional Blood Donation and Blood Treatment 
Centre (RCKiK in Poland) takes place at a temperature not 
exceeding 10 [11], and must also take place in a key time 
of less than 8 hours, during which blood should be 
processed in order to preserve the values of individual 
components [12]. After reaching the RCKiK, the blood 
goes to special centrifuges as soon as possible, where it is 
separated into three components: concentrate of red blood 
cells, plasma and buffy coat, which is used to obtain a 
concentrate of platelets. The shelf life and storage 
temperature requirements for the selected preparations are 
as follows [11]: 
• red blood cell concentrates (RBC) - must be stored in 

a refrigerator at 2 to 6 ℃, maximum 35 days in CPDA 
preservative fluid or 42 days in adenine-free citrate-
phosphate-glucose fluid (CPD); 
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• fresh frozen plasma - must be frozen within a 
maximum of 6 hours from collection and stored at -
18 ℃ or lower. In case of ensuring the temperature of 
-30, the shelf life of the preparation is 2 years, and if 
it is higher - one year;  

• platelet cell concentrates - the storage temperature is 
20 to 24 ℃, and the maximum storage time - 72 hours 
or 5 days in breathable polyolefin containers;  

• granulocytic concentrate - the shelf life of the 
preparation if stored at 20 to 24 ℃ is 24 hours. 

Unlike the raw material, not all preparations require 
refrigeration, but this translates into a significant reduction 
in their shelf life. 

Stock formation in the case of blood and blood 
preparations is difficult due to the unpredictable nature of 
supply and demand, which cannot be estimated by market 
research as is the case with many other products. Shaping 
the supply can take place through blood donation 
campaigns and other similar events, but the demand cannot 
be directly influenced [13]. The RCKiK experience in 
Zielona Góra shows that the demand for blood was often 
greater than the supply, but there were also situations when 
it was necessary to cancel the departure action due to too 
much supply of some blood components, which in a given 
period was not reflected in the demand and could be 
wasted. The uncertainty related to the blood demand 
cannot be reduced, but its seasonality can be used for 
estimation purposes. In summer, the supply of blood is 
reduced due to the fact that many blood donors decide not 
to donate it during holidays or vacation, and at the same 
time the demand increases, which is caused by the increase 
in the number of accidents [14]. It is precisely in the 
statistics on the number of car accidents that one can see 
periods when the demand for blood is increased and 
requires appropriate logistic preparation, i.e. winter breaks 
and holidays. 
 
4.3 Selected logistic processes in the flow of soft 

fruit in supply chains 
Another distinguished product from the perishable 

group are soft fruits, such as blueberries, currants, 

strawberries and blueberries. After picking them up from 
the production farm, transport can take place in two ways: 
• directly to the processing plant; 
• indirectly through a collection point to the 

processing plant. 
 
An important issue in this flow is to keep the product 

as short as possible in non-refrigerated conditions [15]. The 
recommended temperatures and duration of transport 
processes, based on the example of raspberries and wild 
strawberries, are from -1 to 3 ℃ for transport not longer 
than 24 hours [16]. After reaching the processing plant, the 
fruit must be processed as soon as possible in order to 
maintain its high quality. The maximum storage period is 
not specified with one hundred percent accuracy, because, 
as it was noted earlier, fruits are perishable products in 
various periods of time, however, according to the soft 
fruit, they are most often suitable for a maximum of several 
days' storage at a temperature of about 0 ℃ (without a 
controlled atmosphere) [17]. After processing, most fruit 
preserves, such as jams or pasteurized juices, can be stored 
for several months without the need to provide them with 
special conditions, but there are exceptions, such as frozen 
fruit, which lose their value very quickly without ensuring 
the appropriate temperature. The optimal storage 
temperature for frozen soft fruit is -20 ℃ [18]. 
As in the case of other products distinguished in this 
chapter, stocking is based on seasonality, as fresh soft fruit 
is harvested in Poland during the summer period and 
preserves are accumulated during this time. 

 
5 Comparative analysis of the logistics 

processes of the distinguished perishable 
products- results of research 

In the above-mentioned examples of processes, many 
similarities can be identified, which result from the specific 
conditions that must be met by logistics in order to 
maintain the highest quality and avoid loss of value of the 
products. The comparison of selected aspects of the flow 
of milk, blood and soft fruit is presented in Table 2.

 
Table 2. Comparison of logistic processes in the flow of milk, blood and soft fruit 

Logistics process Milk Blood and its components Soft fruit 

Transport before 
raw material 
processing 

• While maintaining the cold 
chain, 
• At a temperature of not more 
than 10 ℃, 
• Up to 48 hours. 

• While maintaining the cold chain, 
• At a temperature of not more than 
10 ℃, 
• Less than 8 hours. 

• While maintaining the cold 
chain, 
• At a temperature of -1 to 3 ℃, 
• Up to 24 hours. 

Storage before 
raw material 
processing 

• In storage tanks or tank silos, 
• At a temperature of approx. 4 
℃, 
• About 24 hours. 

• No pre-storage, processing as soon 
as possible, 
• If necessary, at a temperature of 
not more than 10 ℃. 

• In storage or cold stores, 
• At a temperature of -1 to 2 ℃, 
• A maximum of several days. 

Storage after 
processing raw 
materials 

• In storage rooms or cold stores 
(depending on the processing), 
• At room temperature or 2 to 6 
℃, 
• Shelf life varied, from approx. 

• In cold rooms, freezers, mixers or 
on storage racks, 
• At the temperature of 2-6 ℃, 
below -18 ℃ or 20-24 ℃, 
• Shelf life varied, from 24 hours 

• In cold rooms or storage rooms, 
• At room temperature, approx. 5 
℃ (fresh juice) or 20 ℃ (frozen 
fruit), 
• Shelf life varied, from about 3 
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Logistics process Milk Blood and its components Soft fruit 
2 weeks (cottage cheese) up to 6 
months in the case of hard 
cheese. 

(platelet cell concentrate) to 3 years 
(freshly frozen plasma). 

days (fresh juices) to about a year 
(jams). 

Logistic customer 
service 

• Optimization of delivery time, 
• Ensuring freshness and 
reliability of supplies. 

• Optimization of delivery time, 
• Striving for reliability of deliveries 
"to the rescue". 

• Optimization of delivery time, 
• Ensuring freshness and 
reliability of supplies. 

Shaping the level 
and structure of 
stocks 

• Based on seasonality, 
• Purchased at collection points 
or directly at dairy plants. 

• Very difficult, partly based on 
seasonality, 
• Obtained as part of voluntary 
donations, collected in the RCKiK 
stationary or by way of away 
actions. 

• Based on seasonality, 
• Purchased at collection points or 
directly at processing plants. 

Packaging 
management 

• Transport packaging - cisterns, 
tanks or containers. 

• Transport packaging - plastic 
packaging containing an anti-
clotting solution. 

• Transport packaging - transport 
boxes for soft fruit. 

Source: own study based on: [9-11,15,16,19-21].

Although three different product groups have been 
selected, it can be seen that they all require a specific 
logistic approach. This is primarily determined by the 
critical time from the acquisition of the distinguished raw 

materials to their processing, in which they are particularly 
prone to loss of value, and the need to provide them with 
cooling conditions during transport and storage. 

 

 
Figure 2 Diagram of logistic processes of perishable products in the supply chain 

 

This is important because improper performance of 
logistic processes in this period may result in a reduction 
in the quality of the raw material and the finished product, 
and in the worst case - wasting it. After processing, the 
products are not so exposed to time and require various 
conditions (not necessarily refrigeration), so the greatest 
similarity should be seen at the stage of raw materials. 
Inventory management of all product groups is difficult 
due to their tendency to impairment and the need to rely on 
seasonality. Thanks to the conducted analysis, a general 
scheme of logistic processes from the moment of obtaining 
the raw material to its processing was formulated, which is 
shown in Figure 2. 

 
The diagram shown above can be used as a reference 

for the flow of perishable products that are particularly 
sensitive to external influences and the time to processing, 
such as those presented in this paper. 

In the case of perishable products, regardless of their 
type, it is important to: 
• keeping products in an optimal place and cooling 

them, 
• the shortest possible transport time, 
• appropriate transport and storage conditions tailored 

to the specificity of the product, 
• identifying individual products in supply chains, 
• systems for identifying and checking the condition of 

products on the way in supply chains, 
• the flow of relevant information at each stage of the 

chain, 
• shortening the time of transport and storage until the 

products are processed, 
• ensuring appropriate measures to protect the 

freshness of products and their packaging, 
• optimal inventory control cycle. 
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However, it should be noted that all logistic processes 
in the supply chains regarding perishable products should 
be adjusted individually to given groups of goods. Their 
specificity and rapid depreciation of value implies the need 
to individually adjust logistics activities to product groups. 

 
6 Conclusion 

Providing the best quality is the overriding goal of 
every manufacturer, but to achieve it, it is not enough just 
to improve production and other processes that shape the 
product in a direct way. Efficiently carried out logistic 
processes condition the quality of the product at every 
stage of the flow, starting with obtaining the raw material, 
ending with creating inventories and delivering the 
finished product to the customer. 

Classifying a product to the perishable group requires 
high efficiency and shortening the duration of logistics 
processes. Due to the large variety of products classified as 
perishable, different requirements are imposed in terms of 
ensuring the conditions or the use of appropriate 
packaging, but the main task of logistics remains the same 
- as the fastest possible flow in such a way as to minimize 
loss of quality. 

The set research goal was achieved, the logistic 
processes of perishable products were identified and 
analysed. Thanks to the comparative analysis of the 
logistics processes of selected products, the common 
features were noticed and a general scheme was proposed 
showing them from the moment of obtaining the raw 
material to the storage and distribution of already 
processed products. In addition, in all analysed processes, 
a critical period was observed until the products were 
processed, and it was indicated as a time particularly 
important for logistics and shaping the final quality, which 
should be taken into account at the planning stage. 
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