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Abstract. For several years, the global supply chain has been particularly exposed to various dangers in particular natural disasters, the
COVID-19 pandemic or the armed conflict in Ukraine, which threaten its stability, continuity of efficiency. Each of the current events
brings full economic environmental social risks that directly affect the supply chain. Companies wishing to adapt to current market
situations, wishing to be competitive, must learn to properly manage the supply chain, monitor it and anticipate the possibility of specific
risks. The main purpose of the article is to determine the impact of potential risk factors on the supply chain and its stability. In addition,
the current capacity of companies to implement a number of supply chain activities such as management, monitoring through the lens of
recent events, among others, was verified. A survey questionnaire was used to conduct the survey in the first quarter of 2023, which
yielded 250 questionnaires, of which 212 properly completed copies were selected for the study, representing companies from countries
such as Poland, Romania, the UK and Turkey. Subsequently, the data was subjected to in-depth analysis thanks to which it was possible to
create a series of recommendations for companies that will minimize the possibility of risk, minimize the effects after the occurrence of
such risks and help companies to operate on currently dynamic supply chains being competitive in global markets. It has been shown that
in companies according to which the impact of economic and environmental factors does not have much influence on their company is
observed significantly more often are more likely to have deteriorating efficiency results. It has been shown that in companies according
to which the impact of economic and environmental factors is not high influence on their company is observed significantly more often
are more likely to have deteriorating efficiency results.

Keywords: global; supply chain; management; risks

Reference to this paper should be made as follows: Grondys, K., Kot, M. 2023. The global supply chains management against future risks
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1. Introduction

In the 21st century and more specifically in recent years, the supply chain is exposed to constant destabilization
caused by various events having their impact on a global scale. An additional factor causing SC instability is
increased globalization and changes in global markets (Gomez-Mejia et al., 2021). The very wide range of
products we consume or use are sourced, manufactured, modified in various sometimes distant geographic
locations. Adequate management of global supply chains is necessary to meet the newly emerging challenges.
(Choi et al., 2022). However, it is important to keep in mind that every global event brings with it both new
opportunities and threats that can potentially affect the management of global supply chains (Kot et al., 2020). For
the most part, companies are well aware of the definitions of supply chain risk management (Muangmee et al.,
2022), however, recent events have shown that this knowledge is purely theoretical and in many cases focused
only on their company or the closest links in its supply chain.

The most recent event that reinforces this was the COVID-19 pandemic. Entrepreneurs, in making their risk
assessments, focused only on their own suppliers without taking into account that they themselves may have
difficulty obtaining goods from their sub-suppliers. The issue of several companies sourcing from a single
supplier was also overlooked. The best example of this is China. The introduction of restrictions in China, which
is one of the largest suppliers of all kinds of raw materials, products, intermediates, caused supply chains to break
down early on a global scale. These events have had a negative impact on companies in a variety of industries
from both Europe and the United States. Another element that contributed to the large shortages of what? Was it
the widespread use of the "Just in time" strategy, which is designed, among other things, to reduce inventory as
much as possible, assuming that suppliers will meet their obligation to deliver goods on time. Undoubtedly, the
COVID-19 pandemic brought with it a global crisis (Ali et al., 2022; Ivanov & Dolgui, 2020; Yang et al., 2020;
Kot, 2021). It taught companies to take a broader view of risk assessment and to kind of anticipate the occurrence
of an economic or economic crisis.

Not long after the world dealt with the effects of Pandemic COVID-19, we are faced with war and, more
specifically, with Russia's military actions in Ukraine. Probably no one foresaw the possibility of a military
conflict in 2022. Undoubtedly, this event had a strong impact on logistics and supply chains. A large number of
Ukrainian employees from logistics and transportation companies resigned in response to the call for military
service. Staff shortages have caused significant delays in orders, shipments. Many supply chains between Russia
and Europe passing through Ukraine have been broken or severely curtailed (Melnychenko et al., 2022). In
addition, economic restrictions imposed on Russia have contributed to destabilizing supply chains by cutting off
sources of raw materials and products. Broken and restricted supply chains have contributed to shortages of raw
materials and products in the West resulting in increases in commaodity prices. The conflict also resulted in
restrictions on the transportation of fossil fuels such as coal, oil and gas. In many European countries they were
essential fuels for energy or heat production. The war in Ukraine has also caused a large reduction in the
transportation of food from Ukraine, and it should be noted that it is in the top of the world in terms of sales of
sunflower oil corn wheat or barley.

Undoubtedly, global events regardless of the plane on which they arise - environmental, economic, political, etc. -
are difficult to predict and carry a high probability of multiple threats to the supply chain. (Davis et al., 2021). The
purpose of the article is to identify the impact of potential risk factors on the supply chain and its stability based
on recent events, i.e. the COVID-19 Pandemic and the armed conflict in Ukraine. The article also aims to verify
the current ability of companies to carry out a number of supply chain activities such as supply chain
management, monitoring and anticipating risks, adaptability in case of supply chain constraints. The results also
aim to indicate the relationship between the assessment of risk factors in the areas of pandemic, political
instability, environmental and economic, and company performance. Based on the research, recommendations
have been created, with entrepreneurs as the main audience. The recommendations are complete because they
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apply to each type of enterprise by size as well as the area in which they conduct their supply chain operations.
The companies studied are located in different regions of the world and are members of different organizations,
which will allow the illustration of a broader spectrum of cases from a global aspect. Recommendations are
primarily aimed at illustrating ways to mitigate the negative effects of a crisis situation, as well as highlighting the
significant impact of an appropriate way of running a business oriented toward supply chain and risk management
activities. The research also identifies areas that need to be given special attention due to their significant impact
on supply chain performance results.

2. Theoretical background

Recent global events, i.e., the Covid 19 pandemic and the war in Ukraine, have strongly changed the perception of
supply chain vulnerabilities. On the one hand, it has been observed that supply chain disruptions can occur at any
level due to factory closures, quarantine, accidents. On the other hand, producer disruptions have also occurred
recently due to the conflict in Ukraine. (Passarelli et al., 2023). Supply chain disruptions (SCDs) are unexpected
events that disrupt the flow of goods and products or create a discontinuity S.C. (Ali et al., 2021; Althaf and
Babbitt, 2021). Supply chain disruption can also be defined as "the manifestation of a company's inability to
match supply and demand.” company's inability to match demand and supply” (Hendricks et al., 2005).
Disruptions in supply chains can result from a variety of causes: climate change or natural disasters (e.g., floods,
earthquakes, hurricanes, epidemics) (Ghosh & Sanyal, 2021; Moosavi et al., 2022) or human factors (e.g., wars,
tariffs on specific products, economic crises, on specific products, economic crises) (Villalon-Huerta et al., 2022;
Sarkar & Shankar, 2021) , the inevitable consequence of which is the disruption of the normal flow of materials
and information within supply chains (Cardoso et al., 2022). Events such as a pandemic or war bring unexpected
challenges such as demand and supply shocks resulting in stockpiling, labor shortages, restriction of
transportation primarily across borders (Nikolopoulos et al., 2021).

Usually companies have a strategy within the framework of an emergency, few have dealt with the situation
caused by the Covid-19 pandemic and related restrictions. The same situation occurred with regard to the ongoing
war in Ukraine and the sanctions imposed on Russia. Some companies were forced to act unsystematically which
was further hampered by little information, poor situational forecasts and led to increasing uncertainty. The war in
Ukraine and the COVID-19 pandemic caused major disruptions and even interruptions in supply chains (Golan et
al., 2020; Ivanov and Dolgui, 2020; Mehrotra et al., 2020), which revealed their vulnerability to potential risks
(Ilvanov, 2020; Sodhi & Tang, 2021).

The Long-Term Impact of Pandemic COVID-19 on the Supply Chain

Covid-19 was hailed as the most serious disruption that caused many disruptions and broken supply chains (Araz,
2020). The impact of the Covid-19 pandemic was felt even in the years following its occurrence in aspects such as
politics education and social relations (Chandasiri, 2020; Lipscy, 2020; Cooper, 2021). Its impact can also be seen
in the economy especially in aspects such as production, consumption, flow of goods and services, and foreign
trade (del Rio-Chanona et al., 2020; Fleming, 2021). The COVID-19 pandemic disrupted the availability of many
global supply chains thereby paralyzing many industries (Araz et al., 2020) a phenomenon previously unheard of
and undescribed in the literature (Butt, 2021a). A pandemic differs from traditional disruptions due to its long-
term effects, unpredictable spread and wide-ranging impact on multiple levels of the supply chain and multiple
regions around the world (lvanov, 2020a). The flagship impacts of Pandemic COVID-19 cited in the literature in
the context of transportation and the supply chain include the following issues.

Changing consumption patterns: Pandemic COVID-19 caused a change in consumption patterns, increasing
demand for certain products such as foodstuffs, personal protective equipment and medical products. Companies
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that manufacture and distribute these products have had to quickly change their supply chains to meet increased
production and demand (Kral et al., 2022).

Restrictions on movement of goods and people: the COVID-19 pandemic has caused border closures, restricting
the movement of goods and people, making logistics processes difficult (Gomes & Lopes, 2022). Transportation
by road, sea and air is now hampered, meaning that moving goods from one country to another is becoming
increasingly difficult.

Supply problems and delays: As a result of restrictions on the movement of goods and people, many companies
have experienced supply shortages and delivery delays. Companies that rely on importing or exporting goods face
high transportation costs and difficulties in maintaining regular deliveries.

Rising transportation and warehousing costs: Rising transportation and warehousing costs are another effect of the
COVID-19 pandemic on supply chains. Companies that rely on international supply chains have to deal with high
transportation and warehousing costs, affecting their profit margins.

Need to adjust supply chains: The COVID-19 pandemic has forced companies to adapt their supply chains to new
conditions and requirements. Companies must react quickly to changing situations and adapt their supply chains
to meet new challenges.

The Impact of the Ongoing Armed Conflict in Ukraine on the Supply Chain

Factors destabilizing the supply chain, qualified in the market analysis as unlikely events but likely to cause
business collapse, are, in addition to natural disasters, political tensions, armed conflict. The armed conflict in
Ukraine is increasingly hitting the transportation industry and the logistics and manufacturing sector, which was
just beginning to recover from the problems caused by the pandemic. The ongoing war and the economic
sanctions being implemented are causing problems in the supply of raw materials. The flow of goods is declining,
the supply chain is encountering more and more problems and is broken in many places. Instability is growing. In
many ports, cargoes destined for Russia and Ukraine are backlogged blocking surface availability. This is causing
many delays and stoppages at the ports. Warehousing capacity is limited and this is putting negative pressure on
the supply chain in the form of rising costs, rising prices and rising inflation around the world. Sources report that
the situation is increasing global demand for ship purchases and shipping costs around the world. Many
companies are forced to relocate their supply chains due to reduced flow or disrupted supply chains due to the
inability to obtain goods required from either Ukraine or Russia. The war in Ukraine is causing a huge impact on
the supply chains of fossil fuels such as oil gas, but also on the supply chains of food and agricultural products
such as grains and corn. In addition, the negative impact of the war has been noted in terms of higher energy
prices. An important effect of the ongoing war is also increased political and economic tension. This affects both
business decisions and company strategies. These companies must take into account the risks associated with
investing in Ukraine and possible changes in government policies and regulations.

Compilation of Covid-19 and the Conflict in Ukraine Based on the Impact on the Supply Chain

The disrupted supply chains due to the COVID-19 pandemic and the war in Ukraine share many common
features, but also have differences in some aspects. In both cases, border closures and restrictions on the
movement of people and goods have caused major disruptions in supply chains. Companies are having to deal
with delays, supply shortages and increased transportation costs. As a result of these disruptions, many companies
are facing problems in maintaining their operations and sourcing necessary raw materials and supplies. However,
in the case of the COVID-19 pandemic, supply chain disruptions are associated with restrictions on the movement
of people and goods to prevent the spread of the virus. In the case of the war in Ukraine, disruptions to supply
chains are caused by armed conflict and transportation restrictions due to security and political stability.
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Additionally, the COVID-19 pandemic had a global impact on supply chains, while the war in Ukraine mainly
affects countries neighboring Ukraine and countries that rely on importing or exporting goods to Ukraine. Despite
the differences in aspects of the two situations, both the COVID-19 pandemic and the war in Ukraine have
demonstrated the importance of having flexible and diverse supply chains that can respond quickly to changing
conditions. Companies that are able to adapt to these challenging conditions are more resilient to future supply
chain disruptions.

The Impact of the COVID-19 Pandemic and the Conflict in Ukraine on the Scientific Community and

the View of SCRM

The reaction to these developments reflects the interest of many organizations in the topic of supply chain risk
management (SCRM) which will help ensure continued supply to meet demand. Supply chain risk management
(SCRM) is critical to the competitive growth of companies by successfully connecting them with manufacturers,
retailers and customers, among others (Li & Chen, 2019). As organizations today increasingly prefer to rely on
incorporated supply chain networks, they are becoming more vulnerable to supply chain disruption risk (SCDR)
(Novoszel & Wakolbinger, 2022).

In order to correctly identify issues related to the occurrence of supply chain disruptions, one must categorize the
risks that cause them into appropriate divisions.

Disasters-are caused by natural disasters or human behavior. We are primarily talking about earthquakes, floods,
fires and hurricanes. Current literature points to the need to take natural risks into account in managing the global
supply chain and countering the impact of risks (Gunessee et al., 2018). Natural or man-made (geopolitical)
disruptions are low probability and high impact events with devastating consequences. High probability and
medium impact disruptions include sudden changes in demand, supply shortages, congestion in supply or
distribution networks, and supply constraints (Katsaliaki et la., 2021)

Systems-e.g., information disruption-occurred when the internet and new technologies were implemented less in
supply chain management (Reshmi, 2021). We are referring to the use of various technologies in the
implementation of Industry 4.0. The increasing deployment of new technologies has reduced information
transaction times and inaccuracies (Ali et al., 2022). However, alongside the benefits of widespread
Internetization and the introduction of new technologies, a new threat has emerged in the form of data security
and information flow. We are speaking here primarily of cyber attacks (Durowoju et al., 2020; Reshmi, 2021).
Current studies also show the doubtfulness of the information system and its security thus increasing the
possibility of the risk of information disruption and disruption of the supply chain.

Delays-e.g., transportation disruption-is a risk that rapidly paralyzes the entire supply chain (Paul et al., 2020)
Transportation disruption causes the interruption or stoppage of the temporary or total flow of goods (Lam & Yin
2022). Supply chain disruption can be caused by, among other things, incorrect human decisions by, for example,
selecting inappropriate sub-suppliers.

The likelihood of supply chain disruption or interruption can be minimized or prevented altogether through
continuous monitoring of the entire supply chain and factors potentially affecting supply chain performance
(Scheibe & Blackhurst, 2018). To help companies become better prepared to deal with uncertainty, and thus
become more resilient, the academic literature has contributed theoretical models for supply chain risk
management.
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3. Research Methodology

The research was aimed at investigating the difference between the performances of different areas of company
efficiency due to macroeconomic factors affecting the supply chain. For this purpose, in the first quarter of 2023,
a survey was carried out initially among 250 companies, and finally 212 entities were left in the collection after
the data was dumbed down. The survey was conducted in four selected European countries viz: Poland, Romania,
the United Kingdom and Turkey. These countries are at a similar level of economic development, with similar
annual GDP levels (4.9%; 4.8%; 4.1% and 5.6%, respectively). At the same time, two of these countries are
members of the European Union. The collected data were subjected to statistical analysis according to the
assumptions of selected statistical methods. It was assumed that:

H1: The level of assessment of the impact of environmental, economic, organizational and resource factors on the
supply chain causes a change in the efficiency of enterprises operating in the chain.

Table 1 presents key information on the companies in the survey sample.

Table 1. Characteristics of the study sample by country covered [%]

Features of the Share of Country
research sample - surveyed UK Poland Romania Turkey
independent companies
\variables in total 21,7 19,3 325 26,4
Employment volume
10 to 49 people 40,1 16,5 235 376 22,4
50 to 249 people 25,5 46,3 13,0 9,3 31,5
250 > 343 9,6 19,2 43,8 27,4
Length of operation in the market
Less than 3 years 18,9 25,0 5,0 40,0 30,0
From 3 to 7 years 16,0 23,5 59 35,6 35,0
From 8 to 15 years 20,8 22,7 11,4 34,1 31,8
More than 15 years 443 19,1 34,0 27,7 19,1
Number of global partners
No 4,7 20,0 40,0 0,0 40,0
From one to three 36,8 12,8 20,5 35,9 30,8
Four to nine 29,2 29,0 145 33,9 22,6
Ten and over 29,2 25,8 19,4 32,3 22,6
The company's place in the supply chain
Raw material 9,4 30,0 0,0 30,0 40,0
Semi product 10,4 27,3 0,0 45,5 273
ManLIJ-facturer 33,0 17,1 28,6 28,6 25,7
Distributor 18,9 20,0 35,0 35,0 10,0
Logistics Provider 28,3 23,3 11,7 31,7 33,3

Source: Authors’ elaboration

Analyzing the overall structure of the survey sample, it is observed that the most frequent participants in the
survey are small enterprises (40.1%); which have been operating in the market for more than 15 years (44.3%),
have one to three global partners (36.8%) and are manufacturers (33%). No more than 5% are occupied in the
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sample by entities that do not have any global partner. This means that the conclusions drawn from the survey can
be generalized to global supply chain risks. The largest number of companies were surveyed in Romania, which
has the largest number of small and large entities, which have been in business for less than 15 years, have a large
number of global partners and most often act as suppliers of intermediate products, are manufacturers or
distributors. In contrast, companies from Turkey most often act as suppliers of raw materials and logistics
services. Enterprises from Poland dominate in the case of seniority in the market and most often among the other
countries surveyed do not have a global partner in doing business.

In addition to the independent variables that characterize the research sample, the study identified dependent
variables that relate to potential risks that threaten the sustainability of the global supply chain. The identification
of risks was based on five major macro-economic challenges that companies have been facing in global supply
chain management over the past few years:

Pandemics (Covid-19, HIN1, Ebola);

Political instability (wars, economic sanctions, bad governance);

Environmental aspects (sustainability, green logistics);

Economic aspects (sanctions, trade disputes, financial crisis, market crash).

These challenges were detailed and given a five-point assessment (Table 2).

Table 2. Description of selected dependent variables

Covid - 19 the pandemic
(where 1 = very negative
and 5 = very positive)
(Challenge C1)

Political instability (where 1 =
doesn't matter and 5 = very
influential) (Challenge C2)

Environmental aspects (where
1=doesn't matter and 5 = very
important) (Challenge C3)

Economic and financial
aspects (where 1 = doesn't
matter and 5 = very influential)
(Challenge C4)

Labor shortage caused by
pandemic (Cla)

War between nations (C2a)

Procurement strategy
beneficial to the environment
(C3a)

Inflation (C4a)

Transition to (work from
home)/ remotely (C1b)

Change in the energy sources
on the market (C2b)

reducing waste generation
from company related
activities (C3b)

Implementation of new
economic and trade policies by
countries (C4b)

The reduced amount of
cash inflow (Clc)

Shift in the economic power
(western countries to Asia)
(C2c)

Employee participation in
environmental conservation
initiatives (C3c)

Economic sanctions on some
countries (C4c)

Shortages at the supplier
level (C1d)

Electronic equipment supply
shortage (microprocessors,
transistors, capacitors) (C2d)

The move toward greener
and more environmentally
energy sources (C3d)

Purchasing power (amount of
money with customers and
businesses available to spend)
(C4d)

Weakness of just-in-time
strategy (Cle)

Increase in fuel price due to
OPEC plus nations producing
less oil (C2e)

Choosing supply chain
partners based on
environmental regulations
(C3e)

Recycling of damaged and
useless goods (C3f)

Economic growth of a country
(C4e)

Source: Authors’ elaboration

The potential effects (P) that occurred as a result of the identified crises were assessed on a five-point scale
(1=definitely worse than previous years , 2=worse than previous year , 3=comparable to previous years, 4=better
than previous years, 5=definitely better than previous years) for the following indicators of company effectivity:
lead time (P1); efficiency of the entire supply chain (P2); logistics costs (P3); efficiency in inventory and
warehouse management (P4); human resource management (P5); fulfillment of customer requests (P6); mitigation
of risk in the supply chain (P7); revenue of the company and market share: the share of the company in the whole
market on which it operates (P8). The surveyed companies made an overall assessment of the level of efficiency
of their operations, a summary of which is presented in Figure 1.
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Fig.1. Mean of performing of the company in the present year 2022 compared to previous years
Source: Authors’ elaboration

Of the several evaluated potential changes in the performance results of the surveyed enterprises, the highest
scores were P6, or Fulfillment of customer requests, where the average score was 3.64, and P5, or Human
resource management, where the average score was 3.54, which marked the achievement in 2022 of comparable
results to previous years. Overall, the data obtained indicate the preservation of comparable results to the previous
period in most of the surveyed companies. Half of the enterprises declared no impact for the variable P1, P2, P3,
P4, P7 and P9 (Me =3.00). Half of the enterprises declared improved performance to the previous period for the
variable P5, P6 and P8 (Me=4.00).

To compare the distributions of unidimensional statistical characteristics of the study populations, where data
were expressed on an ordinal scale, the non-parametric Kolmogorov-Smirnov test was used. Due to the numerous
dependent variables, factor analysis was used to reduce their set. It allowed to divide all variables into subsets
according to the correlation index. Highly correlated variables were placed in one set. In the end, four sets were
identified, defined as the main factors, which took into account the cumulative impact of each variable. In order to
compare the four factors in terms of the independent variable, the non-parametric Kruskal-Wallis test was applied.

4., Study Results

Characteristics of dependent variables and testing normality of distribution

The next stage of the study was to identify the effect of the individual dependent variables (C1, C2, C3 and C4)
on the independent variable P. In order to select a statistical test, the normality distribution was first tested for all
the variables studied. The test of normality distribution in each group was carried out according to the
assumptions of the Kolmogorov-Smirnov test. The resulting calculations for each variable viz: C1,C2, C3 and C4
and P, where Z (202) and p < 0.001 mean that the null hypothesis, which states that the distribution of the variable
does not deviate from the normal distribution, should be rejected. The absence of a normal distribution and the
ordinal nature of the variables under study, determined the choice of comparing the groups under study using a
non-parametric Kruskal-Wallis test. At the same time, due to the large number of potential dependent variables
that can affect the performance results of the company, the study of the impact of risk on performance results was
preceded by factor analysis to reduce the number of factors. In order to check whether the variables have adequate
statistical properties appropriate for factor analysis, the basic descriptive statistics of these variables were
examined (Table 3).
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Table 3. Basic statistics for dependent variables

C1 Mean Median Std. dev. C2 Mean Median Std. dev.
Cla 3,0667 3,000 1,0739 C2a 3,3429 4,000 1,3257
Cilb 3,0952 3,000 1,2101 C2b 3,4381 4,000 1,1813
Clc 3,0190 3,000 1,1065 C2c 2,6381 3,000 1,0904
Cid 3,1143 3,000 1,2005 ca2d 2,9333 3,000 1,3783
Cle 3,1333 3,000 1,0810 C2e 3,3396 4,000 1,2837
C3 Mean Median Std. dev. C4 Mean Median Std. dev.
C3a 3,1810 3,000 1,1473 Cda 3,7714 4,000 1,1921
C3b 3,1048 3,000 1,2054 C4b 3,5810 4,000 1,0873
C3c 3,2286 3,000 1,2316 Cac 3,6190 4,000 1,2011
C3d 3,6190 4,000 1,3152 cad 3,7524 4,000 1,2434
C3e 3,3619 4,000 1,2383

ot 36667 2,000 12578 Cle 3,8286 4,000 1,1106

Source: Authors’ elaboration

The average level of impact for Challenge 1 is similar, with a rating of 3. According to the median value, at least
half of the number of respondents rated the impact of the pandemic on supply chain management as neutral, with
a standard deviation of 1, which is significant for such a scale. The values of the statistics are more varied for
Challenge 2, where the average rating ranges from 2.6 to 3.4, and the median value for the variable C2a, C2b and
C2e indicates a dominant rating of 4, or influential. The value of the standard deviation indicates a slightly greater
dispersion of ratings in this area. The average rating values for Challenge 3 are above 3, and the results are the
most dispersed. The highest average ratings are for Challenge 4, where half of the respondents declared a
minimum rating of 4.

According to the assumption of factor analysis, the variances of the results within each variable were close to each
other. Looking at the standard deviations for this purpose, it is observed that their values are close to each other,
so a factor analysis can be carried out for the dependent variables. The second condition for conducting factor
analysis is that the dependent variables are mutually correlated, which was checked using the basic K-M-O
statistic. and Bartlett's The results obtained are presented in Table 4.

Table 4. Kaiser-Mayer-Olkin and Bartlett tests

KMO measure of sampling adequacy. 0,852

Bartlett's sphericity test Approximate chi-square 2404,203
df 210
Relevance 0,000

Source: Authors’ elaboration

The K-M-O measure is more than 0.5, which means that factor analysis will give a satisfactory reduction of
variables. Bartlett's test of sphericity for p < 0.001, in turn, allows us to assume that there are correlations between
variables, that is, latent factors.

Factor analysis

One of the tasks of the analysis is dimension reduction, which allows to assess the optimal number of principal
components. For this purpose, one of the most common methods of identifying the number of factors which is the
Kaiser criterion was chosen. This criterion considers factors for which the eigenvalue is greater than the average
of the eigenvalues to be significant. Table 5 indicates only those components that meet the eigenvalue criterion
>1.
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Table 5. Total explained variance

Initial eigenvalues Sums of squares of charges after separation
% of % of %

Component Total variance % cumulative Total variance cumulative
1 7,765 36,976 36,976 7,765 36,976 36,976

2 2,587 12,318 49,294 2,587 12,318 49,294

3 1,545 7,358 56,652 1,545 7,358 56,652

4 1,199 5,710 62,362 1,199 5,710 62,362
The method of extracting factors - the main components.

Source: Authors’ elaboration

The results showed that exactly four components meet the criterion for which the eigenvalue is greater than 1. The
first two components are the strongest, explaining respectively 37% and 12% of the variability of all questions In
total, all components explain 62% of the variability of all questions. This means that four factors should be
extracted in further analysis. Values less than 0.3 have been removed from Table 6.

Table 6 Matrix of rotated components

Component
Symbol Risk area
1 2 3 4
C3e Choosing supply chain partners based on environmental ,866
regulations
C3f Recycling of damaged and useless goods ,787
Cad The move toward greener and more environmentally energy 0,765 0,390
sources
C3c Employee participation in environmental conservation 0,754
initiatives
C3b Reducing waste generation from company related activities 0,660 -
0,361
C3a Procurement strategy beneficial to the environment 0,622 -
0,423
C2a War between nations 0,459 0,404 -
0,355
Cc4d Purchasing power (amount of money with customers and 0,793
businesses available to spend)
Céc Economic sanctions on some countries 0,770
C4b Implementation of new economic and trade policies by 0,749
countries
Cle Economic growth of a country 0,698
Cda Inflation 0,663 0-
,327
cud Shortages at the supplier level 0,861
Cle Weakness of just-in-time strategy 0,734
Clc The reduced amount of cash inflow 0,710
C2e Increase in fuel price due to opec plus nations producing 0,351 0,334 -
less oil(opec = organizations of the petroleum exporting 0,552
countries)
Cib Transition to (work from home ) / remotely 0,510
cad Electronic equipment supply shortage (microprocessors, 0,307 0,710
transistors, capacitors)
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Cla Labor shortage caused by pandemic 0,396 -
0,653

C2c Shift in the economic power (western countries to Asia) 0,642

C2b Change in the energy sources on the market 0,364 0,383

Source: Authors’ elaboration

After performing an orthogonal rotation analysis of the factors using the Varimax method, it was found that the
first factor strongly loads questions from the Environmental area and about the war in Ukraine. The second covers
the entire economic area. The third factor partially covers aspects related to the pandemic and rising fuel prices.
The fourth factor focused mainly on political factors and changes in the workforce as a result of the pandemic.
The first factor (F1) can be called an environmental factor, the second an economic factor (F2), the third an
organizational factor (F3) and the fourth a resource factor (F4). Each factor was checked for scale reliability,
resulting in both question C2e and Cla requiring scale inversion. Ultimately, for each indicator o > 0.07, the scale
should therefore be considered reliable. The indices of the four variables were then estimated using a regression
method that took into account the factor loadings of each question in each factor. The factors finally took on a
binomial value, where 1 meant a value below the mean, while 2 meant a value above the mean (in terms of the
variable in question).

Testing the significance of differences
Then, in order to test the significance of differences between the factor group and the efficiency results group, a
K-W test was applied, the results of which are presented in Table 7.

Table 7. Results of the Kolmogorov-Smirnov test

P1 P2 P3 ‘P4 P5 ‘PG P7 P8 P9
F1
H Kruskal- 20,421 14,544 2,659 27,743 12,798 10,510 16,952 31,803 16,184
Wallis
Asymptotic <0,001 <0,001 0,265 <0,001 0,002 0,005 <0,001 <0,001 <0,001
significance
F2
H Kruskal- 13,132 9,290 1,341 5,129 12,989 24,235 0,002 14,731 7,957
Wallis
Asymptotic 0,001 0,010 0,512 0,002 0,002 <0,001 0,999 <0,001 0,019
significance
F3
H Kruskal- 0,118 2,359 14,291 0,176 2,499 0,122 0,718 0,317 0,802
Wallis
Asymptotic 0,943 0,307 <,001 0,916 0,287 0,941 0,698 0,854 0,670
significance
F4
H Kruskal- 0,545 4,254 3,655 0,136 0,781 1,430 0,426 0,174 4,416
Wallis
Asymptotic 0,761 0,119 0,161 0,934 0,677 0,489 0,808 0,917 0,110
significance

Source: Authors’ elaboration

The assumption of the K- W test is that if p < 0.05 then the null hypothesis of no difference between groups
should be rejected. Thus, for most of the variables studied, there are significant differences between their groups.
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The most common differences are between the change in efficiency and the F1 factor for the environmental area
and the F2 factor for economic aspects. Significant differences between the groups for the organizational area
factor F3 occur only in the case of the change in performance from the Logistics cost area (P3). In contrast, for the
resource factor F4, no significant differences were identified between groups for any of the performance
indicators. Both the F3 and F4 factors similarly affect the level of change in performance indicators. The obtained
results allow to partially confirm the main hypothesis. It is shown that the level of assessment of the impact of
environmental and economic factors on the supply chain causes a change in the efficiency of companies operating
in the chain. The further part of the study focuses exclusively on the analysis of significant differences between
the group of factors and changes in efficiency scores.

Table 8. Shaping of the efficiency results of enterprises due to the evaluation of the influence of macro-transformation factors due to
the relevance of links

F1 F2 F3
Low High Low High Low High
P1 3,18 3,53 3,05 3,75
P2 3,06 3,53 3,07 3,63
P3 - - - - 3,14 !
P4 3,70 3,16 3,63
P5 3,28 3,75 3,29 3,87
P6 3,38 3,81 3,25 4,06
P7 3,12 3,51 - -
P8 3,06 3,73 3,16 3,77
P9 3,13 3,40 3,18 3,65

*Where a score 0f1.0- 2.9 indicates a deterioration in performance relative to the previous period, an average of 3.0 - 3.5 indicates no
effect of the factor on changes in the performance index, an average of 3.6 - 5.0 indicates an improvement in performance relative to
the previous year.

Source: Authors’ elaboration

In the case of statistically significant differences between the studied groups (Table 8), it can be observed that
companies that rate the impact of the studied factors on supply chain operations at a below-average level have a
higher risk of worsening efficiency results. This risk is greatest in the case of warehouse inventory performance
management (P4) in the area of the environmental factor. In contrast, companies that rate the impact of the factors
studied at above average levels are more likely to observe a lower risk of deterioration of these results. The lowest
risk of unfavorable changes is observed in the fulfililment of customer requests (P6) in the area of the economic
factor. At the same time, the greater the influence of the organizational factor (F3) on the functioning of the
supply chain, the greater the risk of deterioration in the results regarding logistics costs (P3). What companies
should be most concerned about are the environmental factor and the economic factor, which affect the largest
number of performance indicators. This may mean that companies that rate the occurrence of macroeconomic
factor risks higher have a greater awareness of the need to adapt to the surrounding environment. At the same
time, it should be remembered that both the results of the impact of individual factors and performance indicators
were most often at the average level, which somewhat narrows the judgment due to the high frequency of
assessments with values close to the average.
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5. Conclusion

Companies that rate the impact of economic and environmental factors below average are more likely to have
deteriorating efficiency results. On the other hand, companies that rate the impact of each factor at above average
have a greater chance of improving their efficiency performance compared to the previous period. At the same
time, in the case of the entity management factor (F3), companies that rated the impact of this factor on the
company's operations above average tended to observe a deterioration in efficiency in the area of logistics costs
incurred. According to the McKinsey Global Institute report, the source of vulnerability and resilience building is
supply chain operations. Depending on the effectiveness of risk monitoring, implementation of risk management
strategies and proper planning of future operations, the impact of emergencies on efficiency results can be
significantly reduced (Lund et al., 2020).

Emerging changes and crisis situations in the market, contrary to appearances, did not significantly worsen the
performance results of the surveyed companies. This may be due to the increased activity of companies as a result
of the changes taking place, in order to catch up with the competition and survive in a dynamic market.
Awareness and the ability to anticipate risks and adaptability can significantly minimize the risk of reducing the
efficiency of global supply chains. This is supported by the results of many studies. Henrich et al. (2022) highlight
in their article the agility and flexibility of the supply chain, which is becoming one of the key prerequisites for
companies to survive against rapidly changing and increasingly volatile customer needs. "Future supply chains
will need to be much more dynamic-and be able to predict, prepare, and respond to rapidly evolving demand and
a continually changing product and channel mix. In short, supply chains will need to become agile" (Henrich et
al., 2022) In order to mitigate the negative effects of crisis situations, Raj et al. (2022) recommend choosing
suppliers located closer to the company, redefining security levels or reaching for artificial intelligence tools. At
the same time, it is almost impossible to exclude economically destructive events, so it is important in this aspect
to mitigate their negative effects with appropriate risk management plans. Smirnov and Suresh (2020) proved in
their research that risk management strategies benefit and help reduce the impact on supply chains. Accordingly,
improving the flexibility and resilience of supply chains determines its well-being even during disruptions.

At the same time, our research has shown that an area that requires special observation concerns environmental
and economic factors that significantly affect changes in supply chain efficiency scores, which include the
companies studied. The demonstrated differences in changes in the level of efficiency differ significantly at the
average level, where the evaluation of these indicators in relation to the previous year was above average, while
the evaluation of the impact of individual factors on changes in the supply chain at the average level.
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never been more strongly dependent on national and international security than in today's dynamically changing and globally
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in these turbulent and changing times, characterized by the global and regional security environment crisis and by increasing tensions in
international relations. What does this development and its perception mean for one of the primary functions of the modern state, which is
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1. Introduction

The prosperity and development of human civilization, as well as the sustainable growth of living and quality of
life of the inhabitants of our planet, have probably never been more strongly dependent on the level of security of
states and their citizens than in today's dynamic, changing and interconnected world. For this reason, research on
safety and its dimensions play a critical role in the development of human society, especially in these turbulent
and changing times, characterized by deteriorating global and regional security environments and increasing
tensions in international relations.

On the one hand, the possibility of a global missile-nuclear apocalypse has been substantially reduced in previous
years, as well as the risk of a classic, symmetrical war between two or more states. Still, on the other hand, there
has been a significant increase in asymmetric security threats in the form of international terrorism, illegal mass
migration, cross-border organized crime, cyberattacks on private and public computer networks and systems,
activities of foreign intelligence services, etc. These threats, which have come to the fore, especially in the new
millennium, are much more diversified, structurally more complex, and difficult to predict. Their growing scope
and nature only confirm the need for more profound security research in search of solutions to eliminate them.

The current security threats are very different from those we have become accustomed to and according to which
states have shaped their security strategies, policies, and doctrines. This is at least confirmed by a significant
stream of authors writing about security and international relations (Baldwin, 1995; Buzan, Waever, Wilde, 1998;
Ayoob, 2005; Bailliet, 2009; Purpura, 2011; Jur¢ak et al., 2020; Trifunovic et al., 2021; Barabash, Beinoravicius,
Valciukas, 2022; Szabo, 2023; Tvaronaviéiené, 2023; Waszkiewicz, Taksas, 2023).

While in the past, states were the only relevant players; today, they must share their influence with many other
non-state actors at higher and lower levels. The activities of organized non-state actors and, in some cases, small
groups or even individuals can cause damage of the same significance and scope as the armies of other countries.

Moreover, globalization has significantly complicated the situation in recent years, which is a highly dynamic
multidimensional process in which political, economic, social, technological, security, military-strategic,
environmental, cultural, religious, and other factors intersect and interact. The development of globalization so far
shows that economic factors have a decisive influence on its course, which significantly influences others. On
their basis, a new system of international economic, political, security, and social relations is emerging (Ivancik,
2011). As a result of globalization, there are not only changes that affect stability and security, but at the same
time, they bring new risks and problems and make society more vulnerable (Kurilovska, Miillerova, 2021; Dusek,
Kavan, 2022; Hajdukova, Marr, 2022).

The newly formed security environment, influenced by deepening globalization, is a direct consequence of the
declining importance of territoriality in the international system. At the same time, states were clearly defined by
their territory in the past and had direct control over who and what crosses their borders; today, they no longer
have such opportunities. This is especially true in Europe, where European integration has eroded the privileged
position of the modern state even more than in other regions, as it has moved many of its functions to a
supranational level. It is no longer possible to separate the internal space of the state from the area outside it. Both
dimensions intersect.

Similarly, the boundaries between internal and external security are blurred. Internal threats, such as organized
crime or terrorism, are taking on an international dimension (e.g. Agbaje, 2022).

Today acts that can directly threaten and disrupt the stability of the state's security system can be committed from
the other side of the globe. External threats thus come less and less from the armies of other states but
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increasingly from the interests of non-state actors or migratory flows caused by civil wars or the failure of the
essential functions of states in neighbouring and more distant regions. These threats thus bring a new perception
of the security threat to states, which they must reflect on and create tools against these threats.

What do these changes and their perceptions mean for one of the primary functions of the modern state, which is
to ensure its security and the safety of its people? What is the impact on research in this area, both in the
development of the methodology of political science and in the context of the development of the very concept of
security? This is the subject of the presented article, in the elaboration of which, using suitable methods of applied
scientific research, we rely primarily on the theory of security science and international relations. The
methodology presented by us is based on a heuristic approach in research in political sciences (international
relations), synthesis and comparison of possible starting points processed in theoretical analyses and practical
constructs of authors who reflect the concept of security from the point of view of system theories.

2. Background of security concept development

In the interest of a comprehensive view of the development of the concept of security, it is necessary to go back
several decades and mention that the thought began to change from the first half of the eighties. The academic
debate on the concept of security, started by Ullman (1983), gained momentum after the end of the Cold War and
became one of the main topics in international relations research. It was conducted at two partially different
levels, focusing on the very concept of security and its transformation on the one hand and the content of the
security review on the other.

In the debate on the concept of security, many scientists (e.g. Buzan, 2016) and politicians (e.g. Butrus-Ghali,
1995) believed that the concept of security needed to be reconsidered. Some even considered security a
controversial concept arising from the substance of the case (Smith, Archarya, 2002). It was then tough to agree
on the definition of such a concept; according to Buzan, it was utterly impossible in principle because there was
(and still does not exist) any neutral, unified, and generally accepted definition of security (Smith, Archarya,
2002, p. 1). Other scientists preferred maintaining the status quo, as there was no reason to change the security
concept. For example, Baldwin (1997, p. 6) argues that four basic questions: "Security of what? Security of what
values? Security against what threats? Security by what means?" were formulated at the beginning of the second
half of the last century, sufficiently define the concept of security, and in any way, according to him, they have
not lost their significance.

Baldwin raises a few other closely related basic questions: How much security? For what price? In what time
horizon? Although these issues are essential in formulating a specific security strategy and security policy of a
given state, they are optional for basic research into the content of the concept of security. In this context, Baldwin
himself acknowledges that, although the questions remained the same, the answers to them, and thus to the
content of security, changed after the end of the Cold War (Baldwin, 1997, p. 23). According to some authors
(e.g. Lutterbeck, 2005, p. 235), this "new security agenda" is significantly broader than the previous one from the
time of the bipolar division of the world. Attention is no longer focused only on the state but also other levels, and
the concept of security is gradually deepening. Of course, in this context, the nature of the security threats faced
by the various reference objects is also changing while the concept of security is being broadened and deepened.

3. Deepening the security concept

As the concept of security deepens, the answer to Baldwin's first question: "Security of what?" changes. In
addition to the state, entities above and below the state level also become reference objects. One of the first
swallows in this direction was the so-called Palme Report (ICDSI, 1982), led by former Swedish Prime Minister
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Olof Palme at the United Nations in the early 1980s. According to this report, the only way to deal with the
security dilemma is to take joint action by the participating states. This "common security” is qualitatively
different from individual states' security. Similarly, Shaw (2000, p. 14) speaks of the "reconstruction™ of national
security into international security - the security of the system of states.

The reference object, in this case, can also be a particular selected group of states, not the whole system, including
all states. For example, rising ocean levels due to climate change pose an existential threat to several countries
low above the world's seas. A group of these states can be considered as one reference object because they face
the same danger®

However, international organizations can also be a reference object. A typical example is the North Atlantic
Alliance, which, under Article 5 of the Washington Treaty, considers an attack on one of its member states to be
an attack on the Alliance as a whole (NATO, 2019).} Similarly, the European Union considers terrorism an act
committed to seriously destabilize or destroy the fundamental political, constitutional, economic or social
structures of its Member State and the Union as a whole (EU, 2008).}

Groupings of states or international organizations, which are overwhelmingly made up of states, are not too much
of a challenge to the state's dominant position as a reference object of security. However, it can also become
"institutions”, such as religion. The most famous terrorist group today, al-Qaeda, is defending its activities by
supporting the belief - in Islam and its values. Objects that do not relate to states at all and include everything
essentially and everyone can also be considered endangered - this is the case of reference objects such as
"humanity" or "environment" (Belan, 2016; Majchut, 2018; Jurcak, 2020).

Deepening the security concept within the security research framework will most likely meet with new reference
objects below the state level. This is mainly due to empirical findings based on the fact that there are significantly
more national than interstate armed conflicts worldwide. Some authors even argue that virtually all armed
conflicts are internal, and federal, ethnic, religious, and communal tensions are significant factors in their
emergence (Murphy, Weiss, 1999, p. 116). This, of course, is a fundamental problem for any state-centred
approach, which is based on the fact that the state is a basic level, a cornerstone for its citizens' security, and the
state's protection automatically means the safety of its citizens.

Kaldor (2012), on the margin of this approach, states that at the end of the twentieth century, a new type of
organized violence developed, manifesting itself in a higher proportion of national conflicts. This type, which she
calls "new wars", consists in blurring the distinction between classical war (violence between states or politically
organized groups for political reasons), organized crime (violence between private individuals for personal
reasons) and human rights violations on a large scale (violence of states or politically organized groups against
individuals). These conflicts are referred to as internal or civil wars. Still, the fact is that they involve a large
number of cross-border connections, so it is difficult to distinguish what is internal and what is external, what is
aggression and what is repression, and what is local and what is global.

The key is the erosion of the state monopoly on violence from two sides. On the one hand, the state is weakened
by forming military forces into pacts and alliances. At the same time, its ability to use power unilaterally is
reduced by various international standards. On the other hand, the state is threatened by the privatization of

f. For more details, see: The Alliance of Small Island States is an intergovernmental organization of low-lying coastal and small island
countries. AOSIS was founded in 1990 before the Second World Climate Conference. The main purpose of the Alliance is to strengthen
the voices of small island developing states in tackling global warming. (https://www.aosis.org)

£ For more details, see NATO. 2019. Washington Treaty from 4 April 1949.

§ For more details, see EU. 2008. Council Framework Decision 2008/919/JHA of 28 November 2008 amending Framework Decision
2002/475/JHA on combating terrorism.
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violence. These "new wars", as Kaldor (2012, p. 2) called them, reduce state revenues, whether as a result of crisis
or crime, privatize violence between various organized crime groups or paramilitary groups, or private military
and security companies as a result of which political legitimacy disappears (Herbert, 2006, p. 28).

Just as academic and political voices have emerged calling for a reassessment of national security for common or
international security above the level of the nation-state, there is an alternative concept for security threats below
the status of the state. The so-called "human security" leaves any group reference object and focuses on a possible
minor factor - the individual.

However, human security is a vague concept that means something different to everyone. It is possible to find not
only a range of different definitions but, in particular, a range of different contents and definitions, from relatively
narrow to broad, covering many aspects of human life. However, all approaches include several common
elements: they shift attention to the individual as a reference object, define the threat as a threat to the individual's
quality of life, and at the same time, involve non-state actors and turn away from traditional and exclusive interest
in military conflict (McDonald, 2002, p. 279).

There are currently two significant schools of human security based on the following stakeholder programs: the
approach of the Government of Canada and the approach of the United Nations Development Program. Canada's
approach to human security, considered "narrow," is defined negatively as the absence of a physical threat to an
individual. According to Shani, such a definition conforms to the Western liberal tradition of equality before the
law and is also a right enshrined in the UN Charter (Shani, 2009, p. 4). In this context, Bailliet (2009, p. 182) adds
that it is a definition based on the importance of the state and the promotion of good governance.

The broad definition of human security in the United Nations Development Program, also promoted by Japan,
seeks to "protect the core of all human lives in ways that enhance human freedoms and fulfilment of human life".
It is a positive definition, a set of living needs of all people, their fundamental rights and freedoms (Shani, 2009,
p. 5). At the same time, it is a definition that goes far beyond the Canadian approach. As Biscop (2005, pp. 11-12)
points out, the physical dimension (freedom from fear) is accompanied in this broad sense by other dimensions:
economic (freedom from scarcity), political (participation in government, rule of law, respect for human rights,
etc.) and social (access to education, health care, clean environment). According to this concept, a safe
environment can only be said to be met if the needs of individuals in all four areas are met.

4. Extension of the security concept

Classical state-centrist theories, especially realism and neorealism, are narrowly defined at the state level and in
the question of the nature of threats. For the realists, the state's primary interest is to preserve its existence; for the
neorealists as well, but in addition, they add to it the preservation of the power position vis-a-vis other states. The
factor primarily influencing the position of power is the same for both approaches - it is the state's military power.
However, realism is also interested in the economic and demographic base.

The extended concept of security recognizes far more sources of threat, whether for states or other reference
objects (Buzan, 2000). In this sense, the economy or economic prosperity becomes an independent value that can
be endangered and defended. The economy is the basis of the state's defence, providing the resources needed to
build the armed forces, their quality, quantity, armaments, equipment, training, and the state's defence
infrastructure and defence system, etc.” As threats against which it is necessary to intervene actively, it is

™ For more details see: Ivancik, R. 2012. Aloka¢na a technickd efektivnost’ financovania obrany v Slovenskej republike. Liptovsky
Mikulas: Akadémia ozbrojenych sil gen. M. R. Stefanika, 2012. ISBN 978-80-8040-444-4,
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possible to present, for example, a disruption of the stability and functionality of the financial system.™ Or an
interruption of the supply of critical raw materials.

Other existential threats then appear at higher than state levels. For example, realists say the Alliance of island
states may feel safe because any other form does not threaten it. Still, if their territory disappears below rising sea
levels, it will only help them a little. Environmental threats usually extend beyond the borders of one state and, in
some cases, can even be understood as threats to the whole of human civilization and to man as a species
(Podesta, Ogden, 2007). The specificity of these threats is that, with a few exceptions, they are not caused by
states but by non-state actors, groups, individuals, or the way of life of most of the human population.

Many new types of threats concern the sub-national level. It can threaten individuals' health (McLean, 2008) or
their way of life, which changes as a result of migration (Collyer, 2006). Through their activities, terrorist groups
endanger the lives of individuals, as does organized crime. In addition, its growth in the state administration may
threaten the political establishment and democratic participation of individuals in the management of society. A
specific risk can also be the state itself, which can be a source of oppression - not only physically but also
economically and, in the case of minorities, also culturally. Efforts to extend the security concept are not primarily
directed against the state. It also recognizes the relevance of traditional military threats, not only as exhaustive but
as a subset of societal threats (Brimmer, 2006).

All these threats are invisible from a state-centrist, realistic point of view. Nevertheless, the media is full of daily
news and information about economic crises, environmental or energy security, or the threat of terrorism. This
creates a gap that needs to be filled. One of the possibilities is constructivist approaches, which are not limited to
the predetermined nature of threats, but on the contrary, they always try to construct them again. One of the most
influential attempts at systematically interpreting the extended security concept is the securitization theory
developed by the so-called Copenhagen School (Weaver, 2000).

Securitization is identifying a problem as an existential threat, allowing the use of extraordinary means. It is a
more robust version of politicization, where the issue becomes the subject of political debate and is also identified
as a security threat. Successful securitization means that the population accepts the safe interpretation of the
phenomenon and agrees to the use of extraordinary means, such as violence, restriction of rights, stricter
regulations, etc. Unlike the realism theory, the idea of securitization is not limited to the context of security. It is
constructed by public debate, and what is considered a security issue today may not be among tomorrow's threats,
meaning that the issue is desecuritized (Buzan, 2000).

This approach makes it possible to include almost any topic under the term security if it is successfully securitized
in public discourse. Buzan, Waever and de Wilde (1998) identify five different security sectors in their work. In
addition to the military industry, which includes the classic security of the realistic direction, there is also
political, economic, social, and environmental security. Securitization theory has found its place in the analysis of
the concept of security precisely because it allows for a flexible response to ongoing changes and includes topics
that classical theories cannot cope with (Higgott, 2004).

After the end of the Cold War and the bipolar division of the world, the content of the security concept expanded
in two directions: a) in-depth by including a range of non-state actors and b) in scope by including a range of
topics other than threats of force. In this context, however, it should be noted that such an extension of the
security concept is not accepted without reservations, and several objections are raised against it.

T For more details see: MikuSova Meritkova, B., Nemec, J., Murray Svidrofiovd, M., Pischko, V. 2017. Analysis of the Relationship
between the Size and Structure of Public Expenditure and Socio-economic Development. Journal of Economics, 65(4)
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5. Criticism of new approaches to security

Efforts to expand the content of the security concept have, of course, met with reservations. The criticisms raised
can be divided into two primary groups. To those who question the precondition for expanding the concept of
security, i.e., that reality has changed, and it is necessary to respond to it. And to those who criticize how the new
directions approach the issue. Some authors fall into both groups.

Ripsman and Paul (2005, p. 201), based on research into defence spending, the use of human resources, and
national security doctrines, believe that globalization does not affect states' security policies as much as many
authors claim, and states still focus on traditional notions of security. Walt (1991, p. 213) says that the existence
of other threats to national security does not mean that the danger of war has disappeared. Similarly, several other
researchers disagree with moving the state to the edge. He believes that his role in.

For example, Shaw (2000, p. 20) operates in the sense that power must still be understood concerning the state,
even in the world of global institutions, because states create these. Likewise, non-governmental organizations, as
well as sub-state actors, enforce their influence primarily through state institutions. Miller (2001, p. 25) points out
that the new perspectives are based on inaccurate considerations, as inter-state conflicts still exist and arise. States
are still the most potent military actors with no justice or hegemon. Like Shaw, he points out that although some
international institutions, such as the justice and the hegemon, seek to behave, such as the UN Security Council,
the fact is that it is made up of states that exercise a veto if necessary and thus block the adoption and
implementation of decisions that are not in line with their interests.

Ayoob (2005, p. 9) presents the view that the academic discourse overestimates the nature of economic,
technological, and normative changes that affect security while underestimating the strength and resilience of the
state and its role as the primary provider of security. According to him, the state's role is critical in decision-
making. Ayoob (2005, p. 21) seeks a compromise between the theory of securitization and the state's prominent
position, arguing that the securitization will not succeed unless it threatens state institutions or state borders/or to a
regime acting on behalf of the state. In other words, for any phenomenon to be securitized, it must first be
politicized.

In their works, some authors argue that the state, defined territorially, is in decline. For example, Thompson
(2006, p. 255) challenges the conclusion that the state is in fall due to the expansion of various humanitarian
interventions and post-Cold War missions. She believes that external sovereignty has little to do with the
Westphalian system of territorially defined states because the original treaties did not contain anything like that,
and the later treaties nevertheless allowed states to intervene in the affairs of other states. She cites as an example
Roosevelt's amendment to the Monroe Doctrine, which allowed the United States to intervene in the internal
affairs of the countries of the Western Hemisphere or on the European continent.

According to some authors, the territorial delimitation of the state may even be desirable. Kofman (2007) points
out that public goods (collective goods.*) are indivisible and territorial, as public goods, such as clean air or
security, are not tied to citizenship or loyalty but to a given territory. Their funding must then be centralized from
public resources so that, if necessary, resources can be transferred from one budget chapter to another. Finally,
public goods are financed from the expected general budget. A transparent system is then needed to decide on the
use of public resources. Thus, a territorially sovereign state can be a normatively optimal way of organizing
political life, which enables democratic control on the one hand and ensures the efficiency of public

¥ For more details see: MikuSova Meric¢kova, B., Stejskal, J. 2014. Value of Collective Consumption Goods. Politickd ekonomie, 62(2),
ISSN 0032-3233.
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administration on the other. At the same time prevents duplication by merging into a common territorial
framework.

The second line of criticism of the new approaches concerning the content of the concept of security does not call
into question their initial assumptions but asks whether their idea is correct. Bailliet (2009, p. 212), for example,
believes that while the Copenhagen school broadened the notion of security from a global perspective, the main
reference object of Buzan's security analysis remains the nation-state. The question, therefore, arises as to whether
new approaches are helpful when examining a unique situation from an old perspective. In addition, several critics
question their scientific significance. For example, Kolodziej (1999, p. 24) considers rejecting the rational actor
model as an effective analysis tool meaningless. However, he acknowledges the need to reflect on the socio-
economic, domestic, and normative context.

However, many authors believe that the endless expansion and deepening of the security concept undermines the
intellectual cohesion of the entire research sector. It also makes it much more difficult to design any solution
(Walt, 1991, p. 213). Freedman (1998, p. 53) agrees with this, warning that all problems should be labelled as
something other than security, as this would lose the focus of the entire science department. According to critics,
this has already happened with the concept of human security, which is so vague, incoherent, and challenging to
function that it could be more helpful in formulating political or research goals (Tarry, 1999).

For the same reason, Baldwin (1997, p. 21) criticizes securitization, claiming that the security concept loses its
applicability. It is also questionable to what extent new approaches can be applied universally. In this context,
Thompson (2006, p. 252) believes that the universality of values is doubtful and will remain so. Ayoob (2005, p.
20) points out that new approaches are challenging to use in exploring third-world countries, where the state may
sometimes threaten its people. However, its weakening or failure poses an even greater danger to the population
because the state remains a key security provider. Therefore, he fears that new research findings may be
detrimental to practical policy. Some other authors also point out this, especially in connection with the so-called
paradox of human and national security. At the same time, states that strengthen their national security are
reducing the human security of their people by investing in armaments or paying less attention to human rights
instead of developing them. Otherwise, a state investing in the prosperity and well-being of its population cannot
ensure its physical security, which may be threatened by other states or even non-state actors (McDonald, 2002, p.
289). This process can also work at the international level. Liotta (2002, p. 479) describes the "boomerang effect”,
where strengthening the national security of developed countries reduces human security in the developing world,
which in turn threatens the national security of developed countries.

6. Discussion on the position of the state and the concept of security

As indicated in previous chapters, there is an intense discussion on security and its review. It manifests itself in
extending security content to "new" security threats, such as cyber or environmental, critical infrastructure threats,
threats posed by organized crime, migration or terrorism. However, these topics, apart from cyber threats, are
familiar. All of them have been among the problems that states have had to deal with in the past. Therefore,
although attempts are being made to restore them, it is more of a new perception (Dalgaard-Nielsen, 2005, p. 60).
However, this does not change the fact that this new perception of some security threats affects the reactions of
politicians and academics.

Despite the opposition of some staunch realists, it is more than evident that the situation has changed compared to
the Cold War and needs to be addressed in some way. At the same time, however, rejecting all existing
knowledge and approaches is impossible because they still play an essential role in describing reality. Some
resign straight to the search for a theory. Terriff (1999, p. 243), for example, argues that theories are always a step
behind real politics and are, therefore, not valuable for predicting change and direction. The end of the Cold War
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clearly showed this in realism, but even the new theories look less promising. However, it makes sense to explore
theory and concepts because they are one of the sources of practical policy. It was demonstrated and confirmed in
practice by mutually guaranteed destruction during the Cold War. So, what should the theory look like? Many
academics are inclined to the so-called "golden mean”, which recognizes that while states remain key, they are
forced to coexist with other actors and adapt to a new environment where national borders play less role (Miller,
2001).

However, this middle way does not have a profiled approach or school where academia can discuss the details
against shared assumptions, as with the debate on neorealism and neoliberalism in the 1980s and 1990s. The
discussion is still quite broad, and unification on basic postulates is still very far away. This is also evidenced by
the fact that academics have yet to agree on whether the current situation is historically unique or whether looking
for connections with the past is possible. Some argue that human society is at the beginning of the first truly
global age (Booth, 2005, p. 28). Others find surprising parallels with the present in the past, for example, between
Carr's concept of security (Carr, E. H. 2016) just after World War 1l and the current widespread concept of
security (Rotschild, 1995, p. 57). This is also confirmed by Brodie (Baldwin, 1995, p. 122) when he shows that
for the first researchers in the field of security studies, security was a derived value that only makes sense in
combination with other worthy discussions of defence and protection. This is still a very current topic of including
domestic policy in security studies, a matter of course at the department's beginning.

The sharp division between national and international affairs was long ago considered a "serious obstacle to clear
thinking." It is a question of whether the Cold War was not just a deviation from the emerging trend we are
currently returning to. This would be evidenced by the work of Bigo, which shows how the border function was
destabilized before World War Il with the emergence of ultra-specialized agencies operating across countries
(such as Interpol) and how the Cold War reversed this trend (Bigo, 2006, p. 393). Therefore, the question arises as
to whether a comprehensive safety theory is possible.

Serensen (2005, p. 87) considers that no. According to him, the world consists of three types of states at different
stages of development, which he describes as post-colonial, modern and post-modern. Each class has a slightly
different way of working; other dangers endanger it, and it has other options to respond to them. According to
him, the post-colonial state has problems controlling its territory due to the instability of the internal organization
and the weakness of state institutions. The post-modern state is subject to multilevel governance in the context of
transnational and international relations. It is no longer a national community but a community of citizens and
opinions, where collective loyalty is increasingly projected outside the state.

Most economic activities are set in cross-border networks, and the national economy is far less self-sufficient than
before. Topics such as recognizing the universality of human rights, restrictions by international institutions or the
opening of globalization by pressure primarily affect post-modern states (Ripsman, Paul, 2005). In this case, the
resignation to a unified approach makes it possible to circumvent the objections of many representatives of
realism, who pointed out the relevance of traditional instruments and policies in many parts of the world, such as
the Middle East or the Taiwan Strait.

Conclusions

The current stage of development of human civilization is influenced by several tendencies, challenges and
threats prevailing in all spheres of society, which force individual actors to reconsider their attitude to security,
mainly to ensure favourable conditions for their further development. However, many current manifestations of
human behaviour and action threaten the conservation of humans as a biological species. For this reason, the
requirement to ensure security is becoming a priority. Man, as an individual and humanity as a whole, must
seriously consider the consequences of his activities, not only in the military and security field but also in the
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political, economic, social, environmental, energy, technical/technological or cultural spheres. This requires
understanding security as a multidimensional phenomenon logically and causally linked to all areas and spheres
of human existence.

Our research to date and the analysis and synthesis of the above considerations and opinions show that safety is a
complex theoretical and praxeological problem that can be viewed from multiple perspectives. Therefore,
defining the security concept is complex and unambiguous. The academic community perceives security
differently and differently as an expert from practice. The economist's view of security is different, the
politician's view is different, and the soldier, security or IT expert, or ecologist has a different idea. One
understands it as a state, the other as a manifestation, the third; as a result, the fourth as a category and the fifth
entirely differently. As indicated, more significant or minor differences exist between the particular theoretical
directions.

That is why there is currently - and cannot be - no unified and generally accepted uniform definition of security
when defining security. This is also why there has yet to be a universal consensus on the content of the security
concept. And this is also the reason why it is necessary to distinguish and consider the existence of several
dimensions of security (military, political, economic, social, environmental, information, energy, etc.),
respectively, the presence of several levels of security (individual, group, state, Alliance, international, etc.).

The consensus is that security can never be absolute; it is always relative and directly proportional to external
threats or risks. It cannot be viewed from an extreme position because no entity can guarantee security. What
may be safe at one point may no longer be safe after conditions or circumstances change or become a high risk or
even dangerous. If a phenomenon or process is safe for one subject, it can be hazardous for another issue. It
follows that security is always associated with specificity, that is, with a particular person, group, or thing, with a
particular phenomenon or process, with specific conditions, circumstances, relationships, with a clear space and
time, and with a particular form and quality.

Whether we examine security from any point of view, whether economic, political, social, military,
environmental, information, energy, or even existential, whether we are trying to solve theoretical or practical
problems, or whether we are trying to solve them on an individual or collective level, or local, state, regional,
global or Alliance level, one thing is sure, in the historical context, the issue of security has been, is and - taking
into consideration the dynamics, unevenness, instability, uncertainty and difficult predictability of the further
development of human society - will always be highly topical.
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Abstract. Despite the high level of technological and civilisational development of Western society, its prosperity and sustainability of
development most directly depend on energy policy. Quite often, the field of energy security determines which countries are leading and
decisive in the world economy and global competitiveness. The latest geopolitical events, namely the Russian military aggression on
Ukraine's territory, showed that most European countries, including Russia itself, increasingly depend on individual energy resources. Such
a situation creates serious challenges that must be promptly and effectively responded to. One of the most severe challenges is energy
blackmail, which is purposefully implemented by the leadership of the Russian Federation to achieve its goals in Ukraine. The threat of
destroying Ukraine's energy system is no less severe, and a humanitarian disaster may also follow in this European and Western-oriented
country. Unable to defeat Ukraine on the battlefield, the Russian Federation is trying to force the Ukrainian leadership to agree to an actual
capitulation by methodically destroying its energy sector. This shows that the European Union must be able to respond to the problems of
its energy sector and provide support to its allies to guarantee energy security. In addition, this type of response must comply with
international and national law.

Keywords: distribution of energy resources; energy security; legal mechanisms

Reference to this paper should be made as follows: Teivans-Treinovskis, J., Jefimovs, N., Velika, R., Trofimovs, I. 2023. Legal conditions
of EU energy security. Entrepreneurship and Sustainability Issues, 10(4), 39-47. http://doi.org/10.9770/jesi.2023.10.4(3)

JEL Classifications: K14, K20, K22

1. Prerequisites for the establishment of the European united Energy Sector

The most dynamic phase of European energy development began after the Second World War when the economic
and legal systems of all countries were practically destroyed and degraded, and thus there was a need for a new
unique legal and political formation (association), which would allow achieving the maximum growth of
economic efficiency in a short period of time.

Leaders, economists, lawyers, and scientists of leading European countries agreed to establish the European Coal
and Steel Community in 1951. It is the European Coal and Steel Community that has had both fantastic economic
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and political significance. Because of the cooperation of European countries, a powerful union was created, which
established a fundamental basis for the successful development of the EU (Petzina, Dietmar et al., 1981).

Seeing how important the economic and energy cooperation of European countries is, in 1957 the Treaty of Rome
established the European Economic Community (History of the European Union 1945-59), which was created to
strengthen the economic phenomenon of European countries. At the same time, the Treaty establishing the
European Atomic Energy Community (EAK or Euratom) (Euratom Treaty) was signed, which made it possible to
avoid abusive and unjustified use of nuclear materials. It is also important to note that all three communities were
included in the EU.

The European Union (EU) is a unigue partnership in which member states have combined sovereignty in certain
areas of policy and law and harmonised laws on a wide range of economic, social and political issues. The basic
purpose of the EU was based on three postulates - peace, security and economic prosperity.

According to the authors, the EU has proven its geopolitical importance in a historical cross-section and has
confirmed its place in the world economy. However, the EU is currently faced with a series of severe and global
challenges in the fields of economy, security and energy, starting from the crisis of the worldwide pandemic of
COVID 19 and its impact on economic growth to Russia's aggressive foreign policy and military action in
Ukraine (Vilks, Kipane, 2022). Together it poses security and energy threats and undoubtedly affect the economic
stability of the EU and the world. It is also important to remember essential areas such as terrorism, global
warming, environmental problems and migration issues. These developments have a considerable impact on the
stability and security of the EU.

Russia's hostilities in Ukraine have led to irreversible political events in the EU. EU member states, and the rest of
the world showed unprecedented solidarity in expressing their opinion. On March 2, 2022, the UN General
Assembly overwhelmingly adopted a resolution demanding that Russia immediately stop military operations in
Ukraine (General Assembly resolution demands end to Russian offensive in Ukraine). Thus, the majority of the
civilised world condemned Russia's hostilities in Ukraine.

Undoubtedly, the war at the EU's external border raises severe and justified concerns in the European security
environment and raises the issue that the EU should start intensively building its security infrastructure to avoid
global threats.

Energy security must be on the main list of current issues in the EU. The war in Ukraine has shown that many EU
countries depend on a single supplier, including some entirely dependent on Russia. Under such circumstances,
Russia has usurped the right to manipulate the EU's opinion, decisions and position. Such monopoly dependence
makes EU member states vulnerable to supply disruptions. The first signs of such a threat were observed in 2009,
when a dispute broke out between Russia and the transit country Ukraine, leading to a severe natural gas shortage
for the EU member states (Gas crises between Russia and Ukraine).

Russia's aggression against Ukraine began in 2014 (Clinch, 2022), when clearly illegal actions were carried out in
relation to Crimea, annexating this territory of Ukraine. The EU has since then started imposing sanctions against
Russia. Due to Russia's aggressive war in Ukraine, the EU has already introduced the sixth package of sanctions
against Russia. Considering Russia's influence in the export of gas, coal and fuel, EU member states initially
avoided the introduction of sanctions in the field of energy.

This position was based on dependence on energy supplies. According to Eurostat, primary energy production in
the EU was 17.7% lower in 2020, than a decade ago. Russia was the main supplier of natural gas, crude oil and
coal to the EU in 2020. In 2020, primary energy production was 7.1% lower, than the previous year. Over half
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(57.5%) of the EU's gross available energy in 2020 came from imported sources (Energy production and imports).
However, with the approval of the fourth package of sanctions, a ban was imposed on new European investments
in the entire Russian energy sector (Statement by President von der Leyen on the fourth package of restrictive
measures against Russia), which indicated the EU's firm position to withdraw from the Russian energy market
segment and to minimise the direct dependence of member states on Russian energy supplies. Such a step is
clearly a challenge for the EU member states, and the EU must be more united than ever to create an independent
and secure energy system (Tvaronavitiené, 2023). According to the authors, to successfully solve this task, the
focus should be on solidarity, regional cooperation, and a unified position.

According to the authors, these three most critical energy security areas can be identified that require increased
attention:

1. Security of gas supply;

2. Safety of electricity supply;

3. BRELL.

2. Security of gas supply

The current destabilisation of the gas market gave the EU member states an impetus to think about the safety and
stability of the gas market. If earlier it was possible to talk about cooperation with Russia in connection with gas
supply, now such cooperation is neither supportable nor possible and excluded from the EU's agenda. The first
confirmation that the EU will take such a step was Germany's decision to freeze the controversial (Batzella, 2022;
Fetisov, Tcvetkov et al., 2021; Aune, Golombek, et al., 2017) Nord Stream 2 project (Germany halts Nord Stream
2: How big of a deal is it?), which would significantly increase gas supply capacity and increase Russia's
influence in the EU gas market sector, while at the same time ensuring stable market functioning. On the other
hand, in this step, Russia had a distinctly political goal - to exclude Ukraine from gas supply chains.

According to the authors, in order to ensure the stability and security of gas supply, it is necessary to create a
large-scale internal gas market and its system so that gas supplies do not depend on any country's political will to
cooperate, nor are they hampered from a legal and technical point of view.

The aim of the legal protection of the EU gas market (Directive 2009/73/EC of the European Parliament and of
the Council of 13 July 2009 concerning common rules for the internal market in natural gas and repealing
Directive 2003/55/EC; Regulation (EU) 2017/1938 of the European Parliament and of the Council of 25 October
2017 concerning measures to safeguard the security of gas supply and repealing Regulation (EU) No 994/2010)
is to ensure, that all Member States implement appropriate instruments to prepare for situations, where gas
shortages arise, to improve regional cooperation and coordination in the gas field, and to implement the principle
of neighbourly solidarity, which results in Member States committing to cooperate with neighbouring countries
(Buzek, 2016).

To protect against major gas shortages, the EU needs to strengthen its gas security system. According to the
authors, the EU must now evaluate all risks and create an action plan that would be activated in a crisis that could
occur very soon. In the current case, when natural gas prices are disproportionately high on the market (Natural
Gas Rate), such a crisis management mechanism would allow citizens and companies of EU member States to
feel more stable and plan future investments.
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3. Security of electricity supply

The electricity market is experiencing countless global challenges, considering both socio-political and economic
events. The mentioned fluctuations are reflected in electricity exchange prices, and it is clear that the security of
the gas supply is no less important than the security and stability of the electricity supply (Day-ahead prices).

As a result of the rapid economic growth, electricity consumption is also undoubtedly increasing. In recent
months, residents and businesses of all EU member states experienced a sudden rise in electricity costs, and as a
result, prices increased not only for food, clothing, shoes but also for services, which made it necessary to
immediately introduce support measures, so that such market fluctuations did not affect the solvency and well-
being of the population. In addition to this, it is vital to decide on the issue of improving the electricity grid, that
is, increasing the existing sources of electricity generators, such as nuclear power plants, thermal power plants,
with renewable energy sources.

It is significant that on February 25, 2015, an essential strategy for the creation of a strong Energy Union with a
far-sighted climate change policy was presented (COM/2015/080 final) that formulated the goal - to create a
strong Energy Union, which would not only transform the EU's energy system but also include measures for the
implementation of climate change policy (A Framework Strategy for a Resilient Energy Union with a Forward-
Looking Climate Change Policy). As well as, on November 30, 2016, the package (COM(2016) 860 final) “Clean
energy for all Europeans™ was presented (Clean energy for all Europeans package (COM(2016) 860 final).

The mentioned documents are based on the common energy policy of the EU and its fundamental legal acts,
which define common principles and define future directions of actions in the area of energy security and
environmental protection (Directive (EU) 2018/2002 of the European Parliament and of the Council of 11
December 2018; Regulation (EU) 2018/1999 of the European Parliament and oh the Council of 11 December
2018; Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019; Regulation (EU)
2019/943 of the European Parliament and of the Council of 5 June 2019; Regulation (EU) 2019/941 of the
European Parliament and of the Council of 5 June 2019). However, despite all the implemented measures and
supply security guarantees, this year's electricity crisis has reached every resident of the EU member state. The
overall goal, set by the legislation was not achieved and the electricity crisis has revealed the "weaknesses" of the
system, which must be improved immediately.

4. The position of the Baltic States on the BRELL issue

Considering that the Baltic States are a member of the EU, it is undoubtedly important to raise the issue of the
separation of the energy market of the Baltic States from Russia and Belarus. In 2007, the leaders of the Baltic
States conceptually agreed and expressed a firm position to create such an energy system that could successfully
integrate into the energy system of continental Europe and break the historical energy supply ties with Russia and
Belarus (Vempere, Jasevics et al., 2021).

It is anticipated that the electricity network of the Baltic countries will be synchronised with the network of
continental Europe by 2025. It must be recognised that a number of measures still need to be implemented to
achieve the ambitious goals, including reducing CO2 emissions, which are also linked to electricity production
and environmental safety issues. It is recognised, that the current large-scale global economic crisis, both taking
into account the long-term wave of the COVID 19 pandemic and Russia's war activities on the territory of
Ukraine, may delay the withdrawal of the Baltic states from the BRELL network since the creation of new
electrical networks can only be implemented with substantial financial investments.
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The fact that insufficient funding has been allocated to the Baltic States for this purpose is also confirmed by the
statement of Latvian Defense Minister A. Pabriks, announced that Latvia needs to build a nuclear power plant
with Estonia (Pabriks: A nuclear power plant should be made together with Latvia or Estonia).

Estonia has previously stated that it plans to look for long-term solutions and that one of the possibilities is the
development of nuclear energy (Karnau, 2022). According to the authors, such public statements indicate the
stagnation of the idea of the independence of the Baltic States from the BRELL system.

5. Cyber security of supply of energy resources

In the era of technological development, when practically every house has smart devices, "smart home" control
centres, the supply of energy resources is also closely related to the use of the latest technologies, which not only
satisfy the needs of consumers and increase the level of comfort but also significantly facilitate performance
results of suppliers. However, the digitisation of equipment and energy supply requires the careful creation of data
security systems and the implementation of preventive measures against possible cybercrimes (Cybersecurity
Strategy of the European Union: An Open, Safe and Secure Cyberspace 2013/01 final; Directive (EU) 2016/1148
of the European Parliament and of the Council of 6 July 2016 concerning measures for a high common level of
security of network and information systems across the Union; Resilience, Deterrence and Defence: Building
strong cybersecurity for the EU /2017/0450 final; EU Security Union Strategy COM/2020/605 final). The larger
and more branched an energy network is, the more vulnerable it becomes to cybercrime.

As the energy segment transforms, that is, as the share of renewable energy resources increases - wind generators,
solar batteries, terms such as "smart network™ appear, which allows not only to control the indicators but also to
adjust them to each individual case, so that the obtained natural resource is used in the most targeted and
expedient way.

There is no doubt that as a result of the escalation of the conflict between Russia and Western countries, cyber
threats are becoming increasingly important for the state and the private sector. The most significant attack on the
energy sector is a cyber attack on the US oil pipeline system, which paralysed the fuel development and delivery
system. Because there is an increase in cyber threats, there is a need to create legal mechanisms for data
protection (Directive (EU) 2016/1148 of the European Parliament and of the Council of 6 July 2016 concerning
measures for a high common level of security of network and information systems across the Union).

ENISA (the European Union Agency for Cybersecurity) plays a vital role in the prevention of cyber threats in the
EU, which was founded in 2004 and whose main objective is to improve Union policy related to cyber security,
including sectoral policy on issues, related to cyber security, to help develop and enhance cyber resilience and
response capabilities, to promote Union - level cooperation and to promote a deep understanding of citizens,
organisations and companies about cyber security, including cyber hygiene and cyber literacy (Regulation (EU)
2019/881 of the European Parliament and of the Council of 17 April 2019 on ENISA (the European Union
Agency for Cybersecurity) and on information and communications technology cybersecurity certification and
repealing Regulation (EU) No 526/2013 (Cybersecurity Act).

Currently, the term "cybercrime” is considered from the broadest scope of the concept; that is, the term should be
understood as everything that could "damage, disturb or negatively affect” natural and legal persons
(Papakonstantinou, 2022).

Such a legal mechanism achieves a fair balance of rights, where legal grounds are sufficient to prosecute
individuals who, for example, steal identities, engage in fraudulent activities with transactions, payments, advance
payments, use computer viruses to access personal information, passwords, etc.
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6. Military challenges of power system security in Ukraine

The Russian missile strikes on Ukraine's energy sector in recent months destabilised the operations of
manufacturing companies in Ukraine. They put the Ukrainian people on the brink of a humanitarian disaster.
Most of the inhabitants in the conditions of the approaching winter remained without light and heat because most
of the heating networks are based on various types of electrical installations that ensure the supply of heat energy.

It is significant that if initially these strikes were directed against the power plants themselves, then recently they
are mostly sent against the power distribution stations, which turned out to be much more “effective” from the
aggressor's point of view. Such behaviour of the aggressor state poses a serious potential threat to the energy
supply system.

The seriousness of the problem is also reinforced by the fact that, according to the data of the survey of the
citizens of the Russian Federation, 93% of Russian citizens support such actions of their government in relation to
the people of Ukraine. This action created specific legal consequences for the Russian Federation, as the European
Parliament resolution of November 23, 2022 recognised the Russian Federation as a state sponsor of terrorism
(2022/2896(RSP)) (European Parliament resolution of 23 November 2022 on recognising the Russian Federation
as a state sponsor of terrorism (2022/2896(RSP))).

All this means that Ukraine, with the support of the EU, should in the near future create an energy supply system
that would be sufficiently sustainable and able to neutralise the consequences of each such missile strike as
quickly as possible.

Conclusion

As a result of the analysis performed within the framework of the research, it can be concluded that the imposition
of sanctions against various sectors of the economy of Russia is subject to rather complicated regulation and
research. Most often, sanctions set restrictive conditions for such areas of the economy as the energy sector —
limiting the import of electricity, gas and other hydrocarbons. Also, restrictions on exporting technologies that can
be used for dual purposes are determined within the sanctions framework. Economic sanctions aim to change
Russia's behaviour in the military conflict with Ukraine and ensure energy security throughout Europe. It is
anticipated that the electricity network of the Baltic countries will be synchronised with the network of
continental Europe by 2025. It is necessary to mention also that as a result of the escalation of the conflict
between Russia and Western countries, cyber threats are becoming increasingly important. Because there is an
increase in cyber threats, there is a need to create legal mechanisms for data protection and mitigate the negative
results of possible attacks on the energy sector of Europe and Ukraine.
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Abstract. Growth becomes one of the factors influencing a business's ability to obtain financial sources. Anyway, many SMEs still need
help finding out finances for their business. The contribution deals with business financing in Slovakia, intending to find out what financing
possibilities are not used and to offer a solution for the problematic financing. The paper aims to answer three research questions in
business financing from the view of classical and modern financing, from the perspective of territorial structure and from the standpoint of
the business's legal form. To find out the actual situation in business financing in Slovakia (selected as a representative of one of V4
countries having similar development), we used questionnaire research from talking companies from different sectors and legal forms of
business. Consequent data was obtained from the official database of financial reports in Slovakia. The questionnaire results are used for
cluster analysis with the Ward method. The research, orientated to financial source use, proved that internal sources present the most
significant rate of business activities financing. The results suggested how to increase the effectiveness of business financing by
considering modern financing forms.
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1. Introduction

Any company, either at the beginning of the business or during expansion, needs financial means for its activity.
However, only some companies have sufficient finances to meet the needs of their activity; therefore,
organisations seek funding sources. The prevailing part of the organisations is using a "traditional" external form
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of financing without regarding other, more convenient sources (St-Pierrrer et al., 2018). The main reason is
primarily the conservativeness of the business and the need for more information about available opportunities.

According to van der Schans (2015), businesses' access to external finance can affect economic growth by
facilitating increased business investment and productivity. Nguyen (2022) examined the relationship between
financing strategies and firm investments. He showed that there was a relationship between informal financing
and investments. In business practice, financing is related to various risks (Li, 2017). It is also necessary to
manage potential financial risks to avoid bankruptcy rather than improve business financing possibilities (Li et al.,
2018). Nguyen B. and Nguyen C. (2021) proposed that entrepreneurs should consider individual, organisational
and institutional factors when selecting financial sources. As for the institutional factors, Herianingrum et al.
(2019) found a long-term relationship between bank and business financing, which means that economic and
business indexes affect each other in the long term. This shows a company that runs well will also contribute to
the development of banking performance.

Presently organisations play a crucial role in the market. SMEs are an essential economic factor contributing to
the Slovakian economy's considerable growth. Establishing the company and its development demands vast
capital and, therefore, finding finances for its activities from different sources. The organisations use external
funding sources besides internal ones, which must be available. Organisations need help finding funding during
their growth, despite commercial banks' growing offers. Many organisations prefer credit and leasing, while
financial sources can be obtained through various "modern™ forms of special financing, providing numerous
advantages compared with conventional credit and leasing.

The literature analyses the financing of the business from different points of view. Wu et al. (2008) studied the
funding of small to medium-sized enterprises developing their business. The scientists suggested possible
strategies and policies support SME financing. Cowling et al. (2012) searched how difficult it is to obtain
financial sources during the recession of the economy, finding larger firms in England are more easily getting
financial sources. Abor and Biekpe (2006) found a similar situation in Ghanaian SMEs sector conditions. They
believed that support policies and other financing initiatives would help SMEs. According to Morozko et al.
(2018) and Ding et al. (2017), challenges were associated with a small number of own funds and the difficulty of
raising borrowed funds. Wille et al. (2017) found the financial crisis brought a need to increase owner equity as a
primary source of small-business financing.

Due to SMEs' lack of financial sources, Lambert et al. (2018) suggested using crowdfunding and crowd-investing
to shape business success. St-Pierre et al. (2018) found that the domestic collaborations of small and medium-
sized enterprises (SMEs) enhance these firms' access to external financing. Schwienbacher (2014) spoke about
difficulties in obtaining financial sources as a factor affecting the period of the business life cycle since a
business with innovative ideas and high growth potential needs a higher volume of financial resources. Hyz
(2011) searched for reasons restricting access to bank services to find future opportunities and threats for SME
financing, which would ultimately affect the development of the economy. Lindstrand and Lindstrand (2010)
found banks are the least-used source for SME business, mainly at the international level. Local banks are
partners for SMEs doing domestic business. The other factor studied in business financing is making business in
the city by minority communities. Bates and Robb (2016) found minority business enterprises (MBE) encountered
difficulties with accessing finances due to the firm location and minority ownership, considered as risk factors.
This causes discrimination by banks, limiting credit to MBEs. A capital-constrained producer should have a
proper financing strategy to achieve better performance and alleviate financial difficulties (Li, 2017; Gao and
Fang, 2022).

Su and Yuan (2013) focused on finding a solution to small businesses' financing dilemma and providing
recommendations to improve the e-finance market. Nguyen (2019) investigated the importance of external
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financing to small firms' reinvestments and found micro-enterprises and small firms value local governance
arrangements and funding. Nguyen et al. (2018) found that SMEs responded differently to the incentives provided
by local governance, and only higher-quality local administration positively influenced SMEs' performance.
SMEs have a strong information asymmetry, which exposes them to the risk of rationing, and cause turning to
internal financing (as in the Pecking Order Theory). The literature does not sufficiently cover the relationship
between financing decisions and business performance as regards business financing (Kliestik et al., 2020; Zhao
etal., 2020, Musa et al., 2021).

The available research studies focus more on investigating individual factors in individual categories than on
investigating their mutual relationships and their effects on elementary decision-making processes. Published
research studies focus primarily on the influence of various factors on the overall success of business financing
and not on the decision-making process itself. In addition, there needs to be more examination of differences in
factors in research studies, as well as an examination of their influence and dependence. The data/data database
quality is also a significant problem in decision-making processes. Other experimental methods, including
observation of decision-making processes in a monitored environment, in-depth interviews, and exploration of
group goals, can effectively eliminate limitations related to the use of secondary data. We want to take further
research into this issue in this direction. A correct understanding of the results of decision-making processes
requires examining not only individual factors and the overall success of business financing but also the entire
decision-making process in its phases and examination of the influence of individual stages and the factors
included in them. These consistent facts represent a significant research gap in SMEs, which have the greatest
problems financing their business activity and were, therefore, the motivation for our research.

Following mentioned, the study of the financing patterns of Slovakian companies still needs to be studied.
Therefore, the study's goal is to examine the funding of the Slovakian business using cluster analysis, which
would allow us to find out what financing possibilities are not used and the solution to the problematic financing.

The paper aims to answer the three research questions of how business organisations in Slovakia use financial
sources. Primary data is obtained from respondents via questionnaire; the second part of the research presents the
determination and verification of the hypotheses, with consequent cluster analysis a) from the view of the
territorial structure, b) from the view of the classical and modern form of financing and c) legal form of the
business and resulting recommendations for financing improvement in SMEs.

2. Materials and Methods

The goal of the contribution is to classify sources of financing in Slovakia through cluster analysis, according to
which we can find out why organisations are not using various financing possibilities. The necessary data are
from official databases of financial reports in Slovakia. We used questionnaire research to find out the actual
situation in business financing in Slovakia (Stankovi¢ova and Vojtkova, 2007).

The object of the search is SME organisations in all Slovakian regions. Slovakia was chosen to be one of the V4
regions, where we did a lot of research. We dealt only with SMEs since, in Slovakia, SMEs present 95% of the
business. The long-term studies in this area are shown in previous publications (Gonos et al., 2018; Janoskova et
al., 2018).

The results are compared with those of other V4 countries — Czech Republic, Hungary and Poland. Such a
comparison can contribute to the improvement of business development in V4.

According to the questionnaire, 89 organisations in the research realised their activity in Slovakia. The criterion
for SME selection resulted from EU classification for SMEs, including all requirements, mainly the number of
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employees and annual turnover. The survey period was October 2020-March 2021 when the respondents were
requested personally and via Google Forms, according to the university's cooperation with companies from the
business sphere. The Covid-19 situation worsened communication since many respondents worked via the home
office.

The most prominent rate in the research belongs to SMEs. On the other hand, the study includes only a few big
organisations and traders. From the view of legal form, the most significant rate belongs to limited organisations
(78%) and traders (13%). Most organisations are from region Zilina 16.8% and Nitra 15.7%. The minority of the
organisations participated in the research from region Trencin 10.1% and Banska Bystrica 9%. The most
considerable number of organisations according to the sector belongs to the industry area with 29.2%, and the rate
of organisations orientated to construction presents 22.5%. On the other hand, organisations orientated to catering
and accommaodation or transport, information and communication delivered only 5%.

According to the research, we performed the determination of the hypothesis in the study:

1) More than 50% of small organisations did not use any modern form for their activity financing through
external sources.

2) More than 60% of organisations use exclusively internal sources.

3) More than 10% of the organisations (orientated to the services) used one of the particular institutions
through advisory or financial support.

4) More than 50% of SMEs consider corruption the biggest obstacle to their financial development.

5) More than 40% of Ltd. from the Bratislava region used credit as the external form of financing.

6) More than 15% of organisations doing business in construction used at least one source from a
particular/modern form of financing as an external source.

7) More than 50% of micro and small businesses used leasing.

8) 10% of medium and big organisations used support from the EU through funds.

9) More than 50% of small organisations did not use support from the state through donations.

10) In the future, there will be interest in using external sources to finance the activity in less than 10% of

organisations.
11) Organisations in various regions use different rates of their own and external source of financing.

The questionnaire was distributed online by placing it on the server www.google.sk, requesting respondents with
25 questions orientated to the characteristics of the business and it’s financing, as well as the plans for the future.
Eighty-nine respondents participated in the research (from 860 respondents), representing a 10.34% return.

The respondents orientated to the business characteristics provided the following information. 63 % presented
organisations doing business in the market for more than ten years, which means they have a stable market
position; 25 organisations acted in the market yet 5-10 years — 28% and eight organisations realised their activity
for five years — 9%. Due to the global economic crisis, legislation and other factors considerably influencing
business activity, most organisations mentioned their situation is worsening — 52 organisations and 37
organisations said their condition was improving. Except for the local market, several organisations are also
orientated to foreign trade — 47%, and only 53% act in Slovakia.

3. Results

The research, orientated to the internal sources of financing, proved that internal sources present the most
significant rate of business activities financing.
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Fig. 1. Structure of the internal sources and debts in the company

According to Figure 1, 54% mentioned they realise their activity exclusively from internal sources and do not
need to use debts; 39% use their internal activity resources and obligations. In the frame of internal sources,
organisations use various possibilities. The highest rate belongs to self-financing from profit.

2.25%

4.49% m self financing
m depreciation
reserves

mother

Fig. 2. Internal sources used in the company.

The responses show 81% use it as the most used form of internal financing self-financing, around 12% cover their
needs from money release, around 5% of organisations covers their needs from depreciation and around 2% from
reserves (see Figure 2).

Through the following questions, we determined if the organisations use bank credit as the primary external
financing (Figure 3).

W operation
W bridging
11% .
Winvestment
W mortgage

B combination of two

2% = not used

Fig. 3. Use of bank credit as an external form of business financing
Forty-two% responded to the question by the way they do not use bank credit, and 58% preferred this way of

financing. This possibility uses 17% of respondents through operation credit, 15% use investment credit, 13%
combination of two credits, 110 bridging credit and 2% through mortgage credit.

52


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2023.10.4(4)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2023 Volume 10 Number 4 (June)
http://doi.org/10.9770/jesi.2023.10.4(4)

Figure 4 shows mostly — 56% of organisations use short-term sources, which means they do not need long-term
liabilities. The following reason why organisations use short-term credits also presents a rapid lack of financial
sources due to the unpredicted situation. They prefer short-term sources due to their higher availability compared
to long-term sources. Fourteen % prefer long-term sources, and 30% use both forms.

W short-term sources
long-term source

both

Fig. 4. Type of debts the company uses from the time view

Besides familiar external sources that the organisations can use, financing through leasing, factoring, franchising,
and forfeiting is also available. Credit presents one of the most used ways of funding business activity from
external sources; however, mainly respondents used leasing in the high measure since this source of funding has
several advantages. 63% of respondents responded to the question regarding leasing using, 8.9% use operative
leasing and 54% use financial leasing. The remaining 37.1% mentioned they do not use leasing (see Table 1).

Table 1. Leasing use in the company

Type of leasing Number of respondents % rate
Financial leasing 48 54
Operative leasing 8 8,9
Not used 33 37.1

Due to the fact these forms of external financing presently do not expand, 74% mentioned any of these forms use,
11% have skills with business credit, and 9% with suppliers credit. 1% of organisations used franchising and
forfeiting, and factoring in 4%.

As for the external sources, we found out if the organisations also use modern forms of financing, such as tolling,
mezzanine capital, private equity, etc. (Wu et al., 2007). Not many organisations know such forms of funding;
most organisations have yet to hear about them.

There are several forms of innovative financing of small and medium-sized enterprises (SMEs) through venture
capital, where the business angels belong (Majtan and Sinsky, 2014), playing an important role, especially in
financing startups (Harel et al., 2022) (Table 2).

Table 2. The modern form of financing in chosen organisations

Form of financing Number of respondents % rate
Tolling 0 0
Mezzanine capital 0 0
Private equity 3 3.4
Risk capital 7 7.7
Project financing 24 27
Business angels 2 2.25
No, not heard 53 59.5
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Of the chosen organisations yet 59.5% still needed to hear about modern forms of financing, 27% heard about
project financing, 7.7% registered information about risk capital, 3.4% about private equity, and 2.25% about
business angels (Figure 5). Has any of the companies heard yet about tolling or mezzanine capital? Organisations
that heard about the possibility of finding out finances through modern financing did not decide to use this way —
yet 22.2%, 19.4% used project financing and 2.8% used business angels.

Project financing

m modern form of
financing

Business angels

0 5 10

Fig. 5. Using modern forms of financing in the company

Any company needed to support its business by tolling, mezzanine financing, private equity, risk capital or
another form of modern funding. The most common reason they had no interest in using current financing is not a
necessity; 5.6% did not need this way due to good sources, and the other 5.6% required to learn this way of
funding. The following reason why the organisations did not use this financing method is the owners'
conservatism. On the other hand, the organisations that used this financing method decided to use this form due to
the convenient conditions and the necessity to improve the business situation. A review of the reasons is included
in Table 3.

Table 3. Reasons for using / not using the modern form of business financing

Reasons for not using Number of respondents % rate
Not necessary 21 23.6
Internal decrees do not allow it 1 1.1
Great risk 1 1.1
Problems with financing through banks 2 2.25
Less information 4 45
Big investment in new projects 3 3.4
Modern forms present a burden 1 1.1
Do not know the methods 5 5.6
Credit burden 1 1.1
Sufficient own sources 5 5.6
We are part of the concern, providing the financing 1 1.1
Not interesting 4 45
The owners are conservative 2 2.25
The credit is sufficient 2 2.25
They are not a common form of financing 5 5.6
We invest only after profit earning 2 2.25
Not mentioned 25 28.1
Reasons for using Number of respondents % rate
Convenient conditions 3 3.4
To improve the business situation 1 1.1

Except for particular and modern financing methods, state support is also possible. Presently 83% did not need
and had no interest in using state support. 15% had an interest in state support through a donation, 1% had an
interest in using free economic advisory, and 1% used interest-free credit or credit with decreased interest rate.
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Except for state support, specialised institutions provide financial support through advisory, information services
or finances.

Eighty-eight % responded that they did not use cooperation with particular institutions, and 12% preferred this
way of financing. Instead, a small number of organisations — 8% had an interest in using services from SZRB
bank, 2% from Agency NARMSP and 2% from Exim bank. Despite European Union providing irreversible
funds, which could cover yet 90% of the business project, 89% of the organisations did not use this way (Figure
6). The remaining 11% were interested in EU support, while all 11% had a claim of structural funds and any
company using aid from the cohesive fund.

11%

V

899 structural fund

B cohesion fund

Fig. 6. Use of EU support

Statistical verification of the hypotheses helped to verify them through two chosen tests — a single selection test of
the rate conformity and Fisher exact test. During the verification by single selection test, we came to the following
conclusions: the level of importance is determined as: a = 0.05, Zero hypothesis Ho: p=po, Alternative hypothesis
Ha: Ha1: p#po; Haz: p>po; Hasz: p<po

I. Hypothesis

Statement: More than 50% of SMEs still need to start using the modern way of financing. Verification: SMEs rate
that use the current form of funding. According to HO: p=0.5, (Ha1: p>0.5) Ho is rejected on behalf Ha,. After
verification by a single selection test, more than 50% of SMEs were not interested in using any modern financing
method.

p0 TK Kh Conclusion
0.5 5.6 1.96 HO rejected on behalf HA2

The table concludes that TK>Kh; p>p0, which means the statement about SMEs using modern financing is true.
The research hypothesis is confirmed.

I1. Hypothesis

Statement: More than 60% of organisations use internal sources to finance their activity. Verification: Rate of the
organisations using internal sources. Due to the HO: p=0.6, (Hai: p=0.6) Ho is not rejected. According to the
verification, it is impossible to state solidly that most organisations use their internal sources of financing
exclusively.

p0 TK  Kh Conclusion
0.6 01 196 HO is not rejected
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A statement that over 60% of organisations use their internal sources is untrue since TK<Kh and p0>p. The
research hypothesis is not confirmed. The estimated rate of the organisations presenting the given statement is
<AT; 74> %.

I11. Hypothesis

Statement: more than 10% of organisations use special institutions' support through advisory or financial aid.
Verification: the rate of the organisations using services of the particular institutions. According to HO: p=0.1,
(Ha1: p>0.1) Ho is not rejected. After verification, there is possible to state that more than 10% use support from
particular institutions presently.

p0 TK  Kh Conclusion
0.1 22 196 HO is rejected on behalf HA2

The table concludes that TK>Kh and p>p0, which means the confirmation that more than 10% use support from
the particular institution is true. The research hypothesis is confirmed.

V. Hypothesis

Statement: more than 50% of SMEs consider corruption the biggest obstacle to business development from the
view of financial availability. Verification: SMEs rate considering corruption as the biggest obstacle to business
development. Ho is not rejected according to HO: p=0.5, (Ha1: p#0.5). After verification, there is not possible to
state that more than 50% of SMEs consider corruption the biggest obstacle to business development.

p0 TK Kh Conclusion
0.5 -29 196 HO is not rejected

The results of the table illustrate that TK<0 and pO>p, which means the statement that more than 50% of SMEs
consider corruption the obstacle cannot be regarded as accurate. The research hypothesis is not confirmed. The
rate of the organisations that, according to the estimation, present this statement is <18; 44> %.

V. hypothesis

Statement: more than 40% Itd. in region Bratislava used in past time credit. Verification: the rate of Itd. in area
Bratislava that used yet the credit. Due to the HO: p=0.4, (Ha1: p#0.4) Ho is not rejected. After verification, there
is not possible to state that most Ltd. in the Bratislava region did use credit as the external source of financing.

p0 ‘ TK ‘ Kh ‘ Conclusion
0.4 ‘ 0.6 ‘ 1.96 ‘ HO is not rejected

According to the results of the table, it is evident that TK<Kh and p0O>p, which means the statement that more
than 40% Itd. In the region, Bratislava did use credit is not true. The research hypothesis is not confirmed. The
estimated rate of the organisations that belong to the given statement is <30; 57> %.

V1. Hypothesis

Statement: more than 15% of organisations doing business in construction did use a special form of financing.
Verification of the rate of construction organisations that used a particular financing form. According to HO:
p=0.15, (Ha1: p=0.15) Ho is not rejected. After verification, there is not possible to state that more than 15% of
construction organisations use a special form of financing. The hypothesis is not rejected.
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po ‘TK ‘Kh ‘ Conclusion
0.2 ‘1.9 ‘1.96 ‘ HO is not rejected

It is evident from the table that TK<Kh and pO<p, which means the statement cannot be considered true. The
research hypothesis is not confirmed. The estimation of the organisations' rate, belonging to the given statement,
is <17; 43> %.

VII. Hypothesis
Statement: more than 50% of SMEs did use leasing. Verification: the SMEs rate, which used leasing. Due to the

HO: p=0.5, (Ha1: p#0.5) Ho is not rejected. According to the verification, there is not possible to confirm that
more than 50% of SMEs use leasing as the external form of business financing.

p0 ‘TK ‘ Kh ‘ Conclusion
0.5 ‘1.9 ‘1.96 ‘ HO is not rejected

It is evident from the table that TK<Kh and p0> p, which means the statement is not valid. The research
hypothesis is not confirmed. The organisations' rate in this estimation is <48; 75> %.

VIII. Hypothesis
Statement: more than 10% of SMEs did use support from the EU. Verification: the rate of organisations using EU

support. According to HO: p=0.1, (Ha1: p#0.1) Ho is not rejected. After verification, there is not possible to state
that more than 10% of SMEs used EU funds.

p0 TK  Kh Conclusion
0.1 0.7 196 HO is not rejected

The table results that TK<Kh and pO>p, which means that the statement that most SMEs used EU support is
invalid. The research hypothesis is not confirmed. According to the estimation, the organisations' rate of having
the statement is <5; 25> %.

IX. Hypothesis

Statement: More than 50% of small organisations did not use the donation as an irreversible form of state support.
Verification: the rate of the organisations that used donation as irreversible state support. According to HO: p=0.5,
(Ha1: p>0.5) HO is rejected in favour Haz. After hypothesis verification, it is possible to state that more than 50%
of small organisations did use state support.

p0 ‘ TK ‘ Kh ‘ Conclusion
0,5 ‘4,1 ‘1,96 ‘ HO rejected on behalf HA2

It is obvious TK>Kh and pO<p, which means the statement 50% of small organisations did not use state donation
is true. The research hypothesis is confirmed.
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X. Hypothesis
Statement: less than 10% of organisations will have an interest in the future and claim to use some external
sources for financing their activities. Verification: the rate of the organisations that plan to use some external
forms of financing in the future. According to HO: p=0.1, (Hai: p>0.1) HO is rejected in favour Haz. After
hypothesis verification, it is possible to state that less than 10% of the organisations plan for future external
financing use.

p0 TK  Kh Conclusion
0.1 2.2 1.96 HO rejected on behalf HA2

It is obvious TK>Kh and pO<p, which means the statement that less than 10% of the organisations will have an
interest in the future in using any external form of financing is true. The research hypothesis is confirmed.

During the hypothesis verification by Fisher's exact test, we made the following conclusions:

The level of importance is o = 0, 05. Zero hypothesis: HO: p1=p> — both groups have the same opinions.
Alternative hypothesis p1#p2: Hi: pi>p2: H2: pi<pz According to Fisher's exact test, the results of the two questions
are answered from the view of two groups.

XI. Hypothesis

Statement: organisations use internal and external sources of financing in different measures.
1st group presents SMEs from the Zilina region
2nd group presents SMEs from the Trnava region
Table 4 illustrates the results of respondents’ responses about internal financing.

Table 4. Groups of SMEs according to internal financing

Does the company use exclusively internal financing for its activity? yes others
1st Group 5 5
2nd Group 2 6
hypothesis p-value
H1:p1>p2 0.9434
H2: pl<p2 0.2782
H3: p1=p2 0.3665

According to the statistical verification of the hypothesis, Ho is rejected. The hypothesis holds that the first and
second groups have the same answers against the alternative hypothesis (H1: p1>p2). The first group, presented by
SMEs in the Kosice region, has more respondents, answering the question positively compared with the second
group, presented by SMEs in the Bratislava region.

1st group — SMEs in the Zilina region

2nd group — SMEs in the Trnava region

Table 5 illustrates the results of respondents’ responses about credit use.

Table 5. Group of SMEs according to credit use

Did the company use the possibility to obtain credit in the past time? yes others
1st Group 7 3
2nd Group 4 4
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hypothesis p-value
H1:p1>p2 0.9118
H2: pl<p2 0.3522
H3: pl=p2 0.6305

After hypothesis verification results Ho is rejected. The hypothesis holds the statement first, and a second group
of organisations have the same answers against the alternative hypothesis (Hi: p: -p2). According to the
mentioned, the first group, presented by service organisations, answered more organisations to the question
positively than the second group, offered by production organisations. After previous calculation and analysis, we
can state that in the frame of previous queries, the hypothesis had been confirmed — mainly Hi: (Hi: p1>p2), which
means that the statement that organisations in different regions use different financing for their activities can be
considered as a true. The research hypothesis is confirmed.

Data analysis is applied to the hierarchic cluster analysis. The advantage of such research is that we can know
ahead of the resulting number of clusters. According to the individual objects gradually clustering, the number of
clusters will decrease after all groups are connected to the single unit.

Table 6. Review of hypothesis and their verification

No Hypothesis Verification

I More than 50% of SMEs used a different way of confirmed
financing.

1. More than 60% of organisations use internal sources to rejected
finance their activity.

1"l More than 10% of organisations that use special confirmed

institutions support by way of advisory or financial
support providing

V. More than 50% of SMEs consider corruption the biggest rejected
obstacle to business development from the view of
financial availability.

V. More than 40% ltd. in region Bratislava used in past time rejected
credit.

VI. More than 150 organisations doing business in rejected
construction did use a special form of financing.

VII. | More than 50% of SMEs did use leasing. rejected

VIII. | More than 10% of SMEs did use support from the EU. rejected

IX. More than 50% of small organisations should have used confirmed
donation as an irreversible form of state support.

X. Less than 10% of organisations will be interested in confirmed
using some external sources to finance their activities.

XI. Organisations use internal and external sources of rejected

financing in different measures.

The goal of the cluster analysis had been to find business financing in SMEs according to the respective financial
sources, as well as according to the geographical point of view and from the legal form of business.

During the analysis of the results from the questionnaire research, the Ward method is used to measure the
similarity of the responses of the selected file with 89 respondents by Euclidean distance. After the creation of
cluster analysis according to the general characteristics results, all companies are divided into the nine clusters
that are the most similar inside and the least alike. Dendogram illustrates 89 companies, from which it is evident
that at any level of the distance, there is a significant decrease, which means the similarity of the companies is not
increasing significantly. The numbers in the clusters present the number of respondents.
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The first cluster (red colour) presents limited companies active in foreign trade, and their situation is improving.
They exclusively use their internal finances for the activities. Such companies did not use any external sources of
financing.

The second cluster (green colour) presents medium-limited companies active in foreign trade. Their situation is
presently improving. Any of them use external financing by bank credit or another external source.

The third cluster (blue colour) is created from SMEs — limited companies acting in the market for over five years.
Any of the companies use external financing.

The fourth cluster (orange colour) includes micro and small companies — limited companies from the area of
services, acting in the market for over five years, preferring short-term external sources by leasing.

The fifth cluster (mint colour) - is small traders and micro companies from the area of services with over five
years of activities. According to the activity results, their situation worsens; the companies need to be more active
in foreign trade and use their internal sources exclusively.

The sixth cluster presents SMEs (purple colour), joint stock companies, primarily production companies, acting
for over ten years in the market. Their situation is worsening, and they use external sources by way of credit and
leasing.

The seventh cluster (yellow colour) is created by small limited companies from the area of services, doing
business for over five years that already used external financing through credit and leasing. Still, they are
interested in using something other than modern or unique ways of financing.

The eight cluster SMEs (turquoise colour) - are limited companies orientated to the business services and
construction that have been at in over five years at the market. They use external sources — credit and leasing, but
also one of the modern forms of financing. Their common sign is interest in using particular institutions for
support of their business by way of advisory or financing providing.

The ninth cluster (pink colour) presents small production companies in the agricultural sector, forestry and
fishery, acting over ten years at the market when using credit and leasing as external financing. The following
common sign of these companies is that in the past, they used financial support from the state by way of
donations.
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Fig. 7. Hierarchic cluster analysis of the companies in Slovakia after general characteristics
Source: own processing in JMP

Through the creation of cluster analysis according to the internal sources, using the study is in the following
dendogram. According to the results, there are 6 clusters. Every cluster includes companies, mutually similar and
on the other hand, they are different from other clusters.

The first cluster (red) presents small companies whose situation is gradually improving. The companies are active
in foreign trade.

The second cluster (green colour) presents small, limited companies planning to extend their activity by other
branches.

The third cluster (blue colour) is presented by production SMEs, using mostly internal forms of financing.

Micro companies acting in Ko$icky create the fourth cluster (orange colour). They use internal sources and are not
interested in any external forms of financing in the future.

The fifth cluster (mint colour) presents small limited companies acting in services.
Micro companies - limited companies acting in the market over ten years - comprise the sixth cluster (purple

colour). They have good internal sources for their activities and are not interested in using any external financing
method.
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Fig. 8. Hierarchic cluster analysis of the companies, according to the internal sources using
Source: own processing in JMP

Four clusters are rising through clustering according to the criteria companies use for their activities and external
ways of financing.

The first cluster (red colour) presents medium companies acting for over ten years in the market, using external
financing sources by leasing. Still, they do not plan to use any other ways.

The second cluster (green colour) created by SMEs, acting over five years at the market, did use external
financing through credit and leasing in the past, but any special form of external funding.

The third cluster (blue colour) presents SMEs - limited companies. The companies used external financial sources
through credit and leasing but had no interest in other external sources.

The fourth cluster (orange colour) presents small production companies acting for over ten years in the market.
The primary external sources for the financing are state support by donations and EU funds.

—

Fig. 9. Hierarchic cluster analysis of the companies, according to the external financing use
Source: own processing in JMP
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Nine clusters appear through cluster analysis in the companies from the view of a special form used to finance
business activities.

The first cluster (red colour) presents micro and small limited companies that act in the area of business. The
companies were only interested in using any special form of external financing.

The second cluster (green colour) presents micro and medium limited companies from the construction sector in
the region Nitriansky and PreSovsky. The companies were not interested in the particular form of external
financing.

The third cluster (blue colour) presents medium limited and joint stock companies from the construction sector.
All companies used at least one of the special forms of external financing in the past.

The fourth cluster (orange colour) consists of SMEs from the region Bratislavsky and Trnavsky, doing business in
the industry where any company is interested in special external financing.

The fifth cluster (mint colour) consisted of medium limited and joint stock companies from the industrial sector,
when the majority used external financing through special financial sources.

The sixth cluster (purple colour) presents micro and small limited companies; when that was all interested in
using special external financing.

The seventh cluster (yellow colour) presents micro companies and small traders. The companies do business in
the region Kosicky; in the past, they were not interested in particular external financial sources.

The eighth cluster (turquoise colour) presents SMESs' limited companies when using external sources of special
financing of the business in the past.

The ninth cluster (pink colour) presents small businesses with influence in Nitriansky. They are from the
industrial sector when a most used unique form of external financing.

= Q
e

b 1
E— I
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Fig. 10. Hierarchic cluster analysis of the business according to the special form of the financing
Source: own processing in JMP
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From the view of modern financing use, nine clusters consist of the companies:
The first cluster (red colour) presents micro and small limited companies. Any company did use the modern form
of external sources.

The second cluster (green colour) presents micro and small limited companies using in past time one of the
modern forms of external financing.

The third cluster (blue colour) consists of micro and medium industrial companies doing business in the industry.
Now they need an external form of financing using modern forms.

The fourth cluster (orange colour) consists of small limited companies doing business in the western part of
Slovakia that were not interested in any modern form of external financing in the past.

Micro companies and small traders acting in the region KoSicky create the fifth cluster (mint colour). The
companies did not use external financing by way of modern form.

The sixth cluster (purple colour) presents limited micro companies in services, using something other than
modern external financing.

The seventh cluster (yellow colour) presents SMES' limited companies from the area of construction, which did
not have interest in external sources from modern forms of financing.

SME production companies in the Nitriansky region, which did not use modern external resources, created the
eighth cluster (turquoise colour).

The ninth cluster (pink colour) consists of small companies (limited companies) and traders from the area of
service. Only at present did they use any modern form of external financing.

}—’7

Fig. 11. Hierarchic cluster analysis of the companies, according to the modern external financing
Source: own processing in JMP
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According to the previous analysis with the primary orientation to the financing of the Slovakian business, we can
find answers to the questions regarding which financial sources are used or not, together with a determination of
the reasons for not using some financial sources. The exciting finding is that despite the broad possibilities,
companies vastly prefer in the present time mostly the same financial sources. Most companies use internal
sources — 61%, which is positive. Companies with a shortage of internal sources are trying to find external
sources. Through questionnaire research, we found out the companies prefer mostly bank credit. Yet 58% of the
companies did use bank credit. The main reason is that bank credit is the most available external source. The main
advantage of bank credit is that companies with negative economic results could also obtain the credit. Leasing
seems to be also a significant external source of business financing. Still, more and more companies — 63% did
use already leasing. The reason could be leasing supports cash flow, not demanding working capital. At the same
time, leasing could save money for the owner. The other special sources and modern forms of external financing
are preferred only by the low rate of the companies. The companies mentioned that the primary reason was the
shortage of information.

4. Discussion

The key result of the paper is a comprehensive approach to the practical use of creating clusters and, based on
them, deciding on the evaluation and selection of an effective form of financing. The other results show low use
of a modern form of financing, such as factoring and forfeiting, which still need to be used in Slovakia;
Organisations in Slovakia use minimally modern forms for funding, and despite their advantages, they are present
only on a theoretical level The reason is, the organisations mentioned have the conservative behaviour of the
owners, as well as insufficient information on these forms of financing. Some organisations consider this a
primary source for not using these forms in timely and administrative demand, as well as corruption. Yet also,
successful organisations must face various appeals while entering the local and national capital market. The key is
a balance between credit financing and other external sources used. The research showed that SMEs acting in the
market over five years use mostly external sources, credit, and leasing. Medium-limited organisations working in
the area of construction use mostly particular forms of financing. Modern forms are preferred only in micro and
small limited organisations, which use one of the available instruments.

Many other authors are presently solving the task of business financing since the issue is topical due to the
demand for financial resources. Organisations have to use external sources since internal ones a limited.
According to Titman and Wessels (1988), Drobetz and Fix (2005), preference for external sources is related to the
scale of the business. The bigger the company, the higher the rate of external sources is needed; while searching
for external sources, the companies encounter information asymmetry.

Harris and Raviv (1988) claim that business volume and assests structure matter. The more tangible assets the
company have, the higher indebtedness.

If organisations want to be competitive, they must permanently develop and innovate, increasing invested
financial sources (Doroshenko et al., 2016).

According to Farinos et al. (2022), the position of the managers’ tasks in the company and their opinions on
business financing is also important to study. Moreover, cash management can help improve the business's
financing (Latorre and Angel, 2022).

During the pandemic, To et al. (2022) studied the influence of COVID-19 on the financial markets and found

different impacts and possibilities to find finance in the financial markets (see Baker et al., 2020; Mura and
Buleca, 2012).
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Compared with the literature, the paper's novelty is that Slovakia, as part of V4, presenting post-communist
countries, has slow onset on the modern form of financing compared with well-established EU countries, showing
the necessity to speed up this transformation. Since the research is orientated toward SMEs, which typically lack
financial management specialists, the results provide valuable information needed for the SMESs' management
guality enhancement.

5. Conclusions

Business financing will be a permanently up-to-date and essential theme since an effective economy with capital
and obtaining financial sources are vital for the business. Organisations should decide which source is the
proper, contributing to the expected goal and benefit. Organisations can be very successful if they manage rational
treatment with financial resources. Presently, most startups and organisations that have been acting in the market
for a long time need help to finance their future growth. Membership of Slovakia in the EU brought several
advantages and higher measures of competitiveness.

In the frame of the contribution, we found out the organisations finance their activities primarily from internal
sources, which can present a significant advantage on the one hand against the organisations that use mostly
external sources. Small organisations generally have a lower rate of external sources. The bigger the company, the
higher rate of external sources for financing used due to better debt diversification. The bank institutions consider
such organisations less risky, and therefore, credit resources are more available. Despite the significant number of
financing possibilities, most organisations prefer "old" known financing methods through banks. Presently bank
financing is the most important source for obtaining financial means. Organisations, which also use external
financing, vastly prefer credit. Due to the liability for a more extended period, they prefer mostly short-term
sources, which are more available for the business. Presently, financing through leasing is increasingly attractive
when the main advantage is cash-flow support. A majority of organisations prefer financial leasing. Due to the
fact the analysed organisations produce a sufficient measure of profit, their creditability is higher, and they are
less risky for the bank institutions. Even though many authors have an idea that organisations prefer external
sources following their volume, it is necessary to mention that more than the company's size, it is a decisive factor
in using external sources; hence, a proper financial strategy is crucial. Qualitative elaboration of the company's
financial strategy presents a significant indicator influencing the company's financial result. Improper planning
could lead the business to bankruptcy.

The results of the study will be a valuable platform not only for all interested actors of traditional approaches but
also for creators of financial policies and business policies, as well as creators of national and regional
development strategies to support the development of the business environment and thereby increase national and
international competitiveness. The study's results will also support the building of a platform for the future
implementation of other comparative analyses on this issue.

Since the present research is limited to any representative of the analysed companies, not orientated to the
respondent position in the company, the task of the future possible analysis is to differentiate the results according
to respondents’ assignments. It means studying the different opinions of the shareholders, managers, employees,
etc., as well as considering the gender of the respondents. Moreover, the presented research was during the
pandemic; therefore, future research can be orientated to the business-financing situation after the pandemic with
a consequent comparison of the results and the situation in other countries or regions.
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Abstract. The inclusion of sustainability criteria in the investment decision processes requires application of tools that consider the vague
nature of sustainable characteristics. Fuzzy approach can process the vagueness of sustainability measures. The aim of the paper is to
develop a suitable model of the fuzzy assessment of investment alternatives measured by Sustainability Utility Index. Its scheme is
described methodologically as a three-stage system of multi-criteria ex-ante evaluation. An algorithmic conception of the system is
performed at its third stage by a “fuzzy processor”. The fuzzy model is applied to the task of the optimal type of building machinery
selection in view of the cost and sustainable criteria. The results enable the manager to optimize his/her decision, who aims to minimize the
investment and operation costs of the building machinery. Compared to the fuzzy approach based on Mandani’s system, our model avoids
several complications associated with the semantics of fuzzy implications in various fuzzy logics, it is more user friendly and easily
algorithmized. This model is thus suitable to apply not only in corporate sphere but also in areas of ecology, sociology, economics. The
limits of the fuzzy system are twofold - on the general level the fuzzy systems lack the ability to learn and memorize; determining or tuning
a suitable membership function and fuzzy rules is not always clear. The challenge is first to test the model in the corporate sphere and
second to acquaint potential users with this computationally undemanding fuzzy procedure.

Keywords: multi-criteria decision-making; corporate production; ex-ante evaluation; fuzzy processor; fuzzification table; sustainability
utility index
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manufacturing machinery in terms of sustainable business. Entrepreneurship and Sustainability Issues, 10(4), 71-88.
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1. Introduction to the issue of sustainability in corporate decision-making

A socially responsible company assumes responsibility for the impacts that result from its activities. It integrates
environmental, social and ethical views, consumer interests and human rights into its strategy and business
activities (Clarke & Boersma, 2017; Pan et al., 2022; Skare & Porada-Rochon, 2022). Corporate social
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responsibility is based on the same pillars as sustainable development - both concepts are based on the same basic
principle of the Triple Bottom Line (Hammer & Pivo, 2017). Business practice shows that most companies strive
to promote the principles of social responsibility and sustainability in order to improve the image, reputation and
brand. Good reputation increases stakeholder confidence in society (Kim, 2019; Gavurova et al., 2022; Belas et
al., 2022). This goes hand in hand with growing customer satisfaction and loyalty, which can have a positive
impact on economic results (Eklof et al., 2020). Businesses are responding to the shift in thinking of modern
customers towards the principles of sustainable development (e.g., the number of consumers who take into
account whether the product is eco-labelled, etc.) and trying to meet their expectations (Gold & Schleper, 2017).
According to Nadanyiova & Das (2020), companies promoting corporate social responsibility are driven mainly
by millennials, who prefer brands that use this approach as a means of communication with this group of
customers.

Sustainability of production has become a global problem, especially in developed and rapidly developing
countries (Yu et al., 2022; Xu et al., 2021; Qin et al., 2021; Susanto et al., 2017). An improved corporate
sustainability performance does not automatically lead to an improved sustainability in the systems in which the
company operates (Wyborn et al., 2019). Thus, it is necessary to identify a comprehensive evaluation framework
in order to analyse whether an improving corporate sustainability can make a positive contribution to sustainable
development in a broader sense. This includes first and second level performance of assessments (Awasthi et al.,
2018). At the first level, direct impacts on sustainability are assessed, focusing on efficiency issues, while
sustainability performance in a broader sense focuses on systemic efficiency and covers the impacts of
sustainability on society and nature as a whole. This problem is often solved as a multicriteria optimization
problem (Franciosi et al., 2018).

Incorporating principles of sustainability in the business decision-making processes requires the application of
tools that can cover the vague concept of sustainable measures (e.g., quality of the relationship with the
surrounding community, various forms of social and moral obligations, etc. — see Rostamnezhad et al., 2020).
Karkalikova & Strhan (2018) analyzed the factors that affect the company's overall performance and also
determined what factors can cause the company certain problems. This article focuses on a procedure by means of
which a decision-maker, which takes into account vaguely defined parameters of sustainable development
relevant to the company activities, reaches a rational solution. This solution should be an acceptable compromise
of the requirements of all parties involved, i.e., the requirement to ensure the increase of the value of the company
and to reflect the responsibility for the consequences of the company's activities.

The central aim of the paper is to develop a three-stage model of the fuzzy assessment of a sustainable production
in terms of its cost indicators and vague sustainable characteristics. Within it we ask the question: RQ1 “Does the
fuzzy model of multi-criteria evaluation have the property to state a rational decision from the point of view of
stakeholders and principals of sustainability?”. Furthermore, we ask: RQ2 “Is there an intersection of agreement
as well as differences in demands between the here presented fuzzy procedure and other model/models based on
fuzzy logic?”.

The paper is structured to the review, methodological and practical part. The review part captures a selected
overview of techniques for decision-making utilized in the case of vague and uncertain entry data. Methodology
provides the insight to the basic principles of the fuzzy approach. This technique is applied to the solution of a
machinery selection based on the cost and vague input parameters. Conclusion part summarises the most
important points and discusses results and findings.
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2. Review part

Problems with understanding sustainability, and its modelling, evaluating and managing, falls under the so-called
“wicked problems” (Lonngren & Van Poeck, 2021). One of the main challenges in the sustainability issues, which
addresses wicked problems, is the existence of uncertainty. To understand the tools that can assist the decision-
makers under uncertainty is thus necessary (Bogachov et al., 2020). Starting from heuristics to the modern
computational tools of dealing with uncertainty is a vast area of research. Let us mention e.g., Ahi et al. (2018)
who proposed an original probabilistic weighting model for systematically allocating priorities in sustainability
measurement; Mishra et al. (2020) who applied sensitivity analysis in order to get optimal feasible solution that
validate the sustainable economic production; Ladu & Morone (2021) who introduced the scoring tool consisting
of 48 sustainability indicators with proposed metrics based on existing standards, methodologies and best
practices in sustainability assessment. The artificial neural networks were used by Vochozka et al. (2019) to
analyse the sustainable investments in the capital market. The data envelopment analysis was proved to be an
appropriate approach to select efficient sustainable projects (Fiala, 2018). The sustainability of a company's
performance is largely dependent on the company's employees. Kovaiikova et al. (2021) considered setting up an
incentive system for the company's employees, which leads to maintaining or even increasing their performance
as well as the performance of the whole company. Lavi¢kova et al. (2021) identified the possibility of using
subsidized language courses by the employer as the main motivational benefit for maintaining / increasing
employee performance.

Fuzzy logic is an approach that has been effectively used to decide within sustainability assessments made under
uncertainty (Ziyadin et al., 2019; Kelemen et al., 2022; Gavurova et al., 2022). It has been proved that it closely
approximates human decision-making and perception processes. Fuzzy logic enables the researches to normalize
guantitative and qualitative sustainability indicators and evaluate indicators with a vague definition (Zarte et al.,
2018; Skare et al., 2023 a,b). In this fuzzy spirit we briefly review some of the fuzzy techniques utilized in
managerial problems regarding sustainable investment decisions.

Technique for Order Performance by Similarity to Ideal Solution (TOPSIS) developed by Hwang & Yoon (1981)
and Intuitionistic Fuzzy Sets mathematically defined by Atanassov (1994) are applied in Onat et al. (2016) for a
hybrid life cycle sustainability assessment for different conventional and alternative vehicles technologies. Expert
judgement is projected to weight setting and applied to each dimension of different alternatives.

Zarte et al. (2018) present a concept for a fuzzy inference model to evaluate short- and mid-term production
planning programs taking into account sustainable indicators. The formulation of the model lies upon common
methods and fuzzy operators from the fuzzy set theory. As the authors state, the research can specifically support
decision-making in e.g., decreasing production costs, saving resources, and improving employees’ wellbeing. The
drawback can be seen in not testing the functionality of the designed concept in practical use.

Wang (2019) used the fuzzy c-means model to predict the financial distress of companies listed on the Shenzhen
and Shanghai Stock Exchange. Using the model used, he identified a total of 11 financial indicators, which can be
used to predict the risk of financial distress with very different prediction results.

Haskova (2016) applied fuzzy logic to the evaluation of partial components of the business environment in
selected European and Asian countries. These were levels of corruption, economic and political stability.

Bolos et al. (2019) propose a fuzzy logic tool for the assets acquisition. The algorithm lies on three main
components - the matrix of the membership degree as fuzzy triangular numbers, the vector of the global
membership degree, the maximum of the global membership degree. The result of two scenarios test of asset
acquisition states that the acquisition cost of the assets can be well combined with their economic performance.
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Amiri (2010) proposes a new methodology to provide an approach for assessing alternative projects to assist a
decision-maker to select the best candidate. Within the AHP and fuzzy TOPSIS techniques author utilizes
linguistic criterial preferences. The AHP (whose algorithm was developed by Ates et al., 2006, who justified its
application in the performance evaluation of a faculty in any department of any university) is used for analysing
the structure of the problem and determining weights of the criteria. The fuzzy TOPSIS method (a general view of
which development is precisely given by Nadaban et al., 2016) is used to obtain final ranking. The analysis
confirms the importance of correctly set criteria weights in fuzzy TOPSIS method (also dealt with e.g. in Memari
etal., 2019).

Rajesh (2019) proposes the Resilient Fuzzy Index for measuring the level of resilience of firms and the
Performance Fuzzy Index that aids in identifying critical attributes affecting resilience in supply chains. The
indexes could help the management in evaluating resilience capabilities of the supply chain and simultaneously
include sustainability requirements within the decision making (Horak et al., 2020).

Jankova et al. (2021) performs an easy-to-use model containing input variables that fundamentally influence the
investment decision in the US stock market. The study uses fuzzy Sugeno inference system T2FLS type. The
T2FLS is then compared, based on statistical measures RMSE, R2, MAE, MAPE, with the T1FLS type of both
Sugeno and Mamdani. The authors prove that compared to type-1 fuzzy logic using type-2 fuzzy logic leads to
more realistic and accurate results. Authors justify the higher performance of type-2 fuzzy logic system mainly
due to the three-dimensional membership function of the general type-2 fuzzy set (also confirmed in Muljono et
al., 2018).

Sugeno fuzzy inference system is regarded as an alternative to Mamdani’s system - both are often subjected to
comparison (e.g., Saleh et al., 2017; Chaudhary, 2019). Comparing Sugeno’s and Mamdani’s defuzzification
process, the Mamdani’s is more computationally efficient, as it uses a weighted average or weighted sum of a few
data points rather than compute a centroid of a two-dimensional area (Chaudhari, 2014). Jankova & Dostal (2021)
justifies the usage of the fuzzy inference system of the Mamdani type for the model construction to support
investment decisions in Exchange-Traded Funds as it operates better with unstructured or poorly structured input
data than the Sugeno type.

Amaral et al. (2019) propose the use of Computational Intelligence algorithms to predict cryptocurrencies values
based on historical values. The Mamdani system is applied to suggest what to do with the invested value.
Experiments show that the proposed approach is promising and competitive with alternatives reported in the
literature.

When dealing with sustainable “fuzzy” issues many articles prefer the Mamdani ‘s approach. As an example, let
us mention Hendiani & Bagherpour (2019) who evaluated a sustainable construction, which ought to enhance the
guality of social, environmental, and economic practices by stating the sustainability level and identifying the
weaknesses and improving them. The reasons lay in the benefits that Mamdani’s method offer: intuitiveness,
suitability to human inputs, interpretability of the rule base, etc.

3. Methodology: the fuzzy approach

Let the set U be a field of consideration or discussion (universe). Let pa: U — ¢0,1) be a membership function and
let A = {(y, pa(y)): y € U} be the set of all pairs (y, pa(y)), in which the number 0 < pa(y) <1 states the degree of
membership of the pair (y, pa(y)) to the set A on the giveny € U. Then A is a fuzzy subset on the universe U. The
significant characteristic of the fuzzy subset A is its support Ua = {y: 0 < pa(y) <1,y € U} < U. In terms of fuzzy
logic pa(y) = |y € Ua|, where |y € Ua|, denotes the degree of veracity of the proposition that y is the element of the
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support of the fuzzy set A. The element y € U with ua(y) = 0.5 is called the crossover point in A. Values that are
greater than 0.5 signal that the element y rather belongs to Ua, the values smaller suggest it rather does not belong
to it (the details in e. g., Béhounek & Darikova, 2016; Padilla-Rivera et al., 2021).

The fuzzy subset A (whose support Up — U < R, where R is the set of real numbers, and its function pa is gifted
by the property of normality and convexity (i.e., at least in the case of one element x € U, it applies pa(x) = 1, and
pa(x’) = min{pa(x), pa(x2)} for all x’e (x1, X2) < U,) is called the fuzzy number (Torkabadi et al., 2018). The
fuzzy numbers are also formal models of linguistic terms (i.e., expressed in natural language) of variables
occurring in managerial decision-making tasks (see e.g., Hol¢apek et al., 2021).

Linguistic variables thus acquire their values at two levels: at the linguistic level and the numerical level. At the
linguistic level they are usually performed by terms (fuzzy numbers) of the type, e.g., the low value (L), common
value (M) and high value (H); at the numerical level they are represented by the real numbers from the interval U
=0, 100) (in detail, e.g., Haskova & Fiala, 2019).

The relationship between the two mentioned levels of values of the linguistic variable is evident from the
fuzzification Table 1. It defines the projection of p: {L, M, H} x U — (0,1) in the form (T, u) = pr(u), which is
based on the model with one internal and two border fuzzy sets for the terms low (L), common (M), and high (H).
Interval U is thus divided with the constants a, b, c, d into five sections and described by the membership
functions (1), in which a, b, ¢, d € (0, 100), 0 <a <b <¢ <d < 100 are given by an expert:

u(v) =1fory <a,
L m=0b-»/G-afrazy<b,
u; (v) = 0 otherwise.
uy (¥) = (v —a)/(b—a) fora< y <b,
u;(}r) =1forb=y<rg,

M 1
M) = ([@= /(- fore<y <d, @
U, () = 0 otherwise.
ug(v)=0fory <¢,
(H) “H(v)z (1’—0Jf(d—E‘Jf0r[‘£1’{:d,
B iy (¥) = 1 otherwise.
Table 1. Fuzzification table
Interval u<a as<u<b b<u<c c<u<d u>d
L 1 (b—u)/(b—a) 0 0 0
M 0 (u-a)/(b-a) 1 (d-u)/(d-c) 0
H 0 0 0 (u—-c)/(d-c) 1

Source: own processing

The inner nonzero fields of the fuzzification table define one-element or two-element subset h(u) = {T: Te{L, M,
H}, w(T, u) >0} of the set {L, M, H}for each u € U.
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4. The formulation of the three-stage fuzzy system of multicriteria alternative evaluation

The scheme of the three-stage fuzzy system of multicriteria ex-ante evaluation is introduced in Fig. 1. The basic
functions of all elements of the fuzzy system structure (the right scheme in Fig. 1) corresponds with the case of
ex-post evaluation (certainty on the inputs side, where only specific point values enter the system at the first
stage). The point values are the outputs of the criterion functions at the second stage entering the third stage of the
system (block K in Fig. 1). The number v € (0, 100) on output side of the block K is the numerical value of the
output linguistic variable of the ex-post evaluated alternative.

4.1 The three-stage fuzzy system of multicriteria alternative for ex-ante evaluation

In the case of ex-ante evaluation, the fuzzy system appears in the situation of uncertainty on the input data side.
At its first stage, only the uncertain data characterized by intervals of values of their possible occurrences or
mixes of uncertain and numerical data enter the solving process (in Fig. 1 the intervals (@imin, @1max). ..{@cmin, 8cmax)
to (epmin, €Pmaxy). This external uncertainty is then transferred by the criterion functions to the internal uncertainty
of the inputs to block K (see intervals (Ximin, Ximax)...(Xnmin, Xnmax) tO (8€min, 8€maxy at the second stage of the
model), as well as to its output (see interval (Vmin, Vmax)). The right picture of Fig. 1 shows a case where some
external uncertain data enter block K directly. They usually represent subjective quantification of qualitative data
expressed by intervals at the value scale from 0 to 10 or from 0 to 100.

{(Veniny Vmax) T (Vanins Vinax)
K

(xluun,mmm/
Ki K
_______________ Vall

(A1min, A1max) (@miny @2max)  {ACmin, ACmax) a0 ac ON EP

A A
(XNemin, XNmax)  {@Cin, ACmax) / {(ePmin, €Pmax)

The general model The model of the solved task

Figure 1. Structure of the three-stage fuzzy system of multicriteria ex-ante evaluation

Source: own processing

In the first step the conversion of external uncertainty to internal uncertainty is carried out. For this purpose, the
relations defining the individual criterion functions are translated into the language of interval algebra, defined
and discussed by (Yuan et al., 2009). The input intervals are converted to output intervals by applying interval
algebra operations. At the second stage of the model, N intervals are created that are presented by at most two-
element sets of their extreme values (in the case of a mix of uncertain and numerical data, the numerical value is
considered as an interval with two identical extreme values). The Cartesian product can result in the creation of up
to 2N N-dimensional numerical vectors entering the block K. By the gradual processing of each of them by the
computational fuzzy algorithm, whose block scheme is in Fig. 2, a set of partial calculation results (numbers v) is
calculated. The arithmetic mean y = (Vmin + Vmax) / 2 of the minimum and maximum of this set is then the
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subjectively expected numerical value of the output linguistic variable SUI (Sustainability Utility Index) of the
evaluated alternative. It performs the sustainable social costs.

4.2 Computational algorithm of the fuzzy process

The procedures by which the fuzzy system (block K) processes its numerical inputs are analogous to the
procedures by which the human mind processes visual, auditory, tactile and other stimuli and generates
corresponding responses.

The N-dimensional vector (xi,...,Xn) entering the block K is transformed into a vector (us,...,un) by converting the
coordinates x; into a scale in the range 0 to 100. Its coordinates u;, i = 1,..., N, are included in the adequate input
fuzzy sets; together they select suitable inference rules for their manipulation, define their “strength” and generate
the membership function pagg On the field V = (0, 100) of the output linguistic variable SUI. The horizontal
coordinate of the centre of gravity below its course pagy(V) is the result of the calculation.

Input : Fuzzification .| Applicationof Processing
! " inference rules theresults

Outputy +—————— Defuzzification «— Agregoation |4

Figure 2. The continuity diagram of individual phases of the fuzzy approach of the computational algorithm

Source: own processing

In the fuzzification phase, the expected influence of the x; coordinate of the vector (xi,...,Xn) on the output v is
first taken into account. If positive, x; is converted to the internal value u; according to the formula ui = 100 - (Xi —
Ximin) / Xire, Xiref = Ximax — Ximin, Where (Ximax, Ximin) is @ domain of numerical values of a linguistic variable on the
i-th input. If the effect is negative, this formula ui = 100 — 100 - (xi — Ximin) / Xirer fOr the conversion is used. If the
positive effects prevail, the resulting SUI has the character of a contribution, if the negative effects prevail, it has
the character of a harm (cost).

Each i-th input, i = 1 to N, has its own fuzzification table, which generates its own set h(u;)) = {Ti: T; e{Li, Mi, Hi},
w(T;, ui) > 0. The Cartesian product H = h(ui)x...xh(un) = {(T4,...,Tn): Tieh(u),...,Tneh(un)} with 2* elements is
formed from them, where a, 0 < o < N is the number of two-element sets h(u;) in the Cartesian product H. The
interference rule is the element of the projection p: {Li, M1, H1}x...x{Ln, Mn, Hn} — {L, M, H}, where L, M and
H are the terms of the output linguistic variable SUI with a domain of numerical values V = (0, 100). The set of
inference rules thus consists of a total 3N pairs of the type ((Ti,....Tn), T), which are formulated by a
knowledgeable expert. In the phase of inference rules application, three classes are created H (T) = {(T4,...,In):
(T1,....08) €e H p(M}, T = L, M, H of decomposition of the set H according to the terms of the output
linguistic variable SUI, where the relation p is the inversion of the projection p. To each in such a way created
class H (T) its characteristic number Mt € (0, 1) is then assigned:

77


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2023.10.4(5)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2023 Volume 10 Number 4 (June)
http://doi.org/10.9770/jesi.2023.10.4(5)

o ifthe class is empty (H (T) = ©), then Mz = 0;

e ifH(T) #0Q, then Mt = max { {min {p(T4, Us),..., W(Tn, Un)}: (T,...,Tn) € H (1)}
In the processing phase of results, the fuzzy algorithm by means of the numbers My, My and My restricts (cuts
off) the courses of the functions p(v), um(v) and pn(v) of the terms L, M and H of the output linguistic variable
SUI on the domain of its numerical values V = (0, 100) from the above - see Fig. 3 on the left. Then, in the
aggregation phase, the fuzzy algorithm fuzzy logically adds their torso, by means of which it aggregates them into
the resulting function pagg(Vv), which creates their “wrapping” - see Fig. 3 on the right.

H Hage
A
1y - My He |
\“\ J’ \\ fhll{ ‘\‘ (I \\
[ﬂé'% fhlg ! “\\
0O a b ¢ d 100 v 0 a b ¢ d 100 v

Figure 3. Example of cutting off the functions u(v), um(v), pr(v) and their aggregation into the resulting pagg(V)

Source: own processing

In such a way formed pagg(V) can be included in one of the seven classes based on mutual relationships between
the characteristic numbers M., Mm and My, as depicted in the final component of the flowchart of the algorithm
of fuzzy process (see Fig. 4) by means of the blocks pu = w to = pvi. In the case of the example shown in Fig. 3
it follows that the path takes us through its “maze” to the class p = pwi. For each of these classes, a general
analytical description of the function page(V) is given, including formulas for calculating the values of its certain
integrals A = [V-piagg(V)-dv and ' = Jpagg(V)-dv, which are part of the defuzzification phase and whose division is the
result of the calculation.

Specifically, for the class p = pvi, to which the example in Fig. 3 belongs, the following applies:
Uagg(V) =M forv<a+ (b—a)M,,
=(v—a)/(b—a)fora+(b—a)yM.<v<a+ (b—a)Mm,
=Mpfora+(b-a)yMu<v<c+(d-c)(l-Mw),
=(d-v)/(d-c)forc+(d-c) (1 -Mp)<v<c+(d-c)(1-Myp),
=My forc+ (d—c) (1 —Mp)<v.
[agg(v)-dv = (a + (b —a) ML) M, +
(b—a)(Mw*~M?) /2 +
Mu “((c—a) + (d—c¢) (1 —Mwm) — (b —a)-Mu) +
(d—c)Mw’~ M) /2 +
M -(100 —c — (d —-c)(1- Mﬂ))
[Vpagg(V)-dv = (@ + (b—a) M2 ML/ 2 +
(b—a)(a-(Mw*~M?) / 2+ (b—2a)(Mn’ — M%) / 3) +
Mu ((c + (d = ¢)-(1 = Mw))* - (a+ (b —a) Mu )?) / 2+
(d —©)(c"(Mu —~ My) + (d/2 — ©)((1 = M2 — (1 — Mw)?) — (d — ) ((1 = Mu)® — (1 - Mw)®) / 3) +
M +(5 000 — (¢ + (d —¢)-(1 — Mn))?/ 2).
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Insert mumbers O =M =<1 0=My=1.0=Mg=1

A =!'v_|.1.dv " I'= Iudv

'y

Figure 4. The flowchart of the fuzzy process algorithm

Source: own processing
5. Application

The fuzzy technique is applied to the optimal solution of a building machinery selection based on the cost and
vague input parameters. Several ways exist to calculate the expected optimal life of a machinery. These methods
incorporate the purchase price, annual operating costs and annual operating profits, and final value. It is assumed
for the machinery to gradually lose productivity and/or the gradual increase of operating costs. The building
company evaluative framework works both at the production system grade and the environmental and society
grade. The task is to assess a purchase of a building machinery.

5.1 Database
The source estimates are based on the data research from the Albertina database (2020) and data research and
estimates in the Czech machinery market aimed for building construction that was conducted by the authors with

cooperation of experts of the building companies. The research resulted in four alternative variants that poses the
technological requirements; in the next we denote them machinery A, B, C, D — Table 2.
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The revenues from the expected annual sale of services generated by the machinery employment do not depend
on the contemplated variant. The optimality of the choice is thus assessed according to the economic,
environmental, and social criteria: annual expenses (A), machine operation noise (ON) and environmental
pollution (EP). These criteria perform economic, environmental and social costs for which the lowest value is
desirable.

The entry data are presented by Table 2. The purchase price of the machineries and the economic lifetime are
certain data. Other input data are uncertain, for which only estimates of intervals are available, i.e., A, ON and EP.

Table 2. The purchase price and intervals of possible values of annual expenses (A) in thousands EUR; intervals of values of machine
operation noise (ON) and environmental pollution (EP)

0 1 2 3 4 5 6 ON EP
Machinery A | 31,0 | (7,9) | (11, 14) | (16, 20) | (24, 30) (20, 40) | (50, 70)
Machinery B | 425 | (5,6) | (8,10) | (12, 15) | (16, 20) | (20, 25) | (24,30) | (60, 70) | (60, 80)
Machinery C [ 57,6 | (4,5) | (7,9 | (10,12) | (14,18) | (19, 22) (30, 50) | (40, 60)
Machinery D | 62,3 | (3,4) | (6,8) | (9,11) | (12,14) | (16,20) | (23, 31) | (60, 70) | (50, 70)

Source: own processing

The column 0 states the machinery purchase price. The machineries differ with their economic operation life that
ranges between 1 — 6 years and intervals of possible values of annual operation expenses (columns 1 — 6). In Fig.
1 on the right, the operation expenses are given as the symbols a to ac (ac = as for machinery A, ac = as for
machinery B, ac = as for machinery C, ac = as for machinery D).

The interval values in the ON and EP columns are the values of subjective estimates of the operation noise and
environmental pollution projected to a scale (0, 100) by a machinery expert, where 0 is the best desirable result.
These data perform the first stage of the three-stage fuzzy system of multicriteria evaluation of alternatives (see
Fig. 1).

5.2 Results

At the first-stage of the model in Fig. 1 it is not obvious from the data of Table 2 what machinery is optimal from
the economic, social and ecological point view. Thus, the data are used for the calculation of the interval (aemin,
aemaxy Of the annual expenditure equivalent (AE) for each machinery A, B, C, D. The ae value calculations require
to determine the value of cost of capital of the project; the authors with the cooperation of experts estimate it at
the 10 % p.a. The upper limit of ae acceptability is given by 50 thousand EUR. For the annual expenditure
equivalent (AE) it applies (Han et al., 2014):

T4

T+

AE = NPV/A,,;, where NPV = CF,/(1+i)fandA,,; = Z 1/(1+1)¢ 2

=0
=1

where NPV is the net present value of annual expenditures, CF; is the annual expenditure at the time t = 1...t* and
i is a discount rate at the level of the cost of capital of the project.
From (2) we calculate the AE interval limits for each machinery.
For the machinery A it applies:
o aemn=(31+7/11+11/112+16/1.13+24/1.1%/(1/11+1/1.1°+1/1.1%+1/1.1% =23.61,
o amx=(31+9/11+14/112+20/1.13+30/1.1%/(1/11+1/1.1°+1/1.13+1/1.1% =27.14.
For the machinery B it applies:
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o aemn=(425+5/11+8/112+12/1.13+16/1.1*+20/1.1°+24/1.1%/(1/11+1/1.12+1/1.13+
1/1.1%+1/1.15+1/1.1% =22.86,
o aemx=(425+6/11+10/1.12+15/1.13+20/1.1*+25/1.15+30/1.15/(1/11+1/1.1>+1/1.13
+1/1.1%+1/1.1°5+1/1.1°% = 26.09.
For the machinery C it applies:
o aemn=(57.6+4/11+7/11?+10/1.13+14/1.1*+19/1.1°/(1/1.1+1/1.12+1/1.13+1/1.1%+1
/1.1%) =253,
o amx=(576+5/1.1+9/112+12/1.13+18/1.14+22/1.15/(1/11+1/112+1/1.13+1/1.1%+
1/1.1% =27.58.
And for the machinery D it applies:
e aemn=(623+3/1.1+6/11?+9/1.13+12/1.1*+16/1.1°+23/1.1%/(1/1.1+1/1.1°+1/1.13+1
/1.1%+1/1.15+1/1.15 = 24.63,
o amx=(623+4/11+8/112+11/1.13+14/1.1*+20/1.15+31/1.1%)/(1/1.1+1/1.12+1/1.13+
1/1.1%+1/1.15+1/1.1%=27.62.
The resulting limits of AE, ON and EP are summarized in Table 3. They perform the data at the second- stage of
the model in Fig. 1. As we see, machinery B shows the best outcomes in terms of the economic criterion AE.
However, the criteria ON and EP rank it as the worst variant.

Table 3. Intervals of possible values of annual expenditure equivalent (AE) in thousands of EUR, machine operation noise (ON) and
environmental pollution (EP) of machinery A, B, C, D

Variant / Criterion AE ON EP

Machinery A (23.61, 27.14) | (20, 40) | (50, 70)
Machinery B (22.86, 26.09) | (60, 70) | (60, 80)
Machinery C (25.3,27.58) | (30, 50) | (40, 60)
Machinery D (24.63, 27.62) | (60, 70) | (50, 70)

Source: own processing
The problem is thus going to be resolved at the third stage of the model — in block K (see Fig. 1 on the right).

The block K is entered by the numerical vectors (ae, on, ep), ae (0, 50), on € (0, 100), ep € (0, 100) of the triple
of linguistic variables AE, ON and EP with terms L;, Mi and H;, i = ae, on, ep. Let us assume their fuzzification
tables are symmetric and, except for the indices, they are identical (i.e., for all i = ae, on, ep it applies: ai = 20, b; =
40, ¢i = 60, d; = 80).

From the block K the number v € (0, 100) of the linguistic variable SUI is derived with the terms L, M and H that
has a character of sustainable economic, social and environmental costs. The set of inference rules of the type
((Tae, Ton, Tep), 1), Tic{Li, M, Hi}, Te{L, M, H} has 3* elements formed by the strategy of the predominant
element. This strategy assigns to the given left side of the rule the very term T, which prevails on the left side. If
there is no such a prevailing term T, the term M is chosen.

By converting the coordinates of the numerical vector x; into a scale in the range 0 to 100 we get the recalculated
vectors (Ui, Uy, ugz), for which it applies: u; = 100 - ae / 50 = 2 - ae, u2 = on and us = ep. In the general case, to
obtain the outputs Vmin and Vmax, it would be necessary for all machineries to calculate the values of v to the eight
recalculated vectors of all combinations of the interval limits of uncertain values. In this case the combination
(U1min, Uz2min, Usmin) FOr Vmin N (U1max, Uzmax, Usmax) TOr Vimax IS fully sufficient.
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The flowchart of the fuzzy algorithm (see Fig. 4) leads to a system of equations of the class p = pv (Stated above
the Fig. 4) based on which the results are calculated. The results Vmin, Vmax Of the fuzzy procedure in the bock K
and arithmetic mean y as SUI index are summarized in Table 4.

Table 4. The results vmin, Vmax Of the fuzzy procedure in the block K and y of analysed machineries representing the SUI index

Machinery A:

4 Vmin: h(Ulmin) = h(47.22) = {Mae}, h(UZmin) = h(ZO) = {Lon}, h(USmin) = h(50) = {Mep}, H= {(@, Lon, %g)}, ML =
Mu =0, Mm = max {{min{l, 1, 1}} = 1, p = pvi, Vmin = 2000 / 40 = 50.

(] Vmax: h(Ulmax) = h(5428) = {%}, h(UZmax) = h(40) = {M}, h(USmax) = h(70) = {%p, mp}, H= {(Mae, Mon, Mep),
(Mae, Mon, Hep)}, ML = My = 0, Mm = max{{min{1, 1, 0.5}, {min{1, 1, 0,5}} = max{0.5, 0.5} = 0.5, pu = pvi,
Vmax = 1250 / 25 = 50.

e ya=(50+50)/2=50.

Machinery B:

(] Vmin: h(Ulmin) = h(45.72) = {Mae}, h(UZmin) = h(60) = {Mon}, h(USmin) = h(60) = {Mep}, H= {(Mae, Mon, Mep)}, ML
=Mhu =0, Mum = max{{min{l, 1, 1}} = 1, p = pvi1, Vmin = 2000 / 40 = 50.

(] Vmax: h(Ulmax) = h(52.18) = {Mae}, h(UZmax) = h(70) = {Mon, ﬂon}, h(USmax) = h(80) = {ﬂep}, H= {(Mae, Mon, ﬂep),
(Mae, Hon, Hep)}, ML = 0, Mm = max{{min{1, 0.5, 1}} = max{0.5} = 0.5, Mu = max{min{1, 0.5, 1}} =
max{0.5} = 0.5, 1 = pvi, Vmax = 2341.66 / 37.5 = 62.44.

e ys=(50+62.44)/2=56.22.

Machinery C:

(] Vmin: h(Ulmin) = h(50.6) = {Mae}, h(UZmin) = h(30) = {Lon, Mon}, h(U3min) = h(40) = {Mep}, H= {(Mae, Lon, Mep),
(Mae, Mon, Mep)}, ML=Mu=0,Mm= max{{min{l, 1, 1}} =1, u = pwvi, Vmin = 2000 /40 = 50.

(] Vmax: h(Ulmax) = h(55.16) = {Mae}, h(UZmax) = h(50) = {Mon}, h(U3ma><) = h(GO) = {Mep}, H= {(Mae, Mon, Mep)}, ML
=Mhu =0, Mum = max{{min{l, 1, 1}} = 1, u = pvi1, Vmax = 2000 / 40 = 50.

e yc=(50+50)/2=50.

Machinery D:

. Vmin: N(U1min) = h(49.26) = {Mae}, h(Uzmin) = h(60) = {Mon}, h(Usmin) = h(50) = {Mep}, H = {(Mae, Mon, Mep)}, ML
=Mhu =0, Mum = max{{min{l, 1, 1}} = 1, p = pvi1, Vmin = 2000 / 40 = 50.

(] Vmax: h(Ulmax) = h(55.24) = {Mae}, h(UZmax) = h(70) = {Mon, ﬂon}, h(USmax) = h(70) = {MepY ﬂep}, H= {(Mae, Mon,
Mep), (Mae, Hon, Hep)}, ML = 0, Mm = max{{min{1, 0.5, 0.5}} = max{0.5} = 0.5, Mu = max{min{1, 0.5, 0.5}} =
max{0.5} = 0.5, 1 = pvi, Vmax = 2341.66 / 37.5 = 62.44.

o ys=(50+62.44)/2=56.22.

Source: own processing
Since ya=Yc <Ys = Yo, machineries A and C should be preferred to B and D.
6. Discussion

We applied the three-stage fuzzy model that sophisticatedly projected the results of partial criteria AE, ON and EP
into the value y representing the here introduced “Sustainability Utility Index” (SUI). The alternatives were given
by four equally powerful building machineries differentiating in their lengths of economic life, expenditure and
cost characteristics, and the vague characteristics of traffic noise and environmental pollution.

Regarding the RQ1 “Does the fuzzy model of multi-criteria evaluation have the property to state a rational
decision from the point of view of stakeholders and principals of sustainability?” we state that the used version of
the fuzzy model is optimally set to solve multicriteria problems under conditions of uncertainty and different
characteristics of input variables. The result of the fuzzy process allows the stakeholders to take optimal decisions
in view of financial and sustainability criteria. Specifically in this study, SUI measured by y points to the optimal
choice from a set of considered alternatives, which is ya = yc < yg = yp. Machineries A and C should be
investment-preferred as their complex contribution to the cost minimalization and sustainability pursue is better.
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The specifics of the fuzzy method allow the users to consider and process inputs of diverse nature and thus enable
a wide application when deciding on the optimal choice and setting properties of machinery from the operational
point of view and on the industrial investment management strategy. The first aspect was confirmed by Luo et al.
(2020) when developing one-tail confidence-interval-based fuzzy testing method to evaluate quality characteristic
of machinery while considering statistical parameters of process management. From the strategic point of view
good results were achieved by Ghorabaee et al. (2018) who applied the hybrid approach based on the fuzzy
extension of Stepwise Weight Assessment Ratio Analysis and Criteria Importance Through Inter Criteria
Correlation methods for sustainability assessment of construction equipment. Ayag & Ozdemir (2006) understood
the need to support the sustainable development of the manufacturing industry with regards to various
uncertainties of waste components (Haskova et al. 2019). They proposed fuzzy comprehensive evaluation method
based on the process of analytical hierarchy of fuzzy extension.

Generally, we can state that the fuzzy methods differ in the degree of complexity of the computational process
and the volume of reflected data (Skare et al. 2023a,b). The first point is a consequence of different versions of
fuzzy approaches used, the second point is given by the characteristics of the problem and the scope.

Regarding RQ2 our presented inference fuzzy system most resembles the Mamdani’s inference system. The
difference between Mamdani's and our approach is that Mamdani’s rules are based on fuzzy implications (i.e.,
deductively invalid modus ponens judgments), while rules used by our approach are based on the “principle of
extension” (an n-dimensional case of image induction). Therefore, our system avoids several complications
associated with the semantics of fuzzy implications in various fuzzy logics, it is more “user friendly” from the
point of view of a manager and a user and it is easily algorithmized. Unlike Mamdani’s and other fuzzy systems,
whose behavior is derived from mathematical models of open-loop process control (Aksjonov et al., 2020;
Camacho et al., 2021), this fuzzy system mimics the processes ongoing when solving problems intuitively and
deductively in the human mind.

Conclusions

The sustainability measures (economic, environmental, and social) were treated within the multicriteria ex-ante
evaluation of alternatives of production systems in terms of uncertainty of input data. Sustainability criteria were
expressed by sustainable parameters of a vague nature.

The professional and scientific literature describes many methods that are used to solve multicriteria decision-
making problems under vague inputs and uncertain conditions. The fuzzy approach suits this type of tasks very
well. Compared to classical methods, its main advantage is that it approaches to human thinking and the way
people express themselves. Thus, it is possible to model the meaning of words and expressions using the theory
of fuzzy sets. As a result, fuzzy systems achieve more realistic outcomes than conventional systems.

The novelty of the paper is a construction of the three-stage model of the fuzzy assessment of a sustainable
production in terms of its cost indicators and vague sustainable characteristics. The third step of the model is a
computational algorithm the “fuzzy processor” the core of which is introduced in methodology. The fuzzy
technique was applied to the optimal solution of a building machinery selection based on the cost and vague
input parameters.

We see two-fold limits of the fuzzy system application: 1) on the general level the fuzzy systems lack the ability

to learn and memorize 2) determining or tuning a suitable membership function and fuzzy rules is not always
clear; an extensive testing often fails to say how many membership functions are needed.
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The strengths of our system are its intelligible and computationally undemanding procedure, which helps the
managers when solving problems with sharp and vague inputs considering the maximum uncertainty in the
occurrence of linguistic variables considered. This fuzzy application provides managers with a faster, more
accurate and more user-friendly method in comparison with methods based on analytical description. Thus, it
aims to optimize the manager's decision, who minimizes the investment and operation costs of the building
machine. The future challenge is to acquaint potential users with this computational tool. The aim of the paper
both on the theoretical and application level specified by two RQ was fulfilled.
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Abstract. This article is based on an extensive longitudinal quantitative and qualitative analysis of a wide sample of Czech companies
of various types and sizes. The focus is on the development of trends in employee motivation for education within Czech companies
(N=1114) in the years 2016 and 2021. The aim is to analyse changes in the application of individual motives in time and to examine in
detail their relationship to company size. Whereas the majority of current research into this topic examines the intrinsic motivation for
education directly among employees, this article deals with the extrinsic sphere and concentrates on motivation strategies from the point
of view of companies in the examined period and the effects of the Covid-19 pandemic. Three external motives for employee motivation
were examined in detail, namely career growth, financial remuneration, and the inclusion of education in regular evaluations. The
research results suggest that large companies pay greater attention to motivating their employees to participate in further education, and
that regardless of company size, companies prefer using non-financial means to do so, which is in line with current trends.
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1. Introduction

A qualified workforce is one of the most important factors of competition (Almotairi, et al., 2019). Mabey, et al.
(1998) consider permanent education to be one of the five key components of human resources management. If an
organisation is to develop in today’s highly competitive environment, it cannot do so without the continuous
training and development of its employees (Snieska et al., 2020; Urbancova, et al., 2021). Employee education is
a continuous process, which leads to the adaptation of and changes in the work behaviour, knowledge, skills
levels and motivation of employees by means of various strategies, styles and methods (Depesova, et al., 2015).
Employees can only be competent at their work if they have the skills that the particular organisation requires, for
which permanent education directly within companies is key. The European Commission (2018) states that
education in the workplace can make an important contribution to both the work and private lives of adults by
maintaining and updating their knowledge and skills. Corporate education is an effective way for employers to
update the skills of their employees, as well as motivate and retain them, thereby improving their competitiveness.
The results of research conducted by Bernsteiner et al. (2013) show that in recent years, the importance of further
education has grown for the majority of employees and that the management of competences is one of the ways in
which companies can motivate employees to participate in further education initiatives. Goldstein (1992), in
dealing with education among employees, emphasises the importance of motivation: “Before trainees can benefit
from any form of training, they must be ready to learn. That is, they must have the particular background and
experience necessary for being successful in the training programme and they must be motivated.” In current
research, the topic of further vocational education has primarily been explored from the point of view of intrinsic
motivation (Pasaribu et al., 2022; Bartlett, 2001; Tharenou, 2001) in relation to the personality characteristics of
an employee and their commitment to work (Bertolino, et al., 2011; Gavurova et al., 2022a).

One of the prerequisites for a business to succeed in a rapidly evolving world is the ability to respond to change.
This was confirmed during the Covid-19 pandemic, with companies having to react to situations and problems
they had never encountered before (Gavurova et al., 2022b). This also had a major impact on the field of human
resources management, with the pandemic revealing how difficult it is to motivate people from afar, without
personal, face-to-face contact, and not only in terms of their further education.

This notwithstanding, it is recognised that extrinsic motivation, in the form of company incentives, is also an
important factor in motivating employees to undertake further education. We therefore set out to examine this
issue in a sample set of Czech companies. The main focus being developments in various forms of motivation in
the field of corporate education and how these have been affected by the Covid-19 pandemic.

The aim was to determine how the importance of motivational factors for employees to participate in further
education have changed, and how this differs according to company size. For this purpose, the years 2016 and
2021 were selected, i.e. before and during the Covid-19 pandemic.

2. Theoretical background

The human capital of an organisation consists of the knowledge, skills and abilities the organisation can utilise to
achieve its goals (Ahmad, et al., 2019). The people with the knowledge, skills and abilities that an organisation
needs at a particular moment are not always available on the labour market. According to Balkova et al. (2022),
the increasing degree of automation, and the interconnection of the digital and real worlds, creates an environment
in which human creativity plays an essential role. Within this context, employee education is important. This can
be understood to be a continuous process, which leads to the adaptation of and changes in the work behaviour,
knowledge, skills levels and motivation of employees by means of various strategies, styles and methods
(Depesova, et al., 2015; Stefko et al.. 2017). Numerous studies deal with research that has been conducted into the
influence of employee education on company performance (Birdi et al., 2008; Collier, et al., 2011; Garavan,
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2012; Klju¢nikov et al., 2020). Rauch & Hatak (2016), in their meta-analysis of 56 studies focused on small and
medium-sized enterprises (SMEs), showed that procedures for strengthening the human resource within
companies correlated with improved company performance in all instances. Longitudinal analysis performed by
Roca-Puig, et al. (2019) confirmed a two-way relationship between investment in human resources and
profitability over time. It has been proven that employee education has an influence on company performance
even in the case of managers (Aragon & Valle, 2013; Caha, 2017). The importance of education for the
development of businesses was also confirmed by Moideenkutty, et al. (2011). Employees are holders of
knowledge and experience, with the success of an organisation depending wholly on this and their creativity,
attitude and performance (Belas et al., 2022, 2023). Hansen et al. (1999) argues that competitiveness is not only
influenced by the achieved knowledge of employees, but also by the fact whether and how this knowledge is
applied. Such knowledge also has to be shared within a company. Israillidis, et al. (2020) offer insight into what
can happen if a company fails to share knowledge internally or has inefficient mechanisms for doing so.

Rowden & Conine (2005) studied employee education and concluded that it is an efficient means of improving
employees’ satisfaction with their work. According to their findings, employees that successfully complete
training are also better able to satisfy the needs of their customers. In today’s business environment, the success of
a company depends to a significant extent on the competences and motivation of its employees. Maintaining the
motivation and involvement of employees in order to achieve the required business results is a difficult task.
According to Milic, et al. (2020), employee education is an important factor in the solution of this challenge.

Mahmoud et al. (2021) point out the differences between three generations of workers and the necessity to offer
employees motivators that each generation appreciates in order to create and support a multigenerational
workplace environment.

Research carried out by Deloitte (2018) showed that 48% of representatives of generation Z and 44% of
representatives of generation Y consider education and development a very important factor. In contrast, a study
by MetLife (2013), which dealt with generation X, makes no mention of education and development as being a
motivational factor for this generation. The findings suggested that only a third of the representatives of
generation X see insufficient development as a reason for dissatisfaction. Zientara (2009) states that older
employees are motivated by the desire to improve their financial situation and to remain active. Employee
education plays a positive role in the removal of work stereotypes among older employees and also increases their
productivity (Appelbaum, et al., 2016; Kuba & Milichovsky, 2019, Xu et al., 2020). Hitka, et al. (2018), through
their research into motivational factors in the Czech Republic, Slovakia and Lithuania, found that there are
differences linked to nationality, but not age. In Lithuania, unlike Slovakia and the Czech Republic, motivational
factors linked to personal development and career were considered the most important. Lizb&tinova, et al. (2017)
identify differences in employee motivation related to gender.

Competence management positively affects the relationship with the employer and can therefore improve the
motivation and the willingness of employees to perform. Training and other competence measures have an
influence not only on personal development, but also on motivation (Mirsky, et al., 2013). Employee education is
also linked to employability (Houben et al., 2019; Domaracka et al., 2020). By extension, the relationship with the
employer influences staff turnover. The conditions created for knowledge sharing, and the inner motivation and
confidence of employees are some of the factors that determine the level of staff turnover (Linhartova &
Urbancova, 2011).

Zhang & Chen (2017) illustrate the positive effects of motivation for learning on the efficacy of the learning itself
and the ability to innovate. Vanthournout, et al. (2014) examine the relationships between workplace
environment/atmosphere, motivation and attitudes to learning. The research showed that both workplace
environment/atmosphere and motivation directly influence the attitude to learning among employees. Tarabkova
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(2014) emphasises the importance of the approach of managers to corporate education and their ability to
motivate their subordinates. The better employees are informed about the educational goals, the more they are
involved and willing to transfer their knowledge in practice. Verswijvel, et al. (2016) deal with the relationship
between employee motivation to participate in formal educational activities, the character of their goals and their
learning.

The workplace environment is an important factor affecting the results of employee education. The term
workplace environment can include factors such as managerial support, opportunities to apply learnt skills,
support from colleagues, technical support, etc. (Colquitt, et al., 2000; Burke & Hutchins, 2008; Kontoghiorghes,
2001; Lim & Morris, 2006; Martin, 2010; Krajcik, 2022). According to Puhakka, et al. (2021), the greater the
attention paid to the learning environment within the workplace, the greater the satisfaction of an employee’s
basic psychological needs. An employee’s motivation or desire to change their behaviour is closely related to their
ability to gain and successfully transfer a target ability. Employees with a high self-efficacy level are usually more
motivated and achieve greater study success (Chiaburu & Marinova, 2005).

Diamantidis & Chatzoglou (2019) prove that workplace environment and management support have the strongest
impacts (direct and indirect) on work performance, with adaptability and inner motivation directly influencing
work performance. McLoughlin & Jennings (2018) remind us that when talking about employee motivation for
education, it is important not to forget that the quality of educational services is also an important motivating
factor.

At present, corporate education is going through a process of huge change in relation to the Covid-19 pandemic,
with the rapid introduction of new trends and digitalization (Ejdys & Koztowska, 2021; Skare & Riberio Soriano,
2022: Chen et al., 2022; Wang et al., 2022). For example, numerous companies are embracing the advantages of
online education. Gregorc (2015) points out that new forms of education and training are making it possible to
rationalise educational processes and motivate employees to get involved in self-study and pass on their
knowledge to others.

Increasing labour mobility requires the time- and place-independent transfer of knowledge. The quality of
corporate education reflects the implementation and use of new technologies in the education of adults. These
technologies make the learning process more intensive and active, and contribute to the quick achievement of
positive results (Decker et al., 2016; Vaganova, et al., 2020; Szostek et al., 2020). The approach to relevant
educational content in situations when employees need it leads to greater flexibility and motivation in employees.
Companies are aware of the necessity to introduce adequate learning methods to strengthen the motivation of
employees. Methods like learning through practice, computer simulation and virtual reality support the acquisition
of knowledge by employees and also improves their awareness of the opportunities to improve themselves
(Stadnicka et al., 2019). Companies can also apply distance education, which can deliver both time and cost
savings for employees and the employer (Ananchenkova & Ponomareva, 2016).

The application of new trends in education, like gamification, improves the motivation of employees.
Gamification can be utilised to support motivation and engagement in the workplace (Miri & Macke, 2021).

The education of employees traditionally focused on the provision of a huge quantity of information in a short
period of time. The use of modern methods, like microlearning, enables employees to learn in short time intervals
with just-in-time information, which is always accessible and within arms reach (Siminovich & Provost, 2020).

It has been proven that the utilisation of new methods contributes to increasing employee motivation for
education. However, even if this is true, it is necessary that the motivation and first impulse comes from company
management. The choice of suitable managers and human resources management also play an important role in
the motivation and drive for knowledge sharing (Caha & Urban, 2020; Matoskova, et al., 2013). Randall et al.
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(2021) emphasise the key role that organisations play in supporting the permanent education of their employees,
particularly in times of crisis. Companies can utilise numerous tools to motivate their employees to acquire and
extend their knowledge.

Research objectives, methodology and data

The aim was to determine how the importance of motivational factors for employees to participate in education

have changed in a particular time period, and how this differs according to company size (on the basis of the

number of employees). The analysis utilises the results of a repeated questionnaire survey conducted among

companies in the years 2016 and 2021. The questionnaire was sent to HR officers of companies based in the

Czech Republic (stratified random sampling).

The following research questions were formulated:

RQ1: What is the frequency of the selected extrinsic motives for employees to participate in further education
in Czech companies and how do these differ according to company size?

RQ2: To what extent has employee motivation for education changed in the Czech Republic between 2016
and 2021?

The sample set (N=1114) consisted of 607 companies in 2016 and 507 in 2021. The companies were divided into
four groups: micro companies (1-9 employees); small companies (10-49 employees); medium-sized companies
(50-249 employees); large companies (250 or more employees). The 2016 sample set consisted of 142 (23.4%)
micro companies, 180 (29.7%) small companies, 163 (26.9%) medium-sized companies and 122 (20.1%) large
companies. The 2021 sample set consisted of 130 (25.6%) micro companies, 139 (27.4%) small companies, 109
(21.5%) medium-sized companies and 129 (25.4%) large companies. The structure of the sample sets for both
years are presented in Table 1.

The statistical analysis was carried out using IBM SPSS 24 software. The following aspects of employee
motivation for education were used as the dependent variables: career growth, financial remuneration and
inclusion of education in regular evaluations. These factors were chosen on the basis of research carried out into
employee motivation (Bercu, 2015; Ferguson & Reio, 2010; Hitka & Balazova, 2015; Kakhovska et al., 2018; Ng
& Dastmalchian, 2011). The statistical processing was carried out by means of an independence analysis in
contingency tables. This was done according to company size and the difference between the data for 2016 and
2021 by means of a Chi-square test and Cramer's test for nominal dependent variables.

No. of companies 2016 No. of companies 2021
Company type
Micro company (1-9 employees) 142 130
Small company (10-49 employees) 180 139
Medium-sized company (50-249 employees) 163 109
Large company (250 or more employees) 122 129
Total 607 507

Table 1. The number of companies by size in the sample sets for 2016 and 2021
Source: authors

Results and discussion

Figure 1 shows the change (between 2016 and 2021) in the number of companies (by size) that utilise a
motivational system to encourage employees to undertake education. The connection between employee
education and the presence of a motivation system is the strongest in large companies (in 80% of large companies
in 2016 and in 76.7% of the companies in 2021), followed by medium-sized companies (65% in 2016 and 60.9%
in 2021, respectively). In contrast, this is lower, but stable, in small and micro companies.
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Large company 2016 [ 76,7%
Large company 2021 GG 80,0%
Medium company 2016 [ 60,9%
Medium company 2021 65,0%
Small company 2016 IS 43,9%
small company 2021 52,0%
Micro company 2016 I 45,0%
Micro company 2021 [ 52,9%
0,0% 20,0% 40,0% 60,0% 80,0% 100,0%
mno ©yes

Fig. 1. The numbers of companies utilising a motivation system to encourage employee education
Source: authors

The selected motivational factors that encourage employees to undertake education, namely career growth,
financial remuneration, and the inclusion of education in regular evaluations, were used as partial variables.

Career growth as motivational factor

The results for 2016 show that there is a difference in the utilisation of the motive of career growth to encourage
employees to participate in further education according to company size (y2 = 25.827; p < 0.001). Micro
companies reported that this applied to 23.2% of cases, small companies to 25.0% of cases, medium-sized
companies to 33.1% of cases, and large companies to 49.2% of cases. Cramer’s coefficient of association reached
the value of VV=0.250.

The difference to the previous sample set was confirmed in 2021 (y2 = 45.360; p < 0.001). Micro companies
reported that the motive of career growth to encourage employees to participate in further education applied in
19.2% of cases, with small companies reporting the same in 27.3% of cases, medium-sized companies in 31.2%
of cases, and large companies in 56.6% of cases. This upward trend was confirmed by Cramer’s coefficient of
association (V =0.299; p <0.001), which signalises a partial growth in the relationship between company size
and career growth as a motivational factor for participating in further education in the examined years.

A partial analysis of the survey results was undertaken of whether career growth, as a motivational factor for
participating in further education, changed between 2016 and 2021. Despite the fact that partial differences were
recorded in relation to company size, in particular the recorded growth thereof in large companies (from 49.2% in
2016 to 56.6% in 2021 — see Figure 2), the analysis, on the basis of the calculated Chi-square value, revealed no
statistically significant difference for any of the company categories (by size).
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Large company 2016 [ 49,2%
Large company 2021 [ 56,6%
Medium company 2016 [N 33,1%
Medium company 2021 [N 31,2%
Small company 2016 [N 25,0%
smallcompany 2021 [ 27,3%
Micro company 2016 I 23,2%
Micro company 2021 NN 19.2%
0,0% 20,0% 40,0% 60,0% 80,0% 100,0%

Eno [ yes

Fig. 2. The numbers of companies utilising the motive of career growth to support employee education.
Source: authors

Financial remuneration as motivational factor

Figure 3 shows the numbers of companies utilising the motive of financial remuneration to encourage employees
to participate in further education. The 2016 results revealed no significant difference according to company size
(x2 =1.726; p=0.631). Micro companies reported that the motive of financial remuneration to encourage
employees to participate in further education applied in 23.9% of cases, with small companies reporting that this
applied in 27.8% of the cases, medium-sized companies in 22.7% of cases, and large companies in 22.1% of
cases. The 2021 results revealed a difference according to company size (y2 =12.57; p <0.01). While micro
companies reported that the motive of financial remuneration to encourage employees to participate in further
education applied in 20.0% of cases, small companies reported that this applied in 12.2% of cases, medium-sized
companies in 23.9% of cases, and large companies in 29.5% of cases. The change between the examined years
was statistically significant (Chi-square = 11.427; p < 0.001) for small companies, where a drop from 27.8% to
12.2% was reported.
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Large company 2021 [ 29,5%
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Fig. 3. The numbers of companies utilising the motive of financial remuneration to support employee education.
Source: authors

Inclusion of education in regular evaluations as motivational factor

The 2016 results show significant differences in the utilisation of the motive of inclusion of education in regular
evaluations to encourage employees to participate in further education according to company size (y2 = 84.36;
p < 0.001). While micro companies reported that this applied in 16.9% of cases, small companies reported that
this applied in 18.3% of cases, medium-sized companies in 38.0% of cases, and large companies in 62.3% of
cases. Cramer’s coefficient of association reached the value of V=0.329 (p < 0.001).

Likewise, the 2021 results show a significant difference according to company size (y2 =42.80; p < 0.001).
Figure 4 shows the frequencies with which companies utilise the aforementioned motive to support employee
education. While micro companies reported that this applied in 11.5% of cases, small companies reported that this
applied in 20.1% of cases, medium-sized companies in 28.4% of cases, and large companies in 45.7% of cases.
Cramer’s coefficient of association slightly decreased in comparison to that for the previous data set (V =0.291;
p <0.001).

A statistically significant change (¥2=6.916; p<0.001) was registered between the two examined years for large
companies, with the value growing by 16.6%.
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Fig. 4. The numbers of companies utilising the motive of inclusion of education in regular evaluations to support employee education.
Source: authors

This article focuses on the development of trends in employee motivation in Czech companies in 2016 and 2021,
in particular with regards to the roles of career growth, financial remuneration, and the inclusion of education in
regular evaluations. The research includes a relatively large sample set of companies operating in the Czech
Republic (N=1114), which provides a balanced sample for partial comparisons on the basis of company
characteristics, in this case, company size. Kang (2007) found a close relationship between the perceivable
benefits resulting from education and motivation and actual participation in such activities. However, his primary
focus was on intrinsic motivation. In contrast, this study focuses on extrinsic motivation, i.e. the external
incentives of companies. The companies reported that the main motivational factors for employees to participate
in further education were career growth and the inclusion of education in regular evaluations. Of the three
motivational factors analysed, financial remuneration was referred to the least, with the frequency thereof
significantly differing according to company size, and significantly changing over time. The latter is evidenced by
the significant drop in interest in financial remuneration as a motivational factor reported by small companies and
the growth thereof noted by large companies.

The motivational factor career growth also significantly differed according to company size, and in both the
examined years, with the associated trend even growing in 2021 (V=0.30) compared to 2016 (V=0.25). Despite
the fact that the data show that the importance of career growth as a motivational factor grew in large companies
between the examined years, a statistically significant change over time was not proven for any of the company
size categories. Kakhovska, et al. (2018) characterise career growth as an important motivational factor, one that
enables a balance to be achieved between the interests of the company and those of the employee. Major, et al.
(2006) identified this trend early on, when further education was just starting to become an important part of an
employee’s need for career growth. It is precisely in this motive that the highest interconnection exists between
the extrinsic motivation of a company and the intrinsic motivation of an employee, whereby the company cultures
of large companies enable the development of this individual motivation and the manifestation thereof, and in
small companies, where career growth is limited and not wholly supported, signs of demotivation can appear.

The increase in 2021, in the identification of career growth in large companies as a motivational factor for
employees to participate in further education is remarkable. Son & Kim (2019) corroborate this by confirming the
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importance of the manager as a model for career development. Ellstrom & Ellstrom (2018) claim there is a strong
need for training and development of first-line managers in order to improve their knowledge and skills in
leadership and workplace organisation. Bhaskar, et al. (2021) state that continuous education has a positive
impact on employee career growth and development.

The research at the heart of this article shows how motivational factors have changed over time. In 2021, financial
remuneration as a means of supporting employee education proved to be statistically significant in small
companies.

In 2021, the number of large companies that included education in regular evaluations fell. This is unfortunate and
may take its toll in the future. As Depesova, et al. (2015) state, evaluation of the efficacy of employee education is
an important part of the process of learning in professional practice.

We can assume that the situation around the Covid-19 global pandemic will have had an effect in companies and
on employees with regards to the motivation to participate in further education (Liu et al., 2021; Al-Omoush et
al., 2022). Riddell, et al. (2009), on the basis of the results of their research during crises, suggest that companies
approach lifelong education with a certain degree of scepticism, and that at the end of the day they prioritise
profitability over the individual development of employees, a philosophy that might reasonably be expected to
apply to the time of the Covid-19 pandemic. On the contrary, Randall, et al. (2021) emphasises the key role that
an organisation plays in the support of the permanent education of their employees, specifically in times of crises.
Rapid organisational changes related to the pandemic and the switch to home office have brought new
requirements, which have been reflected in employee education. The results of the study by Gotab & Bedzik
(2018) indicate that there is a relationship between certain dimensions of well-being at work and motivation to
undertake additional learning activities. Hordkova & Marsikova (2021), in their probe into small and medium-
sized Czech companies, identify support for knowledge management and knowledge sharing, although
differences exist between the level of support for individual activities and the structure thereof. The requirement
to acquire new skills as part of social-labour changes may have become more evident as a result of the transition
from external motivation to the need for education as a part of changes in the workplace environment. As no
suitable comparative data are available for the presented results, it is not possible to compare the results of this
research. This research is designed to be the first part into this area. Further research is expected to focus on the
V4 countries.

3. Conclusions

The article deals with the extrinsic motivation of employees to participate in further education and trends within
Czech companies between 2016 and 2021. It examines the relationships between individual motives for
employees to participate in further education, namely career growth, financial remuneration, and the inclusion of
education in regular evaluations, and company size. The inclusion of education in regular evaluations as a
motivational factor differed according to company size, with large companies reporting the highest values, but
with the association slightly decreasing between the examined years (from V=0.329 in 2016 to V=0.291 in 2021).
The differences between the two years proved to be statistically significant in large companies, where the value
decreased from 62.3% to 45.2% of companies that include education in regular evaluations.

A relationship to company size was also found for career growth as a motivational factor to participate in further
education. The highest growth was recorded in large companies (from 49.4% in 2016 to 56.6% in 2021).
However, only insignificant differences occurred over time.

The least important motivational factor was financial remuneration. In 2015, the frequency did not differ
according to company size. The statistically significant difference found in 2021 was linked to a strong drop
within small companies from 27.8% to 12.2%.
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The research results suggest that large companies pay greater attention to motivating their employees to
participate in further education than companies in other size categories. Furthermore, it follows from the results
that regardless of size, companies prefer to utilise non-financial means to motivate their employees to participate
in further education, which is in line with current trends. Based on the research results, the managements of
micro, small, and medium-sized companies are recommended to focus more on motivating employees to
participate in further education. This recommendation is in line with numerous studies on this issue, according to
which, employees are looking for employers who support their professional as well as personal development and
appreciate them. Employee motivation for education therefore generates a competitive advantage for a company
in all areas of its activities.
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Abstract. The main objective of the article was to find out what the situation is with Fairtrade products on the Czech and Slovak markets in
relation to consumed primary raw materials and their Fairtrade epremium, and also the supply of these products in retail chains operating in
the Czech Republic (including products that are marked with their private labels). To meet the first part of the objective, secondary data taken
from the Fairtrade Czech Republic and Slovakia annual reports involving the 2017 — 2021 period were used. These reports showed that the
consumption of cocoa beans and coffee beans in the production of Fairtrade products was on an upward trend in the years under review. The
opposite was true for cane sugar, which was also reflected in the evolution of the Fairtrade premium for this commodity. To meet the second
part of the objective, a qualitative mystery shopping method was used. On the basis of this method it was found that Kaufland has the highest
number of Fairtrade products among the retail chains operating in the Czech Republic, followed by Penny, while Albert supplies only one
product. Another important fact was that most of the Fairtrade products provided by the retail units surveyed were sold under their private
labels and yet not from well-known manufacturers. It is the increase in the number of Fairtrade products offered under private labels, based
on negotiations with the producers of these products, which would ultimately lead to an increase in Fair trade premiums for growers'
cooperatives.

Keywords: fairtrade products; primary raw materials; retail chains; private labels; Fairtrade in the Czech Republic and Slovakia

Reference to this paper should be made as follows: Srbova, A., Sagapova, N. 2023. Fairtrade products in retail chains: Case study in the
Czech Republik. Entrepreneurship and Sustainability Issues, 10(4), 105-117. http://doi.org/10.9770/jesi.2023.10.4(7)

JEL Classifications: L81, M31

1. Introduction

Fair trade is considered to be one of the concepts that promote sustainable development and social change through
ethical consumption based on support of the producers in developing countries, and thus improving their livelihoods
(Ribeiro-Duthie et al., 2021). Sustainable development as a concept focuses not only at the social, economic, and
environmental aspects, but applies the ethical principle as well (Cech, 2019; Belas et al., 2022a,b). Fair trade
represents an alternative market system which tries to correct the historically unfair (and unethical) trade conditions

* This research was funded by the Institute of Technology and Business in Ceské Budéjovice, grant number IVSUPS2305.
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between geopolitical global North and South (Jaffee et al., 2004) to ensure good working conditions and just
incomes for the producers and workers at the tail of the value chain (Ruiz, 2022). In this regard, fair trade provides
better payments to the producers than global free trade (Wang and Chen, 2019). The system is based on consumers
who are willing to pay higher prices for imported goods from developing countries (Witkowski, 2005) produced in
line with sustainable development goals (D"Souza et al., 2020) to support the social, economic and environmental
development and decent living for the producers (Witkowshi, 2005). The growth of fair trade and its visibility and
recognition can be directly connected to Fairtrade organization, its label and its marketing activities (Wright and
Heaton, 2006). Nowadays, Fairtrade is a well-known organization with a well-established label (Durevall, 2020).
Fairtrade uses several specific mechanisms to improve the livelihoods of producers in developing countries, such
as price floor, Fairtrade premium, access to credits and their stability, institutional structure, but also safe working
conditions and environmental protection (Dragusanu et al., 2014). Fairtrade certification may increase job
satifisfaction by all the benefits related to the system, including both the extrinsic and intrinsic rewards for workers
and empowering them (Krumbiegel et al., 2018). The certification is gaining momentum as it is becoming important
for many crops produced in developing world, and as it significantly increases aggregate living standards of the
households participating in the Fairtrade system (KnoBlsdorfer et al., 2021). The certification body of the Fairtrade
is Flocert (Balzarova et al., 2022), which works as an independent organization conducting certification audits
(Abbott, et al., 2017). The controlling task is very relevant nowadays, when a lot of companies tend to report their
corporate social responsibility, which has generally a positive effect on corporate value of enterprises, yet the
practices cannot be proven, and thus lack credibility (Habek et al., 2019; Xu et al., 2020). Nowadays, the Fairtrade
certified products can be found on shelves of the most famous retailers in many countries of the developed world
(Ruggeri et al., 2021). In this study, the authors shall examine retailing of Fairtrade products and its recent
development in the Czech and Slovak Republic, both in terms of the commaodities as well as the supply of Fairtrade
products displayed on shelves of established retail chains operating in the Czech Republic, where an in-store
analysis was conducted.

2. Theoretical background

While the retail sales of Fairtrade products increased in most countries, it is Europe that is recognized as the largest
market for Fairtrade certified products. The old continent represents almost 80% of retail sales in the global market
(Lernoud and Willer, 2018). Large multinational companies, including retailers, are often blamed for taking
financial and competitive advantages of this system. On the one hand, retailers need to respond to the trend to meet
the demand for Fairtrade products (Hellwig et al., 2020). On the other hand, the introduction of the products on
supermarket shelves affects the demand and interest in them. Some retailers have even developed own product lines
(Nicholls, 2002; Olearova et al., 2022). However, for a successful inclusion to the shelves, retailers need to
differentiate the features of Fairtrade goods from the conventional ones (Bhavsar et al., 2021). The ethical dimension
of such differentiation reduces the pressure on the price competitiveness of even homogeneous products, and the
higher retail prices caused by the higher incomes for producers in developing world are generally classified as
having a higher value (Kuzmenko et al. 2023; Gavurova et al. 2022). The higher price and value perceived by
consumers is also connected with a feeling of buying a kind of a premium product (Baake et al., 2018). Interestingly,
the willingness to pay for such products partly depends on the retailer’s perceived level of respect towards the
producer rights and the trust in the retailer’s social responsibility (Hellwig et al., 2020). Such social responsibility
as well as the reatiler’s positive reputation are important factors in attracting consumers (Wang et al, 2022; Pan et
al., 2022; Qin et al., 2022; Martiskova et al., 2022). Therefore, socially responsible retailers need to be transparent
to their customers and build positive relationships with society (Zeng et al., 2021; Streimikiene et al., 2021; Deliana
& Rum, 2017). In the case of Fairtrade products, one part of the trust to buy these products is the trust in the Fairtrade
itself, which is then followed by the trust in the retailer. Based on a survey among ltalian customers of retail chains,
it was found that retailers with a good social reputation gain more trust when selling Fairtrade products, even under
their own private labels (Castaldo et al., 2009). Furthermore, there are two important milestones for retailers in
terms of Fairtrade products introduction. The first one is to convert existing brands to Fairtrade, the second one is
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to convert own label products to Fairtrade. It is claimed that the reason for doing so is not only the previously
mentioned pressure on the demand side presented by the ethically consicous consumers, but also the competitors’
behaviour. Once the competitors start to introduce Fairtrade products, the others, including supermarkets, have to
behave likewise if they want to stay competitive on the market. Moreover, based on evidence from the industry
reports, the introduction of Fairtrade products into supermarkets attracts more people than just the ones ethically-
driven to make the purchase (YYamoah, 2019).

In addition, market growth can be directly linked to the shift from fair trade goods starting as a niche market to the
boost related to the Fairtrade labelling and finally the mainstreaming of the products in supermarkets. The drastic
change is connected with the year 2005 when WalMart, Nestlé and Tesco were granted the Fairtrade license on
some of their products. This led to a higher extent of introducing Fairtrade products by other retailers, including
Carrefour or Ahold Group, with some of them doing so under their own labels (Doherty et al., 2013). In the UK,
many retailers demonstrated their position towards Fairtrade by various claims, such as “leading retailer of
Fairtrade”, “first supermarket to sell Fairtrade” etc. Surprisingly, the first retailer operating supermarkets in the UK
that converted its entire label product category to Fairtrade was Co-op. It did so with all own brand chocolates in
2002, and all own brand coffee in 2004 (Smith, 2010). The collaboration with retailers, especially the supermarket
chains, is thus an important strategy to increase the availability of Fairtrade products in the market (Nylund et al.,
2021). In the Czech Republic, there are several strong players in retail. In the sector of supermarket (and
hypermarket) chains, the TOP 7 retailers in terms of salesinclude Lidl, Kaufland, Albert CR, Penny Market, Tesco
Stores, Billa, and Coop Group (Divinova, 2022). Lidl is the leading discount chain in the Czech market recognized
for its efforts in corporate economic, social and environmental responsibility, including the support of producers
from developing countries through the Fairtrade system. Kaufland is the hypermarket retail chain that is also
concerned with social responsibility. Kaufland offers Fairtrade products, including products under own private
brand bearing the label of Fairtrade Cocoa Program (Salamoun, 2020). As for the Fairtrade coffee, the widest range
can be found in Lidl, Kaufland and Globus. As for the Fairtrade chocolate, the widest selection of products is
provided by Lidl, but Tesco offers such chocolate as well. In Albert, customers can find Fairtrade flowers
(Wocadlova, 2021). Apart from the previously mentioned information, there is an overall lack of scholar attention
regarding the Fairtrade in the Czech retail sector. By presenting this study, the authors strive to fulfil this knowledge

gap.
3. Research objective and methodology

The main objective of the article is to find out what the situation is with Fairtrade products on the Czech and Slovak
markets, in relation to the primary raw commodities consumed and their Fairtrade premium, as well as the supply
of these products in retail chains operating in the Czech Republic (including products which are marked with their
private labels).
In the context of the above objective, the following research questions were established:
1. Was there an increasing trend in the consumption of primary raw materials related to Fairtrade production
in the Czech Republic and Slovakia between the years 2017 and 20217
2. How did the Fairtrade premium for primary raw materials in the Czech Republic and Slovakia develop in
the 2017 — 2021 period?
3. Do retail chains operating in the Czech Republic sell mainly Fairtrade products from producers rather than

Fairtrade products labelled with their private labels?

To answer the first and second research questions, secondary data contained in the annual reports of the Fairtrade
Agency Czech Republic and Slovakia from the 2017 — 2021 period were used. Specifically, they were related to the
quantity of primary raw materials used to produce Fairtrade products for the Czech and Slovak markets in each
year.
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Based on the above stated, the first step made by the authors was to identify which types of primary raw materials
were repeatedly used in Fairtrade production in each year under review, and then to compare quantities of these raw
materials with each other for individual years. In addition, the Fairtrade premiums for the primary raw materials
selected were also compared. It should be noted that the Fairtrade premium is one that the Fairtrade producer
cooperatives received on each of the primary raw materials examined through sales of Fairtrade products on the
Czech and Slovak markets (Fairtrade Czech Republic and Slovakia, 2019a).

To answer the third research question, primary data obtained through a qualitative data collection method, namely
mystery shopping, were used. The essence of mystery shopping was to find out which products made from primary
raw materials listed in the annual reports of Fairtrade Czech Republic and Slovakia in 2017-2021 are part of the
commercial assortment of selected retail units of major retail chains operating in the Czech Republic. Mystery
shopping was scheduled for mid-January 2023 and took place in 8 retail units of major retail chains operating in the
South Bohemia Region. The authors assumed that the supply of Fairtrade products is the same in relation to all
retail units of a given type - supermarkets and hypermarkets - of the selected retail chains nationwide. The research
itself also focused on products bearing the private labels of the retail chains surveyed, which were identified on the
websites of the retail chains prior to the research.

Retail units of the following retail chains were included in the research: Globus, Lidl, Kaufland, Penny, Billa, Terno,
Albert and Tesco.

4. Resulst and discussion

As regards the research purposes and to answer the first research question, Fairtrade Czech Republic and Slovakia's
annual reports involving the 2017 — 2021 period showed that cocoa beans, coffee beans and cane sugar are the
primary raw materials from which Fairtrade products are produced, recurring in each of the years under review
(Fairtrade Czech Republic and Slovakia, 2019a; Fairtrade Czech Republic and Slovakia, 2019b; Fairtrade Czech
Republic and Slovakia, 2020; Fairtrade Czech Republic and Slovakia, 2021; Fairtrade Czech Republic and Slovakia,
2022). These findings are in line with the globally most traded Fairtrade products mentioned above, as well as
bananas (Ruggeri and Corsi, 2021).

Subsequently, the consumption of these raw materials was compared as follows (see Figure 1).
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Figure 1. Development of the consumption of primary raw materials in Fairtrade production in the Czech Republic and Slovakia in
2017-2021
Source: Fairtrade the Czech Republic and Slovakia, 2019a; Fairtrade the Czech Republic and Slovakia, 2019b; Fairtrade the Czech
Republic and Slovakia, 2020; Fairtrade the Czech Republic and Slovakia, 2021; Fairtrade the Czech Republic and Slovakia, 2022

Figure 1 shows that the aforementioned consumption increased year on year for coffee beans and cocoa beans. The
opposite is true for cane sugar. To illustrate this more clearly, Figure 2 below shows that the trend in the
consumption of cane sugar in Fairtrade production was flat in the first two years and then increased by more than
60% in the third year compared to the second year. In contrast, there is a decrease in 2020 of about 35% compared
to the previous year, and in 2021, there is an increase in consumption of once as much compared to 2020. In
comparison to the global Fairtrade sales volumes by products between the years 2018 and 2020, only the coffee
sales were increasing each year, while both cocoa and cane sugar sales were decreasing each year. As for cane
sugar, the decrease is more significant than in case of cocoa (Fairtrade International, 2022a).

233 060

/ 1 SK /
111725 —111524 115598

2017 2018 2019 2020 2021
Year

Kilograms

Figure 2. Development of cane sugar consumption in Fairtrade production in the Czech Republic and Slovakia in 2017-2021

Source: Fairtrade the Czech Republic and Slovakia, 2019a; Fairtrade the Czech Republic and Slovakia, 2019b; Fairtrade the Czech
Republic and Slovakia, 2020; Fairtrade the Czech Republic and Slovakia, 2021; Fairtrade the Czech Republic and Slovakia, 2022

On the basis of the above, the first research question can be answered as follows: Only the consumption of cocoa
beans and coffee beans in Fairtrade production in the Czech Republic and Slovakia in 2017-2021 recorded an
increasing trend, while cane sugar did not.
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In relation to answering the second research question, information taken from Fairtrade Czech Republic and
Slovakia's annual reports for the 2017 — 2021 period (Fairtrade Czech Republic and Slovakia, 2019a; Fairtrade
Czech Republic and Slovakia, 2019b; Fairtrade Czech Republic and Slovakia, 2020; Fairtrade Czech Republic and
Slovakia, 2021; Fairtrade Czech Republic and Slovakia, 2022) was again used.

As mentioned above, the primary raw materials, from which Fairtrade products are produced and which recur in
each of the years under review, are cocoa beans, coffee beans and cane sugar. It is for these raw materials that the
Fairtrade premium was monitored.

Furthermore, Figure 3 below indicates that in 2017-2021, the Fairtrade premium for cocoa beans was not always
higher than for coffee beans. The difference can be seen in 2018 (less than 5%).
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Figure 3. Development of the Fairtrade premium for primary raw materials in the Czech Republic and Slovakia in 2017-2021

Source: Fairtrade the Czech Republic and Slovakia, 2019a; Fairtrade the Czech Republic and Slovakia, 2019b; Fairtrade the Czech
Republic and Slovakia, 2020; Fairtrade the Czech Republic and Slovakia, 2021; Fairtrade the Czech Republic and Slovakia, 2022

Next, Figure 4 below shows that the Fairtrade premium development for cane sugar did not always follow an upward

trend, as would be expected after answering the first research question where there is a link between consumption
and the Fairtrade premium.
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Figure 4. Development of the Fairtrade premium for cane sugar in the Czech Republic and Slovakia in 2017-2021

Source: Fairtrade the Czech Republic and Slovakia, 2019a; Fairtrade the Czech Republic and Slovakia, 2019b; Fairtrade the Czech
Republic and Slovakia, 2020; Fairtrade the Czech Republic and Slovakia, 2021; Fairtrade the Czech Republic and Slovakia, 2022

Regarding the second research question, the total Fairtrade premium for cocoa beans was not always higher than
for coffee beans, and the Fairtrade premium for cane sugar was not always on an upward trend between 2017 and
2021 in the Czech Republic and Slovakia. The globally most important Fairtrade premium products based on
certified volume are coffee, bananas and cocoa (Loconto et al., 2019). The Fairtrade premium is set as a percentage
of the commercial price, or as a total price per unit depending on a particular product, its specific type, and
sometimes also the agricultural method (conventional or organic), or place of origin. For example, the premium for
conventionally produced raw sugar or direct consumption is 60 USD/MT, while the premium for organic raw
centrifugal cane sugar for direct consumption is 80 USD/MT, whereas the by-products of cane sugar in both
agricultural methods make up 15% of the market price. The Fairtrade premium for cocoa beans, both conventional
and organic, is 240 USD/MT. For coffee, the premium is 0.2 USD/pound regardless of the agricultural method. The
minimum price is set differently for various Fairtrade products. It can be a fixed amount, or the commercial price
(implying there is no Fairtrade minimum), as well as a plus minimum organic differential for some organic products
(Fairtrade International, 2022b). The minimum gives the producers the ability to rely on the prices and also plan
ahead, while the premium is intended for various socio-economic projects and payments, which gives them the
opportunity to develop the livelihoods in the community, and also justifies the higher prices of Fairtrade goods
(Krumbiegel et al., 2018).

When considering the third research question, results from mystery shopping were used. It is important to note that
the primary raw materials and products examined were those that appeared in all Fairtrade Czech Republic and
Slovakia annual reports from the 2017 — 2021 period:

- coffee beans (coffee),

- cocoa beans (instant drinks, chocolates, biscuits, muesli, chocolate baking ingredients),

- fruit in the form of juices,

- bananas,

- cut flowers,

- cane sugar,

- tea leaves (teas).

In addition, cotton (being the primary raw material as well) was not monitored in this research due to the fact that
products made from this raw material are mainly sold in specialty clothing stores rather than in the selected retail
units surveyed.

Table 1 comprises a summary of products with the Fairtrade label on their packaging that were displayed in the
retail units surveyed.
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In order to provide greater clarity, Fairtrade products produced under each retailer's private label are shown in italics
in Table 1. The numbers put in brackets indicate the number of types of these products. As can be seen from Table
1, Kaufland supplies the highest number of Fairtrade products, followed by Penny, while Albert sells only one
product, namely coffee beans.

The most common products included cocoa bean products, mainly chocolate and biscuits, with muesli also being
displayed.

On the other hand, the following products were completely absent in the retail chains surveyed: fruit in the form of
juices and tea leaves (teas). In the case of bananas, they were only stocked in Kaufland, while cane suger was
offered only by Tesco. In both Kaufland and Lidl consumers could buy cut flowers. In addition, the Fairtrade logo
was displayed on designated shelves in Lidl for quicker customer orientation for Fairtrade products.

Another important fact is that most of the Fairtrade products provided by the five retail units surveyed are sold
under their private labels. These are Globus, Lidl, Kaufland, Penny and Billa. Two of the four retail chains
mentioned offer Fairtrade products under three of their private labels, namely Penny (Penny, Crip Crop, My BIO)
and Billa (Billa, Billa Premium and Billa Genusswelt), two have Fairtrade products under two private labels in their
portfolio, namely Lidl (J.D. Gross and Tastino) and Kaufland (K-Classic and K-Favourites), while Globus supplies
one product under one of its private labels. It would also be worth noting that, for example, the retail unit of the
retail chain Tesco sold products under its private label with the Rainforest Alliance label, a social standard to ensure
that farms protect the health and well-being of workers and surrounding communities (Rainforest Alliance, 2023).

Table 1. Overview and numbers of Fairtrade labelled products sold in the retail units surveyed

Globus Lidl Kaufland Penny Billa Terno Albert Tesco
Coffee beans Tchibo - Tchibo-beans Tchibo-beans | Tchibo-beans | Tchibo- | Tchibo-
(coffee) Beans (2) 2 Q) (3) (small beans beans
(small and Capsules (1) and large ?3) (2)
large pack) pack)
Capsules (1)
Globus
Coffee beans
)
Instant Manner K-Classic Choco’la
drinks Cocoa drink Choco drink Chocodrink
1) €] 1)
Halloren J. D. Gross K-Classic Choco’la Billa Premium | Maitre
Chocolates | Bonbonniere | Chocolates Chocolate Bonbonnieres | Bonbonnieres | Truffout
(1) (2) spread (2) (5) (1) Bonbonnieres
Bonbonnieres | Chocolate (7) | Chocolate 4)
2) Bonbons (1) Billa
o K-Favourites | Chocolate (6) | Bonbonnieres
3 Chocolate (6) ()
© Bonbonnieres | Manner
8 @) Chocobonbons | Billa
) 1) Genusswelt
Bonbonnieres
Penny )
Chocolates (2)
Manner
Chocobonbons
1)
Cookies Manner cuts | Tastino K-Classic Penny (6) Manner cuts Manner cuts Manner
(3) My BIO (1) (4) (4) cuts (4)
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Gingerbreads | Rice cakes

Kinkratz ) @) Billa (4)
Gingerbread Various types

) of cookies (8)

LambertZ

Gingerbreads

)

Miisli K-Classic (2) | Crip Crop (6)
K-Favourites
@)
Chocolate K-Classic
baking 3)
ingredients
Fruit in the form
of juices
Bananas With BIO
Cut flowers Roses Bouquet of
Roses
Cane sugar Agrana
Sugar
(59)

Tea leaves (tea)

Source: own processing

Moreover, mystery shopping also revealed that Fairtrade products from manufacturers (Tchibo, Halloren, Kinkratz,
LambertZ, Manner, Choco’la, Maitre Truffout, Agrana) were less represented in the retail units studied.

Based on the above, it is possible to answer the third research question as follows: Retail chains operating in the
Czech Republic mainly sell Fairtrade products labelled with their own private labels.

Conclusions

The purpose of Fairtrade is to provide growers, workers and artisans from the Global South (countries in Africa,
Asia and Latin America) with the opportunity to earn a living from their own labour under decent conditions
(Fairtrade Czech Republic and Slovakia, 2023). This is also related to the Fairtrade premium mentioned above and
a view of how stakeholders from the Global South could receive more funding from the consumption of primary
raw materials used for Fairtrade production.

The results of the mystery shopping research showed that retail chains operating in the Czech Republic mainly sell
Fairtrade products labelled with their own private labels. A suggestion to increase the consumption of primary raw
materials could be a negotiation between retail chains and companies that produce Fairtrade products for these retail
chains to use primary raw materials from Fairtrade producers for a greater variety of products.

These Fairtrade products would then be distributed to the retail units of these retail chains, which would also tailor
their marketing communications. This would include, for example, sales promotion in the form of tastings,
consumer competitions, sampling, point of sales and, above all, merchandising on the sales floor. Appropriate
advertising should also be an essential part of this. These marketing communication tools should lead to an increase
in the purchase of Fairtrade products, which would in turn lead to an increase in the purchase of primary raw
materials for the production of these products. Ultimately, this would lead to an increase in the Fairtrade premium.
The above research did not compare the prices of either Fairtrade or non-Fairtrade products, so further research
could focus on comparing the prices of Fairtrade products sold under the private labels of retail chains with the
prices of Fairtrade products of manufacturers, as well as the prices of products that do not carry the Fairtrade label.
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Abstract. The paper is aimed at the innovation process in the context of the business portfolio of micro-enterprises. This type of companies
is typical of and prevalent in the southern region of the Czech Republic, and the presented conclusions have general validity. A newly
developed method of assessing the innovative technological potential of enterprises called "Business technology assessment system"
(BTAS), with the contribution of "Criteria analysis of systems". The research answers the question, what economic efficiency can
innovations in the production process bring to SMEs dealing with custom manufacturing in the engineering sector. Technological
backwardness including corporate infrastructure was proven. Companies compensate for this shortcoming by an increased focus on
satisfying customer needs and a high degree of flexibility and innovation in production. From the point of view of production processes,
there is a high degree of interconnectedness between individual operations and sub-processes. The business portfolio of most of these
companies is disproportionately broad, and this is reflected in the negative findings in terms of the disproportionate number of methods and
technologies that these companies possess, but do not fully utilize. Such behaviour of the companies can be explained by the absence of
active creation and updating of business strategy. The economic evaluation of the innovative process (BTAS) proved that the very
implementation of innovations did not lead to a major increase in the profit margin. The situation was different when evaluating the
benefits of the digitization process, which brought an increase in sales and corporate margins. A completely new finding has been
demonstrated, i.e., if a company has unused equipment which brings opportunity costs as well, it is possible to create space for innovation
by removing it, and at the same time the sale of equipment can be a significant financial contributor to innovation.
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1. Introduction

Companies are constantly interacting with the environment in which they operate. They are exposed to stimuli
that require their immediate reactions. One way to respond to these stimuli is innovation. The area in which
companies can improve is specific to each business with respect to its size, focus and capacity capabilities. It is
possible to improve products (products, services), processes (e.g. production process by changing production
technology), logistics (material flow) or areas in the organization and management of the company (choice of
strategy, change of organizational structure, choice of information tool such as internal software - flow of
information, soft skills of managers, etc.). Although nowadays companies are allowed to offer a range of
accompanying services, the most important things for customers in the engineering industry still remain quality,
price and time of implementation. This triple imperative creates constant competitive pressure and represents an
opportunity for better prepared competitors. Growing competition forces companies to constantly innovate and
thus respond to dynamic changes taking place especially in the external business environment. Some companies
face this pressure without problems, others, less financially strong and competitive ones, may succumb to this
increasing pressure. For companies to be competitive and achieve exceptional performance, it is essential to have
a "good" strategy and a tailored value chain. The issue of the innovation potential of small and medium-sized
engineering enterprises (SMEs) will be dealt with, with a focus on the production process, its innovation, and in
connection with the business portfolio of these companies. In order to achieve the set goal, research questions
were formulated. They aim to determine the economic efficiency associated with the innovation of the production
process and to find what economic benefit is generated from the introduction of digitization into the production
process. Following the research questions, the study captures a view of the business environment and aspects
related to the innovations of both the production process and the business portfolio through the prism of the
company. Therefore, the aim of the paper will be to identify and evaluate the innovation potential of small and
medium-sized engineering enterprises with a focus on the production process with regard to their business
portfolio. Based on the aim of this study, the following research questions were formulated:

RQ1: What economic efficiency can innovations in the production process bring to SMEs dealing with custom
manufacturing in the engineering sector.

RQ2: What economic benefit does the introduction of digitization into the production process generate in SMEs
dealing with custom manufacturing in the engineering sector.

2. Theoretical background

With the beginning of the 21st century, issues of efficiency, stability and growth are coming to the fore in the
corporate sphere, including SMEs. There are a lot of financial techniques and indicators that address this issue in
this setting (Horak et al., 2020). Growing supply is a key element of today's market, which implies that supply
frequently surpasses demand in many areas. As a result, firms confront intense competition in their daily
operations (Kollmann and Dobrovi¢, 2022; Soltes & Gavurova, 2015). This trend is reflected in the works of both
domestic and foreign authors (Heekyung, 2015; Civelek et. al. 2020; Krajcik, 2021). One of the main tools to
fulfil the above-mentioned goals is to ensure permanent and effective innovation of business processes (Krugman,
Obstfeld and Melitz, 2015; Heekyung, 2015). In general, the innovation process can be anchored in the business
environment in two levels. The first can be characterized as an operation-process area, the second is a
management and organizational area. Despite extensive research on innovation performance relationships,
previous studies have focused mainly on technological innovation, leaving the effects of organizational
innovation relatively unexplored (Azar a Ciabuschi, 2017; Al-Omoush et al., 2022; Skare and Porada Rochon,
2022). It is always necessary to look at innovations not only from the point of view of what they essentially relate
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to, but it is also important to perceive the links to the overall business system (Sternad et al., 2019; Owalla et al.,
2021). According to Ghezzi et al. (2020) innovation begins with the discovery of problems and the search for
innovation opportunities through the acquisition and classification of knowledge. The authors state that based on
this knowledge, companies subsequently determine the direction, goal and approach to innovation. In the context
of unpredictable changes (e.g., the Covid-19 pandemic), not only customer behaviour changes (see Sagapova and
Dusek, 2021; Dusek and Sagapova, 2022; Kone¢ny, Kostiuk and Ruschak, 2022; Pollak et al., 2022; Pollak et al.,
2021; Xiao et al., 2022; Wang et al., 2022; Skare and Riberio Soriano, 2022), but as Ashrafi et al. (2019) also
state, only such companies that are innovative and at the same time strategically oriented and managed have
increased resistance to crisis phenomena and are looking for new ways to achieve permanent economic prosperity.
The introduction of a mechanism for regular evaluation of the company's position will make it possible to identify
potential problems in business activity already in the initial stages, which will allow the companies to develop and
implement a set of innovative measures to solve problems and to neutralize them (Tyukhtenko et al., 2021;
Phadermrod, Crowder and Wills, 2019). As reported by Wu et al. (2022), the company's human resources play an
irreplaceable role in the innovation process, and the application of the principles of socially responsible behaviour
is increasingly relevant. For industrial production companies, especially SMEs, the business portfolio and
distribution channels are an essential pro-growth factor. Foroudi et al., (2022) claim that corporate strategy and
the area of innovation processes form the development base of an enterprise and positively influence the process
of corporate margin and building the corporate image, including the corporate brand. Weber and Miilig (2022)
state that the company's business strategy, the basis of which is the business portfolio, is a determining factor for
both the quantity and quality of information from the perspective of risk factors. Henry et al., (2020) present the
concept of a company's absorptive capacity as the ability to recognize the value of new external information, to
adopt it and use it for business purposes, including changing the business portfolio. Companies with an
innovation-oriented strategy report more about their risk factors than companies with a defensive efficiency-
oriented strategy (Putro et al., 2021; Soltes & Gavurova, 2014; Gavurova et al. 2016). Weber and Mii3ig (2022)
mention that business strategy influences coverage of major risk topics and creates a framework for innovation
activities.

Effective innovations require taking into account the shared values of participants in innovation processes,
whereby values are understood as subjective ideas about what is desirable (Breuer and Luedeke-Freund, 2017).
To improve the quality and efficiency of business processes with a focus on production, Zuhaira and Ahmad
(2021) recommend distinguishing the production process itself from the process of seeking changes and from the
process of very change of the production process (Lizbétinova et al., 2017). Continuous process improvement
begins with a description of its current state. This is followed by determination of monitored metrics, monitoring
of process operation, measurement of process operation. The final point is the design and implementation of an
improvement, which is then again a source for new improvements (Sjodin et al., 2020; Kljucnikov, et. al., 2021).
In the case of business model innovations, Bocken, Nancy and Geradts (2020) and Podshivalova and Almrshed
(2021) mention that business model innovations are extremely important, yet very difficult to achieve. Anshari
and Almunawar (2021) hypothesize that there is a positive relationship between company digital ecosystem
readiness and SME adoption of open innovations. The fourth industrial revolution refers to innovation and
transformation of production processes (Domanizova, Jani¢kova and Milichovsky, 2021). Veile et al. (2019) state
that in order to innovate in the sense of the gradual implementation of Industry 4.0 elements, it is necessary for
the organizational structure to be characterized by a flat hierarchy and decentralized decision-making, and agility
needs to be supported as well. At the same time, the corporate culture should be characterized by flexibility,
openness, a willingness to learn as well as entrepreneurial spirit and attitudes. Frank et al. (2019) mention a
growing trend in the innovation process of servitization. In today's era of high competition, manufacturing
companies are increasingly offering important services as part of their processes that support customer
satisfaction with the product itself or the result of the previous service. Servitization includes, for example,
training, maintenance, overhaul or customer support. Frank et al. (2019) note that the very change of production
organization towards the use of servitization is a challenge. Sjodin et al. (2020) state that in response to customer
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demands for ever better products and services, and in response to preventing the customers from leaving for the
competition, companies continuously work to improve their processes using mutual harmony. Knowing the
processes and documenting the changes is essential for their improvement (Sjodin et al., 2020; Korshunov,
Kabanov and Cehlar, 2020).

The very activation of innovation processes in companies largely depends on the ability of the companies to
develop their intellectual potential (Kasych et al., 2021; Komang et al., 2022; Belas et al. 2023). The authors state
that, paradoxically, this intellectual capital is not sufficiently appreciated by companies. Hwang and Kim (2021)
find that the introduction of new Industry 4.0 technologies increases the productivity of small and medium-sized
enterprises. The authors report that adoption of these technologies increases the efficiency of the manufacturing
process by more than 26 % on average compared to companies that do not implement these technologies. At the
same time, the authors see digital transformation as a unique opportunity to increase the productivity of small and
medium-sized enterprises. However, Ferdous and Ikeda (2022) also found that, based on structural modelling of
the innovation process, it can be concluded that the size of the company raises the probability of its involvement
in new-to-the-market innovations. In relation to employees, Suto and Takehara (2022) state that non-monetary
rewards act independently and synergistically with monetary rewards to enhance employee motivation to
innovate, thereby increasing the company value. Companies that apply these principles will continue to be
considered legitimate if they are perceived as socially embedded not only externally but also internally (Wu et al.,
2022). A pro-growth-oriented company assumes the intersection of horizontal and vertical integration. While the
vertical leads to real modernization and innovation of business processes, horizontal integration has the task of
ensuring the connection of the company with educational and research institutions, which is the essence of an
effective innovation process. When trying to find an answer to the question of how a company can anchor the
ideas of continuous innovation among the basic company components, it is possible to use the CIPF model, the
author of which is professor Milan Zeleny. Zeleny states that CIPF has 4 necessary and fully sufficient
components: C (customer), I (innovation), P (process), F (finance), (Zeleny, 2021). A number of authors,
including the authors of this paper, recommend starting to connect the value chain horizontally in order to
implement the elements of Industry 4.0. To optimize processes across the entire value chain, it is necessary to
ensure the exchange of data from customers to suppliers and vice versa (Veile et al., 2019). In the context of
digitization, Anshari and Almunawar (2021) and Kraj (2022) mention that SMEs should be protected to ensure
their survival. Miiller, Buliga and Voigt (2021) as well as Nagy, Zabojnik and Valaskova (2022) mention that
many benefits of Industry 4.0 will become available to small and medium-sized enterprises only if they not only
use Industry 4.0 technologies, but also innovate their business models or business portfolio based on the
opportunities brought by these innovative technologies. Fernandez-Vidal et al. (2022) and Sommer et. al (2022)
state that companies in their transformation primarily choose combinations of small transformational innovation
strategies to achieve their large transformational goals.

3. Research objective and methodology

Descriptive analysis — this method aims to identify the determinants of innovation potential of enterprises through
observation, measuring, and interviews. There will be determined the essence of the problem and its limitations.
The focus will be on analysing the causes and motivation of a company to innovate or not to innovate its
processes. Furthermore, the production process and the related processes will be analysed with regard to the
business portfolio of a model company. There will also be performed an analysis of the determinants influencing
the innovation of a production process and business strategy of the company.

Criteria analysis of systems — extraction of data from the production process. It is a qualitative evaluation of data
according to predetermined criteria. The evaluation will be carried out by assigning values -1, 0 and 1 to a given
item being evaluated based on whether it meets (1) or does not meet (-1) a given criterion, or whether the
information cannot be confirmed or verified (0). In the case of a zero or negative value, the given item will be
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penalized in fact. Another criterion of the analysis is the significance of a given parameter for a given purpose in
the form of weight coefficient. Weight coefficient can be assigned the values ranging from 0.1 tol. For a clear
evaluation, the result of the analysis will be also graphically represented.

Business technology assessment system — it is an assessment system created by the authors. A trial version is in
MS Excel (see Table 1). The assessment is focused on the proportional use of technology in a company in relation
to its full use, and its possible attractiveness for a customer. The practical application of this method consists in
determining the degree of the company’s ability to use this technology, or its possible use in future. The values
assigned can range from 0.1 to 1, where 0.1 corresponds to the minimum use of technology. Value 1 then refers to
the maximum possible use of technology which a given company is able to ensure. The attractiveness of the
technology then reflects the customer’s demand for the use of the given technology. The possible values range
from 1 to 10 where 10 corresponds to the maximum demand for the given technology.

Table 1. General (methodical) application of the business technology assessment system (BTAS)

Current status Estimated future status
Machine | Usage | Attractivity | Proposal | Usage | Attractivity | Proposal| Rating | Intensity and direction of change
A 0.6 6 @ 0,9 8 @ ® Without change
B 0.4 6 + 0,5 9 + + Without change
C 0.6 3 ? 0.6 3 ? ? Without change
D 0,1 2 ® 02 | 1 ® ® Without change
E 0.1 1 ® 06 | 2 ? > Positive change
F 0.2 3 ® 0,5 6 + > Strongly positive change
G 0.2 3 ® 0,9 6 @ >< Extremely positive change
Legend of recommendation
Cancel Consider cancelling Expand Main activity Change
® 7 + @ [ >

Source: Authors

To obtain relevant results, the values were symmetrically divided into two parts. There can thus be four
alternative outputs: 1. To stop using the given technology (usage < 0.55, attractiveness < 5.5); 2. Consider future
elimination or increase interest of Tu customers to use the technology (usage > 0.55, attractiveness < 5.5); 3. To
develop the technology, strive for its increased usage, i.e., to increase machine hourly rate, work with the active
demand for a given service — focus on technology (usage < 0.55, attractiveness >= 5.5); 4. To maintain and work
with the technology within the main activity of the company (rate growth) — focus on technology (usage > 0.55,
attractiveness > 5.5).

Table 2. Intervals of values for making recommendations in a given area

Cancel Usage < 0,55 & Attractivity < 5.5

Consider cancelling Usage > 0,55 & Aftractivity < 5.5

Expand Usage < 0,55 & Attractivity > 5.5

Main activity Usage > 0,55 © Attractivity > 5,5
Change In case of difference in recommendations

Source: Authors
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The concurrence of current recommendations with the future ones enables to formulate the resulting evaluation. If
there is a difference, change is recommended, which can be evaluated as follows: extremely negative, strongly
negative, negative, positive, strongly positive, extremely positive. It shall be also noted that even negative
evaluation of a given technology may open new innovative opportunities for the company.

Economic analysis — economic analysis will be used for the financial evaluation of the innovations implemented.
For its evaluation, the average payback period will be used, as stated by Kislingerova (2007). Average payback
period indicates the time in which the investment should be paid off considering average cash flows arising from
the implementation of the investment.
CI}
t=——

- - - g CP

where: CO is the capital invested
o CF is the average flow of funds arising from investment for its planned economic life

By inverting average payback period in percentage, it is possible to obtain average percentage return. The value
indicates the average annual percentage return on the amount invested.

@ CF
Er=
C

i
A simplified form of payback period not including the discount coefficient will be used because the discount
coefficient is always difficult to determine precisely for a small engineering company. Moreover, the economic
analysis shall include a process to evaluate the change in margin and volume of sales. This evaluation will be
carried out by means of the ratio and percentage increase in given parameters in relation to their individual initial
values.

4, Results and Discussion

Specifics and uniqueness of the transformation process

Prior to the actual analysis of relationship between the company’s business portfolio and the innovation process,
the specifics and uniqueness of the corporate transformation process were identified. Part of the company’s
success is its specific approach to customers and a well-functioning order creation process (see Table 3) where
customer awareness and acceptance of future technological process is decisive for the production process and
pricing.

Table 3. Diagram of order creation process in a company

@ Can be accommodated
© Can't be accommodated
@ Can be accommodated
© Can't be accommodated
@ Offer accepted

Q Offer rejected

Requirement | [, Customer requirement

2. Difficulty assessment

3. Notify customer

4. Receive the product

@ Can be realized

@ Can't be realizet = end
@ Proceed

@ Annulment = end

5. Model diagnosis

6. Notify customer (price etc.)

Invoicing

7. Manufacturing process
8. Product completion
9. Product delivery

< Process steps (time)

@ Paid
© Unpaid

Satisfaction of

vequirement | 10- InVoiCing

Source: Authors

123


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2023.10.4(8)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2023 Volume 10 Number 4 (June)
http://doi.org/10.9770/jesi.2023.10.4(8)

The standard production process takes place at point 7 or point 5. Given that it is a unique micro-enterprise, a high
degree of interdependence of individual operations and subprocesses have been identified. This means that
individual elements, such as logistics, control, or construction design (if carried out directly at the workplace) are
inseparable parts of the production process.

Risks of transformation process as a framework of innovation process

In the context of the production processes, risks could be identified that affect this process. The most significant
business risk is considered to be associated with the improper communication of information. Within the solution
processes, the management of the company was proposed to replace manual information recording with digital
software. Part of the innovations in the model micro-enterprise was thus the implementation of software for order
management and extraction of data from the production process. Within the analysis of software suitable for the
company, an initial list of systems was compiled. The mapping of possible software solutions was preceded by
determining 15 parameters that further specified the suitability of the systems for their possible implementation in
the model company. The observed parameters were recording orders, recording employee work on orders,
recording of employee attendance, recording material consumption in orders, possibility of data export and import
(this is particularly suitable for stock and non-stock items), invoicing options, price setting of different hourly
rates of employees and/or machines, basic financial tools for evaluation of cost and profitability of orders, the
possibility to rent or purchase a licence (a permanent licence), whether support is provided and whether it is free,
possibility to obtain hardware from the system supplier, and the possibility to connect to other systems through
API. Based on these parameters, the data were graphically processed (see Graph 1) to be able to clearly assess the
suitability of a specific proposed solution. The evaluation was based on assigning values -1, 0 and 1 to given
software according to whether a give parameter meets (1), does not meet (-1) the set criteria or whether the
information on the software function is not available (0). This implies that even negative values are important for
the evaluation. The evaluation also included the weight coefficient (0.1 - 1), which determines the significance of
individual observed criteria for the selected model company. Here, 1 indicates the highest weight, while 0.1 the
lowest one. In the case of the most observed parameter such as recording orders, employee attendance, material
consumption, and possibility of data export and import, the assigned weight of these functions was 1. When
comparing the software, the latest commercial version with add-ons was considered, except for the eMistr system,
where add-ons go beyond the monitored areas.
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Record of Report of
eMaster works Izio My contracts Order sheet mWork365 work WorkWatch

N

B Record of orders (1) Record of work (1) Attendance records (1)
Material records (1) g Data import (1) m Data export (1)

B [nvoicing (0,2) B Staff or machine rates O Basic financial tools (0,5)
B License rental (0,5) B Pernament license (0,5) & Support (0,6)

B Free support (0,5) E Option to buy software (0,5) @API (0,3)

Figure 1. Results of comparative criteria analysis

Source: Authors (assessed on the basis of publicly available information)

As seen from the above graph, all systems can perform the function of work recording. The only system that
meets all 6 weight criteria is eMistr. The second most suitable system was “Zakazkovnik”, which, unlike eMistr,
does not have the function of data import, which represents its biggest advantage for its application in the model
company. For implementation, the eMistr system was thus selected, as it enables nearly 100% transition of an
industrial company from manual data management to the digital form, and thus reduces the necessary
administration.

Solution for harmonization of business portfolio with business technologies

As mentioned above, the company is characterized by a wide range of production technologies and the
corresponding business portfolio. This brings along a risk of their full use, and it can thus be very complicated to
determine the benefits of individual technologies for the given company. Table 4 below shows the input values,
output recommendations, and resulting evaluation on a representative sample of technologies in the model
company.
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Table 4. Technology evaluation system in the model company (representative sample)

Current status Estimated future status
Rate [Kc/h] Usage| Attractivity | Proposal Usage| Attractivity| Proposal Rating ‘ Change
550 Machining — Horizontal boring mill 1
7] 8 | & Jori] s | & | & |
550 Machining — Spindle lathe 2
07 | s | & [ o7 ] s | ® | ©® |
‘Welding + heating — Automatic welding machine Castolin
550 —
0.3 | 8 | + | 0.6 | 8 ® | > ‘ Positive change
Other — Truck lift
0 T2l 2 T ® Joul 2 | ® [ ® |
Legend of recommendation
Cancel Consider cancelling Expand Main activity Change
® ? + @ 2E

Source: Authors
The table shows which technologies were recommended to be phased out from the business portfolio (Other —
Truck lift).
Economic evaluation of innovations in technology

Economic evaluation of the innovation proposal for changes was carried out in relation to the technology
evaluation system proposed by researchers for the implementation of digitization in the model company. Table 5
shows the balance of costs of innovation and income from the sales of discarded machines and stock

Table 5. Balance of costs of innovation and income from the sale of discarded machinery and stock

Item Price [CZK]
Costs of implementation of technology changes (purchase of machinery and software) 517 550
Sale of stock not related to the new business portfolio -20 000
Sale of equipment not related to the new business portfolio -183 500
Total costs [CZK] ‘ 314 050

Source: Authors

The assessment of return on investment was performed using the average payback period (t) where the difference
between the annual amount of labour cost savings at the same volume of production and annual fixed costs was
used as the cash flow of investment repayment (CF):

Cy 314 050

t @ CF 81328-— 15000
Where: 81 328 CZK is the sum of the constant annual cost savings arising from implemented innovations.
15000 CZK are annual fixed costs associated with innovation (costs of machinery and equipment
maintenance)
The average percentage return that indicates the percentage return in the model company resulting from the
innovation implemented is determined as follows:

2 CF 81328— 15000
or= = = 02112 = 21.12 [%)]
Co 314 050

= 4.73 [vears]
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Further calculation considered 230 effective days on which the employees actually work. Four employees in
production work a total of 7 360 hours for an 8-hour working day. In the model company, the innovations can
save about 413 hours per year. These are hours of inefficient time when the company pays the workers their wage
and at the same time charges this time to its customers. The following calculations are based on the proportional
increase in sales, which is generated from the time servings in the execution of orders. The calculation below
represents the conversion of sales per employee at the point of higher time efficiency. By analogy, it can be said
that thanks to a more efficient production process, the employees now need less time to achieve the same sales.

Share of sal ] dr 7998532 _ | 138 (czK st
Lare o Eales per emplovee amn 1oy = —-—: = LOLY
per empro) (7360 — 413) [ ]

where: 7360 — annual hours worked by all employees
413 — time saved thanks to innovations

The calculation below determines higher sales generated thanks to a more efficient production process with all
other factors being equal.

Sales at more ef ficient production process = 1 138- 7360 = 8 375 680 [CZK]

The increase in labour efficiency in the production process increases sales by 467 147 CZK, which accounts for
5.91 %. The above calculation applies to total sales regardless of whether it is only sales for labour or for products
or goods. Depending on the way the company operates, it can be assumed that the increase in the volume of sales
of own products, services and goods grows linearly with the volume of hours worked. The calculation of margin
was based on the size of changes brought by the innovation in the monitored period. Let’s say that the average
annual cost of innovation is 77 810 CZK and the saving resulting from innovation is 81 328 CZK. The annual
difference is 3 518 CZK. When dividing this difference by the aforementioned volume of hours worked (7 360),
the cost saving is nearly 0.48 CZK for every hour worked. In the calculations, the model company works with
average hourly costs of 392 CZK. The company thus achieved the following average margins:

Current margin = 550 — 392 = 158 [CZK]
New margin = 550 — (392 — 0.48) = 158.48 [CZK]
The percentage increase in margin resulting from the innovations implemented are calculated as follows:

158.48 — 158

Increased margin = 128 0.003 = 0.3 [%]

As can be seen above, the implementation of innovations did not result in a substantial increase in the case of
business margin.

Economic evaluation of innovations in the area of digitization

The evaluation of the benefits of digitization was based on the assumption of benefits resulting from the
introduction of this new form of recording, evaluation and reporting. The actual value invested in digitization
after deducting the revenues from the sale of equipment is 190 467 CZK. For the purposes of the basic evaluation
of return, the calculation of average payback period was selected. In this case, CF was the difference between the
annual cost savings from the implementation of the software ad annual costs associated with its operation:

.= Co _ 190 467
"~ @CF 27830—19000
where: 27 830 CZK is the constant annual cost saving resulting from the implementation of the software
9 000 CZK expresses the fixed costs associated with the software use

The average percentage of return resulting from the implementation of the software for the management of orders
is as follows:

= 10.12 [years]
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@ CF 27 830—9 000
or= = = 0.0989 = 9.89 [%]
Cy 190 467

The use of the software enables saving 107 hours per year. The current sales generated by 4 employees are again
7908 532 CZK. The increase in sales resulting from the savings generated by the implementation of the software
was determined based on the conversion of sales per employee at the point of higher time efficiency. The
calculation is presented below:

7908 532
(7360 — 107)
Sales generated during the more efficient production process are as follows:
Sales generated with higher ef ficiency of the production pracess = 1 090 - 7360

= 8 022 400 [CZK]

In this case, digitization enables an increase in sales of goods, services and products by 1.44 %. In absolute value,
itis 113 868 CZK.

The calculation of the margin was again based on the savings that the given innovation brings in the monitored
period.

Share of sales per employee and hour = = 1090 [CZK /hour]

Savings = benefits — costs = 27 830 — 47 093 = —19 263 [CZK]
The above calculation was based on the assumption that the implementation of the software will generate savings.
However, this has not been confirmed for the model company. When dividing the above result by 7 360, the
resulting share is -2,62 CZK/hour. A higher hourly cost thus brings a lower margin for the company:

New margin = 550 — (392 + 2.62) = 155.38 [CZK]
where: 392 is the current hourly cost in the model company
In percentage terms, digitization generates the following increase in margin:

155.38 — 158
Increased margin = 18 —0.0166 = —1.66 [%]

where: 158 is the current margin

It follows from the above outputs that if a company has equipment that is not used and does not bring opportunity
costs, its removal can create space for innovations. Moreover, selling the equipment can bring significant funds
for further innovations. Although the benefits of innovations are not reflected in a significant increase in margin,
the resulting effect of the innovations can have much more significant effect in the technical, time, and
organizational aspects of the operation and the related increase in total sales. At the same time, it has been
confirmed that mere innovations do not significantly increase the margin, and companies can thus proceed to
increasing the hourly rate charged to customers, if it is possible from the perspective of price sensitivity of
customers. This statement is of general validity, especially for SMEs.

The presented technology assessment system was created for the area of companies where there are no data or
overview of using individual technologies. By setting the range of values and thresholds between individual
recommendations, it is possible to achieve different sensitivity of the evaluation. Furthermore, it shall be stated
that the created system of business technology assessment does not necessarily bring the desired benefit to larger
digitized companies. Therefore, the authors propose further research on the system of technology assessment in
order to create a more sophisticated software environment, that, as the authors believe, should be implemented in
a suitable commercially available ERP system. Small and medium-sized enterprises, except high-tech companies,
typically have many inefficiencies in their production processes, which are usually caused by accompanying
administrative processes. SMEs usually respond to this burden with low activity in data recording. Such
companies usually have a very low number of administrative staff, if any. In such a case, the introduction of the
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software can very positively influence the performance of the whole company. Based on the results presented in
this paper, several conclusions can be drawn and it is possible to answer the research questions. The first research
question was formulated as follows: What economic efficiency can innovations in the production process bring to
SMEs dealing with custom manufacturing in the engineering sector? Following this research question, it can be
stated that innovations in the production process can significantly rationalize and streamline the whole process
from the organizational and technical point of view. However, in the case of small and medium-sized enterprises,
even a relatively significant reorganization of the processes may have only a small effect on the margin. In the
model company under review, the confirmed increase in margin was 0.3 %. Nevertheless, the innovations
implemented in the company resulted in the desired effect, i.e., a more logical system of operation was
implemented and the production capacity of the company was achieved, which will result in a year-on-year
increase in sales of almost 6 %. The horizon of the average payback period of the investment in this case was 4.73
years.

The second research question was focused specifically on the area of digitization: What economic benefit does the
introduction of digitization into the production process generate in SMEs dealing with custom manufacturing in
the engineering sector? The response concerning the digitization benefits for SMEs provides partially
contradictory results. As for the effects on the operation of the company, digitization was definitely beneficial. On
the other hand, the economic benefits of digitization may not be reflected positively in all parameters. This is
partly due to the primary traceability of all effects the digitization has for the company. However, the difficulty of
predicting the future growth in the volume of data used also plays a role. In the model company, digitization has
led to increased labour efficiency, but due to the cost of the solution, this has not led to an increase in margin but
even to its reduction by 1.66 %. Nevertheless, higher labour efficiency has resulted in a year-on-year increase in
sales by 1.44 %. The payback period of the investment is 10,12 years. Some of the negative effects were due to
the fact that the model company is currently not able to fully use the digitization potential. It is mainly the size
limitation of the model company. Furthermore, it was possible to present the reduction of financial burden of
innovation by selling rather than just scrapping the equipment of the enterprise. The paper has several limitations
that limit the validity of its generally applicable results. The first limitation is that the paper uses the model of a
profitable company, which may not always be fully met in practice. In the results, the paper presents conclusions
from a case study focused on streamlining the production process and the change in the concept of business
strategy following the selected micro-enterprise oriented to service and production. The model company is unique
in the structure of its business portfolio; therefore, some of the assumptions associated with the business
environment is limited only to this or similar companies. Another limitation is that the paper uses a very limited
guantity of information due to the lack of systematic collection of operational data by the model company. This
condition was anticipated because many small and medium-sized enterprises report these shortcomings when
analyzing their processes.

Conclusions

The selected engineering micro-enterprise, i.e., a company with a maximum of 25 employees, is a typical
representative of engineering companies in the South Bohemian region. It can be stated that the presented
conclusions have general validity for this size category and sector. In terms of their specifics, characteristics,
trends, and sustainability, the following factors and parameters can be specified. The fundamental production
feature of these companies is an average, often obsolete technological equipment, including the corporate
infrastructure. This clearly negative parameter is compensated by increased focus on satisfying customer needs
and high degree of flexibility and innovations in production. For this, the pragmatic knowledge and skills of the
majority of managers in these companies are necessary. In terms of production processes, there is a high degree
of interdependence between individual operations and subprocesses. This means that logistics, control, or
construction and design activities are inseparable parts of the production process. The area of business risks is
also very specific, for example the flow and communication of relevant information. This has recently been
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addressed by the advancement of digitization in this category of companies. The result of the qualitative testing
of the selected parameters of the transformation process was the finding that the most functional and effective
system is eMistr, which enables the transition of the company to digital data management.

The business portfolio was also subjected to the research. It has been confirmed that too broad a business
portfolio and too many processes and technologies in a company bring a risk of not being fully used and it can
thus be very difficult to determine the benefits of individual technologies for a given company. The data
collection showed that SMEs, or micro-enterprises dealing with production and services in engineering tend to
purchase technologies that are not related to their business portfolio and are thus not actively used by the
companies. This can be explained by the absence of active creation and updating of business strategies.
Innovation process takes place even in this size category of companies. Economic evaluation of the innovative
process shows that the mere implementation of innovations has not resulted in a significant increase in margin.
This was not the case for the evaluation of benefits of the digitization process, which has resulted in an increase
in sales and business margin. A completely new finding is that if a company has equipment that is not used and
which incurs opportunity costs, its removal may create space for innovations and its selling can represent
additional funds that can be used for innovations. Although the benefit of innovations is not reflected in a
significant increase in margin, the resulting effect can be much more pronounced in the technical, time, and
organizational aspect of the operation. Some of the above new findings can be considered essential in terms of
the sustainability of this category of companies, but they are continuously addressed by the managers. The
relevance of these findings is gaining momentum in relation to the increasing existential risk of engineering
companies in general. At the time of conducting this research and preparation of this paper, which has a character
of a generalized case study, the authors did not know how relevant the information found will be and how the
increasing ecocritical situations will threaten the very existence of this size category in the engineering sector.
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Abstract. The article aims to identify the conditions accompanying the project management process in the renewable energy sources (RES)
industry. The author will also try to reveal the key barriers and problems associated with this process in the surveyed business entities. In
addition to the analysis of the literature, the author chose as another research method a survey in the form of a structured interview with
project managers and their employees - the survey was conducted in 2021 in 44 purposively selected enterprises of the SME sector, which
are based in Poland and implement this type of project (a total of 254 people took part in the survey). After analysing the literature on the
subject and the survey results, keeping in mind its pilot nature, the author listed ten determinants that impact the management of RES
projects. According to the author, they significantly affect the project's result and generate the main problems and dysfunctions that project
teams encounter.
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1. Introduction

Renewable energy sources (RES) are nowadays the main alternative to fossil fuels and, at the same time, are seen
as an essential contributor to halting dangerous climate change on the planet. Their use in national energy
balances is not only a manifestation of the implementation of guidelines resulting from agreements at the global
level. Still, it is also a common sense and economically conditioned action (Mtynarski, 2019).

Renewable energy sources, mainly those based on natural forces, have exceptional potential for meeting the
population's growing electricity needs. They are not depleting; their use does not burden the environment - to such
a significant degree - as fossil fuels do; they allow decentralised energy production and, therefore, close to the
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consumer (which does not require the transmission of energy over long distances), they enable efficient
development of rural areas with limited access to the electricity grid (Tomaszewski, 2020).

Organisations that choose to implement these alternative energy sources are moving toward project-based
management, emphasising personnel and excellent communication between the various segments of the
operation. A project is defined as the totality of activities that allow the organisation of work in a way that leads to
the achievement of the set goal. Many factors help or hinder the achievement of this goal. Efficient management
coupled with effective communication is the basis for successful project management, i.e., achieving all set goals.

Regardless of which view of the project we choose and which model we use, the most significant attention is paid
to teamwork and good internal and external communication. The organisation of projects and project teams is
becoming a compulsion for forward-looking companies. On the other hand, due to the increasing globalisation of
business, the short life cycle of RES products, increasing competition and high integration in the outcome of
customers, management through project implementation in the RES industry is becoming not only a factor in the
success of the company, but even part of the strategy for building competitive advantage.

Hence, the subject of this article is to analyse the management of projects that use renewable energy sources in
Poland, with a particular focus on the conditions of this process and its dysfunctions.

2. Theoretical background

An important direction in management science is the concept of Project Management, which has been popularised
worldwide since the 1960s. However, it was only in the 1990s that this new management concept, which has been
applied to run unique businesses, gained many supporters in Europe. This happened due to contacts with
developed companies that used and are applying project management in practice and due to global organisations'
popularisation of this subject.

Project management is not limited to special, spectacular, high-profile ventures but is an approach with an
expanded structure of applications. Examples of this expanded project management use include research or
training projects.

In defining the concept of project management, a system formula can be used, which in this case is defined by the
distinguishing features:

- objectives and scope of the project;

- planning;

- organisation of project teams;

- effectiveness of the project;

- project implementation technique;

- control of the course of the design process and implementation work.

In most cases, organisations (enterprises, offices or associations) are organised (structured) so that it is possible to
carry out their typical routine activities effectively. These structures usually result from the functions performed
by the organisation or the products offered.

Project management is, therefore, an extremely complex issue. For ease of reference, we can distinguish the types
of activities included in project management, which the author has presented in Table 1.
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Table 1. Description of the types of tasks included in project management.

Operational activities (primary) Managerial activities (management) Supporting activities (auxiliary)
Include the ftranslation of the inputs | They focus on harmonising | Include goal setting, planning,
possessed into the realisation of the project | operational and support activities organising, motivating,
objective - the reference is the coordinating and controlling.

implementation of the project based on the
satisfaction of specific needs and/or the
solution of a particular problem (the
European Commission emphasises the
problem approach).

A distinction is made between operational
activities, consisting of preparing a
description of the subject of the project
(e.g., project documentation, technical
documentation) and administrative
activities, consisting of the material
implementation of the subject of the project.

Source: own study based on Bradley (2012) and Quinn (2017).

With the above overview, we can observe the rank and importance of project management. Thanks to this, we will
always have access to the most critical information, which will help us more easily make decisions and pursue
predefined goals. The info mentioned includes data on the progress of the initial plan (Jones, 2017).

To sum up, the diverse subject of project management includes three main problem areas (Martini, 2015):
- functional project management (project cycle management);

- institutional project management (project manager and project team);

- personal project management (qualifications and range of skills, distribution of competencies).

In turn, the term project can be used to describe a project implemented within a specific organisation which is
new, unusual, and different from routine activities - that the organisation has never encountered before. The
statement that a project is carried out within an organisation does not mean that people from outside or other
organisations cannot participate. The situation in which a single organisation implements a project is the primary
situation considered in this work. Multiple organisations can also carry out projects on a partnership basis, by
individuals, or even a single person (Pawlak, 2017). The very concept of the word project comes from the Latin
theorem proiectus, meaning to advance/progress forward/forward. According to the author, it can be translated as
finding and presenting a way to solve a task/problem to be implemented in the future.

Conversely, there is usually a consensus on interpreting this concept in the literature. However, the very popular
and frequently cited opinion of American authors can raise (and raises for the author of this article) fundamental
doubts. In Table 2, the author has compared what he considers to be basic definitions of the term in conjunction
with its main elements.
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Table 2. Description of the types of tasks included in project management

No. Distinguishing features Definition

1. goals and scope of the project According to the Project Management Institute, a project is an undertaking of
a temporary nature, the purpose of which is to create a unique product
(produce a product or provide a service).
"Temporariness" is understood here as a closed period in which a specific
project sentence will be implemented.
"Uniqueness" is the distinctive position of the designed product belonging to
a given class (group) of assortment.

2. objectives and scope of the project, | J. D. Frame (2011) believes that a project is oriented toward some goal,
planning involves the coordinated undertaking of related activities over time (it has a

beginning and an end) and is characterised by uniqueness.

3. objectives and scope of the project, | In German Project Management, project characteristics include goal
planning, orientation, one-time nature, complexity, interdisciplinarity, organisational
effectiveness of the project, separation, and significance (Witzel, 2013).
control of the course of the design
process,
implementation work

4. objectives and scope of the project, | R.K. Wysocki (2015) defines a project as a sequence of unique, complex and
planning, interrelated tasks with a common goal intended to be completed within a
effectiveness of the project, specified period, without exceeding a set deadline, under established
controlling the course of the process | requirements.

5. objectives and scope of the project, | H. Kerzner (2005) defines the concept of a project as a project concerning
planning, which objectives, required resources, deadlines for execution, costs, and level
organisation of project teams, of quality have been given. In addition, he stresses that projects, in general
effectiveness of the project, should be distinguished by their uniqueness.
project implementation technique,
process control

Source: own study

The author believes that exposing uniqueness (uniqueness) in the definitions of a project, and on the other hand,
treating it as an individual (one-time) task, is a fundamental limitation of the scope and type of projects that, in
practice, are attributed to the term project.

In addition to the fact that a project is, as a rule, a new and unusual undertaking, it also has distinctive
characteristics, such as:

- A specific goal can be achieved in its implementation, and a clearly defined result can be obtained. Such a result
may be, for example, a new product, device, or organisational form. This result is also referred to as the system
that is built under the project.

- It has a specific start and end date and specific phases - so it is a time-limited project.

- During its implementation, various resources are used: human, financial, materials, equipment, premises,
information, etc. These resources are generally limited.

- A project is often separated organizationally from other activities carried out within an organisation.

- It has a specific organisational structure.

- The project involves many people and/or organisational units.

- It is often an extensive and complex undertaking.

- The tasks carried out as part of the project should be characterised by a high degree of innovation.

- The project implementation is usually associated with uncertainty from the point of view of the material solution
of the problem (the shape of the system that will be created under the project) and risk. In general, this uncertainty
decreases successively as the work progresses.

- The nature of the project changes from one phase to the next, and lines of demarcation between phases can be
identified. There are many projects in business practice characterised by wide variation. However, it is possible to
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group them systematically and based on an established methodology according to characteristic features (Table
3).

Table 3. Division of projects by subject criterion

No. Type of project Description

1. research projects Are represented by scientific, experimental and development work in all fields of
knowledge. Examples of projects include research on technical topics:

- product value analysis,

- reliability theory,

- development of measurement apparatus,

- quality control.

There are particular problems in human resource management, for example,
evaluation of the formation of human relations in the organisation, the use of working
time, and analysis of the physical and mental workload of personnel.

2. technical projects Very often, they are a development of research projects. They present design
solutions for products and manufacturing technologies - for example, projects for the
modernisation and equipment of industrial plants, investment projects, and projects
for production automation and management computerisation.

3. manufacturing projects Are integrated technical and organisational solutions. Their field is operational
systems, for example:

- organisation and operation of the production process,

- a system of supply, transportation, traffic protection,

- monitoring organisation,

- production controlling model,

- organisation of workstations,

- logistics systems.

4. management systems They are divided into economic and organisational:

projects 1. Economic system projects are developed at various levels of economic
management, primarily in terms of development strategy. They refer not only to
economic and financial issues, but their scope also includes solutions for strategic
and marketing management systems, production management, personnel
management, price management, and cost management.

2. Organisational systems projects mainly concern the company's organisational
structure, task management, distribution and economic cooperation. In addition, this
group includes virtual and network organisation management system projects, quality
management and information management also belong here. Concerning the
company, management system projects can be considered in a broad and narrow
sense:

- in a broad sense, these projects synthesise development concepts of market ventures
(product-market formula), organisational solutions, technical and production projects
and others.

- in the narrow sense, management system projects relate, for example, to the
diversification of the profile and assortment of production, changes in the
organisation of the manufacturing process, and new work systems - the scope of
projects refers only to sectional solutions.

Source: own study based on M. Pawlak (2011), K. Fraczkiewicz (2021) and R. Marek (2010).

In summary, based on the information cited above, which shapes the definitions of project and project
management that occur in the literature, we can conclude that virtually all of them contain common features, such
as:

- purpose;

- time;

- budget/finance;

- planning/design;
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- organising;
project team/people/employees.

They differ only in the authors' approach regarding the rank and importance of the above issues in terms of project
management in practice.

When discussing projects involving the renewable energy industry, the starting point is to determine what the
industry is based on and what it involves.

The slowly depleting stock of conventional fuels and the growing need to increase the intensity of environmental
protection efforts are two of the main driving forces behind the introduction on an increasing scale of modern
technologies that use natural energy resources.

In the literature, we can find many definitions of renewable energy sources, which boil down to the same.
Therefore, for this article, let's assume that renewable energy sources include all energy sources whose use for the
production of heat energy and electricity is not associated with their long-term scarcity - their resources are easily
renewable. Renewable energy sources are mainly water energy, wind energy, solar energy, geothermal energy, as
well as biomass (Table 4). Natural processes produce electricity and heat, and the entire process does not
contribute to the emission of environmentally harmful substances. RES are, therefore, clean energy, safe and
friendly to the planet (Mirowski, 2016). This is in line with the definition in the Energy Law of 2006, which
defines renewable energy sources as sources that use the following in the conversion process: wind energy, solar
radiation, geothermal energy, waves, currents and tides, river fall, energy derived from biomass and landfill
biogas.
Table 4. Types of renewable energy sources

No. | Source Description

1. Water energy This source is most often used in hydropower plants to produce electricity.
For this purpose, water turbines are required, which, when moving, create
mechanical energy that goes to hydro generators. There, in turn, it is
converted into electricity.

2. Solar energy Solar energy has become one of the most undistributed renewable sources,
thanks to photovoltaics. Photovoltaic panels mounted on the roof of a
building or the ground capture solar radiation and transform it into electricity
directed to electrical outlets in homes, businesses, farms or other structures of
choice.

Solar energy can also be used for heating purposes. This requires solar
collectors, which heat water in tanks through a heating medium and heat
exchanger. This solution prepares domestic hot water and supports central
heating operations.

3. Wind energy Renewable energy sources can also use wind energy in the conversion
process. To generate electricity, special wind turbines are set in motion by the
wind, generating mechanical energy. For electricity to be produced it must
first go to the device, which is a generator

4. Biomass - biodegradable matter Renewable energy sources can also be talked about in the case of biomass.
Biomass is all kinds of matter, such as products and waste from agricultural
or forestry production, which is biodegradable. It can be used to create solid,
gaseous and liquid fuels. It is most often used to produce heat energy when
biomass is burned. The heat generated can, in turn, be used to produce
electricity.

5. Geothermal energy Geothermal energy is energy from inside the earth. It can be used both to
produce electricity and to produce thermal energy, including for heating
purposes. To obtain it, it is necessary to drill wells. A technology that uses
heat energy from the ground is ground source heat pumps, which can be used
to provide heating for a building and to heat domestic hot water.

Source: own study based on Hymon (2022) https://hymon.pl/co-to-jest-oze-jakie-sa-rodzaje-zrodel-energii-odnawialnej/
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In turn, the division of renewable energy sources can be made according to the type of usable energy produced
from them - some sources we can convert to usable energy only in the form of thermal energy (for example, low
and medium-temperature geothermal waters), and other sources in the form of electricity (for example,
hydroelectric, wind turbines). The latter is abbreviated as RES-E (Renewable Energy Sources-Electricity). Below
in Table 5 are those renewable sources from which we can obtain electricity, according to the classification of the
European Commission's Directorate-General for Energy and Transport and the International Energy Agency -
IEA.

Table 5. Types of renewable energy sources

Sorts of RES - E Directorate IEA
Biogas of agricultural origin
Landfill gas Biogas

Fermentation gas from wastewater

Bioenergy (including waste energy)
Forest products (wood)
Forest production waste (bark, lumber waste, etc.)
Agricultural products (energy crops) Solid biomass
Waste from agricultural production (including
substances of
plant and animal substances, e.g., straw)

Bioenergy (including
waste energy)

Biodegradable waste (municipal and industrial) Biological waste

Electricity from geothermal Electricity from geothermal

Small hydropower plants (<10 MW) Small Hydropower Hydropower
Large hydropower plants (>10 MW) Large Hydropower
Photovoltaics Photovoltaics
Electricity from solar collectors Electricity from solar collectors
Tidal energy

Tidal wave energy Tidal and wave energy

Onshore wind energy Wind Energy Onshore

Offshore wind energy Wind Energy Offshore

Source: own study based on Mirowski, 2016.

Renewable energy resources are practically unlimited, but as we can see, their potential is dispersed, and their use
of them requires higher capital expenditures. That is why today, the investment costs of generating eco-energy are
even higher than that of obtaining and processing fossil fuels. The reason is the still globally controlled top-down
prices of energy carriers. The cost-effectiveness of applying technical solutions that use renewable resource
energies can be justified when the prices of all energy carriers are liberalised and eco-fuels are fully charged for
environmental degradation (Zimny, 2014).
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However, one of the main priorities of energy development in the coming years is the development of renewable
energy sources. Rational use of energy from renewable sources (water energy, wind energy, solar radiation, earth
energy, i.e. geothermal energy and biomass) is one of the essential components of sustainable development with
measurable environmental and power effects. The increase in the share of renewable energy sources in the fuel
and energy balance of the world contributes to improving the efficiency of use and saving energy resources,
improving the environment by reducing emissions of pollutants into the atmosphere and water, and reducing the
amount of waste generated. Therefore, supporting the development of these sources is becoming an increasingly
severe challenge for all countries of the world and Europe in particular, as reflected in many EU programs
(Borgosz-Koczwara & Herlender, 2018).

In summary, the use of renewable energy sources, due to their advantages, not only those related to environmental
protection, has become a fundamental priority for EU action in the field of energy. We should stop looking at the
implementation of RES projects only through the prism of fighting global warming or levelling CO2 production.
This is also an opportunity for the development of local environments, where by using resources that have been
available for many years, new jobs are created, social ties are strengthened, and, after all, what is also very
important - ultimately, the cost of living is reduced.

In addition, the increase in the exploitation of renewable energy allows greater independence from the supply of
imported energy, enables more robust diversification of supply sources, and contributes to the creation of
distributed energy, which will be based on locally available raw materials. This will increase energy security and
reduce transmission losses due to the possibility of locating close to the consumer. And this, after all, influences
the formation of the country's energy balance, which translates into increased electricity security (Ignarska, 2013).

Issues related to RES projects implementation are widely discussed in the contemporary scientific literature (e.g.
Yuksel, 2018; Rodin & Moser, 2021; Maestre et al., 2021; Othman & Khallaf, 2022; Vasquez-Ordonez et al.,
2022; Mancerova & Tuyet, 2022). The impact of project management conditions and stemming barriers still need
sufficient attention (Boonstra, & Reezigt, 2023; Calderon-Tellez et al., 2023; Soderberg, & Liff, 2023; Shava &
Vyas-Doorgapersad 2023). This research intends to fill in this gap by investigating a Polish case.

3. Research Methodology and data

The research involved people managing a Renewable Energy Sources (RES) project - project managers and
project team members from public institutions, associations and enterprises. This choice was dictated by the fact
that external as well as internal factors influence the management of this type of project, and therefore the author
took into account:

- the institution in which they work, that is, its legal form, organisational structure and size;

- individual variables, that is, education, age, gender;

- career variables, that is, their position, work experience, length of service, and knowledge of their work.

In turn, the choice related to the analysed group of organisations was based on the author's observations over the
past three years and his personal experience implementing and managing RES projects. In addition, it is also due
to legal regulations.

The entire research process was carried out based on the fact that RES project management can be conditioned by
(e.g. Aghdaie et al., 2020):

- the organisational structure of the entity in question;

- nature of the organisation;

- the size of the organisation;

- the number of members of the project team;

- their knowledge and experience, and the manner and type of employment for the project position.
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The research does not consider micro-enterprises, i.e. institutions employing up to 9 people, usually established
only to implement a given project. Their entire staff are project employees only, and organisations that only
implement their first project - they have yet to implement any others before and therefore have no experience and
reference points.

Due to this fact, the sample size for the study was assumed to be 118 organisations operating in Poland which are
implementing at least one RES-related project and have also implemented at least one such project before. In the
end, the author induced only 44 organisations to participate in the study, despite making contact and sending a
request to 218. Unfortunately, the research sample did not reflect the assumed characteristics of the entire group
for the country. Therefore, the presented research results cannot be a total set for Poland - they provide a basis for
expanding the research process in the future, and for the time being, can only be treated as a pilot study.

Organisations and project teams that participated in the survey:

- 9 public institutions;

- 23 enterprises;

- 12 associations;

A total of:

- 52 project teams - in 8 organisations, there were two teams;

- 44 project team managers (in organisations that had two projects, one person managed two projects);
- 210 employees of the teams.

Given the research problem of identifying conditions and barriers (problems or dysfunctions) of RES project
management, the author chose a survey questionnaire as the primary research tool - he took into account, of
course, the distinguished two groups of respondents and prepared two separate questionnaires for each of them.
The different content of the questions in the two questionnaires was included.

- the different roles that representatives of the selected groups have in the implementation of the project;

- different participation in the decision-making process;

- different problems in daily work;

- very often highly different knowledge, experience and skills.

Of course, both questionnaires asked questions to indicate the conditions affecting daily work, identify the
barriers present during project implementation, or place their project in the organisation where it is implemented.
In the survey questionnaires, the author included different types of questions:

- closed alternative;

- closed filtering ones;

- closed ones that use a nominal and ordinal scale;

- determining the rank of importance of the topics under consideration;

- semi-open in the form of conjunction;

- so-called "control" tests, which allow checking the sincerity of the respondent’s answers;

- "Stein's Self-Portrait” test - used to identify the needs of respondents and examine the level of expectations;
guestions to identify dehumanising factors - used to identify communication issues or roles in the overall
management process.

143


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2023.10.4(9)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2023 Volume 10 Number 4 (June)
http://doi.org/10.9770/jesi.2023.10.4(9)

When analysing the results of the study, taking into account individual variables, in the group of managers and
employees of project teams, the following characteristics could be noted:

- the predominance of women over men - 58.4% to 41.6%;

- the largest group was between 31 and 50 years of age - 61.4%;

- the majority of the group had a university degree - 83.4%;

- as many as 76.3% of the respondents were new employees hired for the project;

- 23.7% had previously worked for the organisation in positions not related to the implementation of RES
projects;

- only 35.4% of respondents had experience in implementing similar projects;

-only 18.7% of respondents had acquired knowledge of RES project implementation (courses, training,
postgraduate studies, first or second-degree studies).

Significantly, the above structure was not influenced by the place of employment of respondents from both the
group of managers and the group of project team workers, which means that the structure of project employment
is not influenced by the type of organisation in which the project is implemented.

4, Results

In the first stage of the research, the following determinants of RES project management were identified
(alphabetically):

1. Project team members (their selection to the team).

2. Resources and tools available during project implementation.

3. The person of the project manager.

4. Project planning.

5. Distribution of roles and relevant competencies - proper involvement.

6. Flow of information.

7. Strategic management of the project.

8. Strategic management of the organisation.

9. Organisation structure.

10. Cooperation with institutions responsible for the implementation of RES in Poland.

The importance and relevance of the above-identified determinants for each group of respondents are presented in
percentage terms in Figure 1 below - it shows which determinants are the most specified and most important for
different groups of people involved in the implementation of RES projects.
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other (less than 5% of indications)

cooperation with institutions responsible
for the implementation of RES in Poland

organization structure

strategic management of the organization m employees
strategic management of the project

flow of information

distribution of roles and relevant B managers
competencies - proper involvement

project planning

person of the project manager

resources and tools available during project
implementation

project team members (their selection to
the team)

0% 20% 40% 60% 80% 100%

Figure 1. Weight of identified determinants for two groups of respondents

Source: own study

However, we can see discrepancies when emphasising the importance of specific determinants mentioned by the
two groups of respondents. If, in the case of the issue of conditions related to the project manager and people in
the project team, the discrepancy is justified and is due to the place occupied in the structure of the project, then in
the case of conditions related to the organisation (one's workplace), it is surprising to see so few voices of project
employees. In the author's opinion, this is a result of the low level of knowledge of basic concepts of organisation
and management held by this group of respondents and the fact that they do not realise the strength of the
influence of these factors on the project they are implementing. In other cases, on the other hand, the opinions are
already much more similar, which means a high impact of the mentioned conditions on the work of all those
directly involved in project management. Confirmation of this opinion can be seen in the very high percentage of
answers given, exceeding 80% in almost all cases. In addition, all complications accompanying the performance
of project tasks have their source precisely within the organisation and do not contrary to appearances and widely
accepted opinions, arise from the external environment. In addition, in making the above analysis, it is imperative
to note that most people cannot determine whether a given condition is external or internal. This confirms the
author's opinion as to their knowledge of management processes.
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The determinants described and listed in this way were also accompanied by the dysfunctions indicated by the
respondents specific to each determinant - the second stage of the research (Table 4).

Table 4. Dysfunctions associated with each conditionality

No

Conditioning

Dysfunctions

Project team members (their selection
to the team)

- poor selection of employees for the project team

- lack of training for project team staff

- very high staff turnover

- filling one person in two positions in two projects - including project
managers

Resources and tools available during
project implementation

- lack of methods and tools for project management

- lack of mechanisms for monitoring the resources held

- projects implemented are not consistent with the organisation's profile and
strategy

- too many projects implemented at once

- the inadequacy of adopted project cost estimates (budgets) to the intended
results

The person of the project manager

- filling one person in two positions in two projects
- lack of competence
- lack of experience

Project planning

- extended project schedules (leaving too large time buffers)

- erroneous resource planning

- long waiting time for management decisions (even more than six months)
- results in changing project realities.

Distribution of roles and relevant
competencies - proper involvement

- lack of definition of roles and responsibilities for units or individuals
outside the project

- lack of ongoing participation of top management in project management
- low morale of project staff - need for more support from boards of
directors.

Flow of information

- lack of information on the status of the project

- lack of information flow channel with other departments of the
organisation involved in project activities

- lack of cooperation and information transfer between project teams
working simultaneously

- lack of databases left after the end of the project - often replacement of
personnel - no lessons learned

Strategic management of the project

- poorly prepared projects

- projects implemented are not linked to each other

- lack of coordination of overall activities undertaken in all projects

- duplication of project activities performed

- rivalry between project teams simultaneously implementing projects.

Strategic management of the
organisation

- treating projects secondarily

- lack of experience in project implementation

- insufficient resources

- lack of integration of the project team into the organisation

Organisation structure

- lack of project structure - prevalence of functional structures
- misalignment of the organisation with the ongoing projects
- inability to link the work of all units in an organisation to project activities

10

Cooperation with institutions
responsible for the implementation of
RES in Poland

- lack of information flow channels

- low level of knowledge in the staff employed there

- lack of standards in project management developed by these institutions
- an influx of conflicting information on project implementation

- lack of unified laws and standards for all areas of operations

- high frequency of changes to existing laws and standards.

Source: own study.
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In summing up the above data, it is necessary to add that the respondents mapped all the dysfunctions occurring to
individual conditions. Hence, there may be doubts about the validity of such an association. However, based on
the answers given in this way, which are simply the result of the difficulties constantly encountered in work, they
significantly impact the management of the RES project. In addition, for this work and a better understanding of
such sensitive issues, the author decided to cite the main problems (Figure 2) that arise in the daily work of the
respondents. According to the work's author, only a concrete example taken from practice can illustrate a given
situation most optimally.

other (less than 5% of indications)

too large a scope of projects

key decision-making by the main
management

. - . m employees

lack of reporting within the organization

lack of quality in information on
implemented projects

lack of mechanisms to manage projects B managers

low level of knowledge of RES project
management

lack of experience

lack of project management strategy

lack of links between the organization's
strategy and projects - random projects

0% 20% 40% 60% 80% 100%

Figure 2. Problems occurring during the management of a RES project
Source: own study.

In summary, it can be noted that the results of the author's research presented above are as identical as possible to
the project management considerations contained in the world literature and lead to efforts to improve the
following areas:

- adapting the organisational structure to the implementation of RES projects;

- managing the organisation through project management;

- optimisation of the information flow process during project management;

- external and internal flow (information management);

- managing the competencies and skills of project team members,

- “bottleneck management”;

- project planning;

- proper selection of roles, competencies and responsibilities in the organisation during project management;

- optimisation of procedures and tools of institutions responsible for implementing RES systems in the country.
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5. Discussion

In the 21st century, companies, to gain a sustainable competitive advantage, must respond quickly to the intense
and unprecedented environmental changes. They are to be helped by project management, which, as the article's
author wrote, is an extensive, multifaceted and interdisciplinary issue.

In the scientific literature, we can find many definitions of project and project management, and we can note an
inevitable evolution of views that emphasise their different aspects. However, even though the concept of RES
project management (the very concept of their general implementation is more than 60 years old) is not so new -
many attempts to apply it to traditional entities have failed to meet the expectations of their boards or even the
market itself. The reasons for failure that occur are due, as indicated by the conditions discussed earlier, which,
according to the author, can be divided into four leading and basic categories:

1. Psychological.

2. Organisational.

3. Market-based.

4. Cultural.

To sum up, it doesn't matter whether we are talking about determinants or their dysfunctions; everything revolves
around practically the same main aspects which are:

- lack of tools and resources;

- the wrong people in the wrong positions, performing the wrong tasks;

- a virtually non-existent flow of information;

- an ill-defined or overlooked area of project planning;

- strategic project management approach;

- the negative impact of the project company on its management;

- shallow cooperation with institutions responsible for renewable energy sources in Poland - practically none.

But it was coming back to project management in the RES industry, which today is responsible for giving the
right prompts in the development process, stimulating knowledge transfer and diffusion. At the same time, it is
supposed to support organisational learning and, consequently, lead to the development of dynamic capabilities.
After all, nowadays, it is not only the bundle of resources that counts in building competitive advantage but also
capabilities. Consequently, mechanisms by which organisations can develop these capabilities and reconfigure
resources are essential. This confirms that dynamic capabilities, built on knowledge and linked to an
entrepreneurial orientation, lie at the heart of generating new products, processes or services.

The rapid development of the green energy sector in the coming years seems inevitable, especially for European
Union member states. It is, therefore, worth considering what consequences it will carry. Undoubtedly, the
consequences for the state budget are essential. One can forecast an increase in budget revenues from VAT, due to
the increased number of investments related to developing the green technology market. In addition, increased
state budget revenues may result from developing enterprises and subsequent employment growth. A decrease in
budget revenues is also likely inevitable due to reduced excise tax revenues and less exploitation of fossil fuels.
The development of the RES sector will positively impact the labour market. This is especially true for industries
involved in producing equipment for renewable energy and the construction industry due to increased demand for
construction services related to the construction of new generating units and the modernisation of existing ones.
Employment growth can also be forecast in banking due to the development of programs to finance green energy
investments. Human capital will shift from traditional sectors to highly innovative ones, consequently
contributing to developing a knowledge-based economy (Ignarska, 2013).
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The importance of the topics discussed above is undoubtedly due to the drive to build an information society and
a knowledge-based economy. This is a priority activity for any country that intends to compete effectively in
international markets in the future. For Poland, the vision of continuing the current economic assumptions based
on a very cheap labour force is becoming more and more elusive, as increased emigration, as well as demographic
changes, have caused the significant labour surpluses that have existed in the labour market so far are rapidly
beginning to turn into shortages that are difficult to level. The changing relationship between supply and demand
in the labour force segment in such a situation inevitably means an increase in production costs. The only way out
of the "crisis" in such an economic situation is to break the barrier of cheap labour resources, which at the same
time leads to the path of sustainable development, by transforming the structures of the economy to be less
sensitive to fluctuations in the number of labour costs. One should strive to modernise the economy, which
includes a much more significant component of technical progress - to a knowledge-based economy.

In conclusion, despite the many obstacles investors in the renewable energy sector may face, there is a basis for
seeing a brighter future for the industry, especially in the long term. A mix of market consolidation and optimism
may characterise the target year of 2030. The RES sector should emerge as a critical component of the long-term
development of global economies.

Conclusions

The practice of project management in the RES industry in Polish conditions boils down only to managing
individual projects, the managers of which are only responsible for adhering to the budget, schedule, reporting
and final results planned to be achieved. This results from the need for existing links between the organisation's
strategy and the implementation of RES projects and between the project management strategy and the adopted
corporate management strategy. And yet the selection and management of the project itself, already at the
planning stage, should be done following the planned strategy of the enterprise and in the form of a typical
activity.

This means that the management of RES projects in the surveyed enterprises is carried out, bypassing the concept
of project management, which, due to its characteristics, is ideally suited as a tool for project teams.
Unfortunately, with a guarantee of applying this concept, it is possible to develop a standardisation of the project
management process in the organisation, that is, to guarantee reproducible quality.

In turn, the selection of project team members, including the manager, also raises concerns - it should be done
through the prism of their competence in close connection with the determination of the appropriate involvement,
that is, roles and place in the structure of the company. The lack of such standards often leads to a situation in
which the project team leader cannot efficiently manage more projects without prioritising individual projects
and properly allocating strategic resources. This raises the question of how project teams can perform different
tasks at different hierarchical levels in the organisational structure of the surveyed companies.

Besides, in the author's opinion, all enterprise employees should participate in the project / feel like they are
participants. This will cause the disappearance of barriers to cooperation between them and the project team. This
also applies to the top management, who must do more than participate in the project in emergencies.

Ultimately, it seems very important to cooperate with public institutions managing renewable energy sources in
each country, which will result in uniform procedures.

In summary, considering the above conclusions of the survey, it is worth extending it to a larger group of
companies that implement RES projects - this will undoubtedly reduce the very high convergence of opinions
provided and expand the practical directions of change. This will allow us to thoroughly verify the assumptions
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about the universality of the above conclusions and observations and to put into practice standards that will be
helpful in the future.
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Abstract. Managerial work in all businesses worldwide aims to achieve subordinates' successful completion of work. Assigning tasks is
one of the daily activities of a manager and significantly impacts the quality of work submitted. This paper focuses on task assignments and
their effectiveness in work teams. From October 2022 to January 2023, a questionnaire survey was conducted, which pursued the goal of
task assignment efficiency. Respondents were asked about their preference for specific assignments, the types of information they prefer in
projects, and their priorities within the work allocation. At the same time, respondents rated other aspects related to effective work
assignments, such as the meaningfulness of the work, responsibility for performance or autonomy, competence to complete the task or their
level of involvement and relationship with the person assigning the task. In January 2023, a focus group survey was conducted with ten
students. The respondents carried out the assigned task, and the whole task process, including its outcome, was mapped. The paper presents
the results of the questionnaire survey in the form of graphs, including the authors' comments with the support of more complex statistical
methods; the results of the focus group are graphically displayed in a semantic differential, and the conclusion of the paper is oriented
towards specific recommendations for teachers, managers, or leaders for whom assigning tasks is their daily bread.

Keywords: task efficiency; task assigning; work team effectiveness; assignment types; managerial work

Reference to this paper should be made as follows: Pechova, J., Volfova, H., Jirova, A. 2023. Impact of task assignment on effectiveness
in work teams. Entrepreneurship and Sustainability Issues, 10(4), 152-170. http://doi.org/10.9770/jesi.2023.10.4(10)

JEL Classifications: M54

1. Introduction and review of literature

Managerial work in all businesses in the world stands and falls with the successful completion of the work of
subordinates. An important and often underestimated administrative art is correctly assigning the necessary work
to subordinates. Delegating tasks is one of the daily activities of a manager and significantly defines the quality of
work submitted. According to Svozilova (2016), a task is part of a complex activity, we can specify the desired
outcome, and it has a relatively short duration. Koubek (2010) adds that a task can consist of one or more
operations. The manager can choose from two options when assigning tasks and delegating them to specific
performers (Pechova, Volfova, Jirova, 2022). The right style can determine employee satisfaction and, thus,
productivity.
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Good workplace relations and positive motivation of workers also enhance productivity. We distinguish between
extrinsic and intrinsic motivation. While achieving a result drives extrinsic motivation, intrinsic motivation is a
preoccupation with a task or problem and a tendency to solve it. Employees with higher levels of intrinsic
motivation perform better, are more efficient, more prosperous and appear more satisfied. There is also a direct
link between motivation and the desire to succeed - the greater the passion, the greater the motivation to succeed.
However, if there is a fear of failure, motivation decreases proportionally.

As business is usually associated with risk and uncertainty, the team must be able to adapt to changing conditions.
They must find new ways to solve problems and adapt quickly to new situations. Especially in the early days of a
business, when there are many unknown factors, the ability of the team to work together and adapt is crucial to
success. In addition, entrepreneurs must have the ability to lead, inspire and motivate their team to work together
to achieve common goals. A business can be very successful when a team works together and is motivated to
achieve a common goal. In today's business world, teamwork is crucial to success. Entrepreneurs must be able to
assemble a strong team and lead it to success. Cooperation provides the support and motivation necessary to
achieve common goals. If entrepreneurs can build a team that can work together and adapt to rapidly changing
conditions, they will be well-positioned to succeed in business (McGrath, 1984; Delfgaauw, Dur, & Souverijn,
2020).

Task management and teamwork are two critical elements for success in any organisation. Effective task
management enables teams to plan, organise and complete tasks efficiently and on time, which is essential to
achieving the organisation's goals and success. With proper task management, teams can be able to solve
problems that were caused by ineffective task planning and management. Teamwork is based on the idea that a
group of people working together is more efficient than individuals working alone. A properly managed team can
be a powerful force for achieving the goals of an organisation. Teams that have clearly defined tasks and
responsibilities can work better together and achieve more significant results.

Linking these two elements is crucial to an organisation's success. Effective task management can help teams
better organise their tasks and improve performance. A good teamwork environment can help create effective
teams and increase productivity. The benefits of good task management and teamwork are many. Organisations
can reduce time delays, improve performance, and achieve goals more efficiently. In addition, adequately
managed teams can produce creative and innovative solutions and improve the quality of an organisation's
products and services. Ultimately, effective task management and teamwork are key elements to an organisation's
success in a competitive and rapidly changing business environment. Organisations should invest in developing
these elements and create an environment that fosters productivity, innovation, and sustainability (Truss et al.,
2011; Jiang & Gu, 2015; Castellano, Davidson & Khelladi, 2017; Zhang et al., 2021).

Generationally, there are relatively large, even leapfrog changes in the abovementioned issues. The solution
primarily focuses on proper task assignment, critically affecting all generations' bottom line. Practical task
assignment is critical to successful job performance and overall team or organisational productivity. Good task
assignment includes a clear description of the goal, precise task specifications, prioritisation, and a deadline for
completion. In addition, when tasks are correctly assigned, employees know what is expected of them and are
clear about their roles and responsibilities. This leads to better coordination and collaboration within the team and
improves the overall efficiency of the work process (Cerneviiiitée & Strazdas 2018).

A vast strand of literature is devoted to factors that must be considered while attributing particular tasks to
employees. Weerasombat, Pumipatyothin, and Napathorn (2023) draw special attention to employees' skills.

Anes et al. (2023) developed a methodology for considering each team member's performance to achieve the
optimal assignment of the agile teams in open innovation projects. Kaur et al. (2022) suggest considering the
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necessity of retaining employees in nonprofit organisations while distributing tasks. Ren et al. (2022) highlight
procedural justice when assigning tasks. The authors claim that procedural fairness can be combined with
performance goals to reap the valuable aspects of goal setting while minimising some of the unintended side
effects. They draw attention to the fact that there is an ongoing discussion on the impact of goal setting (Ren et
al., 2022). Li et al. (2023) focus on the difficulties of order assignments in conditions of uncertainty. Kamei &
Markussen (2022) analysed free-riding effects caused by inappropriate attribution of tasks. Liu et al. (2023) stress
the role of leadership, organisational environment and justice in job assignment mode. Delfgaauw, Dur and
Souverijn (2020) claim that favouritism, employees' seniority, preferences over tasks, and fairness considerations
often play a role while assigning tasks to employees. Employee preferences are essential in setting key targets
(Chen et al., 2021). Hsieh & Lee (2023) focus on autonomist and autocratic characteristics of employees, which
ultimately affect work team performance.

Anyway, there is still no answer to how managers must consider factors such as age, gender or speciality of an
employee while assigning a task.

The main objective of this paper is to fill the gap by presenting an applicable managerial approach to effective
task management for different sociodemographic groups defined by gender, generation and study focus. The sub-
objectives include the compilation of a literature review in the field of managerial practice with a focus on task
management, task assignment, teamwork and generational differences. Based on this, the sub-objectives also
include a preliminary validation of the possibility of applying motivational types theory to different groups of
workers, and at the same time, in relation to these groups (sociodemographic factors, occupational/study focus),
evaluating the importance of the different contextual components of task assignment. Among the sub-objectives,
it can also be included in verifying whether other variables besides age define motivational types that can be
successfully used in subsequent managerial work.

2. Task assignment

Task assignment is a sub-element of management. The literature agrees that the basic criteria that should be
clearly defined when assigning a task include the desired outcome, time horizon, responsibility for performance,
available resources, and specification of what is considered successful completion of the task (Pechova, Volfova,
& Jirova, 2022). According to Plaminek (2009), expressing support and creating space for questions and
discussion is also an important point, as understanding the assigned task is considered the basis for future success
and acceptance. In some ways, a well-managed process of defining the work task and the associated
responsibilities can optimise the worker's approach to the assigned work from the beginning (Kriek, 2019).

Without setting a goal, the task could not exist. The question remains, however, to what extent it is also necessary
to determine the way in which it is to be achieved. In this case, the preferences of each leader/manager are
radically different (and usually closely related to the management style chosen), as are the priorities of each
performer/subordinate/employee. Some need fixed structures and roles to achieve results, the presence of which
reduces uncertainty, ambiguity, and misunderstanding. Others, on the other hand, maybe demotivated by such an
approach (Parkes, 2016; Wielenga-Meijer et al., 2011)

When assigning tasks and delegating them to specific performers, the one assigning it - the leader or manager can
choose from two options. He can choose either "HOW" assignment or "WHAT" assignment (Plaminek, 1999).

In the case of the "HOW™ assigning, or also the process type, it is mainly about specifying the methods and ways
in which the performer's work is to be carried out, it contains an enumeration or direct description of working
methods and yet it is burdened with frequent control and consultation, as a result of which the authority can
manage only a small number of performers and its work becomes less efficient.
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In "WHAT" type assignments, we encounter a more autonomous approach; only the outcome to be achieved and
the evaluation criteria are specified. In the research investigations, the task type "WHAT" was assigned and is
specified in Chapter 2.2.

2. 1 Charakteristics of the targer group

A total of 388 students from SKODA AUTO Vysoka §kola o.p.s. and SKODA AUTO a.s. employees participated
in the research survey between October 2022 and January 2023. The surveyed target group consists of 71% men
and 29% women. A significant number (73%) of the respondents are aged 18-21 years and 22-25 years (14%).
78% of the respondents have a high school education, 20.6% have a bachelor's degree, and 1.4% have a master's
degree, and their field of study is presented in Figure 1.

9,6%

Sales Management
31,9%

Figure 1. Field of study of the survey respondents
Source: the authors

In total 10 students from SKODA AUTO Vysoka $kola o.p.s. and employees of SKODA AUTO a.s. participated
in the follow-up qualitative research using the focus group method in January 2023. Of those surveyed, 60% were
male, and 40% were female. All respondents were 22-25 years old and had completed a bachelor's degree, with
the field of study shown in Figure 2.

Figure 2. Field of study of the focus group respondents
Source: author the autor

155


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2023.10.4(10)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2023 Volume 10 Number 4 (June)
http://doi.org/10.9770/jesi.2023.10.4(10)

2. 2 Research methodology

To fulfil the objective of this paper, a questionnaire survey, focus group method, observation, facilitated
discussion and evaluation of the respondents' performance on the task were carried out.

In the questionnaire survey, a goal-oriented task was given in a "WHAT" manner. According to Campbell (1988)
and Wood (1986), who classify tasks into simple and complex, a complex task was given. Or also according to
Bakken and Andersson-Bakken (2021) an open-ended task can be solved in multiple ways. Respondents were
given the task by their direct supervisor. The exact assignment was as follows: "Create an invitation to a three-day
work team meeting in the first half of 2023."

A total of 25 questions were formulated as part of the survey. Each question pursued its own sub-objective with
respect to the main objective. The aim of the questionnaire survey was to evaluate the effectiveness of the task
assigned and each question in the questionnaire monitored the following criteria:

- Preferences for the type of tasks

- Willingness to work with risk

- Fear of failure

- Teamwork

- Willingness to take responsibility
- Motivation to complete the task

- Level of commitment

- Relationship with supervisor

- Supervisor communication

The last four questions of the survey aimed to identify respondents. After completing the questionnaire survey,
another research investigation in the form of a focus group was conducted in which 10 participants carried out the
above task. The task implementation involved process and outcome evaluation, including a facilitated discussion
between the person assigning the task and the performers. The purpose of the facilitated discussion was to obtain
additional information on the questionnaire survey and the effectiveness criteria of the assignment mentioned
above. The results of the questionnaire survey and focus group are presented in Chapter 3.

3. Research investigations

To meet the objective of this paper, quantitative research in the form of a questionnaire survey was conducted to
determine statistically significant relationships between sociodemographic variables and the evaluation criteria
defined above. This was followed by a qualitative focus group method focusing on the differences brought about
by the specific implementation of the assigned task, facilitated discussion and evaluation of the respondents' work
in performing the task.

The results are presented using graphs and authors' comments. The author's comments are supported by expert
theories, which are presented in chapters 2.1, 3.3 and at the end of the paper. The effectiveness of the individual
performers was simultaneously evaluated according to the gender, educational level, and field of study of the
respondents.

The research investigation aimed to assess whether significant statistical relationships exist between
sociodemographic variables and evaluation criteria associated with task effectiveness. Two research questions
then followed this objective:
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- Does the approach to accepting assignments differ by gender, age, a field of study and educational attainment?

- Which sociodemographic variable has been shown to have the most statistically significant effects when
assigning and accepting tasks?

The Pearson chi-square test of goodness of fit was used to detect underlying relationships and associations at the
level of descriptive statistics using contingency tables. Only relationships with asymp. sig. less than 0.05 were
recorded. If a value less than 0.05 is reached between two variables, they can be said to have a relationship with
each other.

The chi-squared test is often used to test whether there is a statistically significant association between two
categorical variables. Specifically, it is a test of independence between two variables. The chi-squared test uses
the observed and expected frequencies to determine if there is a statistically significant difference between the
observed and expected results.

However, the chi-square test does not say anything more about the nature of the relationship between the
variables, and it cannot be assumed that all relationships are significant enough to be generalised. For the
interpretation of the research to be meaningful, it is necessary to know whether the relationship is conclusive with
respect to individual identifying criteria such as age, gender, or job title. For this reason, so-called adjusted
residuals were used in the contingency tables.

The adjusted residual is based on the difference between the empirical and expected frequencies, and when it is
greater than 2.00 (or - 2.00 for negative direction relationships), we can be certain (with 95% probability) that the
difference between the frequencies is not due to coincidence. For values greater than or equal to 3.29 (or - 3.29 for
negatively oriented relationships), the probability of a random variation is less than 0.1%. Thus, the adjusted
residuals determine the extent to which the assumption of independence is violated, which is satisfactory for
evaluating these variables. Thus, it is possible to demonstrate relationships with sociodemographic variables and
specify for which internal categories these significant relationships hold. Again, only statistically significant
relationships were retained, and outliers were excluded.

Chapter 3. 3 also diagnoses the motivational types of respondents according to the theory of Jifi Plaminek, which
is shown in Figure 3.

RISK

CONQUEROR DISCOVERER

Q
4
&

PROCESS

ENDORSER SPECTFIER
e N

R Need for
Need for K “a

external (individual)
(societal) grounding

AL
grounding STABILITY

Figure 3. Field of study of the focus group respondents
Source: Plaminek (1999, p. 41)
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3. 1 Results of the questionnaire survey

Respondents were tasked by their direct supervisor with creating an invitation to a three-day team meeting of the
work team in the first half of 2023.

First, the results will be summarised in frequency analysis, which also shows interesting results.

In total 20.6% of the respondents believe that they have enough information to complete the task and 79.4% of the
respondents need additional information in the assignment. The following types of information were most
frequently identified by respondents (in the order determined by the frequency of responses):

- Information on the exact date, programme, focus and objectives,

- specific venue,

- what is the deadline for completing the task,

- the priority of the task,

- the reason or purpose for carrying out the task,

- whether the task is confidential or public

- and a thank-you or appreciation from the person assigning the task.

Interestingly, 73.6% of the respondents believe that there are no follow-up steps associated with the task, thus not
classifying the task as complex and 23.7% of the respondents, on the other hand, consider follow-up steps within
this task as evident. The most frequently mentioned follow-up steps include - organisational responsibility,
booking the venue, informing the participants what they need for the meeting, finding out about specific
participation, wishing them a happy stay, information about accommodation, catering or transport or the
requirement for initial complex organisational arrangements for the team building and only afterwards providing
an invitation.

Only 4.1% of respondents identified the task as the highest priority, 48.5% assigned a medium priority to the task,
and 30.9% saw the task as a routine agenda.

A significant factor for 54.7% of the respondents is the person assigning the task. For 24.7%, this is of moderate
importance, and for 20.7%, this is not important.

At the same time, 46.4% of respondents wish to be addressed when assigning a task; the most pleasant way of
addressing respondents is by first name, then formally (dear sir/madam, colleague, or title). At the same time,
33% of the respondents did not notice the absence of addressing at all when assigning tasks and 20.6% did not
miss it.

Only 12.4% of respondents prefer the spoken form of assignments, 30.9% like the written form, and 56.7% like
the combined form of assignments.

When asked whether respondents found the team or individual type of task more motivating, 31.9% of
respondents favoured the team type of task and 39.2% favoured the personal kind of task. The remaining 28.9%
were undecided.

A total of 58.8% of the respondents would find it easier to complete the task with specific instructions for the
procedure, 41.2% do not require instructions for completing the task.

While 58.8% of respondents perceive the task as creative, 23.7% classify this task as a medium level of creativity.
The remaining respondents rate the task as routine.
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Also, 69.3% of the respondents believe they have all the skills and abilities to complete the task, 30.9% have only
some and 5.2% think they need more skills and abilities to complete the job.

According to the respondents, the following skills (in order of frequency) are essential for completing the task:
- Good interpretation of information,

- Good knowledge of grammar and stylistics

- Graphic skills,

- Ability to motivate in written text

- Fantasy and imagination

The majority (73.2%) of respondents believe they will complete the task within hours, 14.4% within minutes and
12.4% within days.

Regarding the possibility of diagnosing motivational types among respondents, questions with a clear link to these
researched categories of evaluation criteria were defined.

Criteria were relevant to classifying respondents into different motivational types will be evaluated. The
methodology for assessing statistically significant relationships is outlined above; here, we present the results as
statistically significant relationships (with 95% probability or higher) between the sociodemographic criteria and
the related questions from the questionnaire survey.

First, sets of questions were defined from the questionnaire survey, which corresponds in their nature to the
different types - process orientation, goal orientation, risk orientation or certainty orientation, presented in
Table 1.

Table 1. Survey questions diagnose respondents' process or goal orientation and their risk or certainty orientation.

Gen