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GLOBAL ECONOMY AND POLITICS
IN VIEW OF INCREASING CONTROVERSIES

PhD Petar Đukić

Asistant Editor in Chief of ECONOMICS, Innovative and Economics Research 
Journal

At the end of the third year of the pandemic (COVID-19), in light of great controversies that the 
world is still facing, the global economy and society are simultaneously affected by only some 
favorable circumstances, but also extremely adverse trends and worrying phenomena. It is as if the 
extremely long-lasting health and safety crisis turns into some other forms and periods of crises, 
which constantly continue one after another: a growth crisis, a money crisis (a crisis of the world’s 
leading currencies caused by inflation), an energy crisis, a geopolitical crisis, etc. 

World football, economy and wars

Perhaps “geopolitical crisis” is a euphemistic (vague, too mild) term for the war in Ukraine, caused 
by invasion-aggression-intervention, or perhaps Russian “special operation” (regardless of all 
possible reasons and external contributions to that disaster). The unexpected war disaster in Europe 
took tens of thousands of victims, caused at least 25 million refugees from both countries all over 
the world, led to collapsed infrastructure (especially energy infrastructure), huge destruction of 
cities and immense current and future material costs that are reaching the amount of one thousand 
billion dollars. Worst of all, this conflict seriously threatens to become a “new Vietnam”, not to 
mention the implied use of nuclear weapons, even a global conflict. A politically acceptable solution, 
pacification and a real ceasefire are not in sight. In the winter, which is just beginning, a multi-
million population of families, civilians, and soldiers, in a huge area (several hundred thousand 
km2) is without heating, electricity, safe homes, and even shelter. 
If the conflict continues for more than a year, i.e. after the spring of 2023, nothing guarantees us 
that it will not continue in some smoldering form for another four or five years. This means that 
the losses, costs and destruction so far could multiply. It is understood that, right after Ukraine and 
Russia, the biggest losers of this major and unpleasant conflict would be primarily Europe, but also 
the whole world. 
Nevertheless, on the other side of the world, mainly in Doha (Persian Gulf), sports games without 
frontiers are being held. Despite everything, currently (at the end of November 2022) in Qatar, 
football representatives of 32 nations of the world rejoice, worry, fear and grieve over one game, 
which is increasingly intoxicating for most of humanity, especially for small countries of Africa and 
Asia, and even poor Latin America, as a new challenge for the possible demonstration of success. 
This intoxication also has a financial effect and can be registered at most through advertising 
revenue during the TV broadcast of football matches, which are anything but not only a game 
anymore. Although the financial amounts of expenses and income from the most popular collective 
global game are not yet known, it is certain that the World Cup 2022 in Qatar will be one of the 
mechanisms that will contribute to the otherwise slow growth of the global GDP not falling too 
low.  
Football could also serve as a relaxation factor for the makers of important financial and military-
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political decisions at the global, regional and national level. Unfortunately, the Football World Cup 
(World Cup 2022) will last for only three weeks, and the world will once again find itself at a 
crossroads and in the concern of how to reconcile the irreconcilable. 

Controversies about development priorities

Which is more important, formal employment, income growth maintenance and competitive 
(national) labor productivity, including profits (without any trace of their origin) or further potential 
global energy market disruptions, broken supply chains and problems regarding humanitarian 
disasters, large and uncontrolled migrations, unsuppressed and raw labor market, precarious 
employment, finally and unquestionably catastrophic climate trends?
At the moment, around two billion people in the world are employed temporarily, illegally or “in 
the black market”, and 210 million are unemployed (just only those who are looking for a job 
actively). According to the International Labor Organization (ILO), more than 40 million people 
work as slaves, while 15 million are in so-called marital slavery.  
At the same time, it should not be forgotten that today around 3.3 billion people live in areas very 
vulnerable to climate changes, which continuously bring new economic risks and humanitarian 
disasters. In vain is the appeal to the circular economy as a strategic model that could help the 
sustainable advancement of clean energy and green economic transition, using recyclable materials, 
growing chains of ecological resistance, and new waste processing systems that accelerate the 
adaptation to clean energy technologies, and thereby maximizing climate benefits. All these 
measures and models, starting with material intensity of production, energy efficiency, low-carbon 
production, improvement of the product life cycle, are nicely enumerated, but that, with rare 
exceptions, seems to belong to another world. 

Obsession with growth, potential recession and COVID-protests in China 

However, on the other hand, the global obsession with growth is completely understandable. It 
has long been said that development represents (sustainable) growth in the long term. However, 
theorists and practitioners of sustainable development would not agree with this. They see growth as 
a component of development from the perspective of intergenerational justice, the relation towards 
the natural environment and the necessary overlapping of economic, ecological and humanitarian-
security goals.
However, all possible theoretical models, after the dismal “Limits to Growth” (Club of Rome, 
1972), continuously expand the list of sustainable development goals (as many as 30 according to 
the UN Sustainable Development Agenda 2030) without much success in their wide and global 
acceptability.
Besides, as far as economic assumptions are concerned, they are extremely important, so it often 
turns out that only certain parts of the planet can fall into recession, while the world economy as 
a whole remains on a growth trajectory. This was the case with the Asian financial crisis in 1997, 
as well as during the beginnings of the American mortgage crisis (2007). Unfortunately, things 
get out of control very quickly, so the recession in any locomotive of the world economy spills 
over to the rest of the world. It will most likely be the same with the coming recession in Europe. 
The International Monetary Fund (IMF), after a long hesitation, has increased fears of a recession 
and reduced the forecasted growth for 2023 to only 2.7%, while for the current 2022 its growth 
projection is 3.2%.  
However, growth forecasts for 2022 have already been revised three times this year. What does 
that tell us about? Not only about learned cautious conservatism in assessments, but also about the 
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escalation of the mentioned (bad) uncertainties. Two large European economies, Germany and 
Italy, will probably be in recession as early as in 2023. Eurozone growth is forecast to slow down to 
0.5% next year, while growth of 3.1% is predicted for 2022 (still quite optimistic). 
After eight months of the Russian invasion of Ukraine, recession as a possible taboo topic has 
already been accepted. International institutions, which have been quite strict in shying away from 
pessimistic announcements, are now openly talking about the recession. The world is therefore 
faced not only with a possible recession, but with great controversies, uncertainties and unknowns 
in large economies. 
One of them is the unexpectedly violent protests in China. The level of infection with the coronavirus 
throughout China broke previous records, and then the protests escalated, which definitely have 
a political aspect. In any case, the era of China’s double-digit economic growth is in the past, and 
serious cracks are visible in the system of hyper-technological control of social behavior and 
personal surveillance of citizens. The Chinese growth forecast for 2022 has already been lowered 
by 1.5%, (to only 3-4%), and due to the unusual deepening and prolonging the pandemic and the 
current political turbulence, the projections for the next years of Chinese growth are not great. 
For the USA, lower growth is forecast for this year than predicted in the previous report, so growth 
of 1.6 percent is projected, i.e. 0.7 percent less than expected in July, and it is estimated a further 
slowdown in growth to 1.0% in 2023. According to forecasts for the next year, German GDP will 
decline by 0.3% and Italian GDP by 0.2%. For countries in the Eurozone, economic growth is 
expected to decrease to 0.5 percent the next year, compared to the 1.2 percent expected in July. For 
this year, 2022, it is predicted a still rather questionable growth rate of 3.1 percent. 
All in all, 2022 is a year of major upheavals in the economic outlook in the short term. The beginning 
of the year, in the light of the prospects for the end of the pandemic, it has been forecast high 
growth rates, which would also be statistically possible after the previous pandemic recession in 
2020. However, the deterioration of global circumstances, especially in relation to inflation, the 
energy crisis, the war in Ukraine and deep structural disturbances in trade supply and technological 
cooperation have influenced the permanent increase in pessimism and the lowering of forecasted 
growth rates. As the months passed, the optimism from the beginning of the year about a strong 
economic recovery after two years of the pandemic has turned into an ever-increasing pessimism.
It is very difficult to cope with new challenges in the short term, especially due to disruptions in the 
communication of large global players. It is as if the world, for the most part, has lost the sense of 
agreement, understanding, and any global action. 

Long-term concerns and climate trends - still neglected

At the recently held COP 27 conference in Sharm El Sheikh (Egypt), regardless of the good analyses, 
even the proposals of experts who deal with the environment, resources and growing climate risks, 
it seems that, from a political point of view, everything is at a standstill, which occurred after 
extinguishing the last year’s explosion of rebellion and activism by teenagers and young people in 
Glasgow (COP 26).  
It was pointed out that nature is under the pressure of changes and increasing devastation, which 
took away 11 million hectares of tropical forests only in 2021. The gap between poverty and wealth 
is huge, but also growing. Also (according to the findings of the World Resources Institute), more 
than 3.3 billion people worldwide today live in countries and regions highly vulnerable to climate 
changes. 
Inequalities in the world are growing, despite all the measures being taken, and all humanitarian and 
social risks are on the rise: from the risk of poor public health care, through ecological assumptions 
(polluted air, polluted water and polluted soil) to the structure of energy mix and the share of dirty 
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energy (burning of fossil fuels) in the global emission of greenhouse gases. It remains the hope that 
one day the youngest generations around the world, without many ideological prejudices, will join 
a new wave of climate actions, in order for this world to become a safer and more desirable place 
to live. 

December 2022.
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ABSTRACT

Innovation is crucial for the competitiveness of countries in the global market. 
Countries oriented to progress must invest in innovative activities. Using the 
example of the Western Balkan countries, this study investigated their innovative 
competitiveness. The indicators of the Global Innovation Index (GII) were used 
for the years 2019, 2020, and 2021. A multi-criteria approach was based on the 
innovative SMART approach. The weights of the criteria were determined using 
the CRITIC (criteria importance through intercriteria correlation) method, 
while the CRADIS (compromise ranking of alternatives from distance to ideal 
solution) method ranked the Western Balkan countries according to their 
innovative characteristics. The results showed that Montenegro had the best 
innovation indicators, followed by Serbia, while Albania had the worst indicators. 
This research showed an innovative approach of using four normalizations, and 
the advantages of these normalizations were used to contribute to stabilization in 
multi-criteria decision-making.

Keywords: informal labour, informal work, shadow economy, labour, 
macroeconomics, developing economies, globalisation.

1.  INTRODUCTION 

Nowadays, there is an increasing emphasis on the concepts of technology, research and development, 
competition, customer satisfaction, efficiency, and innovation (Aytekin, et al., 2022). Innovation 
contributes the most to achieving competitive advantage (Chen, et al., 2018). Innovation is an idea, 
practice, or object that is perceived as a novelty by an individual (Rogers, 2003). Any new idea, 
practice, or product that one wants to adopt and apply to improve performance can be understood 
as an innovation (Hazen, et al, 2012). The development of innovation improves the quality of life of 
citizens (Pašalić, et al., 2020), and the production and provision of services. 
Innovation is a driving force behind economic growth in both national and regional economies. It 
promotes economic growth, increases wages, extend the product life cycle, makes technology more 
accessible, improves living standards, and implements new organizational structures (Aytekin, et 
al., 2022). When discussing innovation, it should not be equated with invention, because innovation 
is a complex process that adds value to a specific product or service. The role that innovation plays 
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for companies and countries is increasing. Their application in companies has reduced the lifespan 
of products and services (Nußholz, 2018). Kovačević, et al., (2021) stated that innovation aims to 
improve production and business capacities, create new jobs, transfer technology and knowledge, 
and improve the country’s competitiveness in the global market. 
To achieve competitive advantages, it is necessary to invest in innovation. Yu, et al. (2021) highlighted 
that innovation is an indicator of national competitiveness, and it is also related to the economic 
growth of each country. To achieve higher economic growth, it is necessary to invest in innovation 
and promote innovation activities. Mašić, et al., (2018) pointed out that innovation improves 
market efficiency. Investing in innovation activities leads to an increase in the productivity of that 
country (Carayannis & Grigoroudis, 2016), in addition to an increase in the Gross National Income 
(GDP) of a country (Comes, et al., 2018).
The increasing crises that have shaken the economic system in recent years, first the financial crisis, 
then the national debt crisis, then the migration crisis (Kiseľáková, et al., 2019), the COVID-19 
pandemic crisis, and the war in Ukraine have shown that innovation must be sustained to survive 
on the market and to be more competitive at the global level. To follow the innovation capabilities in 
countries, the Global Innovation Index (GII) is used. The GII reveals the comprehensive innovation 
effect of countries, helping developing economies to keep pace with technologies (Oturakci, 2022). 
The main aim of this study is to examine the innovative level of the Western Balkan countries. 
The study was conducted based on data obtained for 2019, 2020, and 2021. The comparison of 
these data was done using the method of multi-criteria analysis (MCDA). An innovative method 
of ranking alternatives, using four different types of normalization, was taken. Application of the 
normalization approach was used in the TRUST (multi-normalization multi-distance assessment) 
method. This method was used by Torkayesh and Devci (2021) in the example of selecting stations 
for changing batteries in electric scooters.
In this study, the same normalizations were used, but a different methodology for applying those 
normalizations was conducted. This was applied to other methods, namely: CRITIC (criteria 
importance through intercriteria correlation) and CRADIS (compromise ranking of alternatives 
from distance to ideal solution). Based on all of the above, this study has the following objectives:

• To determine the innovative competitiveness of the Western Balkan countries through the  
GII,

• To innovate the use of four different normalizations in MCDA methods,

• To compare the values   of innovation in the observed period

By realizing these objectives, the scientific contribution of this work is achieved. This paper is 
divided into six sections. In the first section, an introduction is given about the importance of GII, 
and the objectives of this study are stated. The second section presents the background of the study 
and an overview of the GII. The third section elaborates on the research methodology and the steps 
of the MCDA methods. In the fourth section, the results of the research are presented, and the 
dependence of the ranking on the used criteria determined through sensitivity analysis is shown. 
The fifth section discusses the obtained research results and compares them with previous research. 
The sixth section highlights the results of the study and the limitations of the research and provides 
directions for future research.

2.  RESEARCH BACKGROUND 

The GII is an index for measuring a country’s innovative competitiveness (Huarng and Yu, 2022). 
This index is generally accepted as a basis for analyzing the innovation competence of countries 
(Yu, et al., 2021). The GII consists of seven indicators related to innovation inputs and outputs. 
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Innovation inputs include the following indicators: Institutions (IS), Human Capital and Research 
(HCR), Infrastructure (IR), Market Sophistication (MS), and Business Sophistication (BS), while 
innovation outputs include the following indicators: Knowledge and technologies (KT) and 
Creativity (CR). In this study, the indicators of innovation were collectively observed.
GII indices have been used in various ways in previous studies. Mihaela and Ţiţan (2014) examined 
the relationships between the human development index, the GII, the education index, and the 
unemployment rate. The results showed that there is a close correlation between these indicators. 
Al-Sudairi and Haj Bakry (2014) used GII to investigate the situation in Saudi Arabia with the aim 
of future knowledge development. Based on this research, they provided recommendations for 
knowledge development in Saudi Arabia. 
Sohn et al. (2016) created a model based on GII indicators using a structural equation model. Their 
results showed that business sophistication and infrastructure have the strongest direct and indirect 
effects on creative outputs. Crespo and Crespo (2016) applied qualitative comparative analysis 
using a fuzzy set and observed two sub-samples of countries (high and low income). The results 
showed that none of the conditions are necessary for predicting high innovation performance. 
Jankowska, et al. (2017) applied cluster analysis to GII data. In addition, they carried out a detailed 
analysis of two countries (Poland and Bulgaria), which aimed to check why these countries failed 
in sustaining innovations.
Sener and Delican (2019) examined the relationship between competitiveness, innovation, and 
foreign trade. They used data from 2007 to 2017 and examined this relationship in a sample of 57 
countries. Pence, et al. (2019) used data from the 2016 GII report. When performing the analysis, 
they used 27 features that they processed through an artificial neural network. The results confirmed 
that the fitting structure is good enough to determine the approximate results of the countries. 
Samoilikova, (2020) examined the European and global rankings for innovative development and 
focused her research on Ukraine. She observed indicators from 2009 to 2019 through correlation 
and regression analysis. Stojanovic and Ateljevic (2011) investigated how the transition to the 
innovative model of strategic public sector management in Bosnia and Herzegovina affects its 
efficiency and effectiveness.
Yu et al. (2021) took data for the period from 2016 to 2020 and used a fuzzy set to identify a 
common causal combination in each year, which could be used for GII interpretation. Oturakci 
(2022) observed the relationship between input and output indicators and analyzed it with 
canonical correlation analysis. In addition, he used a t-test to examine whether the explanatory 
factors correspond to the country’s income levels. Huarng and Yu (2022) used a fuzzy set with 
qualitative comparative analysis and structural qualitative association on data for 2020. Based on 
that analysis, a new classification of countries was given based on empirical results. 
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3.  METHODOLOGY 

The methodology implemented in this study consists of the stages presented in figure 1.

Figure 1. Methodology of research.

Source: Authors of the research.

This study was conducted to examine the state of innovation in Western Balkan countries. To 
examine the degree of innovation, the GII was used. The GII project was initiated by Professor 
Dutt during his tenure at INSEAD (Institut Européen d’Administration des Affaires) in 2007 (Iqbal, 
2011). The goal of this project was to determine methods and metrics for researching innovative 
activities in the world and fourteen GII reports have been issued so far.
For this study, the GII reports from 2019, 2020, and 2021 were used. On that occasion, indicators 
for innovation inputs and outputs were taken into account, and selected countries were observed 
using seven criteria. In these reports, the total number of observed countries was from 129 in 
the 2019 GII report to 132 in the 2021 GII report. From the Western Balkan countries, data were 
available for: Albania, Bosnia and Herzegovina, Montenegro, North Macedonia, and Serbia, so 
these countries were taken as alternatives.
After the reports for the last three years were taken and the criteria and alternatives were selected, 
the initial decision-making matrix was formed. This matrix is   the basis for the implementation 
of all MCDA methods (Puška et al. 2021a). Based on the collected data, three initial decision-
making matrices were formed for each observed year. Furthermore, for each of the observed years, 
a ranking list was determined based on a mutual analysis of the innovation competencies of the 
Western Balkan countries. In addition, cumulative innovation for the selected years was observed.
The next stage was to conduct normalization. Normalization is the first step in all MCDA methods 
(Puška, et al. 2018). The goal of normalization is to obtain uniform data on which MCDA operations 
can be performed. In this case, the goal of all criteria is to make the value as high as possible, so 
normalization was used for benefit criteria. When implementing the TRUST method, from which 
the used normalizations were taken, four normalizations were applied, namely: normalization 
type-1 (simple linear normalization), normalization type-2 (vector normalization), normalization 
type-3 (complex linear normalization), and normalization type- 4 (logarithmic normalization). In 
addition to these normalizations, there are several other types in practice, but these normalizations 
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are mostly used in practice.
After the initial decision matrix was   normalized, the next step for each method was to aggravate 
that decision matrix. To carry out this procedure, it is necessary to determine the weights of the 
criteria. The weights of the criteria can be determined in two ways: subjective assessment by the 
decision maker and objective assessment (Nedeljković, et al., 2021). In this research, the CRITIC 
method was used to determine the objective weight of the criteria. The ranking of alternatives was 
done using the CRADIS method.
After determining the ranking of the alternatives for the GII reports from 2019, 2020, and 2021, a 
summary rating of innovations for all three years was formed. This is done in such a way that after 
the individual normalizations were carried out, the average normalization was calculated and the 
normalization value was formed together for all years following with a sensitivity analysis. The task 
of this analysis was to examine how the weight values affect the ranking of the alternatives. When 
determining the weights of the criteria, the approach implemented by Mešić, et al. (2022) was used. 

4.  METHODS 

The CRITIC method was developed by Diakoulaki et al. (1995). This method used four 
normalizations. Based on this, the following steps were conducted:
Step 1. Formation of the initial decision matrix (Puška, et al., 2018). This decision matrix was 
formed based on selected criteria and alternatives. The formation was done by entering the values 
of the alternatives for the observed criteria in the matrix. In this study, a matrix with five rows 
(alternatives) and seven columns (criteria) was formed.
Step 2. Normalization of the initial decision matrix. In this step, four normalizations were calculated 
that are used in the CRADIS method. These normalizations are (Torkayesh and Devci, 2021):

   type-1 normalization:  ,       (1)

   type-2 normalization:       (2)
 

   type-3 normalization:      (3)

   type-4 normalization:      (4)

where:  – maximum value of the criterion,  – minimum value of the criteria,  
– sum of all criteria values,  – product of all the values in the criterion
The normalization value was formed based on the following expression:

      (5)

Applying this expression, all normalizations were given the same importance in forming the final 
normalization.
Step 3. Determining the amount of information.

                       (6)

In this step, it was necessary to calculate the value of the standard deviation (σ) according to the 
criteria, and to calculate the linear correlation matrix (r) for the criteria.
Step 4. Calculation of final criteria weights.
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                     (7)

After the criteria weights were calculated, it was necessary to rank the alternatives. The ranking 
of alternatives was done using the CRADIS method. This method was developed by Puška et al. 
(2022). As with the CRITIC method, a method correction was performed and four normalizations 
were used here. The CRADIS method has the following steps:
Step 1. Formation of the decision matrix. The same decision matrix was used as in the CRITIC 
method.
Step 2. Normalization of the decision matrix. This step was performed in the same way as in the 
CRITIC method, and the normalization value was determined ( )
Step 3. Aggravation of the normalized decision matrix. This step was performed by multiplying the 
values of the normalized decision matrix with the appropriate weights.

                  (8)

Step 4. Determination of ideal and anti-ideal solutions. The ideal solution represents the greatest 
value  and the anti-ideal solution represents the smallest value  in the aggravated decision-
making matrix.

                  (9)
      
                            (10)

Step 5. Calculation of deviations from ideal and anti-ideal solutions. In this step, the deviation of 
individual values from the aggravated decision-making matrix was calculated in relation to the 
ideal and anti-ideal solution. The alternative must be as close as possible to the ideal solution and 
as far as possible from the anti-ideal solution so that its result is as good as possible.

                           (11)
      
                          (12)

Step 6. Calculation of the deviation of individual alternatives from ideal and anti-ideal solutions. 
In this step, the value of the deviation of the alternatives from the ideal and anti-ideal solution was 
added.

                           (13)
      
                           (14)

Step 7. Calculation of the utility function for each alternative in relation to the deviations from the 
optimal alternatives. In this step, optimal alternatives were first calculated. These alternatives were 
formed in such a way that where  is the optimal alternative that has the smallest distance from 
the ideal solution, while  is the optimal alternative that has the greatest distance from the anti-
ideal solution. 
     

           (15)

           (16)
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Step 8. Ranking of alternatives. The final ranking was obtained by looking for the average deviation 
of the alternatives from the degree of utility.

           (17)

5.  RESULTS 

The first step in calculating the mutual innovativeness of the Western Balkan countries was the 
formation of the initial decision-making matrix. In this case, three decision matrices were formed 
for each observed GII report (Table 1).

Table 1. Initial decision matrix.

2019 IS
 (C1)

HCR 
(C2)

IR
(C3)

MS 
(C4) BS (C5)

KT 
(C6)

CR 
(C7)

Albania (A1) 65.8 22.7 46.2 53.4 24.0 12.2 24.4
Bosnia and Herzegovina (A2) 58.9 42.0 35.3 49.3 26.5 21.8 19.0
Montenegro (A3) 68.9 33.0 48.8 44.4 32.2 18.5 41.4
North Macedonia (A4) 69.7 26.4 44.9 57.1 30.5 21.6 28.1
Serbia (A5) 68.7 32.4 49.9 39.6 31.9 26.7 27.2

2020 C1 C2 C3 C4 C5 C6 C7
Albania (A1) 66.0 20.3 40.9 46.8 24.1 9.7 19.5
Bosnia and Herzegovina (A2) 59.3 35.0 36.8 50.1 18.7 21.2 14.8
Montenegro (A3) 69.6 33.5 46.0 48.2 23.6 19.6 33.6
North Macedonia (A4) 58.9 29.1 46.4 59.7 25.4 23.0 18.9
Serbia (A5) 69.4 31.7 48.6 41.6 25.8 30.0 20.5

2021 C1 C2 C3 C4 C5 C6 C7
Albania (A1) 64.9 22.7 43.0 44.1 25.0 12.0 20.3
Bosnia and Herzegovina (A2) 59.5 31.4 45.7 49.3 18.8 20.7 15.9
Montenegro (A3) 69.6 32.7 43.2 50.9 25.3 17.1 35.9
North Macedonia (A4) 69.9 30.2 46.9 63.7 25.4 22.7 19.5
Serbia (A5) 69.3 32.3 48.7 48.4 25.5 29.1 21.4

Source: Global forum for intellectual property, data processed by the authors.

Legend: Institutions (IS), Human Capital and Research (HCR), Infrastructure (IR), Market 
Sophistication (MS), and Business Sophistication (BS), while innovation outputs include the 
following indicators: Knowledge and technologies (KT) and Creativity (CR)
After the initial decision-making matrix for all years of the observed reports was formed, the 
method of obtaining the ranking of the Western Balkan countries about the values   of the criteria 
from the GII is explained based on the example of 2019.
The first step was performing normalization (Table 2). Four normalizations were used in this 
study. Each of these normalizations has its characteristics. Observing the results obtained by 
applying different normalizations, these characteristics can be identified. When performing type-1 
normalization, the values   have a weight of one and the highest average value (mean = 0.8267) of all 
data in about other types of normalization. This normalization tried to align the data values   with 
the maximum value of the criteria. Application of type-2 normalization showed that the average 
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value of all data is (mean = 0.4406), which is almost half less than the value of type-1 normalization. 
This normalization calculated the data around the average value and the deviation from this average 
value found using the standard deviation (SD = 0.0779) is less than with normalization type-1. 
The results using type-3 normalization showed that the values   range between the minimum and 
maximum values, with the minimum value taking the value zero (0), while the maximum value 
taking the value one (1). This normalization, therefore, has the largest deviation from the average 
value for all data (SD = 0.3734) compared to other normalizations. Using type-4 normalization 
resulted that the average value (mean = 0.2) being the same for all criteria. Based on this, it can be 
concluded that the normalized values   deviate equally from this average value, which is shown by 
the indicator of standard deviation (SD = 0.0111). With this normalization, the highest conformity 
of all data was achieved. By using only some of the normalizations, their characteristics would 
be appreciated. Therefore, the use of all these normalizations seems justified when ranking the 
alternatives.

Table 2. Normalization of the initial decision matrix.

Type-1 C1 C2 C3 C4 C5 C6 C7
A1 0.9440 0.5405 0.9259 0.9352 0.7453 0.4569 0.5894
A2 0.8451 1.0000 0.7074 0.8634 0.8230 0.8165 0.4589
A3 0.9885 0.7857 0.9780 0.7776 1.0000 0.6929 1.0000
A4 1.0000 0.6286 0.8998 1.0000 0.9472 0.8090 0.6787
A5 0.9857 0.7714 1.0000 0.6935 0.9907 1.0000 0.6570

Type-2 C1 C2 C3 C4 C5 C6 C7
A1 0.4424 0.3174 0.4559 0.4858 0.3676 0.2634 0.3765
A2 0.3960 0.5873 0.3484 0.4485 0.4059 0.4706 0.2932
A3 0.4632 0.4614 0.4816 0.4039 0.4932 0.3994 0.6388
A4 0.4686 0.3691 0.4431 0.5195 0.4671 0.4663 0.4336
A5 0.4619 0.4530 0.4924 0.3603 0.4886 0.5764 0.4197

Type-3 C1 C2 C3 C4 C5 C6 C7
A1 0.6389 0.0000 0.7466 0.7886 0.0000 0.0000 0.2411
A2 0.0000 1.0000 0.0000 0.5543 0.3049 0.6621 0.0000
A3 0.9259 0.5337 0.9247 0.2743 1.0000 0.4345 1.0000
A4 1.0000 0.1917 0.6575 1.0000 0.7927 0.6483 0.4063
A5 0.9074 0.5026 1.0000 0.0000 0.9634 1.0000 0.3661

Type-4 C1 C2 C3 C4 C5 C6 C7
A1 0.1997 0.1825 0.2017 0.2051 0.1891 0.1684 0.1936
A2 0.1944 0.2185 0.1876 0.2010 0.1950 0.2074 0.1784
A3 0.2019 0.2044 0.2046 0.1956 0.2066 0.1964 0.2256
A4 0.2024 0.1913 0.2002 0.2086 0.2033 0.2068 0.2022
A5 0.2017 0.2033 0.2058 0.1897 0.2060 0.2211 0.2002

Total C1 C2 C3 C4 C5 C6 C7
A1 0.5562 0.2601 0.5825 0.6037 0.3255 0.2222 0.3501
A2 0.3589 0.7014 0.3108 0.5168 0.4322 0.5391 0.2326
A3 0.6449 0.4963 0.6472 0.4129 0.6749 0.4308 0.7161
A4 0.6678 0.3452 0.5502 0.6820 0.6026 0.5326 0.4302
A5 0.6392 0.4826 0.6746 0.3109 0.6622 0.6994 0.4107

Source: Author’s calculation.
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After the normalization of the data, it was necessary to calculate the weight value of the criteria 
to rank the alternatives. Therefore, it was necessary to apply the steps of the CRITIC method. The 
first two steps were performed by calculating the normalization. Then the amount of information 
was calculated (expression 6) and the final weights were calculated (expression 7). The weights for 
the years 2020 and 2021 were calculated in the same way (table 3). Based on the results obtained, 
criterion C4 (w = 0.2032) received the highest weight for the year 2019, while criterion C1 (w = 
0.0933) received the lowest weight. With the data for 2020, criterion C4 (w = 0.1740) received the 
highest weight, while criterion C3 (w = 0.0896) received the lowest weight. For the data for 2021, 
criterion C7 (w = 0.2196) received the most weight, while criterion C1 (w = 0.0946) received the 
least weight. The differences in the weights of the criteria are present because the CRITIC method 
gives more weight to those criteria that have a greater dispersion in the data because one of the 
elements for calculating the value of the CRITIC method is the standard deviation. If a certain 
criterion is not connected to another, then that also contributes to greater weight. To avoid this in 
the sensitivity analysis, the aggregate weight for the criteria was calculated.

Table 3. Value of criteria weights.

2019 C1 C2 C3 C4 C5 C6 C7

 0.5613 1.2067 0.7023 1.2232 0.5892 0.9303 0.8060
w 0.0933 0.2005 0.1167 0.2032 0.0979 0.1546 0.1339
2020 C1 C2 C3 C4 C5 C6 C7

 0.7822 0.9132 0.5017 0.9741 0.6607 0.9093 0.8564
w 0.1397 0.1631 0.0896 0.1740 0.1180 0.1624 0.1530
2021 C1 C2 C3 C4 C5 C6 C7

 0.4420 0.6136 0.5564 0.6116 0.6932 0.7304 1.0263
w 0.0946 0.1313 0.1191 0.1309 0.1483 0.1563 0.2196

Source: Author’s calculation.

After the weights of the criteria were calculated, the steps of the CRADIS method were applied 
to rank the Western Balkan countries according to the innovation index. Since the normalized 
decision-making matrix was formed and the weights of the criteria were determined, the next step 
was to make the normalized decision-making matrix more aggravated (table 4). Table 4 shows all 
the aggravated decision matrices for individual reports.
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Table 4. Aggravated normalized decision matrix.

2019 C1 C2 C3 C4 C5 C6 C7
A1 0.0519 0.0521 0.0680 0.1227 0.0319 0.0343 0.0469
A2 0.0335 0.1406 0.0363 0.1050 0.0423 0.0833 0.0312
A3 0.0601 0.0995 0.0755 0.0839 0.0661 0.0666 0.0959
A4 0.0623 0.0692 0.0642 0.1386 0.0590 0.0823 0.0576
A5 0.0596 0.0968 0.0787 0.0632 0.0648 0.1081 0.0550

2020 C1 C2 C3 C4 C5 C6 C7
A1 0.0792 0.0431 0.0404 0.0736 0.0694 0.0275 0.0542
A2 0.0522 0.1112 0.0296 0.0853 0.0373 0.0778 0.0350
A3 0.0938 0.1043 0.0537 0.0786 0.0664 0.0709 0.1111
A4 0.0506 0.0839 0.0548 0.1196 0.0771 0.0856 0.0517
A5 0.0930 0.0959 0.0605 0.0550 0.0795 0.1156 0.0582

C1 C2 C3 C4 C5 C6 C7
A1 0.0492 0.0399 0.0447 0.0414 0.0954 0.0326 0.0750
A2 0.0342 0.0821 0.0613 0.0544 0.0471 0.0728 0.0507
A3 0.0623 0.0884 0.0459 0.0584 0.0977 0.0562 0.1599
A4 0.0631 0.0763 0.0687 0.0904 0.0985 0.0819 0.0706
A5 0.0615 0.0864 0.0798 0.0522 0.0992 0.1111 0.0810

Source: Author’s calculation.

The next step in implementing the CRADIS method was finding ideal and anti-ideal solutions. 
The ideal solution is the maximum value of all alternatives for all criteria, while the anti-ideal 
solution is the minimum value of all alternatives for all criteria (expressions 9 and 10). When the 
determinations are ideal and anti-ideal solutions, the deviation of individual data from these values   
was calculated (expressions 11 and 12). Since deviations from ideal and anti-ideal solutions were 
observed, two decision matrices were formed to represent these deviations. After the matrices 
of deviations from ideal and anti-ideal solutions were formed, the sum of these deviations was 
calculated for all alternatives and optimal alternatives (expressions 13 and 14). The next step was to 
calculate the utility functions about the optimal alternatives (expressions 15 and 16), then the value 
of the CRADIS method (expression 17) was calculated and the alternatives were ranked (table 5).
The results of the CRADIS method show that Montenegro has the best innovation index among 
the Western Balkan countries for 2019, followed by North Macedonia and Serbia. Albania, which 
took the last place, has the worst indicators. Looking at the indicators in the report for 2020, 
Montenegro had the best results. However, unlike the previous report, it was followed by Serbia and 
then North Macedonia. The last place was occupied by Albania. The ranking results according to 
the report for 2021 show that Serbia had the best indicators in terms of innovation index, followed 
by Montenegro and North Macedonia. As with the previous analyses, Albania also had the worst 
indicators according to this report. 



A multi-criteria approach to the comparative analysis of the global innovation index on the example of the Western Balkan countries

19

Table 5. Ranking list of alternatives.

2019 si
+ Ki

+ si
- Ki

- Qi Rank

Albania (A1) 0.5766 0.5101 0.1897 0.4017 0.4559 5
Bosnia and Herzegovina (A2) 0.5122 0.5742 0.2541 0.5381 0.5562 4
Montenegro (A3) 0.4368 0.6734 0.3295 0.6979 0.6856 1
North Macedonia (A4) 0.4512 0.6519 0.3151 0.6673 0.6596 2
Serbia (A5) 0.4582 0.6419 0.3081 0.6525 0.6472 3

2020 si
+ Ki

+ si
- Ki

- Qi Rank

Albania (A1) 0.4496 0.3242 0.1951 0.3910 0.3576 5
Bosnia and Herzegovina (A2) 0.4085 0.3568 0.2362 0.4734 0.4151 4
Montenegro (A3) 0.2583 0.5643 0.3864 0.7745 0.6694 1
North Macedonia (A4) 0.3137 0.4647 0.3310 0.6635 0.5641 3
Serbia (A5) 0.2792 0.5220 0.3655 0.7325 0.6273 2

2021 si
+ Ki

+ si
- Ki

- Qi Rank

Albania (A1) 0.7410 0.5766 0.1501 0.3235 0.4501 5
Bosnia and Herzegovina (A2) 0.7166 0.5962 0.1745 0.3762 0.4862 4
Montenegro (A3) 0.5503 0.7764 0.3408 0.7347 0.7555 2
North Macedonia (A4) 0.5697 0.7500 0.3214 0.6929 0.7214 3
Serbia (A5) 0.5479 0.7797 0.3431 0.7398 0.7598 1

Source: Author’s calculation.

By observing the results for the selected years (table 5), it can be concluded that the ranking order of 
the Western Balkan countries changed. This is especially evident in the first three places. To perform 
a sensitivity analysis and to obtain aggregate data, an analysis was performed for all observed years. 
When applying normalization, all three years were taken into account in normalization, but the 
maximum values   and minimum values   were taken from all three years, so individual normalization 
was done on that basis. In this way, the data from the report was taken into account for all years, 
not only for individual years. After that, individual normalizations were calculated for the observed 
periods and the average normalization was calculated for all three selected years (table 6). Based 
on that normalization, the weight values for all criteria were calculated. These results show that the 
highest value was given to criterion C6 (w = 0.1962), while the lowest value was given to criterion 
C5 (w = 0.0700). These weights are needed to form scenarios for sensitivity analysis.
In addition to calculating the weights, CRADIS method values   were also calculated for aggregate 
indicators for the selected years. These results show that Montenegro has the best overall results, 
followed by Serbia (table 6). In this case, too, Albania had the worst overall results in terms of the 
innovation index.
Before performing the sensitivity analysis, it was necessary to create a summary decision matrix for 
all years. This was done by performing normalization for the observed years using the highest value 
of the criterion in all years. Then the average value of the normalized decision-making matrices 
was calculated, and the aggregate normalized decision-making matrix was formed. A sensitivity 
analysis was applied to this decision matrix (Table 6).
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Table 6. Summary analysis for 2019, 2020 and 2021.

Normalized decision matrix 
C1 C2 C3 C4 C5 C6 C7

A1 0.5140 0.2437 0.4801 0.4010 0.4166 0.1874 0.3030
A2 0.3363 0.5465 0.3787 0.4254 0.3230 0.4486 0.2055
A3 0.6206 0.4814 0.5452 0.3966 0.4988 0.3744 0.6154
A4 0.5308 0.3857 0.5469 0.6014 0.5009 0.4801 0.3184
A5 0.6140 0.4616 0.6210 0.3195 0.5204 0.6413 0.3358

C1 C2 C3 C4 C5 C6 C7

0.4246 0.6914 0.3124 0.7060 0.2678 0.7503 0.6714

w 0.1110 0.1808 0.0817 0.1846 0.0700 0.1962 0.1756
Aggravated decision matrix

C1 C2 C3 C4 C5 C6 C7
A1 0.0571 0.0441 0.0392 0.0740 0.0292 0.0368 0.0532
A2 0.0373 0.0988 0.0309 0.0785 0.0226 0.0880 0.0361
A3 0.0689 0.0870 0.0445 0.0732 0.0349 0.0735 0.1081
A4 0.0589 0.0697 0.0447 0.1110 0.0351 0.0942 0.0559
A5 0.0682 0.0835 0.0507 0.0590 0.0364 0.1258 0.0590

si
+ Ki

+ si
- Ki

- Qi Rank

A1 0.5474 0.5135 0.1752 0.3969 0.4552 5
A2 0.4886 0.5753 0.2340 0.5301 0.5527 4
A3 0.3908 0.7193 0.3318 0.7516 0.7354 1
A4 0.4114 0.6833 0.3112 0.7049 0.6941 3
A5 0.3983 0.7057 0.3243 0.7345 0.7201 2

Source: Author’s calculation.

After the aggregate normalization was formed and the criteria weights for the aggregate data were 
determined, a sensitivity analysis was performed. When conducting the sensitivity analysis, we 
used the approach introduced by Mešić, et al. (2022). With this approach, the scenarios were 
formed as follows. Each criterion was reduced proportionally by 15%, so in the first scenario, the 
weight value for criterion C1 was reduced by 15% and is 85% of the initial value. The other criteria 
were then increased in proportion to that decrease in the first criterion. In the second scenario, the 
first criterion decreased by another 15% and amounted to 70% of the initial value, while the other 
weights were proportionally increased for that decrease. In this way, the value of the first criterion 
was reduced by up to 10%. The same procedure was carried out for each criterion and in this way, 
42 scenarios were formed.
The results of the sensitivity analysis show that the 28 scenarios retained the same order as the 
overall results (Figure 2). In this way, the obtained findings were confirmed. For scenarios 22 
and 24, the ranking order was changed compared to the original order in such a way that Serbia 
showed the best results (Figure 2). These results showed that Serbia has worse indicators compared 
to Montenegro in terms of the market sophistication criterion, so with a reduction in the weight of 
this criterion, Serbia achieved a better result. This is also the case for scenarios 32 to 42 scenarios. 
In scenarios 33 to 36, North Macedonia achieved better results than Serbia, because Serbia had 
better indicators in the knowledge and technology criteria compared to North Macedonia, so with 
the reduction of the weight of this criterion, there was a change in the ranking order. Scenarios 37 
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to 42 showed that Serbia showed better indicators than Montenegro, while from scenarios 39 to 42 
North Macedonia showed better results than Montenegro. The sensitivity analysis showed that the 
ranking of the countries Bosnia and Herzegovina and Albania did not change, regardless of which 
scenario was applied.

Figure 2. Results of the sensitivity analysis.

Source: Authors of the research.

6.  DISCUSSION 

To improve its global competitiveness every country must innovate and invest in innovation 
(Aytekin, et al., 2022). Competitiveness is measured using the GII (Yu, et al., 2021). The GII report is 
issued annually. To examine innovative activities in the Western Balkan countries, data from 2019, 
2020, and 2021 were used. The reports covered 129 countries in total for 2019 and 132 countries 
in total for 2021. Five countries of the Western Balkan are covered in this report. When measuring 
innovation in GII, seven main indicators are used, which were selected as criteria in this study.
Due to the existence of seven criteria and five alternatives, this research problem was solved using 
the MCDA method. The first step of any MCDA method is to perform data normalization (Puška, 
et al., 2021b). Each normalization has its characteristics and performs data processing differently. 
To take advantage of different data normalizations, the methodology of using four normalizations 
developed by Torkayesh and Devci (2021) was applied. In this study, that methodology was 
incorporated into the CRITIC and CRADIS methods. In this way, an innovative approach to the 
use of normalization in MCDA methods is offered. The weights of the criteria were determined 
using the CRITIC method, while the ranking of Western Balkan countries was done using the 
CRADIS method.
The application of different types of normalization showed how it transforms data into uniform data 
whose value ranges from zero (0) to one (1). Application of type-1 normalization placed the data in 
such a way that they have the highest average value. Their value was closest to the maximum value. 
Type-2 normalization grouped the data around a certain mean. In this way, neither value received 
a maximum value (one) nor a minimum value (zero). The situation is similar to normalization 
type-4, which grouped all values   around the value 0.20. With this normalization, the smallest value 
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is the deviation from the average value. Type-3 normalization, however, places the criterion values   
between the maximum and minimum possible values   by normalization. The data obtained by this 
normalization showed the greatest dispersion in values.
By using all these normalizations together, their characteristics were used equally. This is because 
all normalizations participated equally in the formation of the final normalization value. The values   
obtained in this way were close to the mean value of normalization (0.50) and the dispersion between 
the data was not too pronounced, and not too small either. This is because different normalizations 
and their characteristics are used. For the decision maker to be sure of the ranking order, they should 
use this approach. This is because normalization has a great impact on the ranking of alternatives 
(Trung, 2022). The more normalization the decision maker uses, the decision will be more reliable, 
and the more different possibilities will be available.
The results of weights for indicators according to different reports showed that due to oscillations 
in the data, the value of these weights changed. Changes in the weights also change the significance 
of the criterion for which the weight is changed. If the value is higher, its importance is higher, and 
vice versa. Thus, the greatest importance for the data in 2019 was for criterion C4, in 2020 was for 
criterion C4, and in 2021 was for criterion C7.
When ranking the Western Balkan countries according to the data from the individual report, 
Montenegro achieved the best indicators for the years 2019 and 2020, while Serbia showed the best 
indicators for the year 2021. Serbia improved the market sophistication indicator the most (C4), 
while other indicators remained at similar values. There was also an increase in these characteristics 
in Montenegro, but the indicator of creativity decreased. However, when looking at the official GII 
reports, Montenegro is ranked better than Serbia even for 2021. This is due to the use of weights 
because in the report each criterion has the same weight and therefore affects the ranking equally.
To examine the influence of weights on the ranking of alternatives, a sensitivity analysis was used. 
A specific feature of this study is the fact that several reports were used, so it was necessary to 
consolidate these data. An innovative methodology was applied to unify the data, where three 
initial decision-making matrices were observed together. Data for normalization were taken from 
all three matrices. Based on these normalized data, the weights used in the sensitivity analysis were 
calculated.
The performed sensitivity analysis shows from aggregate data that Montenegro has the best 
results, followed by Serbia and North Macedonia. Albania showed the worst results according to 
all conducted analyses. Montenegro showed sensitivity to the change in weights for the market 
sophistication and creativity criteria. In these scenarios, Serbia was ranked better. Using the example 
of the Western Balkan countries, it has been shown how individual countries can be compared with 
each other using the MCDA methods.
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7.  CONCLUSION 

The purpose of this study was to examine the level of innovativeness of the Western Balkan countries 
and to compare them. The results of the analysis showed that according to the indicators from 
the GII report, Montenegro has been the most competitive in terms of innovation. In addition, 
these results showed that Albania is the least competitive of the selected countries of the Western 
Balkans, followed by Bosnia and Herzegovina. All these countries, to be as competitive as possible 
on the global market, must invest in strengthening innovative activities.
Limitations regarding the conducted study are expressed in the criteria used. However, these 
criteria are part of the GII report, and each of these criteria has its sub-criteria. There are no sub-
criteria values   in the report, so only key criteria were selected. In addition, the number of observed 
countries is one of the limitations of this study. The GII reports covered these five countries. In 
future studies, it is necessary to include more countries in the research. As possibility is to analyze 
Europe as a sample of observation and examine whether countries outside the European Union 
give importance to innovation to the same extent as countries in the European Union. In addition, 
in future research, it is necessary to compare and contrast developing countries with developed 
countries.
This study aimed to offer an innovative normalization method, where four different normalizations 
were used. Therefore, it is necessary to understand this study as a conceptual one that elaborates 
on new methods and procedures. The study showed that the use of four different normalizations 
makes sense in MCDA methods, this approach should be used in future research.
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ABSTRACT

Diversification of energy sources and innovative development of the energy 
sector are one of the main directions for ensuring sustainable development 
and decarbonization of the economy. The aim of the article is to identify 
connections and interactions between the parameters of energy innovation 
development and economic growth. Factor analysis was used for this purpose. 
The results and conclusions determine the most influential factors among the 
5 components identified in accordance with the functional areas of innovative 
development of the national economy in energetics. The analysis allowed to 
identify the main trends in the development of factors, which allowed to identify 
positive and negative changes. The regularities of the influence of certain factors 
on energy innovations have been determined, which has allowed to provide 
recommendations for their further development and regulation

Keywords: energy innovations, multi-factor analysis, decarbonization of the 
economy..

1.  INTRODUCTION 

The issues of ensuring the energy security of Ukraine became especially urgent after the outbreak 
of the war on February 24, 2022. Global changes in the supply chain, sources of supply, prices, 
infrastructure of the energy market have made it necessary to quickly develop new approaches for 
the existence of the energy sector of Ukraine itself. For these purposes, the introduction of energy 
innovation has become not only an innovative approach, but also the possibility of the existence of 
the Ukrainian energy sector. The very issue of sustainable development of the economy of Ukraine 
was raised in the article (Kozlovskyi, 2010), which defines clear vectors for the development of the 
economy, including the energy sector. The formation of an innovative approach was considered 
in terms of the introduction of new technologies in the energy sector, as well as in the use of new 
energy sources (e.g., bio and green technologies).
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At the global level, the focus on greening and decarbonization is decisive in the development of the 
innovation system in the energy sector, which is one of the main tasks of achieving the global goals 
of sustainable development. Thus, in November 2018, the European Commission presented a long-
term strategic concept for reducing greenhouse gas emissions, which defines how Europe can pave 
the way to a climate-neutral economy with net-zero greenhouse gas emissions by 2050 (EC, 2018; 
EC, 2020). It contains seven main strategic components: 1) maximization of energy efficiency; 
2) maximum implementation of renewable energy sources and electrification; 3) transition to 
environmentally friendly transport; 4) introduction of circular economy (closed cycle economy); 
5) development of “smart” networks and communications; 6) expansion of bioenergy and natural 
carbon absorption; 7) absorption of the remaining CO2 emissions due to carbon absorption and 
storage technologies.
As a result of the full-scale military invasion of the Russian Federation in Ukraine on February 24, 
2022, and the war that is currently ongoing on the territory of Ukraine, catastrophic changes took 
place in the socio-economic and other spheres, as well as, among other things, a rapid increase in 
energy prices, which caused crisis phenomena both in Ukraine and in EU countries.
The geopolitics of energy consumption and energy production is now destabilizing. These challenges 
only reinforce the need to accelerate the transition to increased renewable energy production and 
reduced fossil fuel energy consumption. But multiple energy shocks are also driving up production 
and supply chain costs in energy innovation.
That is why it is important to determine the determinants of the impact on the innovative activity 
of the energy sector, which will allow to reduce the level of energy import dependence, as well 
as to form directions for reducing the cost of innovations. For this, the authors conducted an 
analysis of the impact of energy innovations on the national economy, the difference of which is a 
comprehensive assessment of the impact of factors and conditions for the development of energy 
innovations in ensuring the innovative development of the national economy in the energy sector 
according to five components: 1) productivity of innovative activity; 2) effectiveness of innovation 
policy; 3) efficiency of energy innovations; 4) investment support for innovative development of 
the energy sector; 5) development of human capital in terms of decarbonization of the economy.

2.  LITERATURE REVIEW

Innovative approaches in different fields of economy are discussed in works (Mićić, Mastilo, 2022; 
Kresojević et al., 2019; Mešić et al., 2022). 
Generalization of scientific works (Shumpeter, 2011; Drucker, 2015; Barnett, 1953; Ilyash et al., 
2021), allows to define the innovative development of the national economy as a complex process of 
restructuring the national economy, achieved through the practical use of new knowledge to increase 
gross output, improve social quality, improve the competitiveness of the national economy, and 
accelerate social-economic progress in society.  It should be noted that scientists (Grubb et al., 2021; 
Nemet et al., 2018; Grubler, 2021) emphasize the difference between innovative development in the 
energy sector from other areas, in particular, the dependence of energy-consuming technologies 
on energy costs and competition (Butyrskyi et al., 2019) solely on this criterion. Scientists (Lin, 
Zhu, 2019; Turan, 2020; Brych et al., 2021) argue that the drivers of economic development of 
the state in terms of energy innovation is the existing innovation potential, which accumulates 
and is formed taking into account trends in world economies, the dynamics of human capital and 
exhaustion of natural resources. Numerous studies (Wang, Wang, 2020; Elia et al., 2021; Rubin et 
al., 2015; Trofymenko et al., 2021; Dluhopolskyi et al., 2021) in the field of energetics have found 
that the cost of innovative technologies and the speed of their penetration into the market depends 
on the level of experience and progress of learning in the innovation process.
Chen et al. (2006) describes green innovation as “hardware or software innovation that is related to 
green products or processes, including the innovation in technologies that are involved in energy 
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saving, pollution prevention, waste recycling, green product designs, or corporate environmental 
management”. It is positioned as the main driver of long-term socio-economic progress. Several 
studies acknowledged the key factors that affect green innovation adoption, e.g., concerned 
stakeholders’ pressure, strategic orientation, organizational learning, knowledge management, 
absorptive capacity, and consumers’ demands (Song et al., 2020). Further, organizational innovation 
is a driving force in enhancing industrial export, environmental performance, and, eventually, 
business excellence (Li et al., 2020). In brief, green innovation inclines to improve competitiveness 
by developing innovative goods, processes, materials, and institutional frameworks.
Regardless of solutions for physical energy storage, a number of concepts based on virtual substitutes 
(Oh, 2022) and energy tokenization (Surmann et al., 2022) appear at the level of local energy 
communities, which are gradually gaining in importance and can be an interesting alternative. The 
issues of building optimal settlement models (Schreck et al., 2022) and implementing peer-to-peer 
mechanisms remain invariably problematic for local communities.
It has been proved by Kaletnik et al, 2022, that legal support is an essential component for the 
development of the bioenergy sector in Ukraine. The experience of leading countries in the sphere 
of biofuels production show the efficiency of using both penalties and incentives tools. 
Under the conditions of Russian invasion in Ukraine the diversification of Ukraine’s energy sector 
is extremely important. Agricultural sector is one of the biggest energy consumers in Ukraine. 
Pryshliak et al., 2022, have evaluated the potential of agricultural enterprises in terms of producing 
energy from agricultural residues for ensuring their energy needs.  Kaletnik et al, 2021 studied 
the opportunity of bioenergy production both from agricultural crops and from their residues. 
Prospects for the production of solid biofuels using such energy crops as Energy poplar (Populus), 
Switchgrass (Panicumvirgatum), Miscanthus (Miscanthus) has been developed. Also, an integrated 
logistic model for the production, processing and use of biomass from these bioenergy crops was 
developed by the authors.
Given the complexity of the research problem, it is obvious that the method of multifactor analysis, 
due to the simplicity of visualization and interpretation of results by correlating between variables 
and obtaining fewer factors (Odam, Vries, 2020), has been widely used by various scientists.  In 
particular, in the work (Elia, 2021) – to determine the impact of innovation and technology in 
renewable energy on the cost of electricity, in research (Bagleri, 2018) – to support energy policy 
development and planning “green growth”.  However, despite the large number of scientific 
achievements in the field of innovation and energy, the issue of methodological approach to the 
factor analysis of the impact of energy innovations on the development of sectors of the national 
economy is unresolved, which is the purpose of this work.

3. RESEARCH OBJECTIVES 

The study of the impact of energy innovations on the national economy was conducted using factor 
analysis at the following stages:

1. collection of initial data (BP Statistical review; Global Innovation Index; State Statistics 
Service of Ukraine) and preparation of the correlation matrix (correlation matrix was used, as 
the analyzed variables were measured in different units);

2. removal of orthogonal factors or factorization (the principal components method is used);

3. factor rotation (Varimax Rotation method with Kaiser normalization is used) – orthogonal 
rotation method, which minimizes the number of variables with high loads on each factor, 
this method simplifies the interpretation of factors;

4.  data interpretation.
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4.  METHODS

Quantitative assessment (Bilenko et al., 2022) of the impact of innovative development in the 
energy sector on the development of the national economy was conducted using factor analysis 
using a factor analysis model:

     
1

m

i ij j i
j

X a F U
=

= +∑ ,     (1)

where iX  – i-th studied multidimensional feature, ija  – weighting factor of the i-th variable of 
the j-th factor, jF  – j-th factor, iU  – random variable of the i-th variable (i-th unique factor), 
m  – quantity of factors.
Factor analysis was performed using the program IBM SPSS Statistics 20.0.
In this study, the whole set of features, according to the functional areas of innovative development 
(Kozlovskyi et al., 2021b) in the energy sector was divided into five components of innovative 
development of the national economy in the energy sector: Component 1 – innovative activity 
productiveness; Component 2 – innovation policy effectiveness; Component 3 – energy innovations 
efficiency; Component 4 – investment support (Kozlovskyi et al., 2021a) for the energy sector 
innovative development; Component 5 – human capital development in terms of decarbonization 
of the economy.
The input data for the factor analysis were five matrices of features, rows of which are features, 
columns are their indicators for the period 2013-2019.
The distribution by components and designations of features (Xij, where i is a component, j is a 
feature) were formed as follows:

1. Component 1 − innovation productivity: X11− export of high-tech products, % to total exports; 
X12− R&D private sector expenditures, UAH billion; X13 − share of sold innovative products in 
the total volume of sold industrial products, %; X14 − volume of gross value added of industry 
of Ukraine, %; X15 − share of enterprises engaged in innovation in the total number of 
industrial enterprises, %; X16 − share of enterprises that implemented innovations in the total 
number of industrial enterprises, %; X17 − mastered the production of innovative products, 
units; X18 − innovations effectiveness (The Global Innovation Index); X19 − implemented new 
technological processes, units; X1.10 − level of production technology, share of GDP in output, 
%;

2. Component 2 – innovation policy effectiveness: X21 − Economic Freedom Index; X22 − 
openness of the economy; X23 − size of Ukraine’s economy, % of world GDP; X24 − level of 
expenditures on scientific and technical work in GDP, %; X25 − public expenditure on research 
and development, % of GDP; X26 − Global Competitiveness Index; X27 − innovation activity 
financing level, % of GDP;

3. Component 3 – energy innovations efficiency: X31 − emissions of pollutants and carbon 
dioxide into the atmosphere by stationary sources, million tons; X32 − share of renewable 
energy consumption, %; X33 − renewable energy consumption, million tons of oil equivalent; 
X34 − production of electricity from renewable energy sources, TWh; X35 − renewable 
energy consumption (solar energy), million tons of oil equivalent; X36 − production of 
electricity from renewable energy sources (wind energy), TWh; X37 − consumption of 
renewable energy resources (wind energy), million tons of oil equivalent; X38 − production 
of electricity from renewable energy sources (geothermal resources), biomass (energy 
raw materials from biomass) and others, TWh; X39 − consumption of renewable energy 
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resources (geothermal resources), biomass (energy raw materials from biomass) and 
others, million tons of oil equivalent; X3.10− total (accumulative) installed capacity of solar 
photovoltaic energy (at the end of the year), MW; X3.11 − total (accumulative) installed 
capacity of wind turbines (at the end of the year), MW; X3.12− total energy production from 
primary sources (quadrillion BTU – British thermal unit); X3.13 − CO2 emissions from 
natural gas consumption, million metric tons of carbon dioxide; X3.14 − CO2 emissions 
from the consumption of petroleum products (oil), million metric tons of carbon dioxide; 
X3.15− energy intensity – total energy consumption from primary sources per dollar of 
GDP, MJ per dollar of GDP;  X3.16− total biofuel consumption, 1000 metric tons; X3.17 − 
installed capacity of renewable energy facilities, MW;  X3.18 − production of electricity from 
renewable energy sources (solar energy), TWh;

4. Component 4 – investment support for the energy sector innovative development: X41− 
share of direct foreign investments in GDP, %; X42− growth of direct foreign investment in 
GDP, %; X43 − investment level, %; X44 − integrated index of investment favorable business 
environment; X45− innovation potential (The Global Innovation Index);  X46 − GDP per unit of 
energy consumption, USD at purchasing power parity per kg of oil equivalent; X47 − number 
of licensees who received a “green tariff ”;

5. Component 5 – human capital development in terms of decarbonization of the economy: X51 
share of publications with international cooperation in the field of ecology and environment, 
%; X52 − education expenditures level to GDP, %; X53 − education level index; X54 − rating of 
the higher education national system;  X55 − share of scientific and technical work performed 
in GDP, %; X56− share of specialists performing scientific and technical work, % of the total 
number of employees;  X57 − development of technologies and knowledge economy; X58 − 
human capital and research (with direct investment).

5.  RESULTS

Within components 1, 3-5 three factors were identified, within component 2 – two (Table 1). The 
selected factors explain from 87.4% to 93.7% of the total variance, taking into account the fact that 
the lower threshold value should be at least 70%. The small share of variance (from 6.3% to 12.6%) 
is due to the influence of features not taken into account in the study. The degree of adequacy of the 
Kaiser-Mayer-Olkin sample is approximately 0.7, which indicates satisfactory adequacy.
Factor loadings should be understood as correlation coefficients between variables and factors. 
According to the results of the analysis of the general correlation matrix, those correlation 
coefficients are selected, the factor loadings of which are the largest within the feature for the 
respective components.
For Component 1, the dimension is reduced to three factors: the first of them, with a weighting of 
0,457, is most affected by features X13 (with a correlation coefficient -0,938),  X16 (0,862), X19  (0,838), 
X1.10 (-0,948); on the second, the weighting of which is 0,327, –  X12 (0,881), X14(0,658),  X18 (0,942); 
on the third, the weighting of which is 0,186, – X11 (0,942). For Component 2, the dimensionality 
is reduced to two factors: the first of them, whose weighting factor is 0.631, is most affected by 
the features X21 (with a correlation coefficient -0,859), X24 (0,714),  X26 (-0,98), X27 (0,909); on the 
second, the weighting of which is 0,39, – X22 (-0,743), X23 (0,991),  X25 (0,807).
Factor analysis has reduced the dimensionality of Component 3 to the three most influential 
factors, and the first of them, the weight of which is 0,784, is most affected by featuchers (with 
a correlation coefficient 0,885), X34 (0,881), X35 (0,916),  X36 (-0,771), X37 (-0,770), X3.10 (0,913), X3.11  
(0,864), X3.14 (-0,478), X3.17  (0,944), X3.18  (0,914); on the second, the weighting of which is 0,153, – 
X38 (0,881), X39 (0,658), X3.12 (-0,834),  X3.13 (-0,793), X3.15  (-0,889); on the third, the weighting of 
which is 0,063, – X3.16 (0,791). 
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Table 1. The results of the factor analysis of the innovative development of the national 
economy in the energy sector.

Factor (component)
Initial eigenvalues

total variance % cumulative %

Component 1 − innovation productivity

 F11
4,0 40,3 40,3

F12
3,1 31,5 71,8

F13
1,6 16,4 88,2

Component 2 – innovation policy effectiveness

F21
3,9 55,9 55,9

F22
2,3 33,2 89,1

Component 3 – energy innovations efficiency

F31
13,2 73,5 73,5

F32
2,6 14,3 87,8

F33
1,1 5,9 93,7

Component 4 – investment support for the energy sector innovative development

F41
2,9 42,0 42,0

F42
1,7 24,5 66,5

F43
1,5 20,9 87,4

Component 5 – human capital development in terms of decarbonization of the economy

F51
3,2 39,3 39,3

F52
2,3 28,1 67,4

F53
1,8 22,5 89,9

Source: developed by authors.

Factor analysis has reduced the dimension of Component 4 to the three most influential factors, 
and the first of them, the weight of which is 0,481, the most influential are the features X44 (with 
a correlation coefficient 0,934),  X45 (0,916), X47 (0,880); on the second, the weighting of which is 
0,280, –  X41 (0,956), X42 (0,882); on the third, the weighting of which is 0,239, – X43 (0,895), X46 
(-0,721). 
Factor analysis allowed to reduce the dimensionality of the studied Component 5 to the three 
most influential factors, and the first of them, the weighting coeficient of which is 0,437, is most 
influenced by the features X52(with a correlation coefficient 0,816), X53 (-0,784), X58 (0,974); on the 
second, the weighting of which 0,313, –  X55 (0,774),  X56 (0,956); on the third, the weighting of 
which 0,250, –  X57 (0,873).
According to the results of the study of the relationship between variables (Table 2) formed a 
number of key conclusions about the more important factors of Component 1:  F11та F12.  For the 
factor  F11a greater specific weight have: X13; X15;  X19; X1.10.  Based on the essence of these indicators, 
this factor F11 to a greater extent characterizes the “level of development of innovation-oriented 
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industries”. This factor is significantly influenced by two features with correlation coefficients – 
0,94 and 0,95, respectively: X13, X1.10, which show the specific weight of sold innovative products 
in the total volume of sold industrial products and the level of production technology. Since these 
features have a significant impact, but have a correlation coefficient with the sign “minus”, this 
may indicate that they need special attention. Indeed, the level of financing of innovative activities 
has significantly decreased in 5 years to 0.4% of GDP.  The maximum value was observed in 2013, 
2015 and 2016 and this value was 0.7%. Note that these features are more influential, but do not 
have such high numerical values to positively affect the overall factor as a whole. Other important 
factors with high correlation coefficients, such as X16, X1.10, X15, indicate a direct positive effect on 
the selected factor.

Table 2. Matrix of rotated components of Component 1 - innovation productivity and 
Component 2 - innovation policy effectiveness.

Feature
Factor (component)

Fi1  Fi2  Fi3
Component 1 − innovation productivity

X11
- 0,132 - 0,094 0,942

X12
0,257 0,881 - 0,032

X13
- 0,938 - 0,196 0,011

X14
0,451 0,658 - 0,539

X16
0,587 -0,576 0,553

X16
0,862 0,008 0,266

X17
0,264 0,047 0,855

X18
- 0,201 0,942 0,034

X19
0,838 - 0,209 - 0,047

X1.10
- 0,948 - 0,191 0,034

Share of the feature 
influence, % 45,7 32,7 18,6

Component 2 – innovation policy effectiveness

X21
- 0,859 0,010 -

X22
0,530 - 0,743 -

X23
0,010 0,991 -

X24
0,714 0,656 -

X25
0,551 0,807 -

X26
- 0,980 - 0,044 -

X27
0,909 0,063 -

Share of the feature 
influence, % 63,1 36,9

Source: developed by authors.
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In the structure of the factor F12  a greater specific weight have: X12 ; X14; X18.  Based on the essence 
of the indicators in the composition of this factor, F12  characterizes the “effectiveness of innovation 
activity”. The greatest influence with a correlation coefficient of 0.94 on this factor has X18. This 
indicates the importance of further development of innovation to ensure the growth of the overall 
factor.
On the factor F13 the greatest influence has the indicator X11. Thus, this factor can be described as 
“the level of development of the export potential of high-tech products”. From 2017 to 2019, the 
share of high-tech products increased to 1.3%, the high-tech potential is increasing.  At the same 
time, the export of high-tech products in relation to the total export has a tendency to decrease, and 
the maximum share was 8.5% for the studied period in 2015. By 2019, this share decreased by 2%, 
although the growth of the export of high-tech products refers to the goal of the Export Strategy  of 
Ukraine.   It is obvious that the internal market is only gradually expanding and this requires 
institutional support for the introduction of innovations. Within the component 2, the results of 
factor analysis revealed two factors. The identified factors explain 89.1% of the total variance. The 
first factor explains 55.9% of the total variance, the second – 33.2%.
For the factor  F21 such indicators as X21; X26; X27 have a larger specific weight.  According to the 
characteristics of these features (Table 2), this factor F21 called “the level of competitiveness of 
the economy”. The greatest influence with a correlation coefficient of -0.98 on this factor has an 
indicator X26. However, it should be noted that since 2018 the methodology for calculating this 
index has been changed, as a result, the overall score has increased, but this is not comparable 
to previous years, also, the new approach involved taking into account aspects of Industry 4.0. 
Therefore, specifically this indicator in the studied dynamics is not representative of our study. But 
it can be stated that the growth of this indicator should indicate the high effectiveness of innovation 
policy. The second most important indicator is X27 (correlation coefficient 0,91). Thus, adequate 
funding will increase the competitiveness of the economy. And in third place in terms of influence 
is the indicator X21. This indicator varies in its values over the study period. This may explain the 
inverse correlation determined by the analysis, ie in the aggregate of indicators it does not directly 
affect the growth of the factor. However, this indicator testifies, in particular, to the freedom of 
business and investment. Its growth will determine the effectiveness of innovation policy, because 
the support of start-up projects and small and medium-sized businesses is a prerequisite for the 
development of innovation (Ilyash et al., 2021).
In the structure of the factor  F22 in Component 2 a greater specific weight have X22; X23; X24; X25. This 
factor can be summarized as “the level of economic activity in innovation”. The greatest influence 
on this factor has X23. That is, the size of Ukraine’s economy is decisive for the level of economic 
activity. Within component 3 “energy innovations efficiency” three factors were identified. The 
identified factors explain 93.2% of the total variance. The first factor F31 explains 73.5% of the total 
variance, the second F32– 14.3%, third F33– 5.9%. Therefore, the most significant for the study is 
F31. Thus, to F31 of Component 3 includes the following features with the largest specific weight: 
X33; X34; X35; X36; X37; X3.10;  X3.11; X3.14; X3.17; X3.18. According to these features (Table 3), this factor 
can be described as “the level of renewable energy development”. The greatest influence on this 
factor is exerted by the feature X3.17, however, it is the only one in the set of factors with a negative 
correlation coefficient. This may indicate that the installed capacity is not always proportional to 
the level of electricity generation and there are problems with their commissioning. In addition, 
an indicator X3.14with a negative correlation index was determined. Indeed, a decrease in this 
indicator will shows an increase in the level of development of renewable and alternative energy, as 
the most environmentally friendly, which will increase the level of decarbonization of the economy. 
Influential and close to the values of the correlation coefficient are other listed features of this factor, 
they all have a positive effect on this factor. That is, with increasing production and consumption 
of electricity from renewable sources, the level of development of renewable and alternative energy 
increases.
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Table 3. Matrix of rotated components of Component 3 – energy innovations efficiency.

Component 3 – energy innovations efficiency

X31
- 0,172 - 0,884 - 0,366

X32
0,376 0,893 - 0,057

X33
0,885 0,435 0,150

X34
0,881 0,441 0,162

X35
0,916 0,396 0,026

X36
0,771 0,425 0,466

X37
0,770 0,409 0,481

X38
0,414 0,883 0,111

X39
0,408 0,884 0,113

X3.10
0,913 0,394 0,091

X3.11
0,864 0,438 0,225

X3.12
- 0,346 - 0,834 - 0,364

X3.13
- 0,344 - 0,793 - 0,405

X3.14
- 0,478 0,393 - 0,406

X3.15
- 0,421 - 0,889 - 0,131

X3.16
0,045 0,427 0,791

X3.17
- 0,944 - 0,070 - 0,045

X3.18
0,914 0,400 0,028

Share of the feature 
influence, % 78,4 15,3 6,3

Source: developed by authors.

The second factor of Component 3 has not a high value of variance – up to 15%. In the structure of 
the second factor  F32 of Component 3, have a greater specific weight such features as: X31; X32; X38 
; X39; X3.12; X3.13; X3.15. According to these main features, this factor can be described as “the level of 
effectiveness of decarbonization measures”. 
The third factor of Component 3 is explained by the variance of not more than 6%, so we do not 
take it into account. 
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Table 4. Matrix of rotated components of Component 4 – investment support for the energy 
sector innovative development.

Component 4 – investment support for the energy sector innovative development

X41
- 0,156 0,956 0,162

X42
0,326 0,882 - 0,194

X43
- 0,183 - 0,108 0,895

X44
0,934 0,131 - 0,167

X45
0,916 0,081 0,002

X46
- 0,407 - 0,153 - 0,721

X47
0,880 - 0,081 0,360

Share of the feature influence, % 48,1 28,0 23,9

Source: developed by authors.

In the Component 4 – “investment support for the energy sector innovative development” as a 
result of the analysis, three factors were identified, which are explained by the total variance 87.4% 
(Table 4). The more important features of the first factor are: X44; X45; X47. Therefore, this factor can 
be described as “the level of innovation and investment potential in the field of renewable energy”. 
The greatest influence on this factor have the features X44 (with a correlation coefficient 0,93) and 
X45(with a correlation coefficient 0,92).
In the structure of the second factor, the most important features were identified as: X41; X42. 
Therefore, this factor can be described as “the level of investment”.
In the structure of the third factor of Component 4, two important factors were identified: X43; X46. 
This factor can be called “the level of investment per unit of energy consumed”.
In the structure of Component 5 – “human capital development in terms of decarbonization of the 
economy” in the first factor F51 have identified such more significant features as: X52; X53; X58  (Table 
5). Thus, this factor can be described as “the population education level”.
The most influential factor with a correlation coefficient of 0,97 – X58. So, with increasing values 
X58 the general level of education of the population increases. At the same time, the indicato X53 has 
an inverse correlation, which can be explained by the fact that in Ukraine in the studied period the 
problem of migration became acute.
In the structure of the second factor F52 features have a greater specific weight X51; X55 and X56. 
Based on the essence of these features, it is appropriate to call the factor – “the level of involvement 
of specialists in innovation activities”. The greatest influence on this factor has the feature – X56. 
Thus, the more specialists, the greater the level of realization of scientific and technical potential. 
At the same time, it is worth paying attention to the indicator X51, which has a correlation 
coefficient – 0.8. This feature has an inverse effect on the selected factor and may indicate that the 
number of publications does not mean the quality of research or that some publications are not of 
practical importance and therefore do not have a direct impact on the factor level of scientific and 
technological potential, or that science in Ukraine is separated from practice (Ilyash et al., 2021).  
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Table 5. Matrix of rotated components of Component 5 – human capital development in terms of 
decarbonization of the economy.

Component 5 – human capital development in terms of decarbonization of the economy

X51
0,550 - 0,801 0,043

X52
0,816 0,378 0,410

X53
- 0,784 - 0,079 0,403

X54
- 0,269 0,258 - 0,856

X55
0,439 0,774 - 0,268

X56
0,212 0,956 0,040

X57
- 0,272 0,083 0,873

X58
0,974 0,018 0,018

Share of the feature 
influence, % 43,7 31,3 25,0

Source: developed by authors.

In the structure of the second factor F53, which is explained by 22% of the variation, features have a 
greater specific weight X54; X57. Thus, this factor can be described as “the realization of educational 
potential in the knowledge economy”.
The identified factors normalized and visually presented the trends of each identified factor of the 
studied component (Figure 1).
Analysis of the factors values dynamics suggests that the factors F11 and F13 are complementary, 
because the level of development of innovation-oriented industries together with the level of 
development of export potential determines the level of efficiency of innovation activity (Ilyash et 
al., 2022). However, a pattern is found that with the growth of factors F11 and F13 factor F12 increases 
significantly, but low levels of both factors F11 and  F13 significantly and in the long run cause a 
drop in the level of efficiency F12 not for 1 year, as can be logically found, but for 2 years. After 
such a occurrence (stagnation, in our case two years) causes the socio-economic system to recover 
through the efforts of simultaneous positive impact F11 and F13.
The dynamics of the second factor “innovation activity effectiveness” is interesting, because it 
shows the opposite trend when compared to the first factor. Thus, from 2013 to 2018, the indicator 
fluctuated with an increase to the maximum value in 2018 and a decrease in 2019 to a critical value.  
This factor is most influenced by indicators  X12, which are usually insignificant, X14, which has 
grown significantly since 2015, and X18, in particular, in the field of defense-industrial complex, 
where there was a significant segment of private investment (League of Defense Enterprises) in 
the development and production of equipment. The decline of the indicator in 2019 may evidence 
a decline in industrial activity due to the pandemic, and a change in the priorities of enterprise 
expenditures.
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Figure 1. Trends in the development of impact factors of energy innovations on the national 
economy within identified components.

Source: developed by authors.

If we compare the trends of factors, F21and F22 (Figure 1), we can see that they are inverted. This can 
be explained by the fact that the level of Ukraine’s competitiveness relatively to other countries is 
low, and with the development of relations at the global level, these indicators are changing in all 
countries in homogeneously. Therefore, the values for an individual country by years may not be 
comparable. At the same time, trends in the importance of the factor of economic activity in the 
field of innovation indicate that with the decline of the first factor of competitiveness, economic 
activity in the field of innovation increased.
Proceeding from dynamics of factors F31 and F32 of Component 3, they have an inverse tendency 
compared to each other. The level of development of renewable energy has tended to decrease, 
especially the sharp decline occurred from 2018 to 2019. And vice versa, a factor F32 gradually 
grew and from 2018 to 2019 there was a rapid growth. This can be explained by the fact that, 
in general, the energy intensity of production decreased, which, in turn, reduced the need to 
use the traditional fuels. At the same time, the decline in industrial production due to some 
downtime in 2019 due to COVID-19 (Petrunenko et al., 2022) also contributed to the growth of 
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decarbonization. 
Factors  F41, F42 and F43 have the greatest impact on Component 4. It can be seen that F41 “the 
innovation and investment potential level in the field of renewable energy” and  F43 “the level 
of investment per unit of energy consumption” have similar growth trends over the period. 
At the same time, F42 “the foreign investment level” has the opposite tendency to the above 
factors – to decrease. 
Figure 1 shows that there are opposite trends in the values of indicators for F52“the level of involvement 
of specialists in innovation activities”, F53 “realization of educational potential in the knowledge 
economy” and F51 “the population education level”. This is explained by the direct influence of 
such a logical chain: the population education level in fact raises the educational potential, the 
realization of which is required in the economy, because highly qualified personnel are already 
formed by the education of the population. Public awareness of the need for decarbonization of 
industry acquires features of social responsibility in the long-term educational process which in 
general raises the educational, scientific, innovative levels of a particular country, and the conscious 
society sets before the government the goal - to improve the quality of life by reducing harmful 
emissions. That is why it can be argued that the knowledge economy, which is widespread in the 
so-called smart countries, leads to the fact that society puts first the quality and safety of life. 

6. DISCUSSION

Today, as a result of the Russian Federation’s full-scale military invasion of Ukraine, the global energy 
market is transforming and needs to further expand energy innovation to meet the energy needs 
of a number of countries that have imposed sanctions on Russia today. The European Commission 
has announced a preliminary REPowerEU plan to end Europe’s dependence on Russian fossil 
fuels by 2030 (Repowereu: Affordable, secure and Sustainable Energy for Europe, 2022). Some 
member states have proposed banning energy imports from Russia. Other countries, in particular 
Germany, are not ready to give up completely, given the high level of dependence on these imports, 
which indicates the unwillingness to make a rapid energy transition. The Baltic states were the 
first countries in Europe to stop importing Russian gas. From April 1, 2022, Russian natural gas 
no longer flows to Latvia, Estonia and Lithuania. Poland plans to take decisive action, seeking to 
completely stop imports of Russian oil, gas and coal by the end of 2022. In support of Ukraine 
and opposition to russian armed aggression, EU leaders adopted the Versailles Declaration (The 
Versailles Declaration, 2022). Taking into account the EU’s goal of climate neutrality by 2050 and to 
ensure security of energy supply, it was agreed to stop the import of Russian energy resources as soon 
as possible, in particular by introducing a number of measures to develop energy innovations. All 
this reveal to the forthcoming rapid innovative path of energy, which was prompted, in particular, 
by the war in Ukraine. On the one hand, for Ukraine today the main priority is to improve the 
defense industry to protect the state, on the other – ensuring the independence of Ukraine’s energy 
sector through innovation by reducing the consumption of imported traditional energy sources is 
a contributing factor to the whole economy. 
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7. CONCLUSION

The scientific novelty of the study is the implementation of a comprehensive approach to analyzing 
the impact of energy innovations on the national economy, the difference of which is a detailed and 
comprehensive assessment of the impact of factors and conditions for the development of energy 
innovations in ensuring the innovative development of the national economy in the energy sector 
according to five components.
Thus, in order to identify the connections and interactions between the parameters of the 
development of energy innovations and the economic growth of the state, a multifactor analysis was 
used, which included 50 indicators, which collectively reveal such aspects as (1) the productivity of 
innovative activities, (2) the effectiveness of innovation policy, (3) efficiency of energy innovations, 
(4) investment support for innovative development of the energy sector, (5) development of 
human capital in the decarbonization of the economy. As a result, a significant positive impact of 
the activation and improvement of the efficiency of energy innovations on economic growth has 
been proven. The selected factors explain from 87.4% to 93.7% of the total variance, taking into 
account the fact that the lower threshold value should be at least 70%. A small share of the variance 
(from 6.3% to 12.6%) is explained by the influence of features not taken into account in the study. 
The measure of adequacy of the Kaiser-Meier-Olkin sample is approximately equal to 0.7, which 
indicates satisfactory adequacy. Accordingly, this methodical approach can be applied to predict 
the effectiveness of state policy in the analyzed area.
The analysis allowed to identify the main factors and trends in their development, as well as 
to identify positive and negative changes in the development of Ukraine’s economy to ensure 
innovative development of the energy sector. It is necessary to create preconditions for increasing 
the development of renewable energy and to stimulate energy innovations to reduce harmful 
emissions and increase energy efficiency, then it will have a positive impact on the efficiency of 
energy innovation. It should be noted that such prerequisites are the relevant state support, which 
is now reflected in global programs for the energy sector development. In the context of the war in 
Ukraine, in addition to measures to strengthen the defense industry, ensuring the independence 
of the energy sector in Ukraine and globally is an important lever to combat the aggressor. It is 
advisable to take into account the analyzed factors and areas of their further regulation, which will 
accelerate the development of energy innovation in Ukraine.
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ABSTRACT

Supply chain risk is a strategic issue for managing multinational companies, 
and Covid-19 has shown the relevance of this type of risk for the firm's survival 
probability. The market may perceive the choice of replacing some of the main 
customers or suppliers as an increase or a decrease of the risk based on the features 
of the new supply chain members, and markets tend to penalize companies that 
increase their exposure to unaffordable events. During the pandemic, many 
supply chains suffered from glitches and companies were obliged to redefine 
their network by selecting their new strategic customers and/or suppliers.
The paper evaluates the supply chain composition strategies of a set of 
multinational companies based in the US during the last decade. It highlights 
the differences in supply chain management behavior before and during 
the pandemic. Data collected allow testing the impact on the stock market 
performance of modifying the supply chain network by adding new members 
that may have a different level of risk. Results show that the market reaction to 
supply chain updates changed after the Covid-19, and nowadays there is greater 
attention on the credit risk of the new companies entering the supply chain.

Keywords: Supply chain, Pandemic, Stock performance.

1.  INTRODUCTION 

Globalization and the increase of competition worldwide have driven companies to adopt longer 
supply chains that allow them to exploit the advantages related to strategic cost management and 
compete in an international scenario (Anderson & Dekker, 2009). The growth of the e-commerce 
solutions has increased the interest to serve customers based in a foreign country (Đerić, 2016), 
and nowadays the internationalization option is currently mandatory even for small and medium 
enterprises.
Supply chains have suffered in the past from epidemics and pandemics but the sanitary emergency 
in 2020-21 was something unexpected and unmanageable for the existing supply chains (Boccaletti, 
Ditto, Mindlin & Atangana, 2020). The Covid-19 has highlighted the limits of the global strategy 
adopted by several companies due to the slowdown of international trade and the longer times for 
the procurement or the sales strategy adopted by multinational companies (Free & Hecimovic, 
2021).
The international trade market is experiencing unexpected dynamics that make the current supply 
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chain model unsustainable for many companies operating worldwide. Empirical evidence on the 
dynamics of international trade (cost of freight, usage of ships, and time to delivery) and corporate 
dynamics (warehouse policy, time to procurement, and time to sell) have shown new dynamics that 
are not comparable with the last decades (Figure 1).

Figure 1. The Global Supply Chain Pressures index.

Source: Refinitiv Eikon data processed by the authors.

The global supply chain pressure since 1997 was around a zero value up to the Covid-19 pandemic. 
At the end of 2019, the value started to grow to 3.18 in April 2020, representing the end of the 
lockdown for many countries worldwide. This result is mainly related to the panic demand for 
some goods (food, medicine, etc.…) on online channels (Mollenkopf, Ozanne, & Stolze, 2020) 
and the closure of supplying factories and warehouses (Van Hoek, 2020). After a few months of 
reduction related to the optimism for the end of the first wave of the virus, the index started to 
increase again up to the new maximum of 4.32 in December 2021, and the trend is not showing a 
slowdown. 
The Covid-19 pandemic had an impact on the supply chain risk that is not comparable with other 
diseases that we had worldwide in the 21st century (like SARS in 2009 or H1N1 in 2009) because 
it had an impact simultaneously on nodes (supply chain members) and edge (commercial ties and 
contracts) (Gunessee & Subramanian, 2020). Stock market has penalized companies with global 
supply chains more exposed to Countries more severely affected by the pandemic (Ding, Levine, 
Lin & Xie, 2021). Even among the EU countries there were a lot of differences in the solution 
adopted for managing the sanitary crisis and so the effects of the pandemic on the macro-economic 
fundamentals in the medium-long term (Đukic, Štaka, & Draškovic, 2021). Empirical evidence 
has shown that its impact is relevant for almost all the most prominent companies worldwide 
(Sherman, 2020), but there are some country-specific factors related to the strategies adopted by 
Governments for containing the pandemic that matter (Xu, Elomri, Kerbache & El Omri, 2020). 
The paper aims to analyze the impact of supply chain changes on the stock market performance of 
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a set of representative companies for the US market. After studying literature on the effect of supply 
chain features on stock performance and, more generally, on market behavior (section 2), the paper 
presents an empirical analysis of the top 100 companies listed in the US (Section 3). Results show 
that due to Covid-19, the supply chain features are changing rapidly and the market reaction to 
the change of suppliers or customers is different during the pandemic period with respect to the 
average trend of the last decade, and the reaction is different on the basis of the risk of the new 
member added to the supply chain (section 3). The last section summarizes the main results and 
the policy implications of the analysis (section 4).

2. LITERATURE REVIEW

Production and selling strategies adopted by companies matter for the financial market, and there is 
empirical evidence of the positive impact of better production, inventory and marketing strategies 
adopted by entrepreneurs (Modi & Mishra, 2011). The effect on the stock market is related to the 
event date and not to the disclosure date (that could be some days after) because investors are 
monitoring the supply chain of corporations in which they invest and try to anticipate the events 
before they become public information (Liu, Sarkar, Kumar, & Jin, 2018).
Supply chain disruptions may be distinguished in natural disasters (earthquakes, floods, cyclones, 
etc..), man-made and discrete events (diseases, strikes, operation failures, etc…), and financial 
disruptions (exchange rates, interest rates, import-export restrictions, etc…) (Chowdhury, Paul, 
Kaisar, & Moktadir, 2021). 
Supply chain glitches of large multinational companies have shown an adverse and unexpected loss 
related to the events in the supply chain. The main consequences of supply chain disruptions at 
the company level are the reduction of operating income, the return of assets, the return on sales, 
and, more generally, the shareholders’ value (Hendricks & Singhal, 2005a). The effects are different 
based on the presence of high or low-density ties that may make the glitches more or less relevant 
and more generally on the basis of the complexity and adaptability of the supply chain (Bier, Lange, 
& Glock, 2020).
The impact matters the most for smaller and innovative firms that may lose their market reputation 
due to the supply chain disruption event and suffer from a significant increase in the cost of resources 
(Hendricks, & Singhal, 2003). The impact in the medium-long term of supply chain disruptions is 
long-lasting. Companies are typically riskier for several years after the event due to the higher cost 
of replacing customers and suppliers (Hendricks & Singhal, 2005b). 
Literature has related the topic of supply chain glitches with the behavioral finance theory showing 
that the higher the attention given to the news, the worse the impact on the company’s performance 
(Schmidt, Wuttke, Ball, & Heese, 2020). Some of the evidence provided in the literature has shown 
differences in the impact of supply chain disruptions on the company’s performance based on the 
Country and financial markets features (Hendricks, Jacobs, & Singhal, 2020).
The impact of supply chain disruptions on multinational geographically diversified companies may 
be different concerning local players due to other opportunities related to selecting new customers 
or suppliers. Empirical evidence on the role of geographic diversification in mitigating supply chain 
risk is still limited. Still, multinational companies seem to suffer more from these events, probably 
due to the longer time necessary for replacing the supply chain member in the global framework 
(Hendricks, Singhal, & Zhang, 2009).
In the event of a bankruptcy of one of the members of the supply chain, the impact on the other 
members of the supply chain may be particularly relevant because there is empirical evidence that 
suggests the possibility of having a cross-default if the supplier or the customer cannot be replaced 
easily (Gibilaro & Mattarocci, 2019). The impact may be different based on the supply chain 
structure, and more complex and diversified supply chains can better avoid credit risk transmission 
among the members of the same supply chain (Agca, Birge, Wang, & Wu, 2021).



48

Gibilaro et al. / Economics, doi: 10.2478/eoik-2022-0016

The Covid-19 pandemic has shown the limits of the current supply chains and the need to act 
to improve resilience to extreme global events like Covid-19. The main issues that have to be 
considered are the resource allocation strategy (Golan, Jernegan, & Linkow, 2020), the supply 
chain structure and its concentration (Rowan & Laffey, 2020), and the opportunities for a more 
collaborative approach between suppliers and customers in the supply chain (Paul and Chowdhury, 
2020).
Literature has focused on the adverse events related to the supply chain without considering all the 
strategic choices a company may adopt to replace suppliers and customers before default and/or 
can no longer respect the existing contracts. The paper tries to fill this gap by analyzing the supply 
chain strategies and their impact on the shareholders’ performance during a stress scenario.

3. EMPIRICAL ANALYSIS

3.1 SAMPLE

The sample considers the top 100 companies listed on the NYSE and domiciliated in the United 
States based on their market capitalization (Table 1).

Table 1. Sample composition.

Sector of 
activity

N°
companies

Market 
capitalization 

(bln $)

N° of 
Relevant 

Customers

% 
Customers  

local

N° of 
Relevant 
Suppliers

% Suppliers 
local 

Consumer 
Cyclicals 12 4010.18 264 68.56% 735 67.21%

Consumer 
Non-Cyclicals 12 2395.57 245 50.61% 628 68.79%

Energy 3 739.51 127 21.26% 244 41.39%

Financials 11 1564.52 5 60.00% 222 72.07%

Healthcare 18 3176.99 307 66.45% 435 70.34%

Industrials 9 1043.72 329 42.25% 546 62.64%

Real Estate 3 272.36 0 - 4 25.00%

Technology 29 5384.93 1590 58.99% 2244 62.52%

Utilities 3 306.63 14 92.86% 27 77.78%

Overall 100 18894.42 2881 56.54% 5085 64.11%
Notes: N° of Relevant customers/suppliers: customers or suppliers for which on the basis of news, filings, and other information sources there is 
an ongoing commercial relationship. Data are collected and processed by Refinitiv Eikon. Local customers or suppliers are the companies with a 
commercial relationship based in USA.

Source: Refinitiv Eikon data processed by the authors.

The sample considers companies that are representative of different sectors, and they mainly come 
from technology (29), Consumer services (24), Healthcare (18), and Financials (11). Considering 
the number of relevant customers and suppliers by company, the sample includes 2881 strategic 
customers and 5085 strategic suppliers mainly based in the USA, respectively, for 56.34% and 
64.11%. The overall market capitalization of the sample is around 18.9 trillion of US dollars that is 
representing more the 72.12% of the NYSE’s overall capitalization (26.2 trillion on December 2021) 
The supply chain structure is changing year by year, and the turnover and the number of new 
strategic suppliers are higher yearly than the number of new customers (Figure 2 and 3). 
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Figure 2. New suppliers and new customers by year.

Source: Refinitiv Eikon data processed by the authors.

Figure 3.  Percentage of local supply chain members.
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From 2017 to 2019, the number of new members has grown significantly, but in 2020 the turnover 
is at the minimum due to the volume of economic activity during the pandemic lockdown. 2021 is 
the year with the higher number of new suppliers and customers concerning the ten years analyzed. 
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The evidence related to the pandemic period shows that, once the lockdown ended, companies were 
able to recover from the crisis scenario with a short delay by making a network reconfiguration 
(Queiroz, Ivanov, Dolgui, & Wamba, forthcoming).
The percentage of local strategic suppliers has not changed significantly during the period 
considered (67.19% in 2012 vs. 67.78% in 2021), while the rate of U.S. customers has decreased 
from 70.49% in 2012 to 63.02% in 2021. 
The turnover of the supply chain members has also changed the average risk of the member during 
the period analyzed, moving to a less risky structure (Figure 4 and 5).
The average rating1 of both customers and supplies has slightly decreased in the overall period due 
to the increase in the number of supply chain members with a rating AA, AA or A. The primary 
evidence is related to the decrease in the number of unrated customers or suppliers moving from 
more than 30% in 2012 to less than 12% in 2021.

Figure 4. Rating of the main customers.
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Source: Refinitiv Eikon data processed by the authors.

1  The rating used for the analysis is computed by Eikon for each of the companies and it measures the probability of 
default of the company at the one-year time horizon. The value come for the Moody’s model for listed companies and by a proxy 
constructed on the basis of available data for private companies not listed.
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Figure 5. Rating of the main suppliers. 
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Source: Refinitiv Eikon data processed by the authors.

3.2 METHODOLOGY

The analysis considers the impact of the supply chain members’ turnover on the stock market 
performance using an event study methodology. For each of the companies in the sample, the daily 
return is computed by using the following formula:

  
(1)

Where  and  are the closing price for the firm I at time t and t-1, and  is the natural 
logarithm.
The abnormal return is computed by using the CAPM formula (Sharpe, 1964) as follows:

    (2)

Where the abnormal return depends on the daily return of the share , the return of the T-bill 
three months issued by the U.S. Government  , the sensitivity of the return of the share 
concerning the market , and the performance of the S&P500 index .
The abnormal return proxy is used for computing the cumulative abnormal return (MacKinlay, 
1997) for an event window based on the supply chain events. In formulas:

(3)

The event window   is computed by considering only the supply chain event date or a 
time horizon of 1, 3, or 5 days around the event date. The periods selected are showed in table 2.
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Table 2. Event windows.

Post – Event window Pre – Event window Around the event window

t – t+1 t-1 – t t-1 - t+2

t – t+3 t-3 – t t-2 - t+3

t – t+5 t-5 – t t-2 - t+1

t-3 - t+2
Source: Authors’ elaboration.

The event study analysis is performed by considering all the supply chain events (new supply 
chain members) and distinguishing them based on their role in the supply chain (customers vs. 
suppliers) and the information asymmetry (rated vs. unrated).

3.3 RESULTS

The preliminary analysis considers the impact of events on the supply chain on the abnormal daily 
performance of stock by considering different event windows (Table 3).
The average impact of the supply chain turnover is negative, but the values are not stable over 
time depending on the number and type of events affecting the supply chains. The year 2020 was 
characterized by a negative impact of the supply chain changes on the company’s performance 
mainly because during that year, the turnover of supply chain members was forced primarily by 
the default of one of the suppliers or the customers. The market frequently cannot anticipate the 
change in the supply chain member regardless of the year selected. Still, when it happens, the 
market reacts positively in the short term (up to 3 days from the event). The trend in 2021 is 
comparable to the trend analyzed in the previous years, and the market seems to be back at its 
standard trend after the pandemic.
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The event analysis based on the type of companies involved (customers vs. suppliers) allows us to 
point out some interesting differences in the market reaction to news related to the different kinds 
of new network members (Table 4). 
A key customer’s turnover has ex-post a more negative effect on the company’s value concerning 
the change of suppliers. In the case of the suppliers, the time necessary for adjusting the production 
to the new suppliers’ policy is quite long, and, in the case of concentrated suppliers, the turnover 
of one of them may imply the risk of stopping and/or delaying the production process (Wagner & 
Bode, 2006). In the event of a change of strategic customers, usually, the effect is more direct because 
one of the primary sources of income is lost. So the profitability in the short term is expected to 
suffer from it. After the pandemic, many companies worldwide were obliged to revise their supply 
chain policy. Therefore, the turnover of both suppliers and customers was no longer perceived as 
an adverse event for the company. 
The credit risk of the new member for the supply chain matters for the stock market investors, and 
it is possible to identify a different stock market reaction based on the risk of the new member 
selected (Table 5).
Unrated companies are generally perceived as riskier than other companies because they suffer 
more from a lack of information transparency.  The choice of adding a new unrated customer or 
supplier increases the losses in the stock market. The higher uncertainty that characterizes the 
post-Covid-19 scenario has maximized the relevance of the rating for the investors, and the impact 
of adding a rated supplier or customers is positive independently concerning the event window 
considered. 
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4. CONCLUSION

Covid-19 has shown some of the limits of the global supply chain, highlighting the impact of 
glitches that may affect suppliers and customers on a company’s performance. Data have shown 
that the number of foreign strategic customers decreases over time. The new members selected (for 
both customers and suppliers) are prevalently more transparent companies for which a rating is 
already outstanding. During the pandemic, companies did not change their strategy radically, and 
local players’ roles did not significantly increase.
A supply chain turnover impacts the company’s risk, and more frequently, it is perceived as an 
additional problem that a company may face in a short time due to the cost and time of replacement. 
The effect on the performance is expected to be relevant in the medium-long term, but the market 
news may immediately affect shareholders’ wealth. Before the pandemic, every glitch in the supply 
chain network negatively impacted the stock market performance. 
During the pandemic, the uncertainty related to the lockdowns and the slowdown of international 
trade has increased the frequency of turnovers in the supply chain. The most relevant issues 
were related to the customers, representing one of the primary sources of income. Adding new 
members unrated was less common during the Covid-19 period. When this option is selected, the 
shareholders may reduce their wealth because the stock price will decrease, while investors usually 
appreciate a rated new customer.
Supply chain risk management is a critical strategic issue for every corporation worldwide. Its 
role increases in global crisis scenarios, like Covid-19, when international trade may suffer from 
unforeseen events that may affect international trade (Ferguson & Drake, 2020). Empirical evidence 
provided in the paper sheds some light on the supply chain policy adopted by multinational 
companies and the impact of the pandemic on the selection of key suppliers and customers. A 
more detailed analysis of the network structure may allow testing empirically the main drivers of a 
resilient supply chain (Craighead, Blackhurst, Rungtusanatham, & Handfield, 2007).
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ABSTRACT

COVID-19 had undoubtedly speeded up adoption of digital technologies. Most 
of the theoreticians agree that changes that happened in the pandemic period 
would not happen in the next several years or even decades. There is almost no 
business operation that has not been affected by the pandemic, from customer 
relation and sales to supply chain. It influenced different business sectors 
leaving permanent change and making a significant proportion of organizations 
working in at least hybrid mode: combining digital and traditional pre-pandemic 
ways of working. COVID-19 had significantly changed the workplace and way 
of working.  Workplace has shifted to digital or at least hybrid and employees 
and companies have adopted new ways of working, including usage of digital 
technologies but also accepting more agile and flexible procedures and rules. 
The research community has followed this phenomenon and tried to provide 
best possible recommendation to it accordance to recognized research methods.  
The paper provides a systematic literature review of the most significant scientific 
and industry publication in the years after the pandemic start. It is based on 
Kitchenham methodology of the systematic review with selected publication 
from recognized bibliographic databases. First part provides general effects of 
the pandemic to digital transformation of businesses all over the globe, mostly 
connected to analysis of the employees’ workplace preference. The second part 
is focused on digital workplace transformation and presents key theoretical and 
professional findings in the post-pandemic workplace.  This part is consisted of 
the preview of benefits of the digital workplace transformation, identification of 
critical success factors and the most significant challenges of the process. 

Keywords: digital transformation, digital workplace, COVID-19, change 
management, human resources.

1.  INTRODUCTION 

Due to technological development, as well as under the influence of the COVID-19 pandemic, 
the digital workplace transformation has become the subject of number researches with different 
focuses and from different scientific fields. It is unquestionable that the way of working is changing, 
so the workplace of today is significantly different from the way of working a decade ago.
We can define digital workplace transformation as “a multi-step process of transition from 
traditional workplace, usually considered as a physically limited space and set of correlated tasks, 
to digital workplace, which is more flexible regarding place and time of work, and supported 
through adequate strategic and technological background”. Therefore, we can define a digital 
workplace as “a digital technology-supported working system consisting of, not only the physical 
space, employees and tasks, but also a set of strategically accepted procedures and rules in order to 
maximize productivity and improve collaboration, communication and knowledge management” 
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(Micic et al., 2022).
The paper will firstly provide an overview of the key results of a systematic literature review of the 
digital workplace with special focus on innovation as part of the transformation process. Various 
projections suggest that in the post-pandemic era, remote working will continue to be present, at 
least to some extent, having in mind technology has proven to be a significant factor and value 
that allows many organizations to continue to grow their business in ways unimaginable twenty 
years ago, including the application of various technologies, from the cloud to modern video 
conferencing tools (Harvard Business Review, 2021). 

2.  METHODOLOGY AND DATA

The systematic literature review is done following the methodology defined by Kitchenhaim and 
others (Kitchenham et al., 2009, 2010; Turner, Kitchenham, Budgen, & Brereton, 2008).  It includes 
a review of the literature related to the digital workplace as a modern concept, without focusing on 
a specific industry or activity, in order to provide a preview of the latest publication regarding the 
effects of the pandemic and technology progress to preferences about the workplace with specific 
focus on innovation. The review included a search of the literature database through a search of 
journals and papers as well as collections of papers from scientific conferences, reports and similar 
related scientific and professional literature: Web of Science (WoS), Clarivate Analytics; Scopus, 
Elsevier and Xplore, The Institute of Electrical and Electronics Engineers (IEEE).
In addition, a concise overview of books, guides and other literature (for example, collections 
of papers or monographs based on conference papers) was done, which is related to keywords 
from the following databases: Springer Link (EISZ) (Economics and Finance, Behavioral Science 
and Psychology, Political Science and International Studies packages 2017) and (Springer E-book 
packages, 2017).
The mentioned databases were searched by the keywords “digital workplace”, “COVID-19” and 
“innovation”. Additional criteria for searching the database were: English as the primary language 
and publication after 2010, as well as the review of the publication by several reviewers. The 
purpose of the literature review was to identify empirical and theoretical analysis related to the 
digital workplace as part of the general digital transformation, but also to identify the shortcomings 
of previous research and research directions in the future. The aim of the review was to identify 
fundamental research issues on the topic of the digital workplace. 
The literature review process consisted of several steps: primary scanning of results from databases, 
filtering of results based on titles, filtering based on abstracts and subtitles and final selection based 
on paper content, book or other type of publication. In the last step, using forward and backward 
research, some of the sources were added to the research bearing in mind that they are used as 
primary sources in the previously selected publication. 
Final list of the publications is selected based on the connectivity to the main subject of the paper, 
effects of the COVID-19 pandemic to digital workplace transformation.

3.  EMPLOYEES’ WORKPLACE PREFERENCES 

When we analyze employees’ preferences about where they would like to do their work, most of 
them would like to have live office work at least once a week (Jill, 2021). Therefore, we come to the 
conclusion that not only are typical physical work spaces, such as offices or homes, preferred, but 
that more than one third of employees would like to do their work in other spaces at least one day 
a week. Other spaces include cafes, hotels, co-working spaces, etc.
Additionally, if we compare these results with the results from 2020, it can be seen that the 
percentage of those who express a desire to work at least one day from home fell from 72 percent 
to 67 percent, which indicates that interest in working exclusively from home is declining (in short, 
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less employees prefer to work from home for at least one day a week, which can be justified with 
increasing saturation of the same because the remaining 23 percent believe that one day should not 
work from home). 
On the other hand, employees want to spend at least one day a week in the office, so the percentage 
of those who said that at least one day a week of office work is their preference increased from 71 
percent to 79 percent, indicating that a higher percentage of employees compared to the previous 
year, they consider that meeting with colleagues and staying in the office once a week is minimal 
and necessary (Table 1).

Table 1. Two-year comparison: How employees would like to work at least one day a week?

Year

Preferred

location of work

(minimum 1 day per week)

2020 2021

Work from home 72% 67%

Office work 72% 79%

Work from other locations 40% 36%

Hybrid operation:

- Office + house

- Office + house + others.

- House + other locations

- Office + other locations

67%

not available for 2020 by 
individual elements of the 

hybrid workplace

63%

- 29%

- 20%

- 9%

- 4%
Source: Author based on indicators from the JLL Workforce Preference Barometer (JLL, 2021).

Certainly, the most important thing is that this analysis does not confirm the preferences of 
employees for all days of the working week, but indicates that coming to the office one day a week 
is the preference of more employees in 2021 compared to 2020. It is certainly a signal that physical 
stay in the office and contact with other colleagues at least one day a week is still a need of most 
employees. In other words, employees do not prefer exclusive teleworking and distance working 
and it has not proven to be sufficient for successful work.
Among those who prefer at least one day of work on a hybrid model, there are more who would 
like to combine office work with homework or office with work from home and work in third 
locations (29 and 20 percent, respectively) than those who would like to work in other locations 
in combination with home or office (9 percent and 4 percent, respectively), which in itself may 
indicate that the hybrid work model, a combination of telecommuting with occasional visits to the 
office, is the expected future of work.
The absolute majority of employees, 63 percent of them, want to switch to a hybrid way of working 
by combining different ways of working, which is significantly higher than 8 and 26 percent of those 
who want to work exclusively from home and exclusively from the office, respectively (Puybaraud, 
Carroll, Beaudouin, & Taylor, 2021; JLL, 2021). 
It is also related to new priorities of employees, such as the balance of work and private life, which 
with 59 percent of respondents took first place on the list of employee priorities, which before 
the pandemic was held by the amount of salary which is now the priority of only 55 percent of 
employees (Puybaraud, Carroll, Beaudouin, & Taylor, 2021; JLL, 2021). Accordingly, the authors 
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conclude the following:
• The office remains the center of the working ecosystem.

• Hybrid work will continue after the pandemic.

• Health and safety will continue to be important to employees.

• The net effect on the use of space will be relatively minor because, despite the fact that the  
employees will do some work from home, they will still have their place in the offices.

Additionally, it is important to note that 8 out of 10 employees want to work in the office at least one 
day a week, and ideally 3 days in the office and 2 days remotely (from home or other location - more 
precisely 1.5 days of work from home and 0.6 days of work from other locations) (JLL, 2021). These 
data confirm the paper that a quality digital workplace must enable employees to work smoothly 
and equally effectively, regardless of the location of work, which will apparently be a model of 
hybrid work, at least in selected industries.

3.1.  BENEFITS OF CREATING A DIGITAL WORKPLACE

Digital transformation of the workplace brings significant benefits, such as: 

• increase of employee motivation, 

• improved collaboration, 

• reduction of operating cost but also, as very important 

• It encourages innovation and improves customer satisfaction (Attaran et al., 2019, Köffer,  
2015, Meske and Junglas, 2020). 

Admittedly, the literature also draws attention to the challenges of this phenomenon, such as 
infrastructure challenges or the challenges of embracing new technologies and talent management, 
but their effects are outweighed by the positive aspects of digital workplace transformation (Dery 
et al., 2017; Attaran et al., 2019).
The last decades are recognizable, among other things, by the significant development of information 
technology and the changes they have brought in the field of organization and performance of work, 
but also changes in the nature of work, which has significantly accelerated digital transformation 
and work on developing various digital workplace designs (Williams & Schubert, 2018).
Changes in the application of technologies and changes in the workforce require a workplace that 
encourages productivity, collaboration and agility, but which also lowers the costs of information 
technology and business operations (Attaran et al., 2019). In addition, digital innovations as well as 
artifacts enable communication and collaboration and can lead to a change in the nature of work. 
Bearing in mind that work is also a social activity and that it may require intensive communication 
and collaboration between employees, the importance of the above-mentioned changes and their 
effects on job changes are unquestionable (Meske and Junglas, 2020).
There are three main trends that have influenced the establishment of the digital workplace (Attaran 
et al., 2019):

• Information overload - The amount of information is growing exponentially and finding,  
filtering and forwarding information is significantly more difficult.

• The need for higher speed - The modern workplace is changing significantly faster than before,  
and employees are expected to work faster, collaborate and be more effective and efficient in  
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their work.

• Workforce Demographics - Businesses face the challenge of meeting the changing demands  
of a multigenerational workforce and different generational groups: baby boomers are  
retiring and millennials are IT fanatics who expect flexible working hours and simple digital  
tools.

Additionally, in the same primary literature review, it is stated that the digital workplace 
infrastructure should be based on secure access to information through various devices and 
channels and should include video and messaging systems to facilitate the sharing of knowledge 
and information effectively (Attaran et al., 2019).
Intel defines several segments and phases of creating a digital workplace. Below are the parts and 
phases listed by Constant (2016):

• Physical transformation of the workplace - agile workplace - Constant (2016) points out that  
traditional offices and workplaces are often expensive, inefficient and inflexible and  
challenging to scale and modify, and therefore need to focus on an integrated platform with  
front and back-office tools. 

• The same author states that the digital workplace should meet the following criteria:  
characteristics of the digital workplace (which can be different, from the so-called home  
office, shared workspaces to third places) which implies easy access, portability, possibility  
of continuous operation of the organization in one region or globally and the ability to  
work outside of corporate constraints; and the characteristics of the distributed workplace,  
which implies the fact that the workplace is no longer just a physical office space but a  
combination of physical, virtual, social and mental space that intertwine with the aim of 
creating a collaborative workplace.

• Digital Technology Solutions - Emphasizes the importance of appropriate technologies and IT  
infrastructure designed and delivered by cross-functional teams to repair systems and  
improve organizational network infrastructure to every switch, router and firewall as well  
as appropriate software solutions from system to applicative. This part of the digital  
workplace includes the selection of cloud technology, big data analytics and similar segments  
of the application of digital technologies in the work and improvement of work.

• Collaboration in the workplace - There is a need for platforms for sharing knowledge, especially  
in the segment of problem solving in dislocated locations, but also the choice of  
communication channels for company employees, which includes: collaboration platform,  
social networking tools, corporate intranet and public internet. 

Also, there is the unquestionable importance of virtualization and virtualization of work, as well as 
enabling work on various devices and user technologies.
One of the basic positive effects of establishing a comprehensive digital workplace is minimizing 
the so-called “time wasters” (Schubmehl, 2014):

• Ineffective meetings because meetings cost money and any waste of time through ineffective  
meetings leads to economic costs.

• Email management because employees spend a lot of time reading, replying to and sorting  
emails, so spending time on those jobs is also spending money on the organization.

• Searching for information and people as a cost to the organization and a significant waste of  
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time.

• Duplicating work as a redundant activity that involves performing the same task multiple  
times or repeating a process previously repeated in another task or activity.

Enhanced business results, which include increased labor productivity and revenue growth, are 
typically achieved in organizations that use digital tools (Greeven and Williams, 2017; Koch et al., 
2019; Walker and Lloyd-Walker, 2019). Research shows (Attaran et al., 2020; Vukelic and Cizmic, 
2019; Yu et al., 2019) that flexible working hours and digital workplace have a positive effect on 
employees’ absence, including less absence due to health problems, less depression in employees, 
less sleep problems as well as lower stress levels.
The most significant advantage of creating a digital workplace is the improvement of employee 
productivity, which is accompanied by improved employee satisfaction and experience, increased 
collaboration among employees, reduced operating costs, greater innovation, improved customer 
experience and ultimately increased revenue (Attaran et al., 2019).
Modern research indicates that the digital workplace will be an integral part of the so-called. hybrid 
workplace as a way of working in the future (Neeley, 2021). The very benefits of a digital workplace 
are especially evident when they are part of a hybrid mode. One of the most important positive 
aspects of a hybrid digital workplace is flexibility, which significantly increases productivity.
Thus, Gartner (2021) states in its report that there is only 36 percent of the so-called high performers 
(those who achieve exceptional results) if there is no flexibility and work is done from the office 
from 9 am to 5 pm every day. On the other hand, if the employees are offered some of the flexibility 
(when they will work, where they will work and the scope of work they will work), more than half 
of them are high performers, (Figure 1). 
In short, productivity increases with the increase in work flexibility that the digital workplace 
certainly provides, with an increase of 7 percent when there is a place flexibility, additional 3 percent 
when there is a time flexibility and additional 9 percent when there is scope flexibility (Figure 1).

Figure 1. Flexibility increases employee performance (percentage of high performers/achievers).

Source: Gartner, 2021.

Summarizing the above points, it can be said that the main goal of creating a digital workplace 
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is strategically coordinated and properly managed development of a digital work environment 
tailored to the organization, teams and individuals within the organization, all to ensure the 
following benefits:

• Increasing work productivity through greater flexibility in work and the use of modern  
digital tools.

• Greater employee satisfaction, primarily through increased flexibility, i.e. possibilities of  
choosing where, when and how much they work.

• Saving resources, from overhead to reducing the number of employees needed for the same  
amount of work.

• Minimize errors by using advanced digital tools as part of a virtual / hybrid workstation.

4.  IDENTIFYING CRITICAL SUCCESS FACTORS FOR DIGITAL  
     WORKPLACE TRANSFORMATION

Critical Success Factors (CFS) can be defined as key areas of performance that are important to an 
organization in achieving a given mission or goal (Caralli, 2004). The success of digital workplace 
transformation is an example of an organizational goal with its specifics in terms of internal processes, 
technology, mindset and reactions of teams and the organization as a whole. Coaches et al. (2021) 
state that three groups of factors that influence the success of digital workplace transformation: 
individual, group and organizational.
At the level of individual factors, the authors (Trenerry et al. 2021) state: acceptance of technology, 
perception and attitude towards technological change, skills and training for employees, adaptability 
in the workplace and stress related to work along with wellbeing at the work place. Groups, i.e. teams 
also have an impact on the success of the project and the authors state three factors: communication 
and collaboration within the team, interpersonal relationships and identification with the team 
and finally group i.e. team adaptability. Finally, at the organizational level, the authors identify the 
following factors: leadership, human resources, and organizational culture (Figure 2).
Additionally, it is important to note that all: individual, group and organizational factors are 
contextually moderated by gender, age, job type and other moderators (Figure 2). 
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Figure 2. Theoretical framework for understanding the digital transformation of the workplace.

Source: Trenerry et al. 2021.

The authors state that employees are a key part of the success of the digital workplace transformation 
process and that their understanding of technology and attitude towards technological change, 
together with strategies that support it, has a significant impact on process success (Trenerry et al. 
2021).
Leading global consulting firm Gartner identifies several digital workplace success factors (Rozwell, 
2017), grouping them into three basic groups (Figure 3):

• Coordinating the organization (vision, strategy and metrics).

• Adaptation of employees (Experience of employees and organizational changes).

• IT compliance (Processes, information and technologies).
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Figure 3. Digital workplace success factors.

Source: Gartner (2021) and Rozwell (2017).

Boulton (2019) expands and clarifies the aforementioned previously defined Gartner list, and 
clarifies the individual success factors of digital workplace implementation:
Vision - The vision of the digital workplace must be in line with the general business goals but also 
the goals of the overall digital transformation of the organization. It is stated that special attention 
should be paid to the fact that the digital workplace should primarily increase the engagement of 
employees and their productivity, as well as that the implementation of the digital workplace itself 
implies changes in business processes.

1. Strategy - It is recommended to create a roadmap for the coordination of initiatives from 
different organizational units with the aim of more successful implementation of the digital 
workplace. Among other things, a good strategy means that employees are enabled to 
participate more in making decisions related to the technologies that will be used in the work 
in order to increase their use in the future.

2. Persons - roles in the process - The author defines several user roles (persona), among others: 
those who share (English sharers), those who seek knowledge (English knowledge seekers), 
internal experts and the like. and for each of them, attributes should be defined, such as: 
level of acceptance of technologies, use of mobile solutions, content creation, use of content, 
organizational knowledge, etc. Also, for each of the persons, the so-called “Technological 
consumption”, i.e. the manner and scope of use of technological solutions by a certain role.

3. Metrics - The use of analytics for measurements in IT, human resources and general business 
as well as the creation of so-called digital dashboards are recommended in the implementation 
of the digital workplace. It is recommended to quantify the positive effects of digital workplace 
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implementation on employee effectiveness, agility and employee satisfaction.
4. Employee experience - Although increasing customer satisfaction is one of the long-term 

effects of digital workplace implementation, one should start with employee satisfaction. IT 
resources as well as spatial and technical solutions should enable uninterrupted work and 
satisfaction of employees, starting with a quality online portal where management can monitor 
employee contributions and their success and incorporate it into the previously mentioned 
work metrics.

5. Organizational change - The digital workplace usually requires significant changes in 
internal processes, organizational structure, motivational factors and skills of employees, 
organizational culture and ultimately the behavior of employees themselves. For these 
reasons, it is necessary to start by assessing the skills and competencies needed to establish a 
digital workplace. Identification of individuals, the so-called change managers, who are able 
to plan changes and implement them is one of the key success factors of digital early-stage 
transformation.

6. Training - Bearing in mind that changes, especially of a technological nature, are stressful 
for employees, it is necessary to plan an appropriate set of training and exercises in order to 
establish new work dynamics and ways of working. Also, knowledge is often an important 
motivating factor in the adoption of new technologies, and accompanying training and 
coaching are important in the success of the implementation of the digital workplace.

7. Processes - In order to successfully implement a digital workplace, it is first necessary to 
identify how employees are currently doing their jobs and which activities they spend the 
most time on. Accordingly, the general goals of the digital transformation of jobs (such as 
reducing time, minimizing errors and savings) need to create an accompanying roadmap, i.e. 
transformations of one mode of operation into another.

8. Information - Providing information to the extent and exactly when employees need it is 
crucial to support employees in implementing a digital workplace. For these reasons, the 
information sharing system should be simple, adapted to different platforms and technologies, 
and time-synchronized.

9. Technologies - It is interesting that the author positions technologies at the very end of the 
list of success factors. However, this does not dispute the fact that they are also a key and 
mandatory factor for a successful digital transformation of the workplace. Having in mind 
the previous factors, such as e.g. business process reengineering or change management, the 
appropriate technological solution should be selected so that in the end the implementation 
of the digital workplace itself would be successful and achieve the previously specified benefits 
for the organization.

Grampp and a group of authors (2018) state the characteristics of certain elements of the so-
called workplace ecosystem: talents, technologies, place and location (note: location refers to the 
company’s headquarters or outside, and by place, a specific workspace).
When defining a digital workplace, it is necessary to pay special attention to the challenges of 
the digital workplace itself, on which the assessment of success directly depends, especially if the 
work is exclusively remote. Thus, the report “The Future of Digital Workplace” identifies challenges 
such as increased distractions, less effectiveness in teamwork, data security and privacy challenges, 
greater challenge in managing people, less sense of belonging, internet connection challenges, VPN 
difficulties and lack of response from support services (Lakeside, 2021). However, some difficulties 
are more present and they need more attention when designing a digital workplace. In accordance 
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with previously defined success factors, there is a need for adaptation to the specific organization 
context, such are characteristics of employees, their level of skills and knowledge, their work 
experience, etc.
There are also several challenges identified in the process of the digital workplace transformation. 
Among them, the most significant are: digital work has more distraction, there is less effectiveness 
in digital collaboration and there are several data safety and security issues (Figure 4). 

Figure 4. The most significant challenges of a digital workplace based on remote work.

Source: Lakeside, 2021.

The Deloitte report (2021) also lists the key factors of job success of digital workplace:

• Virtual collaboration tools and telework platforms.

• Implement telework policies and procedures that optimize productivity and collaboration 
while minimizing the risk of data loss.

• Adopting long-term norms and culture of live work as part of a hybrid campus.

Based on the above views, the key success factors of digital workplace transformation are grouped 
into three basic categories:

• Organizational factors - starting from the existence of an appropriate vision and strategy 
through organizational culture and leadership that support the transformation process to 
quality human resource management and the existence of appropriate technological solutions 
as success factors.

• Team or group factors - i.e. readiness of teams / groups to accept the “new normal” and joint 
sharing of knowledge, joint facing of challenges and team motivation in the transition from 
traditional to digital workplace.

• Individual factors - as specific success factors depending on the employees themselves, i.e. 
their knowledge, skill levels but interest in change as well as the degree of support for the 
process of transition from traditional to digital workplace (level of resistance to change as an 
individual factor).
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5. CONCLUSION

Technological change and COVID-19 have, undoubtedly, influenced the way work is being done.  
A digital workplace has become a new normal and virtual and telework is a decision of the many 
for future work.
However, employees have stated that physical presence in the office is still something that should 
remain on some level, depending on the organization, type of work and other limitation factors, of 
course. Majority of the employees stated that they should come to the office at least once per week 
and that the ideal workplace should combine office work together with other workplaces, such as 
online or telework and other spaces such as hotels, bars etc.
Therefore, we can conclude that fully online/remote work will not be a future of work and that 
some sort of hybrid working will be a choice for the majority of the organizations whose nature of 
work does not require physical contact with the consumer. Additionally, it can be concluded that 
COVID-19 has embraced and sped up the process of workplace innovation and that it created new 
opportunities to further workplace developments in accordance to employee preferences. 
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ABSTRACT

From an economic perspective, the COVID-19 crisis has been an exogenous 
shock to most local and international markets. Due to the COVID-19 pandemic, 
physical separation (or social distancing) to prevent the spread of the virus 
has led to feelings of isolation and loneliness, increasing the prevalence of 
depression, anxiety, post-traumatic stress disorders, and insomnia in the 
population. However, during the lockdown, technological devices have provided 
a way for people to maintain social connections with friends, family, their social 
networks, and/or the wider community. This article analyzes the changes on 
the international wine market and estimates the exports of Moldovan wine, 
especially in the neighboring region, which includes Romania, Ukraine and 
Bulgaria to Nigeria, considered a new market and characterized by the lack of 
traditions in wine consumption.

Keywords: international wine trade, Moldovan wines, policies for the promotion

1.  INTRODUCTION 

In recent years, the changes in the world wine market was caused by the health factor; and starting 
from February 2022 in addition to the military factor in Eastern Europe, directly conditioned 
new limitations in production and logistics and, in this regard, the need to adjust policies and 
strategies, consumption and export in the field of wine, which would, on the one hand, maintain 
the parameters previously achieved, and which would highlight new opportunities for countries to 
position themselves in traditional and new international markets. This general state of uncertainty 
also characterizes the Moldovan wine industry, when exports in the period 2018-2020 fell from US 
$ 137.9 million, 139.6 to 134.4, given that the selling price practically varied slightly (1.0-0.9-1.0 
respectively) (ITS, 2020).
The literature is yet inconclusive about the impact of uncertainty on wine consumption (Johnbull, 
2021). The COVID-19 crisis has disrupted distribution channels and reduced social interactions, 
suggesting a strong reduction in wine consumption frequency. The data enables us to analyze 
from the perspective of changes in the international wine trade and policies for the promotion of 
Moldovan wines on new markets.

2.  METHODS

Present study aims to explore the changes in the international wine trade and policies for the 
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promotion of Moldovan wines. For this purpose, the following methods were used in the article: 
comparison, graphic method, survey etc.
Present study focuses on two directions, which include the HEG Geneva survey and regional 
exports, both with the ultimate goal of identifying regional reserves in exports and promoting 
Moldovan wine on the world market.
First direction - analysis of data obtained from the survey “Study on factors of innovation and 
quality improvement in the wine sector”, organized by HEG Geneva, which helps to complete the 
knowledge about the Moldovan wine sector, including the exporter, through data comparable, 
given that the Vine and Wine Register of the Republic of Moldova includes 89766 vineyards and 
328 wineries. The survey included 166 wineries, the data obtained from 10 wineries were used in 
the analysis.
The second direction - in our study we tried to analyze the data on the export of wine from the 
Republic of Moldova and the neighboring region, which includes Romania, Ukraine and Bulgaria 
to Nigeria, considered a new market and characterized by lack of traditions in wine consumption.

2.1.  THE MOLDOVAN WINE EXPORT 

Consumers use wine as a social product, its consumption has been an essential part of culture – 
even in the most primitive culture. Wine plays a significant role in social events. Wine consumption 
evokes a social status to consumers in the eyes of the public and can be used to signal equality or 
social membership amongst consumers (Mueller, Umberger, 2009). Furthermore, a consumer use 
wine to express gratitude, for relief from thirst, for toasting to successful business agreements and 
is increasingly gaining preference as a gift item during festival periods (Dodd, Laverie, Wilcox, 
Duhan, 2005). 
Wine is perceived to be complex. It is perhaps best to argue that complexity is an intangible rather 
than a physical attribute. Therefore, the complexity of wine can be assessed by how much the 
effect the various wine elements, harmoniously knit together, impart a sensation that is intriguing, 
provocative and engages the mind or captures the consumers’ interest (Lockshin, Mueller, Louviere, 
Francis,  Osidacz, 2009). The taste of wine is the most important value attribute considered by wine 
consumers and taste has a strong relationship with choice (Charters, Pettigrew, 2006), so when 
taste cannot be assessed, it creates uncertainties which impact on consumer behavior.
At the same time, in 2020, the value (in current US $) of exports of “alcoholic beverages” (SITC 
group 112) decreased by 8.0% (compared to 1.6% average growth rate from 2016-2020) to reach 
80.7 bln US $ (tab.2). Exports of this commodity accounted for 5.9% of world exports of SITC 
sections 0 + 1, and 0.5% of total world merchandise exports (tab.1).
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Table 1. Exports - imports, Moldova, 2006-2020, US$.
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Source: International Trade Statistics Yearbook, Vol. II, 2020. 

France, Italy and United Kingdom were the top exporters in 2020 (Tab.2). They accounted for 
18,6%, 11,3% and 9,3% of world exports, respectively. USA, United Kingdom and Germany were 
the top destinations. The top 15 countries/areas accounted for 82,6% and 74,0% of total world 
exports and imports, respectively. In 2020, France was the country/area with the highest value of 
net exports (+11,9 bln US$), followed by Italy (+7,6 bln US$).

Table 2. Top exporting countries or areas in 2020.

Country/area Value, mil. 
US$

Avg. growth (%) 
16-20

Growth (%)
19-20

World share %
Cum.

World 80712,7 1,6 -8,0 100,0
France 15039,3 1,4 -11,3 18,6 18,6
Italy 9092,6 5,2 -1,0 11,3 29,9
UK 7536,9 -3,2 -20,1 9,3 39,2
Mexico 7114,5 15,6 8,4 8,8 48,1
Spain 4167,3 1,5 -3,2 5,2 53,2
USA 3959,3 -1,1 -7,9 4,9 58,1
Germany 3474,1 -3,5 -14,8 4,3 62,4
Netherlands 3467,3 3,1 0,4 4,3 66,7
Belgium 2464,7 8,4 -0,1 3,1 69,8
Singapore 2246,9 -3,4 -23,2 2,8 72,6
Australia 2146,3 3,3 -9,3 2,7 75,2
Chile 1838,4 -0,5 -5,9 2,3 77,5
Ireland 1550,7 4,7 -13,6 1,9 79,4
New Zealand 1375,2 4,0 6,3 1,7 81,1
Portugal 1197,3 4,6 6,0 1,5 82,6

Source: International Trade Statistics Yearbook, Vol. II, 2020. 
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By SDG regions (Fig.2), the largest surpluses in this product group were recorded by Europe (+17,5 
bln US$), Latin America and the Caribbean (+7,6 bln US$) and Australia and New Zealand (+1.6 
bln US$). The largest trade deficits were recorded by Northern America (-20,3 bln US$), Eastern 
Asia (-7,8 bln US$) and Western Asia and Northern Africa (-238,5 mln US$) (ITS, 2020, vol.II).

Figure 1. Annual growth rates of exports, 2006-2020, in % by year.

Source: 2020 International Trade Statistics Yearbook, Vol. II.

Figure 2. Trade balance by SDG regions 2020, Bln US$.

Source: 2020 International Trade Statistics Yearbook, Vol. II.

This study is important as the Nigeria wine market though growing is at infancy and understanding 
the drivers or characteristics that influence the behavior of consumers is critical to the growth 
of this emerging market. On these assumptions, the study sets out to deconstruct the alcoholic 
beverage consumption patterns to the growth of this emerging market and thus increase the export 
of Moldovan wines. Nigeria’s Spirits market valued at $2bn and growing at 6% on average per year 
(USDA, 2016). The GAIN report notes that 75% of the spirits consumed in Nigeria are locally 
made, while imported spirits account for $500m of the total value of spirits consumed. The report, 
however, said that imported spirits of various classifications continue to gain acceptance among 
the growing young and educated middle-class. Nigeria’s large population of 185 million people 
provides a large market for alcoholic beverages valued at more than $6.5bn. It notes that while 
spirits constitute about 30% of the market for alcoholic beverages, wine making up the remaining 
15%. The country’s increasing urbanization and the rising number of female alcohol drinkers, 
especially in large cities, such as Lagos, Port Harcourt and Abuja, is also resulting in a remarkable 
switch from consumption of relatively inexpensive local spirits to higher priced imported ones,” 
they noted. The report points out that the European Union (EU) 60% and South Africa 22% are 
the leading suppliers to the market, however, other countries such as Russia, Ukraine, Mexico, 
United States, Brazil, Canada, among others also supply to the market. But in the period 2018-2021 
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Moldova did not appear in the Top (Ugbo J., Duca A., 2020) (Tab.3). 
In the absence of a clear national strategy, on the one hand, and a lack of data in the literature, 
most studies are based on data at country / region or company level with small and incomparable 
samples between terroirs/countries, export efforts of Moldovan wines have focused on fragmented 
experiences of exporters, from strategies to differentiate foreign markets (for the Chinese or 
Japanese market), domination (for the Russian market), delimitation (African market), destruction 
strategy or subversive strategy (for the Arab market), to retention strategy (for European markets).
Some studies show that Nigeria’s middle-class and the emerging young consumers are adopting 
consumption patterns similar to Western countries and are increasingly developing preferences for 
premium imported brands (Ugbo J., Duca A., 2019). Bhattacharyya (The drinks business, 2012) 
estimates that 5.2m people, representing the top 10% of earners among the 156 m population, 
account for 43% of wine consumption in the country - this is the group to target”. With most 
economic activity taking place in Nigeria’s key cities of Lagos, Abuja, Kano, Kaduna, Onitsha and 
Port Harcourt, potential wine markets are being identified and developed with luxury hotels and 
restaurants catering to the affluent consumers in these areas. Currently, importer distributors 
account for around 70% of distribution, with the balance imported directly by retailers and the 
hospitality sector.

Table 3. Ranking of EU main Agri-food trade partners and Nigeria.

 Source: Eurostat, 2022.

To implement a global strategy, it is important to clearly define profitable market segments. This 
goal is served by conducting global segmentation, the essence of which is to identify “paired” 
country markets with similar characteristics (Fig.3).
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Figure 3. Matrix for the selection of paired countries.

Country
Elements of the marketing mix

Product Price Promotion Intermediaries Distribution

France
Germany
Italy
Netherlands
Belgium
UK
Switzerland
Spain
Portugal

Source: Groshev, Krasnoslobodtsev (2013).

Based on the specificity of the product underlying the brand, the approach for wine applies to 
products resulting from production activity, which can be easily standardized according to unique 
criteria, even if there is no consensus on the criteria for classifying wines. “Retract”, “jump” and 
“attachment” can be used to penetrate the world market. The first path is the longest, it takes years, 
but it allows companies to gain experience. The second way allows to gain rapid visibility on the 
world market due to the resources of integrative companies, which can both consume and distribute 
the production of these companies born “global”. The third way is related to international M&A 
policy. The evolution of the Moldovan wine route on the world market seems to have two stages: 
the first - around 1992, the Moldovan wine sector appearing with the strongest presence in world 
statistics, and the second stage - until 2020, when taking into account the potential reserves of the 
sector, the concentrated presence through the country brand was decided. Apropos, the economy 
starts to recoverin cyclical periods in certain quarters, thus providing us with the impression that it 
is emerging from the crisis ( Zoran M., 2015).

3.  RESULTS

In present study is analyzed the data on the export of wine from the Republic of Moldova and the 
neighboring region, which includes Romania, Ukraine and Bulgaria to Nigeria, considered a new 
market and characterized by the lack of traditions in wine consumption (Annex 1, Tab.1).
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Figure 4. Moldovan wine export to the neighboring regions.

Source: elaborated by the author based on ITS data.

The analysis presents that the Nigerian market has shown interest in exporting wine from the 
region only recently, starting with December 2017, when there is a certain intensification of export 
flows for the Republic of Moldova and Ukraine, and June 2018, when these flows Bulgaria joins, 
Romania remaining indifferent to this market. In the structure of exports, the largest share is the 
unbottled wines in volumes of 2 liters, Bulgaria and Ukraine testing 2012 and 2019 respectively the 
capacities of 10 liters.
According to data from AAWE (American Association of Wine Economists) and Comtrade, 
Moldova ranks 11th in the Top 75 of 2020 of wine exporters in bulk, the other countries in the 
region analyzed 26-28 places for Romania, Bulgaria and Ukraine respectively.
According to ONVV (The National Office of Vine and Wine), the dynamics of Moldovan wine 
exports in 2020 have changed, with the export of bottled wines increasing for 6 countries, especially 
the Netherlands + 180.6%, Belarus + 92.4%, Romania + 26.5%, Kazakhstan + 25.7%, Czech Republic 
+ 2.7% and decreasing for 4 countries, especially China -36.8%, Canada -16.1%, Poland - 4.4% , 
Russia -3.7% (Fig.5a).
The export of bulk wines also changed, increasing for Romania + 164.1%, Germany + 112.2%, 
Poland + 82.6%, the Netherlands + 67.9%, Lithuania + 65.0% and the United Kingdom + 13.6% 
and decreasing for Russia - 72.5%, Belarus -23.8%, Georgia - 7.5%, Czech Republic -2.2% (Fig.5b).
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Figure 5. Top 10 destinations, export dynamics 10 months 2020 of Moldovan wines (a) bottled 
and (b) in bulk (mln litres).

a b
Source: ONVV data.

For the second direction of the study, based on the HEG Geneva survey, the data obtained from 
10 wineries-exporters were used, corresponding to the two out of 4 (Annex 2. Tab.4) By country 
wine regions with PGI Protected Geographical Indication (Codru, Ștefan Vodă, Valul of Trajan and 
Divine):

• PODGORIA VIN SRL (Valul lui Traian PGI region);
• VINDICUM SRL (Codru PGI region);
• Winery Carlevana / Dionysos-Mereni SA (Trajan’s Valley region PGI);
• Tronciu Wines (Traian PGI Wave region);
• Winetage Sari LLC (Trajan’s Valley region PGI);
• Tataru Wines Winery (Codru PGI region);
• Minalia Winery / Vineyard (Valul lui Traian PGI region);
• DUMITRAȘ WINERY (Codru PGI region);
• Aurvin (ICS DK-Intertrade SRL) (Valul lui Traian PGI region).

In this analysis we used data obtained from 5 wineries out of a total of 10 wineries participating in 
the survey to questions 118-128 in the export chapter of the survey.
Thus, to the question “For how long have you been exporting your wine?” the answers were 
distributed as follows: 1- 1 ÷ 5 years and 4 - over 20 years (Tab.6).

Table 6. Export survey: For how long have you been exporting your wine?

Q118 Q85316324 For how long have you been exporting your wine?

Q118.A1 Q85316324.A271287159 1 to 5 years 1 x

Q118.A2 Q85316324.A271287160 5 to 10 years

Q118.A3 Q85316324.A271287161 10 to 20 years

Q118.A4 Q85316324.A271287162 >20 years 4 x x x x

Total 1 2 3 4 10

Source: Author’s calculation.
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To the question “How much of your production volume do you regularly export?” all respondent 
wineries responded - over 70% (Tab.7).

Table 7. Export survey: How much of your volume of production do you regularly export?

Q119 Q85316325 How much of your volume of production do you 
regularly export?

Q119.A1 Q85316325.A271287163 <5%

Q119.A2 Q85316325.A271287164 5% to 15%

Q119.A3 Q85316325.A271287165 15% to 30%

Q119.A4 Q85316325.A271287166 30% to 50%

Q119.A5 Q85316325.A271287167 50% to 70%

Q119.A6 Q85316325.A271287168 >70% 5 x x x x x

Total 1 2 3 4 10

Source: Author’s calculation.

To the question “How much does your export represent in terms of total wine sales value?” the 
answers were distributed as follows: 1 - 50-70% and 4 - over 70% (Tab.8).

Table 8. Export survey: How much does your export represent in terms of total wine sales value?

Q120 Q85316326 How much does your export represent in terms of total 
wine sales value?

Q120.A1 Q85316326.A271287169 <5%

Q120.A2 Q85316326.A271287170 5% to 15%

Q120.A3 Q85316326.A271287171 15% to 30% 

Q120.A4 Q85316326.A271287172 30% to 50%

Q120.A5 Q85316326.A271287173 50% to 70% 1 x

Q120.A6 Q85316326.A271287174 >70% 4 x x x x

Total 1 2 3 4 10

Source: Author’s calculation.

To the question “How many different labels (sku) do you export?” the answers were very varied, 
from 2 labels to 150, so that the winery with 1-5 years experience exports up to 80 labels, and the 
one with experience over 20 years – 150 (Tab.9).

Table 9. Export survey: How much does your export represent in terms of total wine sales value?

Q121 Q85316327 How many different labels (sku) do you export?

Q121.A1 Q85316327.A271287175 80 2 20 30 150

Source: Author’s calculation.

To the question “How many countries did you export wine last year?” responses ranged from 12 
countries for wineries with export experience of up to 5 years to 0-6-15 countries - for those with 
more than 20 years of experience in foreign trade (Tab.10).
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Table 10. Export survey: To how many countries did you export wine last year?

Q122 Q85316328 To how many countries did you export wine last year?

Q122.A1 Q85316328.A271287176 12 6 6 0 15

To the question “What are the three main countries to which you export?” responses focused on 
8 countries, of which Russia was named as the first country to be exported twice out of 5, Poland 
was named as the second country to be exported twice and 5 as the third country export destination 
- Czech Republic (Tab.11).

Table 11. Export survey: What are the three main countries to which you export?

Q123 Q85316329 What are the three main countries to which you export?

Q123.A1 Q85316329.A271287177 1. Russia Romania Belarus Germania Russia

Q123.C1 Q85316329.C2325092 In 
volume 25 54

Q123.C2 Q85316329.C2325093 Value

Q123.A2 Q85316329.A271287178 2. China Belarus Polonia Polonia Polonia

Q123.C1 Q85316329.C2325092 In 
volume 20 70

Q123.C2 Q85316329.C2325093 Value

Q123.A3 Q85316329.A271287179 3. Romania Cehia China Anglia Cehia

Q123.C1 Q85316329.C2325092 In 
volume 20 72

Q123.C2 Q85316329.C2325093 Value

Source: Author’s calculation.

To the question “How satisfied are you with your wine export performance?” the answers were 
divided into grades 2 to 5, showing that all 5 respondents are satisfied with the performance 
achieved. For a more detailed analysis later we will use the regression method (Tab.12).
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Table 12. Export survey: How satisfied are you with your wine export performance?

Q124 Q85316330 How satisfied are you with your wine export performance?
Q124.A1 Q85316330.A271287180 Export volume 
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2 2 x x
Q124.C3 Q85316332.C2325104 3
Q124.C4 Q85316332.C2325105 4 2 x x
Q124.C5 Q85316332.C2325106 5- to very satisfied 1 x
Q124.A2 Q85316330.A271287181 Value per bottle 
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2
Q124.C3 Q85316332.C2325104 3 2 x x
Q124.C4 Q85316332.C2325105 4 2 x x
Q124.C5 Q85316332.C2325106 5- to very satisfied 1 x
Q124.A3 Q85316330.A271287182 Number of countries exported
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2 2 x
Q124.C3 Q85316332.C2325104 3 1 x
Q124.C4 Q85316332.C2325105 4 1 x
Q124.C5 Q85316332.C2325106 5- to very satisfied 1 x
Q124.A4 Q85316330.A271287183 Number of labels (sku) exported
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2 1 x
Q124.C3 Q85316332.C2325104 3 2 x x
Q124.C4 Q85316332.C2325105 4
Q124.C5 Q85316332.C2325106 5- to very satisfied 2 x x
Q124.A5 Q85316330.A271287184 Export logistics
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2
Q124.C3 Q85316332.C2325104 3 1 x
Q124.C4 Q85316332.C2325105 4 2 x x
Q124.C5 Q85316332.C2325106 5- to very satisfied 2 x x
Q124.A6 Q85316330.A271287185 International brand recognition
Q124.C1 Q85316332.C2325102 Not satisfied-1
Q124.C2 Q85316332.C2325103 2 2 x x
Q124.C3 Q85316332.C2325104 3 1 x
Q124.C4 Q85316332.C2325105 4 1 x
Q124.C5 Q85316332.C2325106 5- to very satisfied 1 x

Not satisfied-1 0
2 7
3 7
4 8
5- to very satisfied 8

Source: Author’s calculation.

To the question “How do these factors affect your wine export performance?” the responses leaned 
sharply toward “satisfied” and “very satisfied.” For a more detailed analysis later we will use the 
regression method (Tab.13).
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Table 13. Export survey: How do these factors affect your wine export performance?

Q125 Q85316331 How do these factors affect your wine export performance?

Q125.A1 Q85316331.A271287186 Your wine production costs

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3 1 x
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 3 x x x

Q125.A2 Q85316331.A271287187 Exchange rate

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 2 x x

Q125.A3 Q85316331.A271287188 Country wine image abroad

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 2 x x

Q125.A4 Q85316331.A271287189 Custom duties (country of origin export taxes)

Q125.C1 Q85316332.C2325102 Not satisfied-1 1 x
Q125.C2 Q85316332.C2325103 2 2 x x
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 1 x

Q125.A5 Q85316331.A271287190 Custom duties (country of destination import taxes)

Q125.C1 Q85316332.C2325102 Not satisfied-1 1 x
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 3 x x x

Q125.A6 Q85316331.A271287191 The size of your winery

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2 1 x
Q125.C3 Q85316332.C2325104 3 3 x x x
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied

Q125.A7 Q85316331.A271287192 Marketing and logistic costs

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2 1 x
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 1 x

Q125.A8 Q85316331.A271287193 National export promotion agencies

Q125.C1 Q85316332.C2325102 Not satisfied-1 2 x x

Q125.C2 Q85316332.C2325103 2

Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied

Q125.A9 Q85316331.A271287194 Uncertainty of regular orders

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3 1 x
Q125.C4 Q85316332.C2325105 4 2 x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 2 x x

Q125.A10 Q85316331.A271287195 Language barrier 

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2 1 x
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 1 x

Q125.A11 Q85316331.A271287196 Finding trading partners

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 3 x x x
Q125.C5 Q85316332.C2325106 5- to very satisfied 2 x x

Q125.A12 Q85316331.A271287197 Reliability of trading partners

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2 1 x
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 3 x x x

Q125.A13 Q85316331.A271287198 Domestic competition

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 4 x x x x

Q125.A14 Q85316331.A271287199 Financial resources

Q125.C1 Q85316332.C2325102 Not satisfied-1
Q125.C2 Q85316332.C2325103 2
Q125.C3 Q85316332.C2325104 3 1 x
Q125.C4 Q85316332.C2325105 4 1 x
Q125.C5 Q85316332.C2325106 5- to very satisfied 3 x x x

Not satisfied-1 4
2 6
3 6
4 27
5- to very satisfied 27

Source: Author’s calculation.
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To the question “Which elements of the value chain did you have to adapt to export wine?” the 
responses leaned sharply towards “changes” and “important changes” for all elements. For a more 
detailed analysis later we will use the regression method (Tab.14).

Table 14. Export survey: Which elements of the value chain did you have to adapt to export wine?

Q126 Q85316332 Which elements of the value chain did you have to adapt to export wine?

Q126.A1 Q85316332.A271287200 Grape varieties
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 2 x x
Q126.C5 Q85316332.C2325106 5- to major change 3 x x x
Q126.A2 Q85316332.A271287201 Terroir selection
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3 1 x
Q126.C4 Q85316332.C2325105 4 2 x x
Q126.C5 Q85316332.C2325106 5- to major change 2 x x
Q126.A3 Q85316332.A271287202 Agronomic practices
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 2 x x
Q126.C5 Q85316332.C2325106 5- to major change 3 x x x
Q126.A4 Q85316332.A271287203 Blending
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2 1 x
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 2 x x
Q126.C5 Q85316332.C2325106 5- to major change 2 x x
Q126.A5 Q85316332.A271287204 Aging procedure
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3 1 x
Q126.C4 Q85316332.C2325105 4 2 x x
Q126.C5 Q85316332.C2325106 5- to major change 2 x x
Q126.A6 Q85316332.A271287205 Bottling & capping
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 3 x x x
Q126.C5 Q85316332.C2325106 5- to major change 2 x x
Q126.A7 Q85316332.A271287206 Labeling
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 3 x x x
Q126.C5 Q85316332.C2325106 5- to major change 2 x x
Q126.A8 Q85316332.A271287207 Promotion
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 1 x
Q126.C5 Q85316332.C2325106 5- to major change 4 x x x x
Q126.A9 Q85316332.A271287208 Distribution
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 1 x
Q126.C5 Q85316332.C2325106 5- to major change 4 x x x x
Q126.A10 Q85316332.A271287209 Pricing
Q126.C1 Q85316332.C2325102 No change -1
Q126.C2 Q85316332.C2325103 2
Q126.C3 Q85316332.C2325104 3
Q126.C4 Q85316332.C2325105 4 1 x
Q126.C5 Q85316332.C2325106 5- to major change 4 x x x x

No change -1
2 1
3 2
4 19
5- to major change 28

Source: Author’s calculation.
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To the question “Which exporting method do you generally use?” all respondents replied that they 
use the direct export method (Tab.15).

Table 15. Export survey: Which exporting method do you generally use?

Q127 Q85316333 Which exporting method do you generally use?

Q127.A1 Q85316333.A271287210
Direct export (selling to an importer 
or distributor based in the target 
export market)

x x x x x

Q127.A2 Q85316333.A271287211 Indirect export (selling to an agent or 
exporter based in your country)

Source: Author’s calculation.

To the question “In what format do you export (check all that apply)?” all 5 respondents answered 
that they use bottle export, 4 use bulk export and 3 respondents use tetra pak. For a more detailed 
analysis later we will use the regression method (Tab.16).

Table 16. In what format do you export (check all that apply)?

Q128 Q85316334 In what format do you export (check all that apply)?

Q128.A1 Q85316334.A271287212 In bulk x x x x

Q128.A2 Q85316334.A271287213 In bottle x x x x x

Q128.A3 Q85316334.A271287214 In cans/tetra pak x x x

Q128.A4 Q85316334.A271287215 Other

Source: Author’s calculation.

4.  DISCUSSION

One of the reasons for the reduction in exports of bottled wine would be the still poor promotion 
of Moldovan wine regions on foreign markets.
There are 4 wine regions in the Republic of Moldova. These wine regions are Codru, Ștefan Vodă, 
Valul lui Traian and Divin. Each Moldovan wine region is run by an association of local Moldovan 
wine producers with PGI. All PGIs are protected both in the Republic of Moldova and in the EU.
The survey showed that 4 out of 5 respondents have experience in export activity over 20 years, all 
exporting over 70% of the volume of wine produced and over 70% of sales value. More experienced 
wineries export an unlimited number of labels. Exports were made in 12 countries for wineries 
with shorter export experience, up to 5 years and 6-15 countries - for those with more than 20 years 
of experience in foreign trade. The most popular export destinations are 8 countries, of which as 
the first country as an export destination twice out of 5 was named Russia, as the second country 
as an export destination 3 times was named Poland, and as the third country of destination of the 
export - Czech Republic, all exporters demonstrating satisfaction with the performance achieved.
Among the factors that influenced the export performance (production costs, exchange  r a t e s , 
image of country wine abroad, customs duties, winery size, marketing and logistics costs, national 
export promotion agencies, uncertainty of regular orders, language barriers, finding trading partners, 
reliability of trading partners, internal competition, financial resources), 4 factors were mentioned 
having a very strong negative effect (export taxes - 1, import taxes - 1, national promotion agency 
- 2).
Among the elements of the value chain that had to be adapted for export (grape varieties, 
terroir selection, agronomic practices, blending, aging procedure, bottling & capping, labeling, 
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distribution, pricing) were mentioned blending, terroir selection and aging procedure as those that 
have needed more effort.
The survey showed that all respondents answered that they use the direct export method, the bottle 
format, of which 4 use bulk export and 3 respondents use tetra pak.
The analysis presents that the Nigerian market has shown interest in exporting wine from the 
region only recently, starting with December 2017, when there is a certain intensification of export 
flows for the Republic of Moldova and Ukraine, and June 2018, when these flows Bulgaria joins, 
Romania remaining indifferent to this market. In the structure of exports, the largest share is the 
unbottled wines in volumes of 2 liters, Bulgaria and Ukraine testing 2012 and 2019 respectively the 
capacities of 10 liters.
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5.  CONCLUSION

Thus, our study shows that the tendency to export Moldovan wine in bulk is quite clear, which can 
be considered the result of the still weak promotion actions on the foreign markets of the wine 
regions of the Republic of Moldova, as well as the actions under the unique brand of which, in the 
end, substantially reduces the added value of exports.
The evolution of the Moldovan wine route on the world market have two stages: 1992 - the 
Moldovan wine sector appearing with the strongest presence in world statistics, and - until 2020, 
the concentrated presence through the country brand was decided.
Probably one of the reasons for the poor wine exports would be the still weak promotion of the 
Moldovan wine regions on foreign markets.
The study showed that the more experience in the export activity, the higher the share of exports in 
the volume of wine produced and in the value of sales, as well as the number of labels.
In the opinion of wineries 4 factors have a very strong negative effect such as: export taxes, import 
taxes, national promotion agency; along with the factors that influenced the export performance 
(production costs, exchange rates, the image of country wine abroad, customs duties, winery size, 
marketing and logistics costs, national export promotion agencies, uncertainty of regular orders, 
language barriers, finding of trading partners, reliability of trading partners, internal competition, 
financial resources).
Among the elements of the value chain that had to be adapted for export (grape varieties, land 
selection, agronomic practices, blending, aging procedure, bottling and capping, labeling, 
distribution, prices) wineries mentioned blending, land selection and aging procedure that needed 
more effort.
Our study shows that in the region there is interest in exporting wines to new markets, especially 
Nigeria, outlining quite clearly the tendency to export Moldovan wine in bulk, which can be 
considered the result of still weak promotion on foreign markets; and sub-evaluated the country’s 
unique brand, the insufficient volume of information about Moldovan wines and wineries, which, 
in the end, substantially reduces the added value of exports. Subsequently, our study focused on 
the application of methods of mathematical-statistical analysis of data obtained from the HEG 
Geneva survey, which helped to identify cause-effect relationships and identify factors influencing 
the efficiency of export activity of wineries in Moldova, which ensured the comparability of data 
and contributed to the appropriate adjustment of the strategies for the presence of Moldovan wines 
on international markets, including new markets.
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ABSTRACT

Informal employment is a less favourable type of employment whose levels 
policy makers usually want to decrease and move these workers in the formal 
part of the labour market. It is more commonly found in LDCs and in developing 
economies, than in developed ones. This paper uses a cross-section multiple 
regression analysis to check the effects of multiple macroeconomic variables on 
the size of the informal labour market. The sample is made out of economies 
for which ILO has published data about the share of employment outside the 
formal sector, excluding the economies that receive aid from IDA, using 2017, 
2018 and 2019 data from the International Labour Organization and other 
international organizations. Results show that macroeconomic variables do not 
have significant explanatory power, except for unemployment rate, exports and 
GDP growth rate.

Keywords: informal labour, informal work, shadow economy, labour, 
macroeconomics, developing economies, globalisation.

1.  INTRODUCTION 

Employment and its levels are of economists’ interest from the very beginning of economics as a 
scientific discipline. However, employment can take various forms of which some are more desirable 
than others, since the form of employment can have different repercussions on both the workers as 
individuals, but also on an economy as a whole. The reason for this lies in the fact that some types 
of employment put the worker in a much more preferable position, providing them higher levels of 
workers’ rights and protection. Another reason why this issue is of concern for policy makers and 
researchers is that different types of employment also differ in their tax contributions, which affects 
the level of government income and leaves space for potential tax evasion.
Many different types of employment can be found, especially with the evolution of the labour 
market that happened with digitalization and changes that it brought to economies. It did not only 
create new jobs, in terms of tasks that are being done by the workers, but it also created new forms of 
employment, which have not existed before. On the other side, non-standard forms of employment 
also exist due to multiple reasons, either in struggling or developing economies or in economies 
with a high degree of labour market liberalization. Gunther and Launov (2012) state that the topic 
of informal employment has emerged as a topic again in 1990’s especially in developing countries 
and became one of focus points of international development, as it the informal sector is often 
characterized as the economy of the poor. Informal employment has from that moment been on 
the rise, not only in proportion of informal workers in total employment, but also in the types of 
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informal employment Hussmanns (2004a).
Schneider et al. (2010) define the informality in an economy as a set of legal activities i.e., a market 
based production and sales of goods and services that are not prohibited, but are hidden from 
tax, compliance and other authorities. This definition is widely used both by researchers and 
international organizations such as international labor organization (The ILO from hereon) and 
others. According to ILO’s department of statistics, these jobs lack basic social or legal protections 
or employment benefits and may be found in the formal sector, informal sector or households (ILO, 
2011). The World Bank divides informality into two types, the first being informal employment 
and the second informal firms (ILO (2018a) as cited in World Bank (2019)). This research focuses 
on informal employment, which is the engagement of individuals in the informal labour market. 
Informal employment comprises both of workers in the informal sector and informal workers 
outside of the informal sector, as explained by the (ILO, 2018b). Hussmanns (2004a) defines 
informal employment as:
Employment in the informal sector includes all jobs in informal sector enterprises or all persons 
who, during a given reference period, were employed in at least one informal sector enterprise, 
irrespective of their status in employment and whether it was their main or a secondary job.
The ILO considers the consequences of work in the informal sector, or informal work in the 
formal sector on individuals. They explain that individuals who are informally employed are often 
underpaid, have lower levels of access to public services and social protection programs and face 
lover levels of safety in the workplace (ILO, 2018b). As mentioned previously, work in the informal 
sector does not only have consequences on individuals. Since this work goes, or at least tries to go 
under the radar of authorities, it is not taxed as formal work, so it is in their focus for two reasons. 
First, to ensure adequate human i.e. workers rights. Second, to prevent tax evasion, which also 
incentivises informal work.
For the purpose of this research, the reason why someone engages in informal work activities will 
be disregarded. Its goal is to provide insights into the drivers of informal work, measured by its size. 
In the paper I will try to identify what are the macroeconomic indicators that correspond to high or 
low levels of informal employment in an economy. Informal employment is greater in developing 
economies, however, it is important to mention that informal work is also present in developed 
economies, such as Australia, which in 2019 had nearly 24 percent of workers working outside 
the formal sector . This is a higher level from, e.g., in Bosnia and Herzegovina or Serbia. Another 
important note to make is that there are substantial differences among developing economies in 
levels of informal work, which is one of the main motives for conducting this research. World 
Bank’s income approach is used to differ low income, IDA economies.
Building upon the previously mentioned, this paper tries to offer an insight into why there are 
such differences between countries when it comes to the proportion of informal labor in total 
labor. In contrast to other studies, this uses a greater set of macroeconomic and social variables as 
explanatory variables. Most previous studies use only unemployment rate and tax burden, even 
though one of the common assumptions is that rise in productivity, i.e. GDP growth, correlates to 
a decrease in the proportion of workers working outside the formal sector.
The paper is structured as follows: first I will cover recent and fundamental literature on this topic, 
then explain data sources for the empirical analysis and set an econometric model. Then I will 
present the result of the analysis and discuss them, together with explaining their consequences. 
Finally, I will provide some policy recommendations for tackling informal work.

2.  LITERATURE REVIEW

Informal employment is a segment of shadow economy that has long attracted the attention of 
both academics, policy makers and governments, as well as international institutions. The concept 
of shadow economy follows two lines. The first one is hidden i.e., informal employment and the 
second one is hidden enterprises and their activity. Researchers have focused more on shadow 
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economy as a whole, but since informal employment is its vital part, concepts and methodologies 
are thoroughly researched. Even when informal employment is researched separately, it is more 
often done on a microeconomic level, explaining why individuals enter informal labor markets. 
Thus, many papers analyse social factors that are not macroeconomic, such as religion or education, 
as in the paper by Günther and Launov (2012) There is a significant gap in literature when it comes 
to macroeconomic factors that drive the size of informal employment in an economy, i.e., why 
some countries have a higher proportion of informally employed persons than others. This gap 
is especially present in terms of researching macroeconomic explanatory factors, such as GDP or 
productivity growth rates, unemployment rates, etc.
Jütting et al. (2008) define informal employment as work outside the regulatory framework which 
are not subject to labour legislation, social protection, taxes or employment benefits. They analyse 
China and Mexico in this paper and find a paradox that in Mexico informal employment is linked 
to low productivity, while in China it is linked to high productivity and a dynamic labor market 
(Jütting et al., 2008). Some other authors also mention the link between informal employment 
and low productivity, but also low level of health and safety conditions (Mastilo,  2015). In the 
same paper, they also explain that informal employment has been linked to the global capitalism 
developments lately and the involvement of these countries in the global economy, i. e. their 
integration in global production, trade and finance. Khuong et al (2021) provide insight into the 
state of informal employment and its relationship to economic growth, where they find that high 
levels of informal employment impede economic growth, however they did not go in the opposite 
direction to estimate effects of growth on informal employment.
Informal employment has come in focus again with the COVID-19 pandemic, which contoured new 
forms of employment and labour market. The effects of the pandemic on the labour market were 
especially strong in services sector, in which companies that adjusted to new conditions flourished, 
as did the number of their employees, while others that failed to adapt faced significant problems, 
i. e. their workers did (Fabris 2022). Webb and McQuaid (2020) state that informal employment 
levels have risen with the pandemic, despite the confronted interests of informal workers, who were 
not included in social security programms developed to offset the effects of the pandemic, and 
employers, who wanted more flexibility in a volatile working environment.  
Kucera and Roncolato (2008) have published an overview of the empirical work on informal 
employment. Urbanization as a consequence of development and industrialization is one of the 
drivers of informal work as they find, since many workers come to cities looking for any employment 
opportunity and take jobs that are outside the formal market (Kucera and Roncolato, 2008). They 
suggest that countries should run a careful urban-rural policy mix to avoid having urbanization 
that pushes workers into the informal labor market.
Williams and Lansky (2013) explain that direct methods of measurment of the informal sector are 
more suitable for developing economies, in contrast to the developed countries, where informal 
work is much more hidden. One such method are labor force surveys, from which the data is used 
as a measure of the proportion of the informal employment in this paper. They add that indirect 
methods produce higher results than direct ones (Williams and Lansky, 2013).
Mikulic and Nagyszombaty (2013) examined the unofficial economy in newly accessed European 
Union member states using estimates from the MIMIC method and Eurostat’s estimates as 
dependent variables, while using an extensive set of independent variables, most of them being 
of macroeconomic nature. Findings from this paper suggest that overall tax burden is significant 
in explaining the unofficial economy, however individual taxes are not; economic development 
and GDP growth rate is also significant as economic downturns increase the unofficial economy; 
level of corruption is significant too in their model (Mikulic and Nagyszombaty, 2013). There is 
an unclear opinion here about the role of economic freedom and these authors do not state clearly 
what is its role, but suggest this variable needs further modifications.
Bernab`e (2002) develops a conceptual framework for studying the informal employment in 
transition economies, which are today still mostly in the middle-income group according to the 
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World Bank’s income methodology. One of the main challenges that he finds in researching the 
informal employment in these countries is the measurement of the size of the shadow economy and 
then states that labor force surveys are a good way of obtaining data for desk research (Bernabe, 
2002). She puts informal workers into multiple groups, of which there are own account workers, 
workers without stable contract, seasonal workers and the so-called left-hand workers. This author 
also conducted empirical research of informal labour in Georgia. He concludes that informal work 
is more frequent with women, that majority of private sector is informal and that agriculture has 
the highest proportion of informal workers (Bernabe, 2002). However, this framework does not 
explain macroeconomic factors, such as productivity or inequality that drive informal employment. 
Furthermore, the transition from centrally governed to market economy has ended in most 
economies, especially European, that have undergone this process.
Rosenbluth (1994) argues that informal employment is more present in struggling economies, i. e. 
economies that are struggling with economic growth. However, this author further explains that 
informal employment is not only for the poor (workers or countries) (Rosenbluth, 1994) since 
one of the reasons for entering the informal employment is also tax evasion. This leads to GDP 
growth rate and taxation system variables being potential explanatory variables for the proportion 
of informal employment.
Buehn and Schneider (2012) use the MIMIC method to estimate the factors that drive the shadow 
economy and this model can be partially applied to the analysis of the proportion of informal 
employment, i. e. to finding what are the macroeconomic factors that increase it. These authors used 
business and fiscal freedom, tax burden, government size and effectiveness, as well as unemployment 
rate as regressors in their model (Buehn and Schneider, 2012). They find that economic freedom in 
general decreases the size of the shadow economy and that government size and tax rates drive the 
size of the shadow economy up as these explanatory variables increase.
Schneider et al. (2015) used the MIMIC method for estimating the shadow economy in 11 
Central and Eastern European countries and have thus used multiple macroeconomic variables as 
causal variables in the model. These included indirect and direct tax revenue as percent of GDP, 
unemployment and self-employment rate, marginal income tax burden in percent, effective average 
tax rate in percent, regulatory quality index, rule of law, corruption index (Schneider et al., 2015). 
What these authors found was that the rule of law, corruption, taxation and unemployment rate 
play a significant role in determining the size of the shadow economy in these countries. In another 
study Dreher and Schneider (2010) state that the objective index of corruption is a complement of 
unreported or underreported economic activity, especially as level of income in a country declines.
Chowdhury et al. (2005) modelled informal employment in Bangladesh (dependent variable 
values calculated from the labour force survey) using the following explanatory variables: voice 
and accountability; political instability and violence; government effectiveness; rule of law; 
business regulation; rigidity of employment index; minimum capital for staring any business 
measured as percent of income per capita; total population of the country; GNIPC is gross national 
income (GNI) per capita (in US dollars); irregular payments; corruption; marginal tax rate and 
government intervention in the economy. These variables were included in 3 models and in only 
one of them marginal tax rate and government intervention were not significant, while all other 
variables are statistically significant (Chowdhury et al., 2005). Bonnet, Vanek and Chen (2019) 
define poverty, education and labour force age as significant determinants of the proportion of 
informal employment. Poverty, that can be considered a macroeconomic variable, affects informal 
employment directly so that countries with higher proportion of poor households have higher 
proportions of informally employed workers.  
Most other authors do not use macroeconomic and policy-related variables as causal variables. 
Instead, they try to explain what is that makes an individual or an enterprise enter the shadow 
economy or informal employment. One such paper explains the size of the shadow economy in Baltic 
countries and explains that it is determined by company’s stance on the tax system, satisfaction with 
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the government and public services, etc. Putnins and Sauka (2011). However, these explanatory 
variables often depend on other social aspects, such as culture and history and are not suitable 
for use in a study that does a cross country comparison. In studies that do use macroeconomic 
variables as explanatory, measures of capital used for work and additional measures of productivity 
and integration in the world economy are not used, which is a gap that this paper is trying to bridge.

3.  METHODS

For the purpose of this paper, data was retrieved from multiple sources. These are ILO’s database 
(ILOSTAT) and databases of the World Bank and the IMF. A sample is made out of 46 countries that 
do not belong to low-income group, in three years: 2017, 2018 and 2019. This is the largest sample of 
countries for which both ILO and the World Bank have published data used for in the model. Later 
years have not been used due to disruptions in the economy as a whole caused by the COVID-19 
pandemic, whose effects are yet to be fully estimated and understood. Since this is a fundamental 
research paper, 2020 and 2021 data are assessed to be too volatile and therefore are not used in this 
study. For the classification of countries as developing, World Bank’s income methodology was 
used: countries with two middle income levels are considered to be developing. Countries that are 
included in the analysis are: Armenia, Argentina, Australia, Bosnia and Herzegovina, Bangladesh, 
Brazil, Brunei Darussalam, Colombia, Costa Rica, Cote d’Ivoire, Djibouti, Dominican Republic, 
Egypt Arab Republic,Ecuador, El Salvador, Honduras, Guatemala, Indonesia, Jamaica, Jordan, 
Kyrgyz Republic, Mexico, Mauritania, Mauritius, Mongolia, Myanmar, North Macedonia, Nepal, 
Panama, Paraguay, Peru, Russian Federation, South Africa, Seychelles, Serbia, Senegal, Sri Lanka, 
Thailand, Turkey, Uganda, Vietnam, and Zambia. 
To measure the proportion of the informal employment i.e. the dependent variable, ILO’s data was 
used. This method differs from the widely used MIMIC method which indirectly measures the 
size of the shadow economy (which could be used to measure the scale of informal employment) 
since the estimate of informal employment is directly measured with surveys (household survey, 
income survey, labor force survey, etc). Analysis is implemented on harmonized data variables, 
considering the unified data sources. The data source for the dependent variable is ILOSTAT, and 
for independent variables, World Bank data is used. To improve comparability across countries, 
ILOSTAT recalculates national data according to their methodology (ILOSTAT, 2020). Schneider 
and Buehn (2017) criticize the survey method because is does not survey companies and there is 
the risk of surveyees giving false answers. 

3.1  THE MODEL

For the purpose of this research two multiple linear regression model were used:

     y = β0 + βixi + c                           (1)

where the dependent variable represents the measurement of the proportion of informal 
employment. Data is calculated by ILO and represents the percent of men and women who are 
informally employed as a percent of the total labour force.
For the first model uses explanatory variables i=1, 2, .., 5
1. Exports (as a percent of GDP)
2. Foreign direct investment, net inflows (percent of GDP)
3. GDP growth (annual percent)
4. Unemployment, total (percent of total labor force) (modeled ILO estimate)
5. Gross capital formation (percent of GDP)
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The second model is an extended model that uses the following variables:
1. Inflation, GDP deflator (annual percent)
2. Unemployment, total (percent of total labor force) (modeled ILO estimate)
3. Total tax and contribution rate (percent of profit)
4. Gross capital formation (percent of GDP)
5. General government final consumption expenditure (percent of GDP)
6. GDP growth (annual percent)
7. Foreign direct investment, net inflows (percent of GDP)
8. Exports (as a percent of GDP)
9. Final consumption as percent of GDP

The data source for all of the explanatory variables is World Bank statistics. Estimate was done 
using robust standard errors with a 95 percent confidence interval in three years.

4.  RESULTS

 Table 1. Regression results for two models.

Year Basic model adj. R2 Extended model adj. R2            F test

2017 0.1030 0.1455 rejects both models

2018 0.44 0.52 accept both models

2019 0.37 0.46 accept both models

Source: Author’s calculation.

There are only three explanatory variables that were found significant in explaining the proportion 
of the informal employment in countries that the sample is consisted of. Two of these variables are 
also found in models using the MIMIC method for estimating the size of unreported economy 
(unemployment and GDP growth rate). In 2019 (table 6) exports and unemployment are significant 
at 0.95 with negative signs in the first model. In 2018 (table 4) exports and unemployment are also 
significant at 0.95 confidence with negative sign, while GDP growth rate has a positive sign in the 
first model. GDP growth is significant in the second model with a positive sign as well. In 2017 joint 
significance F test rejects both models.

Table 2. 2017 basic model.

Variable name Coefficient t p value

Exports (as a % of GDP) 0.049998 0.32 0.748

FDI net inflow -0.68408 -0.48 0.637

Annual GDP growth (%) 1.881488 1.07 0.294

Unemployment (% of total labour) -0.59712 -1.06 0.295

Gross capital formation (as a % of GDP) -0.66508 -1.33 0.192

cons 64.78467 4.55 0

Source: Author’s calculation.
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Table 3. 2017 extended model.

Variable name Coefficient t p value

Inflation -0.40645 -0.56 0.581

Unemployment (% of total labour) -0.68477 -1.05 0.303

Total tax and contribution rate of profit -0.0546 -0.23 0.82

Gross capital formation (as a % of GDP) -0.38776 -0.6 0.555

General gov. final consumption (% of GDP) -0.48939 -0.48 0.634

Annual GDP growth (%) 1.069257 0.51 0.615

FDI net inflow -0.42536 -0.28 0.781

Exports (as a % of GDP) 0.056329 0.33 0.746

Final consumption (% of GDP) 0.339217 0.86 0.395

cons 44.57065 0.97 0.338

Source: Author’s calculation.

Table 4. 2018 basic model.

Variable name Coefficient t p value

Exports (as a % of GDP) -0.3544502 -2.02 0.052

FDI net inflow -1.248556 -1.09 0.286

Annual GDP growth (%) 4.832923 3.37 0.002

Unemployment (% of total labour) -1.027023 -2.21 0.034

Gross capital formation (as a % of GDP) -0.0706892 -0.18 0.858

cons 56.05519 5.06  0

Source: Author’s calculation.

Table 5. 2018 extended model.

Variable name Coefficient t p value

Inflation -0.1956504 -0.43   0.668

Unemployment (% of total labour) -0.623713 -1.16   0.255

Total tax and contribution rate of profit 0.2386849 1.14   0.262

Gross capital formation (as a % of GDP) 0.4533722 0.84   0.408

General gov. final consumption (% of GDP) -1.152717 -1.62   0.116

Annual GDP growth (%) 3.793266 2.27   0.031

FDI net inflow -1.593902 -1.35   0.189

Exports (as a % of GDP) -0.2487186 -1.26   0.216

Final consumption (% of GDP) 0.1604825 0.53   0.599

cons 35.3824 0.91    0.371

Source: Author’s calculation.
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Table 6. 2019 basic model.

Variable name Coefficient  t p value

Exports (as a % of GDP) -0.44994 -2.26 0.031

FDI net inflow -0.66769 -0.64 0.526

Annual GDP growth (%) 2.315135 1.69 0.101

Unemployment (% of total labour) -1.21185 -2.23 0.033

Gross capital formation (as a % of GDP) -0.11418 -0.25 0.804

cons 70.03772 5.56    0

Source: Author’s calculation.

Table 7. 2019 extended model.

Variable name   Coefficient t p value

Inflation            0. 089313   0.36    0.721

Unemployment (% of total labour) -0.85418 -1.38  0.179

Total tax and contribution rate of profit 0.110287 0.54 0.595

Gross capital formation (as a % of GDP) 0.482061 0.64 0.53

General gov. final consumption (% of GDP) -1.32268 -1.35 0.188

Annual GDP growth (%) 1.240913 1.01 0.322

FDI net inflow -0.74394 -0.82 0.418

Exports (as a % of GDP) -0.37601 -1.66 0.108

Final consumption (% of GDP) 0.273337 0.72 0.478

cons 45.17237 0.79 0.437

Source: Author’s calculation.

5.  LIMITATIONS

There are several limitations of this model. The first one is the dependent variable in terms of 
quantification of the proportion of informal employment. Even though the data used is from ILO 
which is the most relevant authority in this field, the very nature of labour force surveys is such 
that respondents might give false or incomplete answers, especially when it comes to topics such as 
hidden employment which has its legal consequences. This could potentially lead to underestimation 
of the size of informal work. Furthermore, data for the dependent variable comes from labour force 
surveys which are not conducted annually in all countries and thus data on informal employment 
is not available for a large number of countries. In addition to this, there is a problem of different 
national treatment of informal employment and classification of jobs that are on the borderline of 
informal employment, as explained by Hussmanns (2004b). Also, even international standards that 
are aimed at defining the informal employment are flexible when it comes to applying them, i. e. 
their definitions to different national economies (Mehran, 2015).
Another potential issue is the multicollinearity of GDP growth and unemployment rate as the 
first causes the latter. However, it is important to have both variables to observe what happens 
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when countries grow in the same pace, but from a different base (lower vs higher unemployment). 
Finally, sample size is also a constraint that needs to be taken into consideration, however due to 
lack of data for all countries, analysis is done on the sample of countries with available data. Data 
availability is problem for both dependent and independent variables, as some variables, such as 
GINI coefficient or another measure of inequality would be of interest as regressors, however data 
on any measure of income inequality is scarce and unavailable, especially for non-high-income 
countries which have a larger proportion of informal employment in total labour.

6. DISCUSSION

Models used in this paper estimated the effect of multiple macroeconomic variables in order to 
check how they contribute to the proportion of the informal labour in total employment. Models 
like this are not present in the literature that covers unreported economy and most authors are 
estimating both the size of the unreported economy (of which informal employment is a vital part). 
The majority of them use the MIMIC method and microeconomic variables, social attitudes etc. 
while this paper uses a measure of the informal employment created through a direct method that 
is suitable for estimating informal work.
There are three variables that were estimated in both models, of which model in 2018 (table 4) 
and 2019 (table 6) were not rejected by the joint F test. These variables are unemployment rate 
(total percent of labour force estimated by the ILO); exports of goods and services as a percent of 
gross domestic product and annual real GDP growth rate. When estimating the size of shadow 
economy many authors also identified unemployment and GDP growth as important, as shown in 
the literature review.
GDP growth rate has a positive sign meaning that informal employment rises as the gross domestic 
product rises, i.e. when productivity rises. One of the reasons for this could be the fact that most 
of the estimated countries are economies that have middle incomes which usually grow at a faster 
pace from a small base. In the sample, the vast majority of the countries are from the lower or 
upper middle income group and their economies are currently developing. The growth they are 
experiencing is known as catch up growth and they have higher GDP growth rates than developed 
countries with lower proportions of informally employed.
Because of this, they still have a large number of informally employed persons despite the (catch 
up) growth. Their labour markets still need time to fully utilize the effects of economic growth and 
productivity increase. This growth should in perspective decrease the size of informal employment 
and transfer these jobs to the official economy.
Exports is the second variable with a negative sign meaning that countries that are open to trade 
and whose exports play a significant role in their gross domestic product have lower informal 
employment rates. A potential explanation of this could be the fact that many exporting companies 
in developing countries are owned by foreign enterprises from developed countries with higher 
workers rights protection standards. These standards are then partially transferred to countries 
where they own production enterprises and workers employed there work under formal contracts.
Additionally, these countries that are more open to trade are often more open to capital and labour 
movement as well. Due to this, labour movement is in the direction of countries that have higher 
workers rights standards. In order to keep the labour force companies need to formally employ 
workers and provide the respect of workers rights. This could be one of the reasons why in countries 
with a higher share of exports informal work has a smaller proportion.
Finally, the proportion of informally employed workers in the total labour force according to the 
model is negatively correlated to unemployment rate. This means that the higher the unemployment 
rate is, the lower is the number of formally employed persons. This is a paradox as in theory, 
informal employment is associated with workers that cannot find employment in the formal sector.
However, this has two additional explanations. The first one is that informal labour is driven by 
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the tax evasion motive. In order to decrease the proportion of gross wage that is collected by tax 
authorities, individuals work unreported or underreported and as a consequence the part of their 
income on which tax rate is applied is lower. However, the tax burden variable is not significant in 
the regression. Another explanation could lie in the sample, since it is very limited by the scarce 
data available on this topic, especially about the proportion of informal employment. Also, as 
mentioned in the limitations part, the number of countries is 46.
It would have purpose to extend this research with a larger sample, however currently this is not 
possible and there is little certainty about when it will be possible. Without substantial data, all 
conclusions on this topic cannot be generalized to the entire population i. e. on all countries. 
Another direction in which this research could be further developed is to estimate the proportion 
of the informal employment, and not shadow economy, indirectly and use MIMIC method. 
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7.  CONCLUSION

Informal employment is still a scarcely researched topic, especially in the macro perspective. 
Most research examines why individuals engage in informal working activities and what are their 
motives and incentives. However even this kind of research is rare and most researchers focus on 
the shadow economy as a whole.
Informal employment is recognized by the International Labour Organization as a problem, 
especially in economies that do not belong to the high-income group. This phenomenon causes 
other problems for economies, both on micro and macro levels. On the micro level, the largest 
problems lie in the fact that informal workers often work under worse conditions than formal 
workers and their rights are more often broken. On the macro level, the problem lies in the fiscal 
sphere since these earnings are partially or completely not taxed. This causes lower income for 
governments that could be used for improving working conditions through social programs, 
increased control of labour law implementation or subsidizing companies that invest in workers 
welfare. Also, informal work is of governments’ interest in order to be able to create social policy 
programs that are better targeted, i.e., more efficient, as there are informal workers in need that 
are not visible to them, or that are included in social programs because parts of their incomes are 
hidden but would not be included otherwise.
This issue still needs to be addressed by both academics, governments, unions and international 
organizations. These stakeholders need to work together to tackle the problem of informal work 
and move these workers in to the formal zone. Data availability is currently the greatest problem 
for researchers whose research needs to give answers and policy recommendation for further work 
do reduce the size of informal employment.
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ABSTRACT

The telecommunications market is well developed but is characterized by 
oversaturation and high levels of competition. Based on this, the urgent problem 
is to retain customers and predict the outflow of customer base by switching 
subscribers to the services of competitors. Data Science technologies and 
data mining methodology create significant opportunities for companies that 
implement data analysis and modeling for development of customer churn 
prediction models. The research goals are to compare different approaches and 
methods for customer churn prediction and construct different Data Science 
models to classify customers according to the probability of their churn from 
the company's client base and predict potential customers who could stop to 
use the company's services. On the example of one of the leading Ukrainian 
telecommunication companies, the article presents the results of different 
classification models, such as C5.0, KNN, Neural Net, Ensemble, Random Tree, 
Neural Net Ensemble, etc. All models are prepared in IBM SPSS Modeler and 
have a high level of quality (the overall accuracy and AUC ROC are more than 
90%). So, the research proves the possibility and feasibility of using models in the 
further classification of customers to predict customer loyalty to the company 
and minimize consumer’s churn. The key factors influencing the customer 
churn are identified and form a basis for future prediction of customer outflow 
and optimization of company’s services. Implementation of customer churn 
prediction models will help to maintain customer loyalty, reduce customer 
outflow and increase business results

Keywords: marketing, classify customers, telecommunications market, machine 
learning, prediction, Data Science models.

1.  INTRODUCTION 

The volumes of mobile communication services and telecom enterprises are growing rapidly due 
to significant technological advances. Telecommunications has become a lucrative but aggressively 
competitive market. Currently, this market tends to saturate as supply exceeds demand (Fang, 
2021), and the main source of business is achieved through the switching between operators. As 
the number of mobile operators increases, consumers can switch from one telecommunication 
operator to another if they are not satisfied with the service. Competition between operators for 
current consumers is becoming increasingly intense (Ding, 2022).
Clients are a highly important asset in any business. To maintain their market position, companies 
must satisfy requirements of their customers. Customer retention strategy plays a crucial role in 
attracting and retaining customers, a company’s business growth and means that the customers 
are satisfied, and they don’t stop using company’s services (Saanchay et al., 2022). In a competitive 
market for mobile telecommunications, the customers want competitive pricing and high-quality 
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services. Without hesitation, the customer will change his telecommunications service provider if 
he / she does not find what he / she is looking for (Kolli et al., 2020).
The economic activity of the enterprise is related to innovative management, which largely determines 
the success of its functioning (Rakhmatullina et al., 2022). In today’s business environment, which 
is characterized by a high level of uncertainty, understanding consumer behavior is an important 
part of the process of strategic planning and business activities. This is a key factor in achieving 
market leadership, so it is important to focus business processes on the customer. By implementing 
data-driven marketing, companies can find the right customers, retain, and develop them, and 
ensure business growth with a sufficient profitability level (Grandhi et al., 2021).
Customer outflows (churn) and its forecasting are one of the most challenging and overriding 
problems for the telecommunications industry that affects revenue and the company’s growth. 
According to a recent Gartner Tech Marketing survey, 91% of respondents rate customer churn as 
one of their top concerns. However, only 43% have invested in additional resources to this problem’s 
solving (De et al., 2021).
The key to surviving in this competitive industry is to know customers better and retain every 
valuable customer (Qu, 2022). Many valuable customers can be lost to competitors in the 
telecommunications market, leading to risk of losing profits (Fang, 2021). The marketing literature 
proves that acquiring a new customer is 5-10 times more expensive than retaining an existing 
one. Thus, effective management of customer churn and understanding the reasons for customer 
outflows have become a quite crucial task for mobile operators (Thakkar et al., 2022; Zhang et 
al., 2022). Customer relations and customer knowledge have positive influence on company’s 
performance and service quality of the telecom enterprises (Abd-Elrahman et al., 2022).
The main classification problem in the telecommunication industry is related to the task of 
subscribers’ churn prediction and churn prevention (Kuznietsova et al., 2022). Companies need 
to focus on improving their information and communication technologies, experience and 
offered rewards for better customer retention (Abarca Sánchez et al., 2022). The company can also 
concentrate its marketing activities on encouraging customers to switch to the latest technologies, 
which can lead to cheaper costs (Cambier et al., 2022). Improving the efficiency of customer’s 
interaction with companies and minimizing the outflow of customers are relevant and important, 
so there is increasing role of modern data mining methods, models, tools, algorithms, and machine 
learning technologies, which generate additional opportunities in this area (Kolomiiets et al., 
2021; Havrylovych et al., 2019). Customer retention depends considerably on data analytics and 
predictive modeling to support decision making process (De Caigny et al., 2021).
The emergence of new technologies generates technological changes in the telecom market. 
Companies are dealing with new opportunities and challenges in their development (Li, 2022). 
Information technologies are steadily entering the business environment, there is a rapid 
development of predictive analytics, data analysis, telecommunications, as the economic value 
of information is related to business success and emerging business management opportunities 
(Agafonova et al., 2022). With advances and the explosive growth in data mining technologies 
and the availability of vast amounts of customer data, companies have begun to use powerful data 
science tools in precision marketing to dive deeper into the nature and habits of their customers. 
This strategy allows them to personalize marketing and advertising information for their consumers 
needs through appropriate recommendation development (Qu, 2022; Gu, 2022). Companies can 
also track changes in customer behavior so that they can make strategic decisions in advance to 
retain valuable customers.
It is extremely important for companies to maintain the portfolios of current customers together 
with attracting new customers. In addition, a useful method of retaining existing customers will 
make the company more profitable by reducing the total cost of marketing and advertising to 
compensate for attracting new customers. Recent research suggests that customer retention is an 
important aspect of improving operational efficiency, and that various service sectors need to focus 
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better on retaining their current clients (Todevski et al., 2021).
Using precision marketing and machine learning technologies for data analysis, it is possible to 
develop a more effective marketing strategy for retaining existing consumers of telecom operators 
by accurately predicting its consumer churn behavior, analyze current problems and identify 
appropriate recommendations and suggestions to optimize the activities of the telecommunications 
company.

2.  LITERATURE REVIEW

Recently, the marketing concern about retaining their customers has grown significantly, as 
it is a crucial marketing issue. Recent marketing data indicate that attracting (acquisition) new 
customers or subscribers is much more expensive and complicated than retaining current ones in 
the competitive business environment (Kumar et al., 2020). Thus, the loss of a client will negatively 
affect the business growth and its profitability (Al-Shatnwai et al., 2020).
At the current stage, as market saturation increases, all companies should focus on identifying 
customers by their potential outflow as part of their business strategy. Early and accurately 
prediction of customer behavior, anticipating which consumers intend to churn the company’s 
services and understanding the reasons for this intention play an important role in marketing, 
which aims to maintain loyal customers (Gopal et al., 2021; Vezzoli et al. 2020). It can be achieved 
by extracting (mining) information that affects the outflow from customer data. As a result, a huge 
number of scientific papers on this topic have been created.
The attention of both researchers and marketing practitioners is increasingly focused on forecasting 
the outflow of customers, which remains an important part of the process of maintaining the 
customer base and is a popular approach for solving the problem of customer churn (Fridrich, 
2020). The marketing process, accompanied by the rapid accumulation of large amounts of data 
and information in the telecommunications industry and the growing maturity of Data Mining, 
contributes to the wider application and development of customer churn models to predict 
customer behavior by Data Mining techniques. In this way, the telecommunications company can 
effectively predict the outflow of customers to ensure that the outflow of customers is avoided 
by forming effective marketing measures (Tianyuan et al., 2021) and implementing successful 
marketing strategy (Xiahou et al., 2022).
In the telecommunications sector, a huge amount of data is generated daily due to a large customer 
base, and innovation capabilities play an important role in marketing (Aljanabi, 2022). Many authors 
in their previous research have presented a variety of models for predicting customer outflow 
(churn) using data mining and machine learning technologies. Tianyuan et al. (2021) proved that 
the most widely used data mining methods for predicting customer outflows are logistic regression, 
decision tree, support vector machine (SVM).
In the last decade, many scientists present the application results of various machine learning 
methods and algorithms for classification (Bandam et al., 2022) and prediction of churn behavior 
of the most valuable part of the current clients (Günesen et al., 2021), searching for more efficient 
approaches of customer churn prediction. Among the used methods and models for solving the 
tasks of data processing for telecommunication industry are logistic regression, decision tree and 
random forest models for churn prediction (Kiguchi et al., 2022; Vezzoli et al., 2020; Kuznietsova et 
al., 2022), K-means, SVM (Sánchez et al., 2022), the combination of k-means customer segmentation 
and SVM prediction (Xiahou et al., 2022), the multi-level classification using SVM in the SLS-
SVM algorithm (Huang, 2022), the Naïve Bayes for prediction of loyal or disloyal customers and 
their behavior (Jayadi et al., 2020; Rabiul Alam et al., 2021), an ECHAID (exhaustive Chi-square 
automatic interaction detector) classification tree for consumers segmentation (Kelley et al., 2022) 
and so on.
Zhang et al. (2022) used Fisher discriminant equations and logistic regression analysis to develop 
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a customer churn prediction model through customer segmentation on the telecommunication 
market. Kuznietsova et al. (2018) constructed gradient boosting for estimating the probability of the 
consumer’s outflow, which shows high quality performance. Zhu et al. (2020) proposed a trajectory-
based deep sequential method TR-LSTM and utilized the long short-term memory neural network 
(LSTM) to conduct sequential modeling. Thakkar’s et al. (2022) study proposes AdaBoostWithCost 
algorithm, which improves the discrete AdaBoost algorithm for churn prediction on telecom 
market. Research by Al-Shatnwai et al. (2020) proposes one of the most powerful machine learning 
classifiers XGBoost as a customer retention model.
Also, recently, artificial intelligence methods have become more widespread in predicting the 
customer churn for telecommunications, in particular, artificial neural networks (ANN) are 
recognized as a very effective method of forecasting and classification of churners and non-churners 
(Saanchay et al., 2022). The research by Kumar et al. (2020) proposes a rule-based customer churn 
prediction model using ANN. The application of the proposed framework will help enterprises in 
development and implementation of intelligent decision support system. Cacciarelli’s et. al. (2022) 
study compares the results of classification by the combination of sampling techniques and decision 
trees, ensemble methods and ANN.
In order to solve the existing marketing tasks related to customer management, minimization 
of customer churn and optimization of marketing costs, Park et al. (2022) and Mo et al. (2022) 
investigate the relationship between different factors influencing risk of customer outflow by deep 
learning technologies. Dadfarnia et al. (2020) present the application of Deep Neural Network, 
which has significantly better accuracy vs other methods. Scientists proposed several classification 
models and boosting methods to control customer churn rate. 
Hemalatha et al. (2020) proposed an outflow prediction model that uses classification and clustering 
approaches to identify customer churn and determine the factors that cause customer outflows 
in the telecommunications using Adaptive Logitboost. By identifying key influencing factors 
of consumer’s churn, companies can increase productivity by developing appropriate customer 
recruitment advertising campaigns based on the association between behavioral patterns. In this 
way, companies increase the quality of marketing campaigns.
Priyanga et al. (2022) suggested the Hierarchical Flexi-Ensemble Clustering model. Deng et al. 
(2021) create a model for churn prediction by ensemble learning algorithms such as Lightgbm, 
Catboost, Random Forest to improve the accuracy of forecasting and achieve cost savings. Rezaeian 
et al. (2021) proposed ensemble models with decision trees to predict customer churn. The research 
by De et al. (2021) shows that although hybrid and ensemble methods have been widely successful 
and have improved model performance, there is a need for clearly defined recommendations for 
appropriate model evaluation measures.
Kuznietsova et al. (2022) identified neural networks, SVM as promising methods to solve problem 
of customers classification by their preferences and services, as well as the tendency to churn. 
The dynamic approach based on dynamic models of survival theory for churn time forecasting 
is also proposed. Havrylovych et al. (2019) suggested an approach that provides information not 
only about the probabilities, but also about the time when there may be an outflow of customers. 
To achieve this goal, two algorithms have been developed based on the use of survival functions 
and prediction of the outflow time. It also offered a step-by-step process of churn in the decision 
support system to detect outflows and timely identify the most dangerous groups of customers who 
are at risk of outflow.
The paper by Kuznietsova (2017) shows the possibility of using information technology to analyze 
the database of subscribers of the telecom company to predict their future behavior. The task is an 
actual not only in terms of predicting the fact of changing the subscriber of the telecommunications 
operator and refusing to use the services, but also the moment when the customer just started 
thinking about it. The article solves two problems: the task of classification (the problem of 
predicting the possible customer churn) and the problem of predicting the time when it may occur. 
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A generalized linear model was constructed and showed acceptable predictive properties based on 
the GINI index, but lower in comparison with logistic regression, neural networks and gradient 
boosting. Knowing the risk period will be useful for the business in terms of preventing the customer 
churn by developing personalized offers and providing additional incentives for current clients.
The conclusions of the research by Jamjoom (2021) prove that data mining methods can be highly 
successful in finding hidden insights and highlighting customer’s information. Besides, it is found 
that each model works effectively with a different training dataset. Customer outflow forecasting 
model using machine learning for classification has been developed mainly based on a single 
time piece of data, but Gattermann-Itschert et al. (2021) proposed the approach, which involves 
model’s construction based on multiple time pieces of data. It should be noted that all findings and 
conclusions from modeling and Data Science implementation cannot be taken absolutely for all 
companies on the market, as the results are a consequence of many factors and conditions that are 
established at each time, which requires an adapted approach in each case (Chernyak & Fareniuk, 
2020).
A deep understanding of customer’s needs and effective analysis of their behavior are tools that 
contribute to the success of every business in the market. The ability to retain customers involves 
effectively studying current and potential customers, making more effective decisions and improving 
business processes. With a thorough understanding of customers and their behavior as consumers, 
a business can maintain customer loyalty, predict how customers will respond to a company’s 
marketing strategy, improve business strategy, and increase profits. The study by Rabiul Alam et 
al. (2021) examined the purchasing habits of telecommunications customers to help improve their 
position in the telecom market.
The development of technology has provided a highly competitive marketing environment, where the 
analysis of consumer behavior has become vital. At the same time, the number of financial resources 
spent on customer retention is much less than on attracting new customers (Goy et al., 2020). With 
the development of intellectual potential, an effective customer relationship management (CRM) 
system based on data mining technologies can generate more economic benefits to the company 
by improving the level of management and business and marketing decisions. Optimal customer 
retention strategy helps companies to adjust marketing strategies and increase efficiency (Sun et al., 
2022; Radukic et al., 2019). Abarca Sánchez et al. (2022) aim to establish the relationship between 
loyalty and retention in telecom companies through an exploratory factor analysis and a multiple 
linear regression modeling.
Du et al. (2022) proposed a quantitative Kano model to analyze consumer personal demand and 
achieve a high validity of marketing decisions. Authors recommend providing a personalized 
proposal for each heterogeneous customer group. Customers are classified as groups, which prefer 
price, brand, or service as a priority. As a result, it is relevant to adapt marketing strategies and 
develop appropriate solutions for each group of consumers. Determining various consumer types 
and implementing differentiated marketing strategies can help businesses increase profitability and 
customer loyalty. Recency, frequency, and monetary model is an important method of data mining 
that has significant practical value in CRM and marketing (Hu et al., 2022). Wu et al. (2021) proposed 
framework with customer-value-weighted machine learning models, which give companies useful 
insights to more effective development of marketing strategies for various consumer’s groups.
In precision marketing, the allocation of limited resources to different target groups of customers 
is difficult. Zhang et al. (2022) presented a framework using a distance-based algorithm, K-nearest 
neighbors, and SVM to capture customer preferences for promotion channels. A resource 
optimization model using classification results was developed.
Belbahri et al. (2021) proposed a Qini-based uplift model based on logistic regressions, which 
are used to identify customers who are more likely to respond positively to targeted marketing 
activities to retain them, i.e., to avoid unnecessary costs for customers who are more likely to switch 
on competitors. The Qini coefficient measures the model performance.
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Taking into account the increasing of customer behavior importance for businesses, telecom 
companies are focusing not only on increasing customer profitability, increasing market share, 
but also on working with highly loyal customers and customers who can switch to competitors 
(churn). There is the need to transform marketing tools for customer experience management in 
modern conditions (Syaglova et al., 2022). The development of big data concepts has shaped a new 
wave of customer relationship management strategies. Big data analysis provides an opportunity 
to investigate customer’s behavior, understand their preferences in order to develop relevant 
marketing plans (Wassouf et al., 2020).
Big data analytics is becoming a strategic tool for achieving business efficiency and implementing 
data-based marketing. Ram et al. (2022) argue that the introduction of data analysis helps to 
increase customer lifetime value, respond to market fluctuations and changes, improve the process 
and quality of management. Nowadays, there is a significant need to implement advanced data-
driven decisions based on Data Science technologies, as simple analytics will not cover the business 
demand (Fedirko et al., 2021; Mašić et al., 2018). In order to solve the low stability and efficiency, 
high complexity of marketing decisions, a marketing adaptive decision-making algorithm based on 
big data analysis is proposed by Lv (2022).
Using intelligence results from customer churn prediction models, there is the significant potential 
to generate additional revenue by improving customer retention strategy (Günesen et al., 2021). 
Churn prediction model will help telecom enterprises to effectively forecast the opportunity of 
customer’s churn, take appropriate targeted measures and make better marketing decisions to 
avoid the outflow of customers and, as a result, increase their profits.
Despite the significant amount of scientific research, many issues of customer churn modeling 
and client’s classification remain unclear the effectiveness of different data mining methods for 
improvement of marketing activities of churn management. The uncertainty and instability of 
economic dynamics, desire for continuous development have challenged all businesses to implement 
Data Science into marketing system of decision-making.

3.  AIM OF THE RESEARCH

The purposes of this study are to compare different approaches and methods for customer churn 
prediction and build various Data Science models to classify customers according to the probability 
of their churn from the company’s customer base and predict customers who could potentially 
refuse the company’s services.

4.  METHODS

Over the last years, the share of the telecommunications industry in Ukraine has grown significantly, 
but telecommunication companies operate in conditions of fierce competition. Major players in the 
Ukrainian market are Kyivstar (48%), Vodafone (35%), Lifecell (17%) (Figure 1).
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Figure 1. Dynamic of the Kyivstar, Vodafone and Lifecell market share, 2019-2021.

Source: (Zatonatska et al., 2022).

Mobile penetration in Ukraine is approaching 150%. This situation is explained by the tendency of 
subscribers to use the services of several operators, for example, to have two SIM cards of different 
operators at the same time (Khrustalоva et al., 2019). This, in turn, means that every year it becomes 
more and more difficult for operators to attract new subscribers. New connections are more the 
result of stimulating subscribers who are more sensitive to price offers. Attracting a new subscriber 
is an additional cost for the operator. Thus, the task of retaining an existing subscriber has certain 
economic grounds.
The driving force behind the development of the telecommunications industry is scientific 
progress, as this industry depends entirely on the technical support used by a particular company. 
It is technical support that determines the quality of services provided by a company. Leading 
companies in this industry conduct market research and constantly improve their services in terms 
of quality, as well as make them cheaper. The key to success is the stability and high quality of 
communication, their low cost, and the flexibility and versatility of services.
The telecommunications company has accumulated statistical information about subscribers. 
Considering the problem of retaining an existing subscriber of a telecommunications company, the 
company’s management has a task to develop classification models that would reduce the outflow 
of subscribers, i.e., maximize customer loyalty of the telecommunications company. Business goals 
for this research include correct construction of the classification model; reduction of customer 
churn by 10%; growth of consumer loyalty; creation of new competitive advantages; reducing 
the cost of retaining existing customers by creating an optimal personalized offer for each group 
(segment) of consumers, which has risk of churn.
In order to maintain market leadership in conditions of difficult economic situation, changing of 
consumers behavior and high level of competition, a set of key strategic marketing goals includes 
gaining new customers, retaining current customers, introducing new technologies and services, 
continuing to develop the brand and improve its market position, paying attention to customer 
wishes and providing maximum support; offer exactly what the customer needs and anticipate his 
wishes. However, high competition and market oversaturation, offering cheaper services by major 
competitors are main threats for stable company’s growth.
One of the main tasks of churn management is to construct an effective model for churn prediction 
that can determine clients who are most likely to outflow. The customer churn determinants can be 
classified into several groups: service quality (i.e., tariff, customer service value added, etc.), brand 
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image (i.e., innovative, competitive aspects of the telecom company) and consumer’s behavior 
(level of services consumption by different subproducts, by time intervals, etc.). The key idea 
is to investigate customer’s profile using different data sources including patterns of calls, tariff 
information, costs, payment, customer service calls, demographic variables and then forecast the 
probability that consumers will churn based on their features (Kolli et al., 2020).
To achieve the research goals, it is necessary to implement the relevant model, using system approach 
with CRISP-DM methodology, which describes the process through 6 main stages: business 
understanding, data understanding, data preparation, modeling, evaluation and deployment.
Available information and data from one of the main telecommunication companies in Ukraine 
(among TOP-3) include customer database of this company, which contains impersonal customer 
data about their activities (calls, SMS, internet, call duration, etc.), most frequently used services, 
price category of the favorite tariff, interests of customers, about the devices they use, location, 
consumer’s demographics. The process of dataset preparation involved work with the accumulated 
data, in particular analyzing of outliers and errors in the data, as well as removing the unnecessary 
data that do not have significant fluctuations between different consumers (for example, device) 
or do not have a significant impact on consumer’s outflow (for example, location as all operators 
on the telecommunication market are national). As a result, the received data have 4492 rows of 
data with 11 main variables: age, average monthly expenses, average duration of conversations, 
calls during the day for a month, calls in the evening for a month, calls at night for month, calls to 
landlines per month, calls abroad per month, share of calls to other operators per month, number 
of SMS per month, outflow as a Boolean variable. The description of each variable is presented in 
Table 1.
The database contains information about customer tariff plans and their corresponding other 
characteristics, as it contains information about the number of calls at different times of the day, 
calls abroad, calls in the network, etc. By comparing which, it will be possible to determine the most 
common tariff plan and compare it with the relevant target group. The scientific hypothesis of the 
research is that collected information about the activity of the company’s customers regarding the 
use of telecommunication services is useful for construction an effective consumer churn model, 
which can be implemented by telecom operators to optimize their marketing activities.
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Table 1. Description of variables in dataset of telecommunication company.

Variable Description Type of data
Age Age of client Integer

Average monthly 
expenses

Average amount of the subscriber’s expenses for mobile 
communication and mobile Internet (tariff plan + 
additional expenses)

Continuous

Average duration of 
conversations

Average number of minutes for outgoing calls spent by the 
subscriber per month Continuous

Calls during the day for 
a month Number of calls per month in the morning and afternoon Integer

Calls in the evening for 
a month Number of calls per month in the evening Integer

Calls at night for a 
month Number of calls per month at night Integer

Calls with other 
operators per month Number of calls per month with other operators of Ukraine Integer

Calls abroad per month Number of calls per month with other countries Integer
Calls to landlines per 
month The share of calls to landlines Continuous

SMS per month Number of SMS in subscriber’s consumption Integer

Outflow

An indicator of subscriber outflow (churn) from the 
consumer base. 1 – a subscriber, who stopped using the 
services of a telecommunications company (ex-client); 0 – 
current client. Total amount of consumers – 4492 and 444 
are described as churners.

Boolean (1/0)

Source: constructed by authors based on internal database of telecommunication company.

The marketing task is the classification to determine the most attractive tariff plan for customers. 
Success criteria of classification model construction and development are: increase the number of 
new customers by 5%, reduce the outflow and increase the level of NPS by 10%. The outflow level 
of more than 15% is quite critical for the company, so it is relevant to focus marketing activities on 
maintaining consumers. Identifying the most loyal customer groups and proposing them the best 
tariff plan will help to meet the needs of the selected group and increase marketing efficiency. IBM 
SPSS Modeler was selected as the appropriate software for classification model’s development and 
submission.
Data preparation also involves the creation of additional fields in the database. Since the age of 
respondents is from 19 to 70 years, we divide the age of subscribers into the following 5 categories 
(variable Age Category): 19-24 years, 25-34 years, 35-50 years, 51-60 years, 60-70 years. We also 
create variables Average monthly costs (normal) – normalized values of the average cost of the call, 
and Average duration of conversations (normal) – normalized values of the average duration of the 
call.
Customers can be segmented by time, frequency, and monetary aspects. Time includes duration 
of calls and internet connections during a certain period. Frequency covers that consumer uses 
company’s services frequently during a certain period. The monetary aspect contains expenses 
level during a certain period. These aspects for segmentation also were used in the new TFM 
(Time-frequency-monetary) approach, proposed by Wassouf et al. (2020). By analyzing the signs 
of loyalty at each level, it is possible to offer consumers the most relevant offers and services.
When choosing a modeling method, it should first be noted that the purpose of modeling is to 
predict customer loyalty to mobile operators. Analyzing the available data types and the list of 
requirements for modeling identified the following promising methods of data mining: Auto 
Classifier (including logistic regression, decision trees, XGBoost), C5.0, KNN, Neural Network, 
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Ensemble, Random Tree, Ensemble Neural Network and so on. Such Data Mining methods was 
selected as the most relevant due to their high performance and usefulness for customer outflow 
modeling as we mentioned in literature review. Data mining technologies were used to explore 
clients and achieve knowledge extraction in forecasting customer outflows.
For evaluating churn prediction models, the following parameters were used: accuracy, precision, 
first and second-types errors, F-measure, and area under the receiver operating characteristics 
curve (AUC ROC), which is the most effective criterion and combines the possibility to receive 
high accuracy, sensitivity to real situation and minimize the specificity of the model (Kuznietsova 
et al., 2018; Hemalatha et al., 2020).
A model will be considered successful if at least 90% of customers are classified correctly. In 
addition, the effectiveness of the models will be defined as the ratio of income that the firm will 
have in the case of the implementation of a model of customer classification to the income that the 
firm will have in the current case without model implementation.
customer churn modeling Results
We started model’s construction from the AutoClassifier node in IBM SPSS Modeler. This node 
allows you to evaluate and compare several different modeling methods, allowing you to test 
different approaches in one run of the modeling process. For example, instead of choosing one of 
the neural network options (fast, dynamic or truncated), you can try all of them. This node generates 
and explores a set of models based on all possible combinations of options, ranks candidate models 
based on a given indicator (the specified criteria) and saves the best models for further analysis.
You can choose the appropriate option from the three automatic modeling nodes based on your 
analysis needs. The autoclassification node creates and compares several different models for binary 
output (yes or no, the client will churn or stay with company, etc.), allowing you to choose the best 
approach for customer churn analysis and prediction. In this research, we selected all possible 
models (C5, logistic regression, Bayesian network, KNN algorithm, LSVM, random forest, SVM, 
XGBoost tree, CHAID, Quest, etc.).
As a target field we selected Outflow variable and as an input fields - average duration of conversations, 
daytime calls per month, evening calls per month, night calls per month, landline calls per month, 
calls abroad per month, share of calls to other operators per month, number of SMS per month. As 
criteria for model deviation, we require that the area under the curve (AUC ROC) be at least 0.8 
(80%). We also use income criteria when setting up an AutoClassifier node, including cost criteria 
at level 5 and profit at level 10. Results of TOP-10 models from AutoClassifier node presented in 
Table 2. So, after analyzing the results obtained using the AutoClassifier node, we identified the 
5 best models: C5, XGBoost Tree, Quest, CHAID, Random Trees, Neural Network, in which the 
overall accuracy exceeds 97% and the area under the curve is greater than 0.995.
Next, let’s analyze the importance of predictors. The most predictors for all constructed models are 
equivalent, but the most important predictor is average duration of conversations.
In C5.0 model the most important predictors that indicate a potential subscriber’s outflow from the 
company’s network are average call duration and share of calls to other operators. The remaining 8 
proposed attributes were eliminated during the operation of the C5.0 model (Figure 2). 
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Table 2. The results of comparing the quality of TOP-10 AutoClassifier models.

Model Maximum win Common 
accuracy

Number of correctly 
predicted churners AUC ROC

C5 2195 100 444 1
XGBoost Tree 2195 100 444 1
Quest 2195 99.911 444 1
CHAID 2020 99.154 443 0.999
Random Forest 1890.75 97.996 443 0.996
Neural Net 1850 98.175 404 0.995
KNN 1420.385 96.549 290 0.986
SVM 1275 95.347 271 0.980
Logistic regression 1320.0 95.481 281 0.960
LSVM 1140.0 94.724 243 0.959

Source: authors calculation in IBM SPSS Modeler based on internal database of telecommunication company.

After analyzing the results, we obtained that the overall accuracy of the classification by C5.0 is 
100%, AUC is 1, which means an excellent result of data classification. The overall accuracy of the 
constructed model by KNN is 96.13%, the area under the ROC-curve – 0.983, which indicates a 
fairly accurate classification of customer loyalty (Table 3).

Figure 2. C5.0 decision tree, where the first distribution is based on the most important attribute 
– Average duration of conversations.

Source: constructed by authors based on results of model development.

Table 3. The results of quality assessment of the C5.0 model and KNN model.

C5.0 KNN
No Yes No Yes

No 4 048 0 No 4 028 20
Yes 0 444 Yes 154 290
Source: constructed by authors based on results of model development.
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The next one model is Neural Network. In a typical neural network, there are three parts: the input 
layer neurons represent the input fields, there are one or more hidden layers, and there is an output 
layer containing one or more neurons representing the target fields. Each connection between 
neurons is assigned a force of influence or weight. The input data enters the first layer, then the 
values are propagated by the layer from each neuron of this layer to each neuron of the next layer. 
The result is obtained from the output layer.
In this research, a multilayer perceptron was constructed for the target metric outflow and the 
model was chosen according to the rule “It is impossible to reduce the error”. The general view 
of the constructed Neural Network model is presented in Figure 3. Table 4 presents the results of 
model quality assessment, where the overall accuracy of the model is 98.2%, AUC is 0.995.

Figure 3. General view of the constructed Neural Network model.

Source: constructed by authors in IBM SPSS Modeler.

Table 4. Table of losses of erroneous classification of the Neural Net model.

No Yes
No 99.0% (4 006) 1.0% (42)
Yes 9.0% (40) 91.0% (404)

Source: constructed by authors based on results of model development.

Analyzing the results of the importance of predictors, we obtained that the most important predictor 
is the average duration of conversations, average monthly costs, and a little less important – the 
share of calls to other operators per month (Figure 4).
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Figure 4. The importance of predictors in the Neural Net model.

Source: constructed by authors based on results of model development.

The Ensemble node combines several model casts, which allows you to get more accurate predictions 
than any of these models alone. By combining predictions from several models, you can avoid 
limitations in individual models, which will lead to higher overall accuracy. In this case, let’s create 
an ensemble of C5.0, KNN and Neural Net models and compared the results. 
Thus, the accuracy of the model is 98.84% (Table 5), which is higher than when building a separate 
Neural Net (97.5%) or KNN (96.13%) models, but slightly lower than when building a separate 
model C5.0 (100%).

Table 5. The results of quality assessment of the ensemble of models.

No Yes
No 4 041 7
Yes 45 399

Source: constructed by authors based on results of model development.

The next one node is Random Tree. Decision tree models are used to create classification systems 
that predict or classify future observations based on a set of decision rules. This approach has 
several advantages. First, the reasoning process underlying the model is seen when looking at the 
tree. Second, the process automatically includes in its rules only those attributes that matter when 
making a decision. Attributes that do not contribute to the accuracy of the tree are ignored. Molds 
of the decision tree model can be converted into IF-THEN rules (a set of rules), which in many 
cases provides information in a more understandable form.
We analyzed the results of using the method of random trees to classify customer loyalty and 
potential outflow from the network. Thus, the estimate of the accuracy of the model is 96.9%, the 
estimate of the proportion of erroneous classifications is 0,029. From Figure 5, we can see that 
average duration of conversations is the main predictor.
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Figure 5. The importance of predictors in the Random Tree model.

Source: constructed by authors based on results of model development.

Main rules of decisions for ouflow variable, for which the most common category is No, and the 
accuracy of the rules, the accuracy of the ensemble and the level of interest = 1 are presented below 
(Table 6):

1. (Average monthly expenses (normal) <= 0.87) & (Share of calls to other operators per month> 
23.0) & (Average call duration (normal)> -0.98);

2. (Share of calls to other operators per month <= 23.0) & (Average call duration (normal) > 
-0.98);

3. (Calls per day per month ≤ 104.0) & (Average call duration > 1.3);

4. (Calls per day per month ≤ 104.0) & (Average call duration (normal) > -0.98) & (Age > 23.0);

5. (Share of calls to other operators per month ≤ 23.0) & (Average monthly expenses > 119.25) 
& (Age ≤ 23.0).

Table 6. The results of quality assessment of the Random Tree model.
 

No Yes
No 3 959 89
Yes 1 443

Source: constructed by authors based on results of model development.

Thus, the overall accuracy of the model is 98%, AUC – 0.996, Ginny – 0.993, which indicates a 
fairly high level of classification of customers by potentially possible outflow from the company’s 
network.
Let’s try to increase accuracy by hybridizing neural networks with Ensemble Neural Net. To do this, 
we chose the boost method. In this way, we created an ensemble using boosting, which generates a 
sequence of models to obtain more accurate predictions.
As a result, the accuracy of the ensemble and the reference model reaches 100%, the naive model – 
90.1%. The most important predictor is the average duration of conversations (Fig. 6).
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Figure 6. The importance of predictors in the Ensemble Neural Net model.

Source: constructed by authors based on results of model development.

According to the results of the constructed model, we proved the extremely high accuracy, reaching 
100%, the AUC also has the maximum possible value of 1, respectively.

6.  DISCUSSION

Comparison of accuracy of models and evaluation of results. Since the lowest allowable quality of 
models for research purposes was defined as 90%, the results of the obtained models (the quality of 
which exceeds 95%) fully meet the objectives (Table 7). 
As a result of the research, we confirmed the hypothesis that the average duration of conversations 
has the greatest impact on the client’s churn from the company’s network, so the target indicator of 
improving tariff plans will be the cost of calls and the quality of communication.

Table 7. The summarized results of the accuracy of the constructed models.

Methods Accuracy AUC GINI
C5.0 100% 1 1
KNN 96,13% 0,983 0,966
Neural Net 98,17% 0,995 0,999
Ensemble 98,84% 1 0,999
Random Tree 98% 0,996 0,993
Ensemble Neural Net 100% 1 1

Source: constructed by authors based on results of development of different models

So, comparing the quality of the constructed models, it should be noted that the most accurate data 
are obtained using an ensemble of neural networks (total accuracy 100%), C5.0 (total accuracy 
100%) and an ensemble consisting of a combination of three models (total accuracy 98.84%). 
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7.  CONCLUSIONS

Customer outflow management is a vital task of marketing management of a telecommunications 
company, which is developing in conditions of oversaturation of the market and fierce competition. 
To ensure the effective functioning of companies, it is necessary to implement approaches, methods 
and models of data mining and Data Science.
Implementation of Data Mining models and each stage of the process based on the CRISP-DM 
methodology provided a qualitative end result of the study. At the start of the research, the goals and 
the peculiarities of the churn prediction, the main issues, the criteria for the success of the model, 
possible threats were identified. At the modeling stage, the main models (C5.0, KNN, Neural Net, 
Ensemble, Random Tree, Neural Net Ensemble) were implemented with the help of IBM SPSS 
Modeler. Estimation of results accuracy reached over 95%, which indicates the possibility and 
feasibility of using models in the further classification of customers to determine customer loyalty 
to the company and minimize consumer’s churn. Data used in the research to support the findings 
of the study will to be available by request.
The constructed models are technically correct and effective according to the previously defined 
criteria for evaluating the success of data research, according to which the quality of the model 
should be higher than 90%. High level of customer loyalty classification makes it possible to 
correctly identify the level of customer loyalty and intention to leave the company with an accuracy 
of over 95%. Since the research results are planned to be used to respond quickly and prevent the 
client from churn, it is advisable to rank models based on ease of interpretation and accuracy.
As a result of the research, customers were correctly classified according to the potential churn 
from the network, which will allow in the future to develop the most optimal tariff to reduce the 
outflow of customers, increase loyalty and attract new clients.
The main factors influencing the outflow of customers from the network, which include average 
duration of calls and number of calls to other mobile operators, are identified. These factors form a 
basis for ways of improvement of company’s services and growth of business results.
Since the study constructed models showed a high accuracy of customer loyalty classification, i.e., 
the customer’s intention to stay with the company or move to another mobile operator, it is possible 
to timely apply proactive management to prevent the outflow of customers (because attracting 
a new customer in 5-10 times more expensive than retaining the existing client), maintaining 
customer loyalty and satisfaction and reduce costs.
The results of the study can be used to optimize marketing activities of consumer churn management 
for both Ukrainian and international companies in the telecommunications industry by making 
effective data-driven decisions and to improve mathematical methodology of consumer churn 
prediction. So, the main theoretical and practical implications from the research are development 
of an effective predictive tool for managers to control churn risks and the enriching the literature 
regarding data analytics and Data Science models for identification of critical factors for customer 
churn behavior.
In addition, periodic monitoring is necessary to identify new potential factors in a timely manner, 
which will lead to an outflow of customers. Therefore, it is advisable to conduct research on a 
regular basis and with additional variables. The limitations of the current research, which cover 
only 11 variables of consumer’s behavior, can be overcome by including additional indicators of 
customer’s characteristics, as well as variables of company’s image characteristics (technological, 
price perception, service perception, etc.), data on consumer’s preferences, and so on, that are 
areas and directions for future research. Models may become obsolete due to a radical change in 
tariff plans or market conditions, deterioration in the quality of service and communication, a 
significant change in market position or a significant change in the economic situation. To prevent 
this situation, it is necessary to improve the models monthly and respond in a timely manner to 
possible threats.
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ABSTRACT

The COVID-19 virus pandemic has influenced tourism policy makers to change 
their decisions and management methods due to the new challenging situation. 
The inability to establish normal tourism business, due to difficult mobility of 
tourists and unfavorable epidemiological situation, has led to finding various 
innovative solutions that could help improve results in tourism. In addition to 
improve the current situation, the innovations introduced during the pandemic 
were aimed at bringing certain changes in the coming period, when the tourism 
industry is not burdened by the pandemic, which will accelerate the growth 
of the tourism economy. The main goal of this paper is to point out certain 
models of implementation of innovative solutions, which could affect the more 
dynamic development of tourism in Montenegro. The subject of research in this 
paper are innovations in tourism and their application with special reference 
to Montenegro. Montenegro has not yet fully recognized the importance of 
introducing innovations in tourism, so the next period should be dedicated to 
their implementation. The tourist offer of Montenegro should be enriched by the 
introduction of new specific forms of tourism, in order to adequately meet the 
demands of the main emitting markets. In addition to the innovative tourist offer, 
solutions should be sought in the integration of digital and virtual technologies 
into marketing functions, because the modern tourist business is increasingly 
relying on these technologies. Research has shown that it is necessary to work on 
creating new strategies and plans that will more studiously deal with this issue. 

Keywords: innovation, pandemic, tourism, Montenegro, trends.

1.  INTRODUCTION 

Tourism is very sensitive to various forms of crisis. Depending on their duration and strength, 
negative effects can be projected. Crises that threaten the health and safety of tourists are particularly 
unfavorable for tourism, so in such circumstances, the tourism business has been put in a very 
unfavorable position. The pandemic of the COVID-19 virus has fully justified these claims, since 
it is still not possible to say with certainty when the normalization of tourist movements will take 
place, and thus the achievement of the results from 2019. Montenegro, as a country that bases most 
of its economy on the tourism industry, has suffered serious economic setbacks due to the fact that 
it was almost impossible to establish normal tourism business in an environment that had a strong 
pandemic character. Apart from the pandemic, the tourism industry is facing other challenges, 
which need to be overcome in order to minimize the negative effects of tourism and maintain 
competitiveness in the market. Specific forms of tourism are recognized as an alternative to mass 
tourism (D Arcy, Omar, 2015). Recovery from the consequences of the pandemic will take time, and 
it will also be necessary to work on restructuring the tourist offer, which will reflect more serious 
progress in solving major problems related to tourism in Montenegro, such as seasonality and 

Pages 131 - 146



132

Ratković et al./ Economics, doi: 10.2478/eoik-2022-0017

insufficient participation of key countries in tourist arrivals and overnight stays. One of the ways in 
which it is possible to achieve the set goals is the introduction of innovations in Montenegro tourism. 
Development of specific forms of tourism, which would be a kind of innovation of the tourist offer 
of Montenegro and the implementation of certain digital and virtual solutions for promotional 
and operational purposes, would result in strengthening the competitiveness of Montenegro 
in the tourism market. Through innovations, the tourist offer that has remained unchanged for 
several years would be refreshed, so as such it is less and less interesting for tourists. Continuous 
monitoring of changes in the tourism market and the application of innovative solutions in tourism 
can be achieved through the implementation of good practice of countries that successfully manage 
tourism.

2.  INNOVATIVE TYPES OF TOURISM – SITUATION AND PERSPECTIVES

The needs and desires of tourists in modern tourism business are quite specific and over time they 
take on new characteristics. It is for these reasons that the creators of tourism policies, together with 
the bearers of the tourist offer, must take into account the improvement of products and services, 
which can be achieved through the introduction of innovations. In the traditional approach to 
tourists, the goal was exclusively focused on meeting the basic needs of tourists, such as the need 
for accommodation, food and rest. Modern business in tourism has significantly changed the 
traditional concept, based on which the needs and desires of tourists who want to spend their 
travels through learning about new cultures, researching destinations and the possibility of 
acquiring new skills have expanded. A large number of countries consider tourism as an activity 
that needs to be improved because it is one of the key components of their economy, so competition 
in the tourism market is increasing in modern business. Due to such a situation, it is necessary 
to develop the tourist offer in accordance with the demand on the market, in a way that we will 
harmonize the offer with the needs and wishes of tourists, which are changing very quickly. Carriers 
of innovations in tourism in recent decades have been large corporations and companies, due to 
the fact that they found information on new knowledge, procedures, inventions, technologies in 
a much easier way, based on which they managed to enter the market by developing brands and 
increasing competitiveness. On the other hand, if we are talking about smaller companies, then it 
should be noted that they usually followed the experiences of market giants just before preparing 
analyzes on the profitability of investing in innovative solutions (Milicevic 2016).
European Union countries are striving to become the most competitive economic region, which 
can only be achieved through investment in human resources, innovation and entrepreneurship. 
Innovation and research have an essential role to play in strengthening a company’s competitive 
advantage (Carvalho and Costa, 2011).
In the conceptual definition of innovation, through the literature we can meet with a large number 
of interpretations that are in principle quite similar to each other. Innovation is the introduction of 
something new that has not existed before - whether we are talking about improving the existing 
or introducing something that was not previously part of the business, offer or service as such. 
It can be based on completely new business directions, new products, but also on updating the 
current business strategy (Golob, 2009). Earlier, innovations were largely conditioned by technical 
and technological achievements on the basis of new ideas were developed. Types of innovations 
in tourism have been dealt by numerous authors and the focus of their research has been mostly 
focused on determining the categories of innovations. As a basis for a more studious approach 
to this topic, a large number of authors took Schumpert’s five areas of innovation development, 
where they stand out: creating new or improved products, introducing new production processes, 
developing new sales markets, developing new supply and reorganization markets or company 
restructuring. In terms of areas where innovation can occur, Prester has identified three categories 
of innovation, and these relate to product innovation, production processes and managerial 
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innovation. Product innovations can refer to the introduction of a completely new product on 
the market, but also to changes in certain characteristics or improvement of an existing product. 
On the other hand, if we talk about innovations in the production process, then we mean the 
implementation of some more economical or better models of the production process. The third 
category of innovations is managerial innovations which, due to the scope of responsibilities of 
the main decision makers, are extremely complex and can relate to changes in various aspects of 
business, such as standards, existing practices, staffing, etc. Innovations in the tourism industry 
are due to other global processes: intellectualization as the growth of the intellectual component 
and the change of people in the context of education and progressive development. They are also 
affected by the informatization of all spheres of the tourist company, cooperation between the 
subjects of the tourist market, liberalization, increasing competition and transnational activities of 
tourist companies (Sardak, Dzhyndzhoian and Samolienko 2016).
The role of the state in the development of innovation is multiple, it should provide industrial 
development that will be based on innovations that are much more important for developing 
countries than for already developed economies. The private sector does not have the strength to 
deal with the risk of research and development of certain innovative solutions (HallAnd Williams, 
2008). Governments have a significant role in the process of creating innovations in tourism because 
they, together with organizations and institutions dealing with tourism, are the main generators 
and policy makers in tourism.
As for innovation in tourism, they can be reflected in the development of specific forms of tourism, 
such as thematic, adventure, eno-gastro, rural, eco, cultural, sports, camping and smart tourism. 
By introducing specific forms of tourism within their tourist offer, destinations become much 
more competitive, given that there is a high demand for such forms of tourism in the market. 
In addition to specific forms of tourism, we can add to the innovative solutions various software 
solutions. Examples of such solutions can be various applications that introduce tourists to the 
main features of the destination. The world’s leading tourist destinations use virtual technologies 
to bring their offer closer to potential visitors in the most convincing way possible. Also, the use 
of cryptocurrencies in modern payment transactions has become more frequent, so it has found 
its application in the tourism industry, which is confirmed by providing opportunities for users of 
certain travel agencies, users to pay in the form of digital money. Currently, there are several online 
travel agencies, which deal with the sale of arrangements, airline tickets, rent a car services and 
insurance, which, in addition to standard forms of prices and payments, have formed new processes 
tailored to the needs of Bitcoin or other cryptocurrencies. Some of the online travel agencies that 
have already implemented these payment models in their offer are Destinatia, PointsHound as well 
as BtcTrip which uses exclusively Bitcoin as a means of payment (Radović, Maranović, Radović, 
2018). In this regard, it is to be expected that the growing influence of modern technologies on the 
tourism business will continue in the coming period.

2.1.  TRENDS IN TOURISM ENCOURAGED BY PANDEMIC

Tourist movements in 2020 were almost impossible, given that the pandemic reached its peak in 
that period. Restrictive measures taken by the health authorities to prevent the transmission of 
the virus were extremely unfavorable for tourism businesses because international movements 
of tourists were limited and for the most part completely stopped. International tourist arrivals 
decreased by as much as 79.3% compared to the record 2019 (UNWTO). In this regard, organized 
tourist arrivals were completely absent, which further complicated the difficult situation faced by 
countries for which tourism is their primary economic activity. Due to such a situation, the tourism 
industry had to turn to finding alternative and innovative solutions that could improve the current 
situation and in the future be one of the key features of the destination itself.
As previously mentioned, organized tourist arrivals were almost impossible in this period, so 
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adjusting the offer for individual tourist arrivals was a business imperative. Due to this fact, the 
need has developed to create a new offer and content that will be designed based on the needs and 
desires of customers. The environment for the development of tourism during the pandemic is 
extremely unfavorable due to the fact that the safety of tourists is in question and this is another 
additional reason why tourists decided to create their own trip. Particularly interesting were the 
destinations that offered holidays in nature and in the fresh air, so specific forms of tourism were 
a chance to achieve certain results that will improve the results in tourism, to the extent possible.
Rural tourism stood out as a trend even before the outbreak of the COVID-19 virus pandemic, due 
to the fact that this form of tourism is basically based on preserving the environment. As for rural 
tourism, it is important to note that it is defined as a form of tourism that includes all activities in 
rural areas, not just those that can be treated as agro tourism (Pavlin, Koščak, 2018). Also, tourists 
in rural tourism have the opportunity to get acquainted in a special way with the place they visited, 
by getting acquainted with the customs, culture, gastronomy and nature of the region. Thus, as can 
be noticed, rural tourism is very often intertwined with other specific forms of tourism, which is an 
additional incentive for tourists to visit a particular destination.
In addition to rural tourism, as a positive trend in the tourism market in the post-pandemic period, 
they also recognize eno-gastro tourism, which is often associated with wine tourism. The offer of 
these forms of tourism is based on the presentation of gastronomic offer that is specific to certain 
areas. Visitors have the opportunity to enjoy food and drink but also the production process. This 
is especially emphasized in wine tourism, where activities related to wine production are very often 
an integral part of the offer.
Special emphasis, is placed on eco-tourism, which refers to nature-oriented tourism or as defined 
by many authors, as tourism of special interest, sometimes borders on adventurous, rural and 
alternative forms of tourism. Eco-tourism has become popular due to the increased interest in 
natural tourist attractions, which is based on natural and socio-cultural attractions, all in line with 
sustainable tourism development from an environmental perspective. Although eco-tourism is a 
trend that has been actively developing over the past years, in the post-pandemic period it has 
gained even more importance and attention, when tourist demand is focused on staying in nature. 
A positive attitude towards a healthy and safe environment is increasingly expressed, with an 
emphasis on a sustainable approach to action on natural and cultural resources, development and 
opportunities for valorization of protected areas.
Adventure tourism is another trend in the tourism market, it is very often associated with 
activities related to nature, so it has a strong connection with other similar forms of tourism. 
An important segment for the development of adventure tourism is the untouched nature and 
favorable geographical position of the tourist destination. Adventure tourism is very popular 
among European residents. Eurostat and UNWTO data show that in the pre-pandemic period, 
about 10 million trips a year were recorded by the European population, where the main motives 
for travel were sports activities, while around 100 million Europeans enjoyed sports activities each 
year. Users of adventure tourism contribute significantly to local economies, given that two thirds 
of the total funds allocated for travel are spent at the destination, which is estimated at about € 350 
per day per visitor (CBI, 2021). It is in these claims that there are potentials for the development of 
the northern region, ie adventure tourism, which in combination with rural, eco, gastro and other 
types of tourism would be the driving force for the future tourist and economic sustainability of 
the northern region. Destinations with unusual and rare natural resources, which are unexplored 
and adequately managed, will be highly ranked among these tourists and will more easily gain a 
competitive advantage. According to the ATDI (Adventure Toursim Development Index) for 2020, 
Montenegro is in 19 of 163 places when it comes to developing countries (ATDI, 2020).
Thematic tourism is completely in line with the views that speak of trends based on the possibility 
for tourists to create their own arrangements. In thematic tourism, the classic perception of tourism 
and tourist offer, based on basic services such as accommodation and food, is completely bypassed, 
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and the focus is placed on the specific wishes and needs of tourists. This specific form of tourism is 
desirable for development in destinations that want to avoid the character of mass tourism, because 
the emphasis is placed on individual tourist arrivals.
The use of modern technologies in business, regardless of the activity we are talking about, is an 
indispensable element. That is why in the last decades, the tourism industry has started to rely more 
and more on digital technology, information and communication systems. Basic technologies in 
smart tourism are websites, internet portals, social networks and smartphones that tourists use as a 
basic tool when planning a trip (Brdar, Zivkovic, Gajic, Stankovic and Kilibarda, 2018).
Also, in the post-pandemic period, one of the trends in the tourism industry is camping tourism. 
As mentioned earlier, tourists increasingly want to spend their holidays in nature and outside the 
big city crowds. Camping tourism conceptualizes the management in its offer in these segments, 
so it is to be expected that this market segment will have a continuous growth of demand in the 
upcoming period.
Another trend observed by business travel statistics is the Mice sector or Bleisure (Business and 
Leisure). During the COVID-19 pandemic, different destinations have different travel restrictions 
and measures in general, especially when it comes to business travel. Business travel is projected to 
slowly return in 2022, but there is still a long way to go to fully recover, as the trend of teleworking 
and virtual meetings is becoming more popular day by day. The largest business travel market is in 
China, with a total of $ 346.5 billion in 2017. India and Indonesia are among the fastest growing 
business travel markets, with 11.3% and 8.7%, respectively. New York is the most expensive city 
for business travel (799 dollars per day), followed by Geneva ($ 716 per day), Zurich ($ 661), 
Washington ($ 621 per day) and Paris ($ 617). Hong Kong is the most expensive city in Asia for 
business travel, with a price tag of $ 515 per day.

Bleisure travel increased by 20% from 2016 to 2017.

• About 40% of business trips are extended for leisure purposes.

• 43% of conferences or congress business trips will turn into entertainment outings.

• 84% of tourist trips shorter than three days in one city, while 20% of trips longer than three  
days take place in more than one city

3. INNOVATIVE TOURISM AND PANDEMIC – THE CASE OF  
     MONTENEGRO

The Montenegrin economy relies for the most part on the tourism economy, so the instabilities that 
threaten the normal tourism business have a strong negative impact on the stability and sustainability 
of the entire economy. Until the outbreak of the pandemic, tourism had not encountered a crisis 
of this magnitude for several decades, so the tourism industry was put at a disadvantage. The 
consequences of the pandemic can still be felt in Montenegro and around the world, and given that 
the ambience of pandemic tourism is still present, it is impossible to say with certainty when there 
will be a complete recovery of the tourism industry.
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Table 1. Arrivals and overnight stay in Montenegro for period of 2019 to 2021.

2019 2020 2021

Arrivals Overnights Arrivals Overnights Arrivals Overnights

Costal 
region 2.270.313 13.714.814 357.727 2.338.477 1.473.802 9.348.706

Central 
region 234.846 425.291 50.825 142.734 113.045 271.475

Northern 
region 140.058 315.815 35.872 106.044 84.032 252.392

Total 2.645.217 14.455.920 444.424 2.587.255 1.670.879 9.872.573
Source: Monstat.

Figure 1.Arrivals and overnights in Montenegro for the period of 2019 – 2021.

Source: Monstat.

Based on the data from the Table 1. it is clear how much the pandemic has strongly affected the 
tourism business in Montenegro. Indicators related to tourist arrivals and overnight stays show 
that in 2020 there were as many as 2,200,763 fewer arrivals in Montenegro, which is a decrease of 
83.2% compared to 2019, while the total number of overnight stays in individual and collective 
accommodation was lower by 82.1%. When it comes to 2021, a certain recovery was recorded in it, 
on the basis of which we notice that in the previous year, 63.1% of tourist arrivals from 2019 were 
realized, ie 68.3% of overnight stays.
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Figure 2. International arrivals in Montenegro with predictions to 2022.

Source: Monstat.

Looking at the period from 2010 to 2016, arrivals increased by 7.5%. Tourism Economics predicted 
a slower growth in the number of arrivals from 2016 to 2022 by 4.3%. As a final result, the number 
of arrivals in 2022 is expected to be 29% higher than in 2016. The cause of the slower growth is 
attributed to world events and the fact that the global increase in the number of arrivals is primarily 
driven by Asia-Pacific, which is not relevant for Montenegro. Changes in the global market and the 
negative impacts caused by the pandemic have led to a decline in international arrivals during 2020 
and 2021.
Also, one of the problems faced by the coastal region in particular is the gray market, ie the 
dominance of the private in relation to collective accommodation. As a result, the maximum 
reception capacity of the destination is exceeded. In order to be in line with sustainable tourism 
development, innovations in the field of accommodation capacities are necessary. The integration of 
private accommodation into diffused or integral hotels is one of the key activities and is carried out 
with the aim of creating a new tourist product in the destination, development and improvement of 
the quality of accommodation units, joint market advancement and market recognition, increasing 
the number of employees and strengthening competitiveness (Zupanovic and Krivokapic, 2020).
Innovations in tourism during and after the pandemic aim to encourage a faster recovery of the 
tourism industry, through possible solutions to key tourism-related problems the destination 
faced just before or during the pandemic. Unfortunately, Montenegro has not yet recognized the 
importance of innovation in tourism, so it cannot boast of any serious progress in this area. If 
we are talking about innovations that would be based on expanding the tourist offer through the 
introduction of new-specific forms of tourism, then it should be pointed out that there is a huge 
space for progress. The natural resources that Montenegro has at its disposal are impressive and 
represent a suitable ground for the integration of various forms of tourism. Some of the main 
problems of tourism development in Montenegro are related to the pronounced seasonal nature 
of business, regional inequality and unfavorable structure of emitting markets. In recent decades, 
Montenegro has focused too much on the sun and sea resources, while other resources have not been 
adequately valorized. Thanks to this relationship, a large number of tourists who visit Montenegro 
spend their holidays during the summer months, while the number of tourist arrivals and overnight 
stays outside the main tourist season is much lower. Due to the huge influx of guests in a short time 
interval, the maximum carrying capacity is exceeded. Therefore, it is necessary to work on the 
maximum extension of the tourist season, in order to reduce the pressure during the main part of 
the season and reduce the destination to the level of sustainability. This goal can be achieved through 
innovations in the tourist offer, which would significantly rely on the introduction of specific types 
of tourism for which there are adequate resources. The innovation of the tourist offer should cover 
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the entire country, especially the central and northern part, in order to reduce the difference in the 
economic and tourist level of development in relation to the coastal part. The most efficient way of 
regional development is tourism. In order to promote Montenegro as a tourist destination, all in 
accordance with the new situation caused by the Covid - 19 pandemic, it is necessary to work on 
improving the tourist offer in accordance with new trends and digitalization. If digital solutions are 
used in an adequate way, we come to the creation of a concept that includes smart tourism, ie one 
of the drivers of high-level interactivity and personalized approach city   (Buhalis&Amaranggana, 
2013). In this sense, a city could be classified as smart when sustainable economic growth and a 
high quality of life are achieved by investing in human capital, an appropriate level of Government 
involvement and infrastructure that supports the proper dissemination of information within the 
destination.
Generally speaking, smart tourism aims to develop information and communication infrastructure 
and capabilities to (ConcettaPerfetto, Vargaz - Sanchez &Presenza, 2016):

• improve governance;

• facilitate the implementation of service / product innovation;

• improve the tourism experience;

• improve the competitiveness of tourism companies and destinations

The smart tourism ecosystem can be defined as “a tourism system that takes advantage of smart 
technology in creating, managing and providing intelligent tourism services / experiences and 
is characterized by intensive information exchange and joint value creation (Gretzel, Werthner, 
Koo &Lamsfus, 2015).” In fact, it includes various “types”, which apply to tourism and residential 
consumers, tourism suppliers, tourism intermediaries, support services, platforms and media, 
regulators and NGOs, carriers, consulting services, tourism and housing infrastructure and 
companies that are usually awarded other industries. Smart tourism brings many benefits to 
industrial heritage by increasing its value and identifying itself as a cultural resource (Pardo, 2019).
In addition to information technology, the role of data in smart destinations is very important from 
different points of view. First, because they enable more efficient management of tourist locations. 
The data provides the necessary information to understand what strategies should be for better 
promotion and destination management. Second, the data facilitates the connection between 
visitors, visited spaces and available resources, as well as the interaction of these three elements 
with the environment. The result is the emergence of new competitive capacities, the projection 
of the destination in a modern and attractive way and the promotion of a model that is generally 
more sustainable. The definition of a new smart and efficient tourism model is achieved only 
through the use of new digital technologies. The concept of the smart industrial tourism business 
ecosystem (SITBE), which is interesting in an area not yet explored, refers to the fact that industrial 
heritage requires investment in the physical recovery of buildings, as well as in creating new 
organizational structures based on technological competitiveness and intelligent information. The 
application of virtual technologies should be directed towards bringing the destination closer to 
the tourists themselves, in a way that through interesting solutions, the natural resources available 
to Montenegro will be presented to tourists much more closely. In addition to the promotional 
function, solutions need to be found in the development of software and applications that will help 
control and plan results in tourism, as Monstat data on the number of arrivals and overnight stays 
in collective and individual accommodation can be characterized as inaccurate. A system that deals 
exclusively with tourism indicators should be based on accurate and easily accessible data so that 
decisions on future courses of action can be made in a timely manner. Also, applications that would 
provide tourists with information about quality restaurants, hotels, landmarks, beaches, lookouts 
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and other activities in the destination, would be useful support to tourists during their stay. In 
many countries, there are a number of applications that serve to provide tourists with information 
of similar content, and also by collecting data from other Internet users, tourists can be informed 
about possible crowds in certain places.

3.1.  THE PLACE OF INNOVATIVE TOURISM IN THE TOURISM DEVELOPMENT  
          STRATEGY OF MONTENEGRO

Innovative tourism is recognized as an important segment of future tourism development within 
the previous Tourism Development Strategy of Montenegro until 2020. Within the mentioned 
strategy, special emphasis was placed on the development of innovations in the northern part of 
the country with the aim of improving the level of tourism development in this area as quickly 
and efficiently as possible. Unfortunately, most of the recommendations and projects listed in the 
Strategy have not been implemented.
The assessment of tourism potentials, based on statistics from previous years, which served to define 
strategic approaches to the Tourism Development Strategy until 2020, was related to extending 
the season, increasing revenue, diversifying the tourist offer, creating jobs that will contribute to 
better living standards and optimizing infrastructure for recreation and sustainable aspects of the 
tourist destination. The assessment of tourist potentials tended towards the formation of a unique 
offer, which requires innovative roads, given the exhaustion of the capacity of the coastal region 
during the summer season, and the need for investment in the northern part of Montenegro. The 
development of the tourist product is aimed at integrating the coast, mountains and lakes through 
innovative panoramic roads into a unique experience of natural, sports and cultural tourism.
Diversification of the tourist offer must be aimed at continuous quality improvement, based on 
sustainable tourism development. Primary process of developing should be focused on segments 
of supply based on staff work. Products are needed that will be available throughout the year, with 
adequate tourist infrastructure, both in the coastal and in the continental and northern parts of 
Montenegro. In the coastal and northern region, products and offers that are not conditioned by 
weather conditions, which are competitive on the tourist market and guarantee sustainability, 
must be developed. As potential leaders in the Mediterranean, when it comes to rural tourism, the 
focus should be on improving capacity in this segment. Encouraging agriculture, employment and 
improving living standards, development of various types of thematic tourism, would significantly 
contribute to the extension of the tourist season in the coastal region and the long season in 
the mountainous area, as well as the year-round agricultural season. According to the Tourism 
Development Strategy until 2020, Montenegro needs to develop its own USP (Unique Selling Point 
- unique product).
Montenegro has one trump card on the international tourism market that it has not yet used, 
because it is one of the three main requirements of the Central and Northern European market 
to experience beautiful, untouched nature. In tourist reports from Germany and their holiday 
experiences, nature and landscapes are at the top of all topics with almost 77%. However, landscapes 
and nature must become accessible. Very little has been done in this area.
According to the Tourism development strategy until 2020, the concept of panorama trails is 
important, with the vision that Montenegro will be visited throughout the year, as is the case with 
Switzerland, South Tyrol and Tuscany.
Based on the benchmarking of destinations with a similar concept, Germany proposed valorization 
of tourist routes. Routes used cultural and natural themes, which was of great importance for 
economic development and the improvement of international traffic (Tourism Development 
Strategy until 2020, according to ADAC ‘TouristischeRouten in Deutschland’).
Also, when it comes to Montenegro, there is a possibility of networking these trails, ie the concept 
can be extended beyond the borders. Prerequisites for development are to preserve the natural 
state, ie to adapt the infrastructure only in areas where it is necessary.
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The concept of ‘Hiking & Biking’ has in mind the target groups that can be included in the name 
of vacation in nature. The offer of activities according to the content and level of difficulty should 
be as diverse as possible in order to suit as many groups of all ages and different abilities. Due to 
the effect of advertising, the most striking element of the product ‘Hiking & Biking through the 
wild’ should be put in the center, with special reference to Mountain biking (Tourism Development 
Strategy until 2020).
The specific offer would be based on activities such as hiking, biking, rafting, horseback riding, quad 
tours, adrenaline parks as well as various activities on farms. This tourist offer would be relevant 
throughout the year, where during the winter months in the tourist cluster Durmitor (Zabljak, 
Pluzine, Savnik) and Kolasin the emphasis would be on improving ski - winter tourism based on 
extreme trails and standard ski offer (Ratkovic, 2009).
The regions of Durmitor, Sinjajevina, Bjelasica and Komovi have the potential for a uniquely created 
product related to nature tourism, fitness and health tourism. This requires the development of a 
product that will benefit from summer initiatives, whose equipment will be used to the fullest 
extent and thus will support it economically. In the realization of ‘Wilderness Trails’, five fields of 
work should be covered (Tourism Development Strategy until 2020):

• Hiker-Biker route research, refinement and signaling

• Arrangement of rest areas on sections at a great distance from the accommodation

• Staging landmark trails

• Marketing: cartographic material, description, advertising and sales

• Maintenance and care of H&B routes constant inspection and cleaning

The existing problems of the Northern region, such as depopulation, the difference in the level of 
development of local self-governments, as well as the high unemployment rate, have significantly 
degraded the development of tourism in this area. Towards the valorization of the resources of 
the north of Montenegro, it is necessary to implement innovative solutions that will enable faster 
and more sustainable construction of new capacities, which are harmonized with the natural 
environment, and which will offer domestic products and attract new target groups. It is necessary 
to work on networking on the principle of clusters or other informal groups of all relevant actors at 
the national and local level, in order to create synergies that will result in sustainable rural tourism, 
which will lead to improving the tourist offer of Montenegro. The development of different types 
of tourism, in accordance with innovative solutions, would achieve a multiplicative effect, which 
would directly generate other economic activities.
Devastation of space, unplanned construction and maximum reception capacities of beaches in the 
months of July-August have reached their limit, without having achieved the three most important 
goals (Tourism Development Strategy until 2020):

• extension of the summer season until spring or autumn;

• construction of the entire infrastructure for greater tourist load;

• creating a sufficient number of attractive jobs throughout the year.

Montenegro needs a strategic development concept, which will be focused on supply and revenues 
throughout the year, precisely because of the limited resources and the great importance of tourism 
revenues for the entire economy and the country’s progress. In the formation of tourist experiences 
/ products, and in accordance with demand trends, creativity and innovative ways of using cultural 
resources must be in focus.
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4.  DISCUSSION

Future action should be directed towards the development of innovative solutions in tourism in 
Montenegro. As stated earlier, innovation would encourage solving the main problems we face. 
Given that the tourist offer of Montenegro, for several years, has not experienced serious changes, 
innovations should primarily relate to its expansion. Forms of tourism that can produce more 
efficient tourism business can be rural, gastro, wine, adventure, camping and smart tourism. An 
additional advantage, which is in favor of Montenegro, are the significant natural resources that it 
has at its disposal, which can be put into the tourist function. The northern region could achieve 
growth by implementing these forms of tourism within its offer. Rural households in the north 
of the country, with the improvement of infrastructure and conditions for the development of 
tourism, could use the benefits that tourism brings in full capacity, which has not been the case so 
far. In addition, knowing that tourism produces a multiplier effect on other economic activities, 
strengthening the tourist offer in the northern region would achieve better results in activities 
such as agriculture and livestock in a way that domestic products, authentic to these areas, will be 
a special feature and quality of innovated tourist offer. As it could be noticed in the previous part 
of the paper, the Tourism Development Strategy until 2020 offered a number of quality solutions 
that have not been implemented to date. It is necessary to work on the integration of individual 
service providers in rural tourism due to their budgetary limitations in marketing activities (Telfer, 
2000). An innovated tourist offer, based on specific forms of tourism, would also have an impact 
on changing the structure of emitting markets. The largest number of tourists who have a motive 
to travel and explore specific forms of tourism, comes from the countries of Western and Northern 
Europe. Tourists who come from these markets have much higher purchasing power, compared 
to others, and are also extremely mobile, ie they do not stay in one place much, which can have 
a positive effect on avoiding problems related to creating large crowds. An interesting segment in 
the tourist offer of Montenegro would be wine tourism, which would require certain investments 
in infrastructural adaptation. Tourists would have the opportunity to participate in the process of 
wine production and tasting. The central region has optimal conditions for the development of 
wine tourism, because there are the largest number of vineyards on its territory, where the area of   
Skadar Lake stands out. This area has the largest number of wineries included in the Wine Route 
of Montenegro, and also in this region there are Planatze, which is the largest producer of wine and 
grapes in Montenegro (Savic, 2014). Of course, the tourist offer in wine tourism it is necessary to 
continuously innovate and make tourists as interesting as possible. It is therefore useful to follow the 
examples of good practice of other countries, which have successfully implemented wine tourism 
within their offer. A good example is Slovenia, which in an interesting way managed to fully valorize 
an abandoned rural household. Today, Matjez’s household is organizing a program for group visits, 
as part of a renovated household that is between 150 and 200 years old. Tourists are welcomed by 
the hosts in traditional costumes, and the program is based on tasting local wine and food. During 
the tasting, visitors have the opportunity to get acquainted with a presentation that talks about the 
history, production and characteristics of the wines they taste (Matjaz, Pavlin, 2018).
Tourism can develop in parallel with environmental protection. Investments in accordance with the 
concept of green business, which includes efficiency in water and energy consumption, reducing 
the amount and better waste management, protection and preservation of natural and cultural 
heritage, strengthening ties with the local community, are possible in all types of tourism products. 
Such investments would have a positive impact on the environment as it is estimated that they lead 
to 18% savings in electricity consumption as well as 44% when it comes to water consumption. In 
addition, this kind of tourism development, which is in line with the principles of sustainability, is 
more competitive and achieves faster growth by 3 to 7%, affects job growth and contributes to the 
satisfaction of the local community (Institute of Tourism, Zagreb, 2016).
According to the data of the Ministry of Sustainable Development and Tourism from 2019, there 
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were 23 certified “green” hotels in Montenegro. This concept of hotel business implies reducing 
electricity and water consumption, preserving the environment, reducing waste and promoting 
sustainable modes of transport. In addition to the fact that this concept enables lower business 
costs, it also provides a marketing advantage, increases the quality of service, and one of the 
advantages is positioning in non-Western and northern European markets (Ministry of Sustainable 
Development and Tourism, 2019).
Increased investments in the development of green tourism would significantly improve the current 
situation in Montenegro. As tourism is the main economic branch of Montenegro, its development 
must be given special attention. It is necessary for tourism development to be in accordance with 
the principles of sustainable development, ie to ensure the minimization of negative effects from 
the sociological, economic and environmental aspects. This is exactly what investments in green 
tourism contribute to. Increasing the number of hotels with a “green” certificate would mean 
reducing the consumption of resources such as water and electricity, preserving the environment. 
Such an offer would mean better quality, and thus the willingness of consumers to pay a higher 
price, which further achieves a greater economic effect, the possibility of new jobs and the like. 
That is, investments in green tourism would contribute to the overall sustainability of the tourism 
product and the development of Montenegro as a tourist destination. Also, the development of 
green business is in line with global trends such as the importance of preserving the environment, 
which have emerged as mandatory aspects of business after the pandemic caused by the emergence 
and spread of coronavirus.
The innovation process in Montenegro should not be based exclusively on the development of new-
specific forms of tourism, but also in the development of innovative solutions that will relate to the 
inclusion of virtual technology in the promotion and during the stay of tourists in the destination. 
During the COVID-19 virus pandemic, digital technologies were almost the only way of informing 
tourist about destinations. Montenegro is a participant in several projects related to innovation and 
integration of digital content into the tourism function. One of the significant projects is Fortress 
ReInvented, which is based on the introduction of digital content in tourist places with significant 
cultural and historical monuments. One of the goals is to revive the cultural and historical heritage 
through the use of digital technologies. Montenegro’s partners in this project are Croatia and Bosnia 
and Herzegovina. It is planned to realize the digitalization of historical fortifications in two cities in 
Croatia, and the fortress of St. Mihaela in Sibenik and the Klis Fortress in Klis. As for Bosnia and 
Herzegovina, the revitalization of two towers in the Vranduk Fortress in Zenica is planned. When 
it comes to Montenegro, the project envisages the revitalization of the Kanli Tower in Herceg Novi 
(EUSAIR and Interreg, 2021).
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5.  CONCLUSION

The main conclusions of the study may be presented in a short Conclusions section, which may 
stand alone or form a subsection of a Discussion or Results and Discussion section. Conclusions 
should provide a summary of important findings and their implicants to the area of research that 
is the forms of the article.Montenegro, as a country that bases most of its economy on the tourism 
industry, has suffered serious economic setbacks due to the fact that it was almost impossible to 
establish normal tourism business in an environment that had a strong pandemic character. The 
fact that tourism with multiplications in complementary areas participates with 25% in the total 
GDP of Montenegro shows how much impact Covid - 19 has had on Montenegro as a tourist 
destination. The recovery of Montenegrin tourism, compared to the achievements of 2019, can be 
expected at the earliest in 2023, if we take into account the estimates of UNWTO experts (43% of 
experts), who estimate that recovery is not possible before that year, while 41% of experts predict 
recovery only in 2024. To successfully manage the recovery of tourism, it is necessary to adopt 
an appropriate strategy, with an action plan for the short, medium and long term. In the tourism 
recovery phases, the primary focus should be on strategic adjustment to relaunch tourism. A 
strategic orientation is proposed that specifies strategies and specific areas. One of the proposed 
directions is the development of sustainable tourism, with a focus on responsible tourism behavior 
and cooperation with stakeholders. For further development of tourism, it is necessary to be based 
on innovative methods of participation in tourism planning, which enable control of results and 
prevention of risks associated with projects of economic renewal and development of tourism. The 
shortcut to faster recovery is actually innovation, as one of the crucial drivers in tourism, necessary 
to strengthen the quality of services and thus the competitiveness of the entire tourism sector. 
Conceptualization of innovative ideas is necessary in order to extend the tourist season, ie reduce 
seasonality, which is the main challenge of tourism in Montenegro. Rebranding on the example 
of Montenegro should be based on the interpretation of the central identity of Montenegro, ie 
identity and value characteristics such as diversity, content, authenticity, preservation of the natural 
environment, richness of water, good food and wine, hospitality and beauty. Innovation of the 
tourist offer should cover the entire country, especially the central and northern part in order to 
reduce the difference in economic and tourist level of development in relation to the coastal part, 
in the way defined by the Tourism Development Strategy of Montenegro until 2020.
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ABSTRACT

Economic theory and practice are not acquainted with any unique set of 
macroeconomic factors that affect real estate prices. The very complexity of 
this phenomenon relativizes any attempt to establish an unchanged list of 
macroeconomic factors in BiH. The aim of the research in this paper is to analyze 
the impact of selected macroeconomic indicators on real estate prices in BiH, in 
the period from 2007 to 2019. Out of numerous macroeconomic factors that affect 
real estate prices (real estate prices are viewed as: the value of construction works 
done and as the value of new dwellings - new construction), 12 macroeconomic 
factors were singled out: nominal gross domestic product, real GDP growth 
rate, industrial production growth rate, GDP per capita, average net wages, 
imports and exports, household deposits in commercial banks, interest rate 
(housing loans, annual, %), loans to households, household final consumption 
expenditure, gross fixed capital formation and government final consumption 
expenditure. Starting from the hypothesis that macroeconomic factors affect 
real estate prices, it has been concluded that the selected factors significantly 
determine real estate prices and that most of the predictor variables defined in 
the model are significant, in terms of impact on the movement of GDP and real 
estate prices in Bosnia and Herzegovina in the period analyzed. The greatest 
impact on real estate prices is by household final consumption expenditure, 
GDP per capita, nominal GDP, interest rate, household deposits and real GDP 
growth rate. The research used factor analysis (reduction of macroeconomic 
factors to the optimal number of factors that explain the analyzed phenomenon 
and its impact on real estate prices) and an extended multiple linear regression 
model with a statistical software program SPSS, version 21. Modeling the impact 
of macroeconomic factors on real estate prices has macroeconomic effects 
and benefits for the country and contributes to the growth and well-being of 
operators in the real estate market.

Keywords: Real estate prices, GDP, Principal Component Analysis, Enter method, 
regression model.

1.  INTRODUCTION 

The real estate market is an important market in modern market-oriented economies. The 
stability of the real estate market affects the state of a national economy, while, on the other hand, 
macroeconomic trends significantly affect the stability of the real estate market. The real estate market 
determines the economic well-being of a certain country. Although in most developed countries 
these markets have been functioning for decades and even centuries, transitional countries have 
put the real estate market issue on the back burner. Transition countries are still struggling with 
main economic problems, such as: growth, productivity, unemployment, efficient use of available 
resources, etc. Therefore, it is expressed the need for a country to efficiently manage this resource. 
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Global economic trends and/or economic instability have a strong impact on the real estate market. 
Macroeconomic problems and crises (as well as the current one in the form of a pandemic) are 
significantly reflected in the real estate market; crises have the greatest impact on real estate prices. 
The fiscal aspect is also important because fiscal revenues (national and local) depend on turnover 
on the real estate market. Real estate prices also determine the general well-being of citizens. They 
also affect the operations of banks (through mortgages, sales, etc.). Due to all of the above, it is 
extremely important to stabilize real estate prices and reach their real values, which can be achieved 
through economic growth and development of the overall economy of Bosnia and Herzegovina. 
Only in this way it is possible to implement policies and macroeconomic measures that will make 
the real estate market an efficient segment of the overall socio-economic system. 

2.  PREVIOUS RESEARCH

(Mastilo, Z. & Cickovic, R. 2017) believe that numerous macroeconomic factors are used to show 
the state and development of country’s economy, and the most important is the gross domestic 
product (GDP). The GDP analysis serves to illustrate the state and trends of the economy of Bosnia 
and Herzegovina. The authors believe that growth rates are not sufficient to enable visible progress, 
as is the case in developed countries. Bosnia and Herzegovina should make maximum efforts to 
increase its value added in areas that quickly and strongly contribute to growth and development.
(Ćetković, J., Lakić, S., Lazarevska, M., Žarković, M., Vujošević, S., Cvijović, J., & Gogić, M., 2018) 
dealt with real estate price forecasting. The authors attempted to obtain accurate output data showing 
price predictions on the real estate markets of the observed EU member states. Through an artificial 
neural network, the authors see the possibility for precision of input data and determination of the 
dependence of prices on variable inputs. Such forecasts can be used for the purpose of accounting, 
sales, but also for the feasibility of constructions in order to predict the sales price. Therefore, the 
aim of this research was to create a forecast model of real estate market value in EU countries, 
depending on the impact of macroeconomic indicators. 
(Boya, Z., 2019) uses a multiple regression analysis model to examine the impact of various factors 
on housing prices. There are many factors that affect housing prices, such as: money supply, 
population, investments in real estate development, supply and demand, as well as disposable 
income of households and their savings. All these factors have a significant impact on real estate 
price changes.
Recent research (Hacıevliyagil, Krzysztof and Ibrahim, 2022) analyzed the dynamics of the housing 
market in the Turkish economy and examined the impact of variables related to housing prices. 
The dynamic model averaging (DMA) methodology was applied in order to predict the monthly 
growth of house prices in the period 2010-2019. The research results show that some variables, such 
as bond yields, mortgage level, foreign direct investments, unemployment, industrial production, 
and exchange rates are the key determinants of the Residential Property Price Index.
From all of the above, it can be seen that there is no single set of factors that describe the impact and 
significance they have on real estate prices. It can be only identified some common characteristics 
(use of multiple regression analysis and factor analysis), that is, common factors that influence real 
estate prices, but the selection of factors itself is a subjective matter of the researcher who deals with 
this issue. Subjectivism is reduced by the application of very “powerful” statistical software, such as 
IBM SPSS, STATA and others.  

3.  RESEARCH METHODOLOGY

The paper analyzes the impact of selected macroeconomic indicators on real estate prices in BiH, in 
the period from 2007 to 2019. The analysis should show whether the variables defined in the model 
are significant, in terms of impact on real estate prices. In order to quantify these relationships, 
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Principal Component Analysis was used. As an objective method and a precursor to other 
methods, Principal Component Analysis proved to be relevant and credible to decrease a large 
number of variables and reduce them to an optimal number. Due to the specificity of the relations 
that prevail within BiH, as well as due to the available data, the analysis of macroeconomic factors 
that impact real estate prices is defined in such a way that real estate prices are understood as two 
separate entities. Under real estate prices (real estate value), in this paper, the following are defined 
as dependent variables: Value of works done and Value of new dwellings (New construction). 
According to the above, two models are defined:

1. Model A: Value of works done. The value of works done in construction represents the total 
value of works that the reporting unit (main contractor, subcontractor or subcontractor) 
performed in a certain country. It includes the value of work, materials installed and finished 
products for installation, fuel and energy, other costs incurred by the reporting unit and 
related to the performed (completed) works, as well as profit. 

2. Model B: Value of new dwellings (New construction) is obtained as the product of the usable 
area of the dwelling and the average price per m2. New construction means the construction 
of a new building in a place where there was no building, or a building already existed and 
was demolished. 

The independent variables in the model were as follows:

1. Nominal Gross Domestic Product. Gross domestic product (GDP) is the most commonly 
used aggregate in macroeconomic analyses. Its importance lies in identifying the size, i.e. the 
strength of the national economy, through the amount of real GDP. It means that some of 
the countries may have a high GDP but not on a per capita basis, which means that they are 
significant markets, but with still weak personal consumption. In addition, the distribution 
of achieved GDP (i.e. wealth) by economic factors is also significant. Even higher GDP per 
capita, if it is unfairly distributed, does not have to be a guarantee for high and massive 
personal consumption. 

2. Real GDP growth rate. The real GDP growth rate (%) enables comparison of the dynamics of 
economic growth and development both over time and between the economies of different 
countries.

3. Industrial production growth rate. The rate of industrial production represents the ratio of 
annual production and sales (sales value of each individual product, according to the code 
from the valid Classification of Industrial Products) and total value added.

4. GDP per capita. GDP per capita represents the ratio of total value added (GDP, created in the 
accounting period compared to the previous period) and the number of inhabitants. GDP per 
capita is a measure of national well-being.

5. Average net wages. Average net wages represent the ratio of total paid wages and the number 
of employees to whom the payments relate.

6. Goods and services, import and export. Export of goods and services consists of transactions 
of goods and services (sales, exchanges and gifts) from residents to non-residents. The import 
and export of goods occurs when the economic ownership of goods changes between residents 
and non-residents. This applies regardless of the corresponding physical movement of goods 
across borders.

7. Gross fixed capital formation. Gross fixed capital formation consists of acquisitions of resident 
producers, less depreciation of fixed tangible or intangible investments. It specifically includes 
machinery and equipment, vehicles, dwellings and other buildings.
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8. Household deposits in commercial banks. Household deposits in commercial banks are 
household funds that banks and other depository institutions keep in their accounts.

9. Interest rate (housing loans, annual, %). The interest rate is the percentage of principal that the 
lender charges for the use of their money. Principal is the amount of money borrowed.

10. Loans to households. Retail loans are loans intended for individuals, usually without or with 
low collateral, for personal purposes. These loans have a great economic significance because 
they enable the consumption of households beyond their means, thus resulting in an increase 
in domestic demand.

11. Household final consumption expenditure. Household final consumption expenditure 
(according to the purpose of consumption, % of total consumption) refers to any consumption 
made by a person living alone or a group of people living together in shared accommodation 
and with shared domestic expenditures. It includes expenditures incurred on the domestic 
territory (by residents and non-residents) for the direct satisfaction of individual needs and 
covers the purchase of goods and services, consumption of own production and rent of 
dwelling owners.

12. Government final consumption expenditure. Government final consumption expenditures 
include the value of goods and services purchased or produced by the general government 
and which are directly delivered to private households for consumption.

The selection of indicators was made on the basis of macroeconomic factors that are available on 
the website of the Statistical Office of the European Commission (Eurostat). 

4.  APPLICATION OF PRINCIPAL COMPONENT ANALYSIS IN THE  
     ANALYSIS OF THE IMPACT OF MACROECONOMIC FACTORS ON  
     REAL ESTATE PRICES IN BOSNIA AND HERZEGOVINA

As an objective method and a precursor to other methods, Principal Component Analysis proved 
to be relevant and credible to decrease a large number of variables and reduce them to an optimal 
number. The analysis begins by defining the most important macroeconomic factors of the BiH 
economy (Table 1). 
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4.1.  REDUCTION OF THE LIST OF INDICATORS - PRINCIPAL COMPONENT  
         ANALYSIS

In order to objectify the process of reducing the initial list of development indicators as much as 
possible, Principal Component Analysis was used. Factor analysis models are a good precursor 
to multiple linear regression models because, in addition to providing an objective list of the 
importance of indicators, there are also additional possibilities for analyzing the factor solution. 
The goal of factor analysis is to explain the interrelationship of observed indicators with a smaller 
number of variables called factors. It is about describing the large mass of information contained 
in the observed indicators with fewer factors without losing individual information. This goal is 
achieved by applying Principal Component Analysis. Let the key tables be analyzed. Table 2 provides 
key information on how many factors have been reduced (extracting significant representatives) 
out of our list of the initial 12 variables (Table 4). Table 2 (Total Variance Explained) presents the 
results of factor extraction.

Table 2. Total Variance Explained.

Component

Initial Eigenvalues Extraction Sums of Squared 
Loadings Rotation Sums of Squared Loadings

Total % of  
Variance

Cumulative  
% Total % of  

Variance
Cumulative  

% Total % of  
Variance

Cumulative  
%

1 8.042 67.019 67.019 8.042 67.019 67.019 7.807 65.056 65.056

2 2.359 19.661 86.680 2.359 19.661 86.680 2.595 21.625 86.680

3 .923 7.688 94.368

4 .409 3.412 97.780

5 .155 1.294 99.074

6 .062 .514 99.588

7 .026 .220 99.808

8 .013 .108 99.916

9 .006 .053 99.969

10 .003 .026 99.995

11 .001 .005 100.000

12 8.237E-
7 6.864E-6 100.000

Extraction Method: Principal Component Analysis.

Source: Author’s calculation.

Characteristic values greater than 1 (8.042 and 2.359) were taken as the criteria for selecting the 
number of factors. The first two factors have characteristic values greater than 1, and the percentage 
of variance explained is high (86.680%). The table shows that the first factor explains as much as 
67.019% of the total variability of all 12 original variables and the second factor 19.661%. Important 
information is that these two factors explain 86.680% of the total variability, which is enough to be 
“representative” of all the original variables. After selecting the factors, rotation and extraction of 
factors was done. Table 3 presents the results of factor rotation and extraction
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Table 3. Factor rotationa.

Component

1 2

Household final consumption .991

GDP per capita .986

Nominal GDP .985

Interest rate -.967

Household deposits .965

Government final consumption .930 .326

Average net wages .757 .585

 Import/Export .723

Gross investments .720 -.494

GDP growth rate -.901

 Industrial production growth rate -.304 -.779

Loans to households .598 .616
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 3 iterations.

Source: Author’s calculation.

The Rotated Component Matrix table shows that the first factor is most correlated with Household 
final consumption expenditure (0.991), GDP per capita (0.986), Nominal GDP (0.985), Interest 
rate (-0.967) and Household deposits (0.965). The second factor is most correlated with GDP 
growth rate (-0.901). Therefore, these variables were taken as indicators for examining the impact 
on the Value of works done. Therefore, by applying Principal Component Analysis, the initial 12 
variables were reduced to six, without losing information that is essential for the description of the 
dependent variable (Model A; Value of works done). It has been obtained the main macroeconomic 
indicators relevant to the real estate market which will best explain the phenomenon analyzed. 
The Enter method was applied to this list of variables (inclusion of all independent variables in the 
model at the beginning of the analysis without any restrictions in the regression model). 

4.2.  MODEL A: APPLICATION OF THE ENTER METHOD IN THE ANALYSIS OF THE  
          IMPACT OF MACROECONOMIC FACTORS ON THE VALUE OF WORKS DONE

Model A analyzed the impact of macroeconomic factors on the value of construction works done. 
The value of works (Statistical Yearbook of the Republic of Srpska, 2020., section: Construction) 
done includes all the built-in construction materials and labor used. The cost of land acquisition, 
design, supervision and VAT is not included in the value. Data on the value of works done refer to 
works done in a given year on completed and unfinished constructions. 
The value of works done is given on the basis of annual accounting situations. It was analyzed the 
value of works done in construction as a dependent variable, and the household final consumption 
expenditure, GDP per capita, nominal GDP, interest rate, household deposits in commercial banks 
and the real GDP growth rate as independent variables. Table 4 shows the analyzed variables in 
the regression model.
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Table 4. Dependent and independent variables.

Year 

The value of 
works done in 
construction 

(000 EUR)

Household 
final 

consumption 
expenditure

GDP per 
capita

Nominal 
GDP 

(mil. EUR)

Interest 
rate

Household 
deposits in 
commercial 

banks 
 (mil. EUR)

Real GDP 
growth 
rate (%)

2007 674,751.90 11,324.11 3,255 11,523.20 7.17 2,622 6.00

2008 882,189.66 11,502.60 3,684 13,047.80 6.98 2,633 5.60

2009 722,235.57 11,042.20 3,580 12,679.30 7.93 2,793 -3.00

2010 636,175.95 11,210.10 3,663 12,968,90 7.89 3,251 0.90

2011 689,468.92 11,557.90 3,791 13,411,80 7.43 3,605 1.00

2012 672,106.47 11,809.40 3,793 13,407.50 7.20 3,914 -0.80

2013 717,651.84 11,947.40 3,878 13,691.80 7,23 4,276 2.30

2014 802,038.01 12,121.30 3,967 13,988.30 6.32 4,623 1.20

2015 809,532.53 12,333.80 4,155 14,617.40 6.16 5,044 3.10

2016 823,927.95 12,625.60 4,355 15,289.90 5.98 5,451 3.10

2017 796,330.46 13,009.80 4,578 16,042.40 4.24 5,763 3.20

2018 840,017.80 13,547.40 4,891 17,099.70 3.17 6,210 3.70

2019 801,502.18 14,218.60 5,168 17,908.30 3.35 6,770 2.70

Source: EUROSTAT, Central Bank of Bosnia and Herzegovina, Agency for Statistics of Bosnia and Herzegovina.

Regarding the output results, attention should be paid to the key tables. Table 5, Model Summary, 
provides key information about the validity of the regression model.

Table 5. Model Summaryb.

Model R R 
Square

Adjusted 
R Square

Std. Error 
of the 

Estimate

Change Statistics
Durbin-
Watson

R 
Square 
Change

F 
Change df1 df2 Sig. F 

Change

1 .899a .809 .618 47610.95852 .809 4.234 6 6 .051 2.596
a. Predictors: (Constant),  Real GDP growth rate, Household deposits, Nominal GDP, Interest rate, GDP per capita, Household final 
consumption expenditure
b. Dependent Variable:  Value of works done.

Source: Author’s calculation.

The analysis of these results showed that the multiple correlation coefficient of the dependent variable 
(Value of works done) and independent variables (Real GDP growth rate, Household deposits, 
Nominal GDP, Interest rate, GDP per capita, Household final consumption expenditure) is 0.899, 
which means that the strength of their bond is very strong. The coefficient of determination is 0.809, 
which means that 80.9% of the variability of the dependent variable (Value of works done) can be 
explained by the impact of the independent variables (Real GDP growth rate, Household deposits, 
Nominal GDP, Interest rate, GDP per capita, Household final consumption expenditure). This 
shows that the independent variables that explain the dependent variable are well selected. Table 6 
presents ordinary regression coefficients – labeled B and standardized regression coefficients Beta. 
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Table 6. Ordinary and standardized regression coefficientsa.

Model

Unstandardized  
Coefficients

Standardized 
Coefficients

t Sig.

95.0% Confidence  
Interval for B Correlations Collinearity  

Statistics

B Std. Error Beta Lower  
Bound

Upper  
Bound

Zero- 
order Partial Part Tolerance VIF

1 (Constant) 1489619.298 1132415.091 1.315 .236 -1281300.61 4260539.205

Household 
final 
consumption 
expenditure

-220.559 110.796 -2.735 -1.991 .094 -491.667 50.549 .563 -.631 -.355 .017 59.269

GDP per 
capita 474184.218 163523.481 3.393 2.900 .027 74056.673 874311.763 .571 .764 .517 .023 43.002

Nom. GDP -.102 .035 -.649 -2.945 .026 -.187 -.017 -.550 -.769 -.525 .656 1.524

Interest rate 10073.904 35345.566 .214 .285 .785 -76413.580 96561.387 -.610 .116 .051 .056 17.728

Household 
deposits -13177.740 42155.469 -.239 -.313 .765 -116328.457 89972.978 .499 -.127 -.056 .055 18.333

GDP growth 
rate 20985.872 8130.329 .664 2.581 .042 1091.673 40880.071 .457 .725 .461 .481 2.079

a. Dependent Variable: Value of works done
Source: Author’s calculation.

Based on the obtained regression coefficients, the regression model is presented as follows:

It was concluded that out of the six observed independent variables, the variables with the greatest 
importance in relation to the dependent variable (Value of works done) are the following, in the 
order given: Household final consumption expenditure, GDP per capita, Nominal GDP, Interest 
rate, Household deposits and GDP growth rate.
Higher gross investments in the economy of Bosnia and Herzegovina, increase in GDP and thus in 
GDP per capita, interest rate as well as deposits (household savings) enable a higher Value of works 
done in construction. 
The value of construction works done in Bosnia and Herzegovina tends to increase with some 
exceptions. The construction sector directly affects the entire economy. Many areas have developed 
and are developing alongside the growth of construction. Likewise, construction develops along 
with the development of some areas such as transportation. It can be seen that along with roads 
(urban and suburban) the construction sector is experiencing great growth. There are also problems 
that are solved systematically with the cooperation of institutions. The assistance of international 
organizations is also significant. Thus, there is a Project to improve the business environment 
and attract investments at the local level, which is financed by the Government of Great Britain 
and is carried out in cooperation with the International Finance Corporation (IFC), a member 
of the World Bank Group. This project will implement an Integrated system for the electronic 
issuance of permits in the construction industry, which will increase the Value of works done in the 
construction industry in the coming period.
Based on all of the above, it has been observed that the real situation in Bosnia and Herzegovina 
is such that a lot of attention is paid to construction. Bosnia and Herzegovina should continue to 
encourage investment in the construction industry as well as solving many property legal issues in 
order to simplify obtaining building permits and shorten the period to construct buildings. 

4.3.  MODEL B: APPLICATION OF THE ENTER METHOD IN THE ANALYSIS OF THE  
          IMPACT OF MACROECONOMIC FACTORS ON THE VALUE OF NEW DWELLINGS 

Model B presented an analysis of the impact of macroeconomic factors on the Value of new 
construction. The value of new dwellings (new construction, average price of completed dwellings) 
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is obtained as a product of the usable area (in m2) and the average dwelling price in KM/m2. Table 
7 shows the variables analyzed in the model. New construction (According to the Classification of 
Types of Constructions in BiH-CC BiH, which is harmonized with the Classification of Types of 
Constructions in EU – CC, final version, Eurostat 1997) is the construction of a new building in a 
place where there was no building before or it existed but was removed. New construction is also 
considered the rebuilding of a building that was completely demolished due to war destruction 
or was so damaged that it had to be completely demolished. The Value of new construction 
(Average price of completed dwellings) was analyzed as a dependent variable, and Household final 
consumption expenditure, GDP per capita, Nominal GDP, Interest Rate, Household deposits in 
commercial banks, Real GDP growth rate were analyzed as independent variables (Table 7). 

 Table 7. Presentation of the variables analyzed in the regression model.

Year 

Value of
new 

construction 
(000 EUR)

Household 
final 

consumption 
expenditure 

GDP per 
capita

Nominal
GDP 

(mil. EUR)

Interest 
rate

Household 
deposits in 
commercial 
banks (mil. 

EUR)

Real GDP 
growth 
rate (%)

2007 96,183 11,324.11 3,255 11,523.20 7.17 2,622 6.00

2008 171,942 11,502.60 3,684 13,047.80 6.98 2,633 5.60

2009 148,904 11,042.20 3,580 12,679.30 7.93 2,793 -3.00

2010 158,273 11,210.10 3,663 12,968,90 7.89 3,251 0.90

2011 110,823 11,557.90 3,791 13,411,80 7.43 3,605 1.00

2012 105,682 11,809.40 3,793 13,407.50 7.20 3,914 -0.80

2013 84,133 11,947.40 3,878 13,691.80 7,23 4,276 2.30

2014 91,146 12,121.30 3,967 13,988.30 6.32 4,623 1.20

2015 86,215 12,333.80 4,155 14,617.40 6.16 5,044 3.10

2016 120,337 12,625.60 4,355 15,289.90 5.98 5,451 3.10

2017 93,440 13,009.80 4,578 16,042.40 4.24 5,763 3.20

2018 129,736 13,547.40 4,891 17,099.70 3.17 6,210 3.70

2019 155,260 14,218.60 5,168 17,908.30 3.35 6,770 2.70

Source: EUROSTAT, Central Bank of Bosnia and Herzegovina, Agency for Statistics of Bosnia and Herzegovina.

Regarding the output results, attention should be paid to the key tables. Table 8, the Model Summary, 
provides key information about the validity of the regression model. 
 

Table 8. Model Summaryb.

Model R R 
Square

Adjusted 
R Square

Std. Error 
of the 

Estimate

Change Statistics
Durbin-
Watson

R 
Square 
Change

F 
Change df1 df2 Sig. F 

Change

1 .910a .828 .655 17.90413 .828 4.799 6 6 .039 2.958
a. Predictors: (Constant),  Real GDP growth rate, Household deposits, Nominal GDP, Interest rate, GDP per capita, Household final 
consumption expenditure
b. Dependent Variable:  Value of works done.

Source: Author’s calculation.
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The analysis of these results has shown that the multiple correlation coefficient of the dependent 
variable (Value of works done) and independent variables (Real GDP growth rate, Household 
deposits, Nominal GDP, Interest rate, GDP per capita, Household final consumption expenditure) 
is 0.910, which means that the strength of their bond is very strong. The coefficient of determination 
is 0.828, which means that 82.98% of the variability of the dependent variable (Value of works done) 
can be explained by the impact of the independent variables (Real GDP growth rate, Household 
deposits, Nominal GDP, Interest rate, GDP per capita, Household final consumption expenditure). 
Table 9 presents ordinary regression coefficients - labeled B and standardized regression coefficients 
Beta. 

Table 9. Ordinary and standardized regression coefficientsa.

Model

Unstandardized  
Coefficients

Standardized 
Coefficients

t Sig.

95.0% Confidence  
Interval for B Correlations Collinearity  

Statistics

B Std. Error Beta Lower  
Bound

Upper  
Bound

Zero- 
order Partial Part Tolerance VIF

1 (Constant) -549.475 425.845 -1.290 .244 -1591.481 492.531

Household 
final 
consumption 
expenditure

.005 .042 .143 .109 .916 -.097 .107 -.016 .045 .019 .017 59.269

GDP per 
capita 207.372 61.493 3.749 3.372 .015 56.904 357.840 .081 .809 .572 .023 43.002

Nom. GDP 7.927E-7 .000 .013 .061 .953 .000 .000 .215 .025 .010 .656 1.524

Interest rate 13.313 13.292 .715 1.002 .355 -19.211 45.836 -.017 .378 .170 .056 17.728

Household 
deposits -71.409 15.853 -3.270 -4.505 .004 -110.199 -32.619 -.165 -.879 -.764 .055 18.333

GDP growth 
rate .644 3.057 .052 .211 .840 -6.837 8.126 -.066 .086 .036 .481 2.079

a. Dependent Variable: Value of works done

Source: Author’s calculation.

Based on the obtained regression coefficients, the regression model is presented as follows:

1 2 4 5 6549,475 0.005 207,372 13,313 71,409 0.644 .Y X X X X X= − + + + − +

Taking into account the values of the regression coefficients, it was concluded that out of the six 
observed independent variables, the variables with the greatest importance to the dependent 
variable, New construction, are the following, in the order given: Household final consumption 
expenditure, GDP per capita, Nominal GDP, Interest rate, Household deposits and Real GDP 
growth rate. 
An increase in the household final consumption expenditure, a higher GDP per capita, an increase 
in the nominal GDP, a lower interest rate and a higher GDP growth rate enable greater New 
construction, i.e. sale of new dwellings. 
Household deposits are one of highly significant factors that explain the dependent variable, New 
construction, which is a surprising fact. There were expectations that the purchase of new dwellings 
would be mostly financed by loans, but it is not the case. According to the data of the Central 
Bank of Bosnia and Herzegovina for 2019, total household deposits with commercial banks in 
Bosnia and Herzegovina have been EUR 6.7 billion, which is the highest recorded level. Household 
deposits have by far the largest share of total deposits with commercial banks, 55.4%, and therefore 
represent an important basis for financing and functioning of the real estate market. The population 
in BiH continuously increases deposits, so compared to the situation at the end of last year, they 
increased by 8.2%. The growth of household savings deposits is also influenced by the continuous 
decline in interest rates over the last few years. Interest rates on household deposits in EUR have 
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recorded a continuous decline during the last (analyzed) years, with minor fluctuations.
A stable domestic banking sector, along with a reliable system for deposit insurance, provides a 
guarantee to the population that they keep their financial assets in bank accounts, through which 
they perform current transactions or save for the purchase of real estate. 
For the other factors, Household final consumption expenditure, Real GDP growth rate, GDP 
per capita, Nominal GDP, it was realistic to expect that they significantly explain the dependent 
variable. 
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5. CONCLUSIONS

Economic theory and practice are not acquainted with any unique set of indicators that affect GDP 
and real estate prices. The very complexity of this phenomenon relativizes any attempt to establish 
an unchanged list of indicators. Therefore, the author’s subjectivism in the field of selecting these 
indicators is present. The actual number of indicators will be seen in the concrete analysis, where 
their interdependence and the appearance of duplication should be taken into account because 
these two facts directly affect the selection of the optimal number of indicators. Numerous studies 
confirm the positive relationship between the mentioned variables (factors) with GDP and the price 
of real estates. The results of the research show that the variables with the greatest importance to real 
estate prices, from the point of view of the value of works done in construction, are the following: 
household final consumption expenditure, GDP per capita, nominal GDP, interest rate, household 
deposits and GDP growth rate. From the point of view of New construction, the following are 
of greatest importance to real estate prices: household final consumption expenditure, GDP per 
capita, nominal GDP, interest rate, household deposits and GDP growth rate. Completely identical 
significance (order) is rare, and in our research it is confirmed by an adequate selection of analyzed 
factors. 
The results of this research can be useful to economic policy makers for making right decisions 
in solving the structural problems of growth and development of a country, and in this way, more 
precisely directing their activities towards economic growth and progress of the overall economy of 
Bosnia and Herzegovina. Modeling the impact of macroeconomic factors on GDP and real estate 
prices will have macroeconomic effects and benefits for the country and contribute to the growth 
and well-being of operators in the real estate market. At the same time, it should be emphasized 
that the results of this research can be reflected on some segments of the future organization of 
institutions responsible for geodetic and property legal affairs in the Republic of Srpska, i.e. in 
Bosnia and Herzegovina.  
The scientific and professional contribution of this paper is to show the possibility of applying 
factor and regression analysis in the analysis of the impact of relevant macroeconomic factors on 
GDP and the real estate market, as well as for economic policy makers to direct their activities 
while respecting the conclusions reached by the community of experts. 
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ABSTRACT

Our paper aims to identify the most important factors determining companies’ 
decision to invest in the energy transition in Algeria. Energy transition has 
been many governments’ main topic of interest over the last decades, climate 
change has led many of them to establish long-term plans for a successful energy 
transition; these plans aim to reduce greenhouse gas emissions following the 
guidelines of the COP21. Through a quantitative approach, we have addressed 
a questionnaire to different companies operating in Algeria and have obtained a 
total of 117 responses. The results show that financial, technical and regulatory 
factors have minimal impact on companies' decision to invest in renewable 
energy and energy efficiency in Algeria. Further studies should explore other 
investment factors to help accurately determine those that significantly impact 
companies’ decisions to invest in Algeria’s renewable energy and energy efficiency. 
Furthermore, targetting one sector at a time and exploring the alternatives of 
foreign direct investment in renewable energy can result in higher efficiency.

Keywords: Investment, renewable energy, energy efficiency, energy transition, 
Algeria.

1.  INTRODUCTION 

By the beginning of the 21st century, the world had started to run out of usable energy from fossil fuels 
(oil, gas, coal, natural gas, and nuclear power) (Strielkowski, Civín, Tarkhanova, Tvaronavičienė, 
&Petrenko, 2021). Climate concerns were first expressed at the first world climate conference in 
1979 (Mert, Bölük, &Çağlar, 2019).
Climate change refers to the progressive alteration of the Earth’s climate and physical geography 
that is associated with the increase in the planet’s global temperature. The human contribution to 
this can be measured by the carbon footprint (Azarkamand, Ferré, &Darbra, 2021). The energy 
transition is defined as the shift from the production and use of conventional sources of energy to 
renewable and sustainable energy sources (Thomas, DeCillia, Santos, &Thorlakson, 2022).
It is widely recognized that an “ energy efficiency gap” has been identified between current energy 
use and optimal energy use (Jaffe, Newell, &Stavins, 2004). Increased energy efficiency and 
behavioral changes in consumer demand could significantly contribute to achieving climate goals 
(Löffler et al., 2022).
Even though the cost of renewable energy has dropped significantly over the past twenty years and 
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certain renewable energy projects are now cost-effective, nonetheless, it remains more expensive 
than other forms of energy (Wiser& Pickle, 1998). Wind and solar energy are not yet developed 
enough to be a complete and flexible backup (Strielkowski et al., 2021). Renewable energy also 
hinges on a social strategy that creates shared value from cost leadership strategy, differentiation 
strategy, and strategic interaction (Kherchi, Mohamed & Ahlem, 2019).
The interest in corporate climate strategy is linked to the apparent shift in the attitude of the 
company’s stakeholders towards international action on climate change (Okereke, 2007). The 
investment decision of companies is the result of a process influenced by the perceptions and 
power of different actors, by the context, and also by the characteristics of the investment project, 
particularly whether it is more or less strategic (Cooremans, 2010).
Wiser and Pickle (1998) studied the factors that lead some companies to invest in renewable energy. 
Cooremans (2010) is concerned with companies’ investment in energy efficiency. According to 
these studies, the main objective of our study is to determine the type of factors among financial, 
technological, and legal factors that are influencing the investment decision of companies in 
renewable energy and energy efficiency in the Algerian context.
To understand and address the reasons underlying the different behaviors of companies towards 
renewable energy and energy efficiency investments, based on several studies (Abban& Hasan, 
2021; Cooremans, 2010; Kozlova& Collan, 2020; Li, Liu, Zhang, & Xu, 2021; Okereke, 2007; Wiser& 
Pickle, 1998; Zhou, Luo, Cheng, Yüksel, &Dinçer, 2021), we state our research question as follows:
What are the main factors that determine renewable energy and energy efficiency investments in 
Algeria?
The present paper is based on a quantitative approach (Cooremans, 2010; Wiser & Pickle, 1998) 
that aims to analyze the factors influencing the decision of companies to invest in renewable energy 
and energy efficiency in Algeria, and this, through a survey by questionnaire.

2.  BACKGROUND

In their paper, Benetatos et al (2019) highlights the issue of energy demand which, according to 
their study, will experience a continuous increase in the future, mainly due to the population’s 
continuous growth, which is estimated to reach 9.7 trillion by 2050. Final energy demand is 
expected to increase by about 1.8% per year, driven by the need for energy to support higher living 
standards, and accompanied by massive energy efficiency gains. There are studies such as (Dupont 
et al., 2021) present scenarios that are based on the possibility of an absolute decoupling between 
the production of goods and services and energy consumption.

2.1.  ENERGY TRANSITION IN ALGERIA

Algeria ranks among the top five natural gas-producing countries in the world, and among the top 
ten countries in the world for oil production. It plays a key role in global energy markets as a major 
producer and exporter of these products (Zaid et al., 2017). The Algerian economy is very heavily 
dependent on fossil fuels (Díaz-Cuevas et al., 2021) and in particular natural gas (Zaid et al., 2017), 
approximately 93% of its exports from Algeria are primarily oil and natural gas exports (Bouraiou 
et al., 2020; Mohamed & Hanane, 2021). 
Due to the increase in the emissions of CO2 and energy consumption, environmental economists 
and policy analysts have focused their attention on the use of renewable energy rather than 
traditional energy consumption (Youcef & Bouabdellah, 2022). The transition to an energy system 
focused on the electricity sector is increasingly crucial to extend the longevity of fossil fuels, but 
also to meet current greenhouse gas emission commitments (Makhloufi, Khennas, Bouchaib, & 
Arab, 2022).
Algeria may be divided into two distinct major climatic areas. The northernmost consists principally 
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of the Atlas Mountains and is subject to the influence of the Mediterranean Sea. While the southern 
region is largely desert (Bouraiou et al., 2020; Makhloufi et al., 2022). With different potentials in 
terms of renewable energy resources, these two regions’ budding differs especially for wind and 
solar resources, which are considered the most promising energy alternatives (Makhloufi et al., 
2022).
Algeria ratified the United Nations Framework Convention on Climate Change (UNFCCC) in 
1993 and the Kyoto Protocol in 2005. Moreover, in 2010, it insisted through the Schéma National 
d’Aménagement du Territoire (SNAT) on integrating the sustainability dimension as a priority 
concern in urban and national planning (Chettah & Nait Amar, 2021).

2.2.  POTENTIAL OF RENEWABLE ENERGY IN ALGERIA

Algeria is characterized by abundant renewable energy resources such as solar, wind, hydraulic, 
biomass, and geothermal energy (Bouraiou et al., 2020). However, Makhloufi et al, (2022) 
highlighted the issue of solar photovoltaic and wind energy which are both intermittent energy 
sources and are therefore not available all day, especially at night for solar. It is therefore particularly 
important to maintain the stability of the power system and adequate reserve margins. Fossil fuel 
plants will then still be needed by 2050 to overcome these constraints.
The selection of appropriate sites for the deployment of wind or solar energy requires taking into 
account other specific criteria besides the estimation of the resource potential, avoiding as much as 
possible negative impacts on the environment and the population (Díaz-Cuevas et al., 2021).
Díaz-Cuevas, Haddad, & Fernandez-Nunez (2021) have considered five feasibility criteria for wind 
and photovoltaic installations: distance to the electrical grid, proximity to population centers and 
the road network, inclination, and availability of wind and solar resources.

Table 1. Algeria’s capacity for renewable energy.

CAP (MW) Total renewable energies Hydropower Wind power Solar energy
2012 253 228 - 25
2013 253 228 - 25
2014 264 228 10 26
2015 312 228 10 74
2016 482 228 10 244
2017 663 228 10 425
2018 686 228 10 448
2019 686 228 10 448
2020 686 228 10 448
2021 686 228 10 448

MW stands for Megawatt.

Source: Compiled by the authors, data extracted from IRENA (2022).

The global volume of rainfall per year in Algeria is significant and estimated at 65 billion m3. 
Nevertheless, due to the lack of exploitation of all existing sites, they are not very exploitable by the 
country for the production of hydroelectric energy (Bouraiou et al., 2020). However, from table 1, 
we can see that solar energy is the most deployed and present form of renewable energy in Algeria 
due to its relatively large capacity. Hydroelectricity comes in the second position followed by wind 
energy.
Algeria has a strong solar energy potential, especially in the Saharan region (Bouraiou et al., 2020), 
with an average annual solar exposure estimated at 2,000 hours, and an average of 6.57 kWh/m2/
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day, Algeria’s photovoltaic production capacity is estimated at 13.9 TWh/year in 2017 (Zaid et 
al., 2017). The country’s solar energy capacity increased significantly from 2012 to 2018 only to 
stagnate thereafter.
78% of Algeria’s area is characterized by winds exceeding 3m/s with about 40% of these winds 
exceeding 5 m/s. The southern region is characterized by higher speeds than the northern region, 
which makes it favorable for the use of wind energy such as wind farms or hybrid systems (Bouraiou 
et al., 2020). However, from the above table, it can be seen that the country’s wind energy capacity 
is low, as it is poorly deployed in the country.
A renewable energy and energy efficiency development program was adopted by the Algerian 
government in 2011 and revised in 2015 (Bouraiou et al., 2020). Renewable energy in Algeria, 
particularly solar and wind power, has already achieved commercial acceptability, economic 
viability, and compatibility with existing energy production modes, making it an alternative to 
traditional energy (Zaid et al., 2017). 
Algeria has a large geothermal capacity, estimated in terms of electricity generation, at 700MW. 
More than 200 heat sources have been identified in the north of the country, of which nearly 1/3 
(33%) have a temperature above 45° C (Zaid et al., 2017).

3.  LITERATURE REVIEW

The global renewable energy market is growing at an exponential pace due to favorable government 
policies and technological advancements; solar photovoltaic and wind power are the most promising 
sectors due to market size, decreasing costs, and profitability potential (Peng et al., 2019).
Further development prospects indicate that oil, gas, and coal will gradually withdraw from the 
power generation market. Hydro and nuclear power plants will continue to be developed, and a 
larger share of the market will be taken by generation from non-conventional sources: so-called 
green technologies, and renewable energy sources (Kosarev, Rebrov, Naumenko, &Barch, 2020).
Most of the investments in renewable energy stem from European countries. Indeed, the European 
Union is one of the main supporters of the Paris Agreement on climate change and is committed 
to reduce its greenhouse gas emissions and increase the use of renewable energy by 20% in 2020 
(Abban & Hasan, 2021).
The term “driver” is used to refer to the factors that have the potential to “force” companies to take 
action on climate change, even if they would not normally do so. The main source of these external 
pressures is usually government regulation and public and non-governmental pressure, as well as 
investor pressure (Okereke, 2007).
Kozlova & Collan (2020) estimated the attractiveness of investments in different regions of Russia 
based on four investment factors: profitability; accessibility of the region; power grid conditions and 
finally demand. These factors are assumed to have equal weight. The results allow for a comparative 
analysis of different regions in terms of the attractiveness of renewable energy investments. In terms 
of profitability, a region with the highest renewable energy potential is not necessarily the best place 
for renewable energy investment.
Companies tend to understand that the climate change concern at the national and global levels 
will eventually lead to fundamental changes in the way they conduct business. By being proactive 
and pioneering in implementing certain climate-related actions, they would gain credibility 
and influence, allowing them to play an active role in determining the exact direction of change 
(Okereke, 2007). The companies of the primary sector in the context of their activities are more 
aware of the importance of the energy transition, and they are more likely to be the first ones to do 
some actions in this context (Cooremans, 2010). 
Table 2 summarizes the determinants or factors of investment decisions in renewable energy. These 
factors have been classified into dimensions, which are: a technical dimension; those related to the 
market, and finally the financial dimension.



Factors of investment in renewable energy and energy efficiency in Algeria

165

Table 2. Dimensions and criteria for energy investment decisions.

Dimensions Criteria

Technical dimension
Technological infrastructure
Availability of the materials
Organizational performance

Market-related dimension
The fair competition
Suppliers’ equipment

Customer expectations

Financial dimension
Profitability
Sales growth

Return on investment (ROI)
Source: Zhou et al., (2021)

The results of the study conducted by Zhou et al, (2021) show that organizational efficiency and 
profitability are defined as the most important criteria for investment in renewable energy. However, 
other studies (Löffler et al., 2022) found that the reglementary and market-related factors are those 
which impact most companies’ decision to invest in renewables and energy efficiency which was 
the case in Germany.
Large-scale investments in renewable energy and storage systems are a compelling option for 
achieving climate goals and are proving to be minimum requirements for other technologies 
(Löffler et al., 2022). Investments in renewable energy, including solar and wind power equipment, 
which provide carbon-free electricity, are growing significantly (Li, Liu, Zhang, & Xu, 2021).

3.1.  TECHNICAL DIMENSION DETERMINANTS

Okereke (2007) discusses the basic technological transformations in the energy transition, which can 
be subdivided into three categories based on their cost. The low ones, he cites the example of energy-
saving light bulbs; motion sensors; compact fluorescent tubes; video-conferencing technology via 
telephone; and the installation of hand dryers. Medium transformations such as the refurbishment 
of company premises; change of operating system; change of windows; reorganization (of work/
offices). As well as high-level conversions such as replacement of cooling towers, generators, boilers; 
insulation; installation of waste heat recovery equipment; heat traps; change of chimneys; vehicle 
exhaust pipes. There is a requirement for companies to exploit information and communication 
technologies as part of strategic planning processes to ensure transformational development 
(Mašić, Nešić & Vladušić, 2018).

3.2.  MARKET-RELATED DETERMINANTS

Competitiveness and affordability are important drivers of market growth (Rechsteiner, 2021). It 
can be argued that treating corporate climate responses as part of corporate social responsibility 
could result in fewer losses than if carbon control programs were integrated into their business 
strategy (Okereke, 2007).
Abban & Hasan’s (2021) study reveals that a government’s policy orientation directly influences 
investment in renewable energy. Developed countries do not see renewable energy as an alternative 
to the conventional method of power generation. If these countries are committed to the growth of 
renewable energy, it is because they believe that these investments are essential for the environment. 
Indeed, government support policies encourage such investments; however, the nature and 
effectiveness of these support policies depend on the type of renewable energy technology.
It can be inferred that viewing corporate climate protection actions in terms of responsibility and 
ethical obligations rather than in terms of strategy is a better way to link corporate commitment to 
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reducing greenhouse gas emissions to people’s rights to a quality environment (Okereke, 2007). In 
addition, there is a need to develop effective economic and social policies, such as tax incentives, 
research and development, labor force training, etc., in order to improve and increase productivity, 
especially in the real market (Dada, Olomola & Ajide, 2020). 

3.3.  FINANCIAL DETERMINANTS

The costs of renewable energy technologies strongly influence the future costs of electricity 
generation (Löffler et al., 2022). Wind and solar energy, considered too expensive in the past, 
turned out to be cheaper than the use of oil, coal, gas, or nuclear energy for electricity production, 
even without taking external costs into account (Rechsteiner, 2021).
The initial investment cost of renewable energy is much higher than that of conventional energy 
and represents a very large part of its lifetime cost. On the other hand, their operating cost is lower 
than that of conventional energy and they generate fewer carbon emissions than the latter (Li et 
al., 2021).
The energy transition has become an unavoidable step, especially in emerging countries. Since 
2019, investment in renewable energy has declined significantly due to the Covid-19 pandemic, 
geopolitical conflicts, and the global economic recession. Indeed, with insufficient investment in 
renewables and energy efficiency projects, it is difficult to achieve Sustainable Development Goals 
(Wang, C. et al., 2022).
In today’s era, the main focus of emerging economies is environmental protection, where scientists, 
researchers, and policymakers insist on exploiting clean energy resources, such as renewable 
energy. However, it is noticed that in reality, the attention given to renewable energy investments 
and consumption remains timid at the global level (Wang, C. et al., 2022). 
To answer our research question and based on the results of (Abban & Hasan, 2021; Bauwens, 
2019; Cooremans, 2010; Li, Liu, Zhang, & Xu, 2021; Okereke, 2007; Wiser& Pickle, 1998), we 
highlight the following hypotheses:

• H1: Companies in the primary sector are more invested in energy efficiency and are more 
likely to invest in renewable energy.

• H2: Regulation is the main factor influencing the decision of companies to invest in renewable 
energy in Algeria.

4.  METHODS

4.1.  DATA

To determine our population, we have identified 190 companies through the database of the 
Algerian Chamber of Commerce and Industry and the address books of SAFEX. Among them, 
only 145 companies have a valid e-mail address and were therefore included in our sample.
The platform LinkedIn was also used as a database. Through this platform, we were able to collect 
the contact information of 190 professional people from different sectors of activity who were then 
contacted.
The selection of the respondents’ profiles is based on their roles within their companies as well as 
their level of knowledge about the information on which we want evidence (Cooremans, 2010).
In order to have a representative sample, the number of respondents to our questionnaire must 
be relatively large. We obtained 117 usable responses. This gives us a response rate of 34.92%. Our 
confidence interval is 95% with a margin of error of about 9%. These percentages were calculated 
using the website: https://fr.checkmarket.com/calculateur-taille-echantillon/, a site recommended 
by many statisticians.
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Our questionnaire addresses the three types of determinants previously outlined in our literature 
review, namely financial, technological and legal factors. In order to analyze them, we will consider 
different variables that explain them, such as financial constraints, the degree of mastering the 
technology related to renewable energies, the competitive advantage that this type of investment 
could bring, and the existing legislation. These variables are mentioned in Appendix 1.

4.2.  METHODS

To test our hypotheses and to answer our research question, we are conducting a quantitative study 
that aims to validate or not our hypotheses through a bi-dimensional analysis and a multidimensional 
analysis through a discriminant factor analysis. According to the study of Cooremans (2010) These 
methods are considered sufficient to examine our hypotheses.
The survey questionnaire was constructed using Google Forms, and was distributed online; by email 
as well as on the professional platform LinkedIn on April 2022. The questionnaire consisted mainly 
of closed-ended questions, both dichotomous and multiple choice, and Likert scale questions.
The questions, scales, and different elements composing the questionnaire are founded based on an 
exhaustive review of the literature and the opinion of experts in the field. The questions are grouped 
into categories according to the topic to which they refer, in different sections, thus obtaining a total 
of eight (8) items. The average response time for this questionnaire is 10 to 15 minutes, according 
to feedback from some of the study participants.
Referring to the study by Cooremans (2010) the data collected are processed statistically with the 
Excel tool and the SPSS program (Statistical Package for the Social Sciences: version 25).

5.  RESULTS

5.1. RESPONDENTS’ CHARACTERISTICS

5.1.1. RESPONDENTS’ PROFILES

The last section of our questionnaire contains questions related to the respondents’ profiles. This part 
of the questionnaire aims to provide a brief description of the profiles of the people participating 
in the survey.
Table 3 summarizes the overall respondents’ profile, i.e., their gender and age category. This may 
affect the quality of the responses to the questionnaire and their perceptions on the subject of 
energy transition and business investment in renewable energy and energy efficiency. Of the 117 
participants in our survey, 103 men filled out the questionnaire, which represents about 85%. 
Nearly two-thirds of the respondents are between 30 and 50 years old.

Table 3. Respondents’ profiles.

Gender
Women Men Total

Age range Under 30 y. o. 4 23 27
Between 30 and 40 y. o. 4 48 52
Between 40 and 50 y. o. 6 17 23

Over 50 y. o. 0 15 15
Total 14 103 117

Source: Author’s calculation.

Table 4 presents the characteristics of all respondents to our survey questionnaire. The majority of 
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them hold technical and supervisory positions, with more than 50% being engineers, managers, and 
heads of departments. It is important to note that the respondents hold positions of responsibility 
and have knowledge and experience related to finance and energy.

Table 4. Characteristics of the respondents.

Headcount Percentage
Company’s status Executives 45 38.46

Technicians, supervisors 61 52.14
Employees, staff members 11 9.40

Total 117 100
Experience within the 

company
Less than a year 13 11.11

1 to 5 years 36 30.77
5 to 10 years 28 23.93

Over 10 years 40 34.19
Total 117 100

Source: Author’s calculation.

From Table 4 we can see that the majority of the respondents are experienced and have been in 
their current positions for more than 10 years; about 24% of our respondents have 5 to 10 years of 
seniority and experience in their current positions; while almost 41% are moderately experienced 
and have been in their positions for less than 5 years. According to figure 1, more than 50% of the 
respondents are managers and engineers in their companies, followed by senior executives.

Figure 1. Occupational status of the respondents. 

Source: Author’s calculation.

5.1.2.  COMPANIES’ PROFILES

The first part of our questionnaire is composed of questions related to the companies, from these 
questions we can identify the general characteristics of the companies in our sample, namely: the 
age of the company, its workforce, its sector of activity, its legal nature, as well as the characteristics 
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of the sectors of activity of the companies in our sample.
Our questionnaire was administered to a population composed of companies from all sectors 
operating in Algeria. The figure below presents the different sectors of activity of the companies 
that constitute our sample.

Figure 2. Companies’ sectors of activity.

Source: Author’s calculation.

To simplify our study, we will group these various activities of the companies responding to our 
questionnaire into three major sectors. The primary sector consists of all the activities whose 
purpose is to explore natural resources, such as agriculture and mining. The secondary sector for 
its part, groups all the activities consisting of a more elaborate transformation of raw materials 
such as construction. While the tertiary sector is defined as the sector that groups together the 
complementary activities of the primary and secondary sectors.
Table 5 provides an overview of the age of the company, its size in terms of number of employees, 
as well as the sector of activity of the company. More than half of our sample consists of firms in 
the primary sector. The previous figure shows that the hydrocarbons, mining and related services 
sector represents 31% of our sample, followed by the water and energy sector with 20%.
The majority of the companies in our sample are quite old, 74 companies have been in business for 
more than 20 years, which is about 63%. There are only 19 companies that have been in business 
for less than 5 years. The table below shows that the majority of the companies in our sample are 
relatively large and have more than 200 employees.
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Table 5. Characteristics of the companies.

Company’s sector of activity

Primary sector Secondary 
sector Service sector Total

Company’s 
period of activity

Less than 5 years 13 4 2 19
Between 5 and 10 years 2 3 2 7

Between 10 and 15 years 10 4 3 17
Over 20 years 41 17 16 74

Total 66 28 23 117

Company’s 
workforce

Less than 10 employees 6 3 1 10
10 to 50 employees 3 2 2 7

50 to 100 employees 6 5 3 14
100 to 200 employees 10 1 4 15
Over 200 employees 41 17 13 71

Total 66 28 23 117
Source: Author’s calculation.

According to figures 3 and 4, the majority of the firms in our sample are privately owned with 41% 
followed by public firms with about 40%, we count a total of 48 private companies and 47 public. 
Only 39.3% of the companies in our sample are multinationals or their subsidiaries, amounting to 
a total of 46 companies.

Figure 3. Legal status of the company. Figure 4. Foreign ownership of the company.

Source: Author’s calculation.

5.1.3.  CHARACTERISTICS OF THE SECTOR OF ACTIVITY OF THE COMPANIES

Tables 6 and 7 summarize the degree of competition of the companies of our sample as well as the 
level of stability according to their sectors of activity following a Likert scale of 1 to 5. The majority 
of the companies in the sample operate in a highly competitive environment, and the primary 
sector remains the most competitive of the three.
As for the level of stability of the sectors of activity, the companies are operating in a rather stable 
environment, with an average of 3.70 on a scale of 1 to 5. More than 60 firms report operating in 
a moderately stable to a stable environment, with firms operating in the primary sector has the 
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highest stability.

Table 6. The level of competition according to the sector of activity.

Company’s sector of activity

Primary sector Secondary sector Service sector Total Mean Standard 
deviation

Low 9 3 2 14 3,60 1,390
Light 10 1 2 13

Neutral 10 7 5 22
Strong 15 6 4 25
High 22 11 10 43
Total 66 28 23 117

Source: Author’s calculation.

Table 7. The level of stability according to the sector of activity.

Company’s sector of activity

Primary sector Secondary sector Service sector Total Mean Standard 
deviation

Unstable 1 3 2 6

3,70 1,169

Low stability 6 4 1 11
Neutral 17 9 7 33

Moderately stable 14 8 7 29
Stable 28 4 6 38
Total 66 28 23 117

Source: Author’s calculation.

5.2.  RESULTS OF THE BI-DIMENSIONAL ANALYSIS

To test our first hypothesis, we conduct a bidimensional analysis between the sectors of activity of 
the companies in our sample and their renewable energy uses. Companies’ use of renewable energy 
reflects their interest in investing in energy efficiency (Cooremans, 2010).

5.2.1.  CHI-SQUARE TEST

We first proceed to a Chi-square test; its results are presented in Table 8. The asymptotic significance 
of the test is less than 0.05, which makes our result highly significant. The null hypothesis is then 
rejected.



Chikhi et al./Economics, doi: 10.2478/eoik-2022-0020

172

Table 8. Chi-square test.

Value ddl
Asymptotic 
significance 
(bilateral)

Pearson’s chi-square 20,365a 2 ,000
Likelihood ratio 20,978 2 ,000

Linear association 18,038 1 ,000
No. of valid observations 117

a. 0 cells (0.0%) have a theoretical number less than 5. The minimum theoretical size is 
10.81.

Source: Author’s calculation.

However, it is interesting to cross-analyze the sectors of activity of the companies in our sample 
and their use of renewable energy to get a clearer picture of which sector uses renewable energy 
the most, and therefore which sector invests the most in renewable energy and energy efficiency 
projects.

5.2.2.  CROSS ANALYSIS

From Table 9 and Figure 11 we note that of the three sectors of activity, the primary sector is the 
one that uses the most renewable energy, and thus represents more than 50% of our sample size.

Table 9. Crosstabulation - sectors of activity and renewable energy use.

Use of renewable energy
Total

Yes No

Company’s 
sector of activity

Primary 
sector

Headcount 47 19 66
% of total 40,2% 16,2% 56,4%

Secondary 
sector

Headcount 9 19 28
% of total 7,7% 16,2% 23,9%

Service 
sector

Headcount 6 17 23
% of total 5,1% 14,5% 19,7%

Total
Headcount 62 55 117
% of total 53,0% 47,0% 100,0%

Source: Author’s calculation.

However, Figure 5 shows the percentages of renewable energy use by our sample for each sector 
of activity, where there is a significant difference between the sectors of activity in their use of 
renewable energy.
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Figure 5. Companies’ sectors of activity.

Source: Author’s calculation.

To see the different symmetrical measures between our two variables, we performed a Gamma test 
whose results are shown in Table 10. The value of Gamma is 0.644 which is comprised between 0.5 
and 0.8, this indicates that there is a strong relationship between the sectors of activity and the use 
of renewable energy.

Table 10. Symmetric measurements – Gamma.

Value Standard 
asymptotic errora T approxb Approximate 

significance
Ordinal by Ordinal Gamma ,644 ,105 4,884 ,000

No. of valid observations 117
a. The null hypothesis is not being considered.

b. Use of the standard asymptotic error when considering the null hypothesis.

Source: Author’s calculation.

5.3.  RESULTS OF THE MULTIDIMENSIONAL ANALYSIS

To test our second hypothesis on the determinants of investment in renewable energy and energy 
efficiency in Algeria, we conduct a discriminant analysis through the use of a software tool (SPSS).
We opted for this method of analysis because it is the most suitable for studying our data, as it 
allows us to identify the most discriminating determinant with respect to the determinants that we 
have drawn from our literature review.
This analysis requires metric explanatory variables and a check of the collinearity of the items in 
our variables. In case of collinearity we must remove this multi-collinearity between the variables 
in order to apply this analysis method.
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5.3.1.  VERIFICATION OF THE MULTI-COLLINEARITY

To perform a discriminant factor analysis, we must first check that there is no collinearity between 
our variables. A collinearity test was performed for the variables concerned by our hypothesis.
The results of the test for multi-collinearity of the variables are presented in the table in Appendix 
1. They show the existence of strong collinearity between the different variables selected.
To perform a discriminant factor analysis of our variables, we must first eliminate the existing 
collinearity between them. To do this, there are two methods available to us: a factorial analysis of 
the components, or a grouping by average.
Since we have a grouping of our variables based on our literature review, we then proceed to group 
these variables by average, thus obtaining three groups of variables: finance; technology; and 
regulation and market-related variables.

5.3.2.  DISCRIMINANT ANALYSIS

Once we have grouped our variables into three large groups, we proceed to discriminant analysis. 
The purpose of this analysis is to verify the existence of differences between the groups, to check 
the discriminating power of the axes and to validate or not the hypothesis.

Table 11. Combined intra-group matrices.

Finance Technology Regulation

Correlation

Finance 1,000 ,246 ,235

Technology ,246 1,000 ,604

Regulation ,235 ,604 1,000
Source: Author’s calculation.

Table 11 shows the correlation between the groups of variables defined. It can be seen that the axes 
reflecting the technology and regulatory variables are highly correlated, while the financial axis is 
only slightly correlated with the regulatory and technology axes.

Table 12. Results of the Box test.

Test of Box 8,632
F Approx. 1,317

ddl1 6
ddl2 10356,779
Sig. ,245

Tests the null hypothesis of covariance matrices with equal populations.

Source: Author’s calculation.

The results of the Box test are not significant. From table 12 we can see that the Sig of the Box 
test is 0.245 higher than 0.05, so it is statistically not significant. The null hypothesis is therefore 
maintained. This indicates that the intra-class covariance matrix is not equal.
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Table 13. Wilks’s Lambda.

Test of function(s) Wilks’ Lambda Chi-square Ddl Sig.
1 ,941 2,265 3 ,519

Source: Author’s calculation.

From table 13 we note the value of the Wilkes Lambda test which is close to 1, which indicates that 
the means of the classes are equal. The sig is equal to 0.519, it is higher than 0.05, which makes it not 
significant. The null hypothesis is therefore maintained. This indicates that there is no relationship 
between the dependent variable and the independent variables.

6.  DISCUSSION

The main objective of the quantitative study is to test the validity of the hypotheses mentioned in 
the literature review. To meet our objectives, three different types of analyses were conducted: a 
unidimensional descriptive analysis; a bi-dimensional analysis; and multidimensional analysis.
Through the descriptive analysis, we were able to identify general information on the profiles of the 
respondents as well as those of the companies. Our sample is mainly made up of companies from 
the primary sector, more precisely companies from the hydrocarbons, mining, and related services 
sector with a proportion of approximately 31%, followed by the water and energy sector which 
represents 20% of our sample.
The companies of our sample are mostly ancient, nearly 63% of them have more than twenty years 
of existence in their assets. They are mainly large companies with more than 200 employees. As 
for their legal nature, our sample is composed of 41% of private companies and 40% of public 
companies, and mixed companies. From this analysis, we can see that the size of the company is 
positively correlated with its age.
The main part of respondents to our questionnaire are men aged between 30 and 40 years old 
with more than 10 years of experience in their field of activity. Our sample is mostly composed of 
senior executives, engineers and, managers. These profiles are characterized by having positions of 
responsibility and can influence on the decision-making process for renewable energy and energy 
efficiency investments within their companies.
The position of the respondents could indeed have an impact on their responses to the survey and 
their perceptions of the topic. Cooremans (2010) has emphasized this point in his research, it is 
particularly important to target the population to obtain reliable and relevant results.
To test our first hypothesis, we conduct a bidimensional analysis by performing a chi-square test 
and a cross-tabulation between the sectors of activity of the companies in our sample and their use 
of renewable energy (Wiser & Pickle, 1998).
The results of our bivariate analysis indicate that the primary sector is the one that uses the most 
renewable energy and by equivalence the one that invests the most in renewable energy and energy 
efficiency. As per the results of Bauwens (2019), the results we obtained affirm our first hypothesis 
which states that firms in the primary sector are more invested in energy efficiency and are more 
suitable to invest in renewable energy.
Through a discriminant factorial analysis, and in the framework of the multidimensional analysis, 
we studied the various variables previously grouped according to the dimensions retained from 
our literature review. Three groups of variables were studied: financial variables; technical variables 
related to renewable energy technology; and regulatory and political variables.
The results of our study show that the above-mentioned factors only weakly determine companies’ 
decision to invest in renewable energy and energy efficiency in Algeria. This suggests that other 
factors have more impact on firms’ decision-making for this type of investment. These results are 
at odds with the findings of Abban & Hasan (2021); Kozlova & Collan (2020); Löffler et al, (2022); 
Okereke (2007); Rechsteiner (2021); and Zhou (2019).
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7.  CONCLUSION

The main objective of our research is to identify the factors that determine the decision of companies 
to invest in renewable energy and energy efficiency in Algeria. We have studied three main families 
of factors, namely: financial factors; factors related to renewable energy technology; and regulatory 
factors. These factors are drawn from an exhaustive literature review that we conducted at the 
beginning of our research.
Our study aims to answer our research question formulated as follows: “What are the main factors 
that determine renewable energy and energy efficiency investments in Algeria?”. From our literature 
review, we have drawn two hypotheses, the first one assumes that companies in the primary sector 
are more invested in energy efficiency and are more able to invest in renewable energy. As for the 
second hypothesis, we assume that the regulation represents the main factor impacting the decision 
of companies operating in Algeria.
A quantitative study based on a questionnaire was conducted with a sample of 117 companies from 
all sectors operating in Algeria. This approach aims to validate our hypotheses.
First, we conducted a descriptive analysis. The objective of this analysis is to determine the 
composition of our sample. The results show that our sample is mainly composed of companies 
operating in the primary sector, more precisely in the sector of hydrocarbons, mining, and related 
services. The people who filled out our questionnaire are professionals with more than 10 years of 
experience, and most of them hold senior management positions within their companies, as well 
as managers and engineers.
To test our first hypothesis, we conducted a bidimensional analysis, using a chi-square test and a 
cross-tabulation between the sectors of activity of the companies in our sample and their use of 
renewable energy. We arrived at the following result: the primary sector is more receptive to the use 
of renewable energy and investments in energy efficiency.
Through a discriminant factorial analysis, we studied the various factors determining the investment 
decision of companies in renewable energy and energy efficiency retained from our literature 
review. This part of our study aims to verify the validity of our second hypothesis. The results of the 
analysis indicate that these factors are not significant and do not impact the decision of companies 
in Algeria to invest in the energy transition.
However, our study presents some limitations, among which are the following:
Targeting companies from different sectors of activity may be considered as a limit. However, this 
choice remains relevant and the most adequate to be able to make a comparison between them and 
determine the sector that is most involved in the energy transition;
Our survey was administered by e-mail and on the professional platform LinkedIn. It would be 
more relevant to adopt a more direct mode of administration by heading to the headquarters of 
different companies.
In addition to the above-mentioned limits of our research, the main objective was to determine 
which of the financial, technological, and regulatory factors impact the decision of companies 
operating in Algeria to invest in renewable energy and energy efficiency. In addition, the secondary 
objectives previously defined in the introduction of this research work have also been achieved.
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Table 14. Achievement of the objectives of our study.

Aims of the research

✓ To identify the factors that determine the decision of companies to invest in renewable energy and 
energy efficiency

✓ To broaden knowledge in the field of renewable energy and the economy of energy in general

✓ To have a better insight into the current state of energy transition in Algeria as well as into the 
country’s energy potential

✓ To identify the factors that influence the decision to invest in the energy transition in Algeria

Source: Author’s calculation.

Our analysis seems relevant, it allows us to explore the determinants of investment in renewable 
energy and energy efficiency selected from an exhaustive literature review, to identify the sector 
of activity most involved in energy transition and the most conducive to investment in renewable 
energy and energy efficiency, as well as to determine the most important factor retained that 
impacts the decision of companies to invest in the energy transition.
Future studies could explore other investment factors to determine with accuracy those that most 
impact the decision of companies to invest in renewable energy and energy efficiency in Algeria. It 
would also be interesting to target one sector at a time and explore the alternative of foreign direct 
investment in renewable energy.
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Appendix 1. multi-collinearity of the variables.

Non-standardized 
coefficients

Standardized 
coefficients Co-linearity statistics

B Standard 
error Beta t Sig. Tolerance VIF

( Constant ) ,678 ,463 1,465 ,146

Energy transition is a low priority 
for the company -,074 ,074 -,124 -1,007 ,316 ,549 1,823

Lack of a clear vision on available 
technologies ,135 ,086 ,223 1,561 ,122 ,403 2,479

Internal financing constraints for 
renewable energy technologies ,057 ,093 ,093 ,610 ,544 ,354 2,822

External financing problem -,006 ,090 -,011 -,070 ,945 ,362 2,761

Implementation difficulties due to 
internal organization -,081 ,089 -,121 -,914 ,363 ,473 2,113

The available technology is not yet 
mature ,044 ,090 ,070 ,491 ,625 ,400 2,501

The level of control of the 
technology -,048 ,093 -,077 -,518 ,606 ,371 2,699

Other important investments ,209 ,081 ,309 2,589 ,011 ,579 1,727

Better to wait for feedback from 
other companies -,028 ,083 -,044 -,338 ,736 ,486 2,056

Lack of coherence between energy 
and land use policies... ,063 ,087 ,089 ,723 ,471 ,547 1,827

Absence of a replacement scenario 
for conventional energy -,038 ,086 -,054 -,437 ,663 ,548 1,826

Lack of legal security and absence 
of regulatory laws -,080 ,095 -,114 -,845 ,400 ,454 2,204

Environmental and administrative 
constraints ,142 ,081 ,216 1,742 ,085 ,534 1,871

Conventional energy costs do not 
internalize external costs -,045 ,080 -,067 -,560 ,577 ,572 1,750

Availability and access to 
renewable energies ,014 ,070 ,023 ,208 ,836 ,662 1,512

Actions of the competition -,286 ,145 -16,353 -1,975 ,051 ,000 8312,940

Compliance with the legislation ,093 ,132 5,288 ,701 ,485 ,000 6891,487

Taxes related to the financing of 
investment ,167 ,142 9,524 1,179 ,241 ,000 7910,604

Cost reduction resulting from 
reduced energy consumption -,244 ,130 -13,821 -1,872 ,064 ,000 6609,520

Improving the competitive 
position -,183 ,159 -10,455 -1,156 ,251 ,000 9919,804

Improving the company’s image ,260 ,149 14,765 1,747 ,084 ,000 8662,958

Carbone tax ,029 ,138 1,657 ,211 ,834 ,000 7495,068

Sustainable development 
objectives ,018 ,149 1,007 ,119 ,906 ,000 8687,455

Having a competitive advantage ,148 ,158 8,411 ,934 ,353 ,000 9833,572

a.  Dependent variable: Company's sector of activity

Source: Author’s calculation.
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