
Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

76 

The energy efficiency of a country under the Green Deal Policy: 
the causal relationship between key determinants1 

Tetyana Pimonenko 
Sumy State University, Ukraine 

ORCID: 0000-0001-6442-3684, e-mail: tetyana_pimonenko@econ.sumdu.edu.ua 
 

DOI: 10.14595/CP/02/005 
 

Abstract: The paper aimed to check the impact of the core determinants on a country's energy efficiency policy. 
At the first stage of the investigation, the bibliometric analysis was used. It allowed identifying the determinants 
analysed by the scientists under the estimation of the country's energy efficiency policy. Thus, the following 
indicators were allocated: green investment; greenhouse gas emissions; share of the renewable energy in the 
final energy consumption. The study used the indicator energy efficiency for estimating energy efficiency policy 
of the country. The study used the bibliometrics analysis with instruments as follows as: Scopus and Web  
of Science Analysis Tools (to analyse the general tendency of publication activities); VOSviewer (to visualise the 
findings of meta-analysis); SciVal (for collaboration analysis). For the checking of the casual relationships between 
selected indicators, the following methods were applied: panel unit root test, Pedroni panel cointegration tests, 
the fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) panel cointegration 
techniques, Granger causality test. The data from the following databases were used: the Eurostat, Ukrstat and 
the European Environmental Agency. The findings confirmed the bi-directional causality between energy 
efficiency and renewable energy, unidirectional causality from greenhouse gas emissions to energy efficiency. 
Besides, considering the results of cointegration analysis, increasing the share of renewable energy in the final 
energy consumption provoked: the increasing the energy efficiency by 46% (FMOLS) and 32% (DOLS).  
The increasing of greenhouse gas emissions by 1% initiated declining of energy efficiency by 16% (FMOLS) and 
28% (DOLS); growing of green investment by 1% allowed the increasing of energy efficiency of the country  
by 71% (FMOLS) and 72% (DOLS). In this case, the government should implement effective instruments and 
policies to decline air pollution. Thus, under the transition process to the carbon-free economy, the additional 
green investment for renewable energy and green technologies reduces greenhouse gas emissions. 

Keywords: energy policy, energy gap, energy efficiency gap, sustainable development.  

JEL: P18; P28; P48; Q43; Q48 

Introduction 

The strengthening of energy efficiency issues and countries' energy dependency 

provokes the analysis and allocation of the main parameters that influence its changes. The 

Sustainable Development Goal (SDGs) 2030 (which contained 17 goals) involved seven goals 

focused on the affordable energy recourses for everyone. The 7th goal includes five main 

targets. One of the SDGs targets is increasing energy efficiency by developing green energy 

and clean technologies. Besides, in 2019, EU and Ukraine started to implement the “Green 
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MODULE «EU Carbon-free economy: best practices for Ukraine» 2020-2023. 
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Deal Policy" which aimed to transition into the carbon-free economy and increase  

the country's energy efficiency. The analysis results showed that for the developing countries, 

the increase in energy efficiency was the consequence of the declining of industrial production 

in the country. Besides, the developing countries had inefficient technology, which limited 

energy production. 

Moreover, countries had imbalances in all sectors, which justified spending financial 

sources on the essential areas. In this case, the emerging economies do not have enough 

financial sources to develop renewable energy and green technologies, increasing  

the country's energy efficiency. Thus, it is necessary to analyse the main parameters  

and determinants of the government's energy efficiency policy. 

Theoretical premises  

The findings proved that scientists identify the massive range of the parameters  

that influence a country's energy efficiency. In this case, to highlight the scientific trends  

in the energy efficiency investigations and core parameters that influenced energy efficiency, 

the study provided the bibliometric analysis. For the bibliometric analysis, the study combined 

the methodology described in the papers: [Akhundova et al., 2020; Ziabina & Pimonenko, 

2020; Mikhnevych et al., 2020; Bilan et al., 2020; Panchenko et al,. 2020; Pereira et al., 2019]. 

The core requirement was that all papers should be published in a Scientific Journal that 

indexed in Web of Science and Scopus. Besides, the list of the documents was trimmed (105 

357 papers) to eliminate the duplication. In general, the study used limitations as follows as:  

 time 1991-2020;  

 published in English;  

 indexed in the scientific databases Web of Science and Scopus;  

 keywords: energy efficiency, energy policy and carbon-free economy. 

After the first stage, the 105 357 papers were selected. In the next step of the analysis, 

the subject areas of the papers were limited to identify the perspective direction in economics 

areas on energy efficiency analysis. The study excluded all engineering and technical subject 

areas. After the limitation, 1,380.0 were left for further research. The Scopus and Web  

of Science Tools Analysis allowed identifying the publication activities' general tendency, 

allocated the core sponsors and subject areas. Scopus and Web of Science Tools Analysis 
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highlighted the most cited papers and scientists that analysed energy efficiency. The SciVal 

showed the collaboration between researchers and their impact on scientific background in 

the energy efficiency and energy policy. The last stage focused on the visualising of the  

co-occurrence analysis using software VOSviewer. 

The publication activities (Table 1) showed that Scopus contained more papers that 

focused on the analysis of energy efficiency than Web of Science. 

Table 1. Publication activities on energy efficiency in Web of Science (WOS) and Scopus for 

1991-2020 years 

Parameters 
Numbers of the documents 

WOS Scopus 
Keywords: Energy efficiency 20 240 32 966  

Keywords: Energy policy 6 013 27 345 
Dynamics of the documents 

 
Sources: own work compiled by the authors using Scopus and Web of Science.  

The findings in Table 1 confirmed the increasing tendency of publications on the energy 

efficiency in the scientific journals that indexed in Scopus and Web of Science for the years 

1991-2020. The co-citations and co-authorship findings allowed concluding that the Chinese 

scientists were the most active in co-citations and had the prominent teams of authors.  

The results of collaboration under the investigation the energy sectors among three countries 

- the United States of America, China and Ukraine - showed that in the United States  

of America, many investigations were realised under the international cooperation – 46.6% 
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(Figure 1a). Simultaneously, the share of institutional collaboration (27.5%) is higher than 

national collaboration (20.5%). The opposite situation can be seen in China (Figure 1b), where 

the share of national collaboration is 40.4%, with an equal share for international (29.8%) and 

institutional collaboration (28.8%). In Ukraine, international collaboration is 41.8%, 

institutional – 30.0% and the lowest share belongs to the national cooperation – 23.8%  

(Figure 1c).  

Figure 1. Scholarly output in the selected countries, by the amount of international, national, 

and institutional collaboration: (a) China; (b) Ukraine; (c) the United States. 

   

(a) (b) (c) 

 Only institutional 
collaboration 

 Single authorship   International 
collaboration 

 Only national 
collaboration 

 
Sources: own work compiled by the authors useing Scopus and SciVal. 

The publication activities on the selected keywords in Scopus by affiliations for the 

years 1991-2020 are shown in Table 2. The findings confirmed that the significant sponsors of 

the investigation on the energy efficiency were National Natural Science Foundation of China, 

National Science Foundation, Department of Science and Technology, Japan Society for the 

Promotion of Science, Deutsche Forschungsgemeinschaft. Moreover, such results could be 

proved by the numbers of the documents by the countries. 
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Table 2. Co-authorship citations analysis on the selected papers in Scopus for the years 

1991-2019 

Country Number of 
papers The biggest sponsor The most cited 

paper 
Number  

of citations 

China 2682 
National Natural Science Foundation of 
China; Fundamental Research Funds for 

the Central Universities 

Chen et al., 2009 
Ong et al., 2016 

2258 

2074 

The United 
States 2315 National Science Foundation; US 

Department of Energy; Office of Science 
Joannopoulos et 

al., 1997 2546 

India 921 

Department of Science and Technology, 
Ministry of Science and Technology, India; 

Department of Science and Technology, 
Government of Kerala 

Norman et al., 
1998 878 

Japan 842 
Japan Society for the Promotion of 

Science; Ministry of Education, Culture, 
Sports, Science and Technology 

Asahi et al., 
2001 10320 

Germany 537 Deutsche Forschungsgemeinschaft Ohta et al., 2006 2449 
The United 

Kingdom 492 Engineering and Physical Sciences 
Research Council 

Eperon et al., 
2014 1791 

Sources: own work compiled by the authors using Scopus. 

The latest publications deal with the energy efficiency analysis through compilations 

of three areas: economic, technical and energy.  In the United States and the EU countries, 

most papers were published in the years 2010-2012, in China in 2014. Portugal, Lebanon, Iran, 

and Qatar had started to investigate energy efficiency after the 2014 year (Figure 2). 
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Figure 2. The visualisation of co-authorship analysis by the countries for the years 1991-2020 

 
Sources: own work compiled by the authors using VOSviewer. 

The visualisation of the co-occurrence analysis (Fig. 3) allowed identifying 6 clusters of 

scientists with a robust background on energy efficiency. 
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Figure 3. The visualisation of co-occurrences analysis for the years 1991-2020 

Cluster Number of 
items Core keywords Links Total link 

strength Occurrences 

Cluster 1 
(red) 32 Climate change 108 335 59 

Cluster 2 
(green) 32 Energy efficiency 99 421 77 

Cluster 3 
(navy blue) 29 Investment 115 522 72 

Cluster 4 
(yellow) 24 Sustainable 

development 102 322 49 

Cluster 5 
(purple) 9 Emission control 78 202 27 

Cluster 6 
(blue) 6 Alternative energy 67 150 21 

Sources: own work compiled by the authors using VOSviewer. 

The most significant cluster contained 32 items and could be called "Climate change". 

The second biggest cluster focused on the analysis of energy efficiency. The third cluster 

focused on the analysis of investment as a key driver of increasing energy efficiency and 

contained 29 items. The findings showed that the three most significant clusters were 

connected by the three intermediator clusters: alternative energy, emission control and 

sustainable development. 

The findings proved that energy efficiency analysed toward developing solar energy 

and energy conservations. Furthermore, the long-distance between clusters 1 and 2 meant 

that the links between them were rather weak. Clusters 1, 3–6 were located close to each 
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other, which showed a considerable background on the investigations of the energy efficiency, 

renewable energy, investments and sustainability. In this case, the findings concluded that the 

new direction of the investigation should be focused on the analysis of the linking between 

energy efficiency, green investment, greenhouse gas emissions and renewable energy.  

Thus, the core element that led to an increase in energy efficiency was renewable energy, 

contributing to additional green investment. The scientists in the papers: [Chygryn & Krasnyak, 

2015; Ibragimov et al., 2019a, b; Pavlyk, 2020; Pimonenko et al., 2017a; Lyulyov et al., 2020], 

proved that green investments increase energy efficiency. In the papers: [Cebula et al., 2018; 

Pimonenko et al., 2017b; Kostiukevych et al., 2020; Kwilinski et al., 2020], the authors 

confirmed that renewable energy positively impacted energy efficiency. The second 

parameter was innovation development. Thus, the innovation service and technologies lead 

to an increase in energy efficiency [Akimova et al., 2017; Bilanet al., 2019b; Kwilinskiet al., 

2020; Lipkova & Braga, 2016; Kasztelnik & Gaines, 2019; Kendiukhov & Tvaronavičienė, 2017; 

Miskiewicz, 2020; Masharsky et al., 2018; Panchenko et al., 2020; Rubanovet al., 2019; Sotnyk 

et al., 2018; Bogachov et al., 2020; Borychowski et al., 2020; Chygryn et al., 2020; Czyżewski 

et al., 2019; 2020; Dalevska et al., 2019; Dementyev & Kwilinski, 2020; Dzwigol & Dźwigoł-

Barosz, 2018; 2020; Dzwigol, 2019; 2020; Dzwigol et al., 2020; Kaźmierczyk & Chinalska 2018; 

Kharazishvili et al., 2020; Kuzior et al., 2020; Kwilinski et al., 2019; Kyrylov et al., 2020; Lyulyov 

et al., 2020; Miskiewicz, 2020; Pająk, et al., 2016; Saługa et al., 2020; Savchenko et al., 2019; 

Tkachenko et al., 2019a; 2019b; 2019c]. At the company level, the energy efficiency depended 

on the environmental management and implementing corporate social responsibilities  

[He, 2019; Kiss, 2018; Kwilinski, 2018; Leonov et al., 2017; Harafonova, Zhosan & Akimova, 

2017; Wang et al., 2020]. At the country level, the efficiency of governance, reforms and 

financial policies provided impacted the country's energy efficiency. The authors confirmed 

that the environmental performance of the country [Bilan et al., 2018; Dkhili 2018; Pająket al., 

2017], fiscal decentralisation [Bilanet al., 2019a; Tiutiunyk 2018; Wieland et al., 2020; 

Vasylieva et al., 2018], investment policy [Akimov et al., 2020; Lyeonov et al., 2019; 

Pimonenko, 2019], the law supporting energy innovations [Panchenko et al., 2020; Cebula & 

Pimonenko, 2015]. The findings proved that the scientists identified a huge range of the 

parameters that provoked the changes in a country's energy efficiency. Considering the 

bibliometric analysis, the scientists analysed the impact of green investment, greenhouse gas 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

84 

emissions and renewable energy on energy efficiency under the transition to the carbon-free 

economy.  

In this case, the paper aimed to check the causality between energy efficiency and the 

key determinants: green investment, greenhouse gas emissions and renewable energy.  

Methodology 

Considering the findings, the indicator level of energy efficiency was selected  

to estimate the country's energy efficiency. Besides, the bibliometric analysis results identified 

the core determinants of energy efficiency that were selected for the further causality 

relationship analysis: green investment, greenhouse gas emissions, and share of the 

renewable energy in the final energy consumption. For the analysis, the EU countries and 

Ukraine (as a potential candidate for EU) for 2009-2018 were chosen. The data for analysis 

were obtained from the Eurostat, Ukrstat and the European Environmental Agency. A similar 

methodology of analysis was used in the papers: [Ibragimov et al., 2019 a,b; Vasylieva et al., 

2019]. With the purpose to check the hypothesis, the study used the following model: 

(1) 𝐸𝐸 = 𝑓(𝐺𝐻𝐺;𝑅𝐸; 𝐺𝐼) 

where EE – level of energy efficiency of the country; GHG – greenhouse gas emissions; 

RE – share of the renewable energy in the final energy consumption; GI – green investment.  

Thus, for the investigation, the modified function (1) could be written as a panel 

cointegration equation: 

(2) 𝑙𝑛𝐸𝐸௜௧ = 𝛿 + 𝛼𝑙𝑛𝐺𝐻𝐺௜௧ + 𝛽𝑙𝑛𝑅𝐸௜௧ + 𝛾𝑙𝑛𝐺𝐼௜௧ + 𝜀௜௧  

where α, β, γ – regression parameters, which were evaluated and explain the elasticity 

of output relate on a level of energy efficiency of the country, green investment, greenhouse 

gas emissions and share of renewable energy in the final energy consumption; 𝜀 – the error 

term; i=1, ..., N; t=1, ..., T.  

At the first stage, the study checked the stationarity of the date using the panel unit 

root test. In this case, the null hypothesis was that selected variables were non-stationary 

(H0). Next, the cointegration between variables was checked. Thus, the hypothesis assumed 

non-cointegration between the selected variables (H1). At the next stage, the long-run 

relationship was checked using the Fully Modified Ordinary (FMOLS) Least Square and 
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Dynamic Ordinary Least Square (DOLS) panel cointegration techniques. Therefore, the 

following hypothesis was checked: 

H3: GHG, RE and GI had an impact on EE;  

H4: EE, RE and GI had an impact on GHG;  

H5: EE, GI and GHG had an impact on RE;  

H6: EE, GHG and RE had an impact on GI.  

If the long-run relationships between variables existed, the Granger causality test 

could be performed to check the causality among selected variables for analysis. In this case, 

it was the hypothesis on the absence of Granger causality between EE, RE, GHG and GI (H7). 

The study used the Dumitrescu-Hurlin Test: Panel Granger Causality Test. In general, the 

model could be presented as in formula (3): 

(3) 𝑌௜,௧ = 𝛽௜ +෍𝛾௜
(௡)
𝑦௜,௧ି௞ +෍𝛿௜

(௡)
𝑥௜,௧ି௡ + 𝜖௜,௧

ே

௜ୀଵ

ே

௜ୀଵ

  

where 𝛽௜ indicates constant term, 𝛾௜
(௡), 𝛿௜

(௡)lag parameter and coefficient slope, 𝑦௜,௧, 

𝑥௜,௧ are times series. 

Thus, if the p-value < 0.05, the null hypothesis (absence of Granger causality) could be 

rejected and the alternative hypothesis accepted – the existence Granger causality. Besides, 

the resulting conclusions could be:  

 if causality existed between two variables, it was the bi-directional causality; 

 if causality from one variable to other – unidirectional causality; 

 no causality.  

The study used the EViews software for the analysis.  

Results 

Considering the abovementioned methodology, the first stage was checking the 

stationarity of the selected variables. The findings of the panel unit root test are shown in  

Table 3. 
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Table 3. The finding of stationarity analysis using the panel unit root test 

Type of tests 
Statistic 

Characteristi
cs 

Variables 

at base level at 1st difference 

EE GHG RE GI EE GHG RE GI 

Levin, Lin & Chu 
Statistics -4.79 -12.54 -2.71 -2.47 -1.04 -3.93 -8.65 -11.08 

probability 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 

Im, Pesaran and 
Shin W-stat 

Statistics -1.6 -2.87 2.13 0.76 -2.02 -1.94 -2.64 -4.94 

probability 0.05 0.002 0.98 0.78 0.00 0.00 0.00 0.00 

ADF-Fisher Chi-
square 

Statistics 78.92 107.3 47.83 57.56 90.56 88.47 97.99 139.93 

probability 0.07 0.00 0.91 0.63 0.00 0.00 0.00 0.00 

PP-Fisher Chi-
square 

Statistics 91.26 68.89 51.07 68.07 267.27 205.38 164.93 230.85 

probability 0.00 0.26 0.84 0.28 0.00 0.00 0.00 0.00 

Source: own work  

The findings in Table 3 allowed concluding that at a base level only a few variables were 

stationary: all variables in Levin, Lin & Chu test; greenhouse gas emissions in Im, Pesaran and 

Shin W-stat; energy efficiency and greenhouse gas emissions in ADF-Fisher Chi-square; energy 

efficiency in PP-Fisher Chi-square. Therefore, all variables become stationarity in all tests  

at the first level. It allowed rejecting the null hypothesis of non-stationarity at 1% significance. 

At the next stage of the analysis, the study conducted the cointegration between variables 

using the Pedroni panel cointegration test.  
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Table 4. The findings of cointegration between the energy efficiency of the country, green 

investment, greenhouse gas emissions and share of the renewable energy in the final energy 

consumption using the Pedroni residual cointegration test 

Dimensions Test panel v-
statistic 

panel rho-
statistic 

panel PP-
statistic 

panel ADF-
statistic 

W
ith

in
-d

im
en

si
on

 

 

Statistics 0.39 -0.06 -10.95 -11.73 

Probability 0.35 0.47 0.00* 0.00* 

w
ei

gh
te

d Statistics -2.46 2.34 -6.61 -5.65 

Probability 0.99 0.99 0.00* 0.00* 

Be
tw

ee
n-

di
m

en
si

on
 Test group rho-

statistic 
group PP-
statistic group ADF-statistic 

Statistics 3.91 -10.54 -7.92 

Probability 1.00 0.00* 0.00* 

Note: * represents significance at the 1% level.  

Source: own work  

The empirical results in Table 4 confirmed that six out of eleven probabilities of the 

test had the statistical significance at 1% level. It allowed rejecting the hypothesis of non-

cointegration between a country's energy efficiency, green investment, greenhouse gas 

emissions, and the share of the renewable energy in the final energy consumption. Besides, 

the findings confirmed the long-run relationship among analysed variables. In this case, the 

Fully Modified Ordinary Least Square (FMOLS) and Dynamic Ordinary Least Square (DOLS) 

panel cointegration techniques were used. The empirical results of FMOLS and DOLS were 

presented in Table 5.  

  



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

88 

Table 5. The results of the long-run relationship between variables using the FMOLS  

and DOLS panel cointegration techniques 

Variables FMOLS DMOLS 

Dependent Independent Coefficient Probability Coefficient Probability 

EE 

GHG -0.16 0.05** -0.28 0.00* 

RE 0.46 0.00 0.32 0.00* 

GI 0.71 0.00 0.72 0.00* 

GHG 

EE -0.24 0.02** -0.35 0.00* 

RE -0.41 0.00* -0.28 0.00* 

GI -0.53 0.00* -0.64 0.00* 

RE 

EE 0.35 0.00* 0.38 0.00* 

GHG -0.3 0.00* -0.26 0.00* 

GI 0.34 0.00* 0.37 0.00* 

GI 

EE 1.01 0.00* 0.98 0.00* 

GHG 0.57 0.33 0.68 0.56 

RE 0.53 0.00* 0.42 0.00* 

Note: * and ** represents significance at the 1% and 5% levels. 

Source: own work 

The findings of long-run relationship analysis confirmed that both tests, FMOLS and 

DOLS, had similar results. The empirical results were statistical significance at 1% and 5%  

for analysed parameters, excluding two cases in DOLS and FMOLS models for greenhouse  

gas emissions’ impact on green investment and vice versa. An increase of 1% of greenhouse 

gas emissions led to the decline of energy efficiency by 16% (FMOLS) and 28% (DOLS). At the 

same time, the increase in the share of renewable energy in final energy consumption by 1% 

provoked: an increase of the energy efficiency by 46% (FMOLS) and 32% (DOLS); a declinine 

of greenhouse gas emissions by 16% (FMOLS) and 28% (DOLS). What is more, the growth  

of green investment by 1% allowed: an increase of energy efficiency of the country by 71% 

(FMOLS) and 72% (DOLS); an increase of renewable energy by 34% (FMOLS) and 37% (DOLS); 

a decline of greenhouse gas emissions by 53% (FMOLS) and 64% (DOLS). The findings  

(Table 3) proved the hypothesis of the long-run relationship between selected variables.  

It allowed concluding that attracting green investment and extending renewable energy led 
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to a decline in greenhouse gas emissions and an increase in a country's energy efficiency.  

The findings of the Granger causality test are shown in Table 6.  

Table 6. The empirical results of Granger causality test between the energy efficiency  

of a country, green investment, greenhouse gas emissions and share of the renewable 

energy in the final energy consumption 

Null Hypothesis Zbar-statistic W-statistic Probability Confirmation Type of causality 

GHGEE 2.72 2.03 0.04** reject Unidirectional 
causality from GHG to 

EE EEGHG 2.43 1.55 0.12 accept 

GIEE 2.61 1.85 0.06*** reject Bi-directional causality 
between EE to GI 

EE GI 1.8 0.5 0.02** reject 

REEE 4.89 5.63 0.002* reject Bi-directional causality 
between EE and RE 

EERE 1.67 0.29 0.04** reject 

GIGHG 2.60 1.83 0.04** reject Bi-directional causality 
between GI to GHG 

GHGGI 1.17 0.55 0.06*** reject 

REGHG 3.68 3.62 0.0003* reject Unidirectional 
causality from RE to 

GHG GHG RE 1.67 0.28 0.78 accept 

RE GI 2.57 1.78 0.03** reject Unidirectional 
causality from RE to GI 

GI RE 1.55 0.08 0.93 accept 

Note:  – no Granger causality; accept or reject – mean the decision on null hypothesis;  

*, **, *** – represent significance at the 1%, 5% and 10% levels.  

Source: own work 

Thus, the findings in Table 6 confirmed that unidirectional causality was directed from 

greenhouse gas emissions to energy efficiency. Simultaneously, the unidirectional causality 

was confirmed from share of renewable energy in the final energy consumption to green 

investment and greenhouse gas emissions. Therefore, the empirical results confirm the bi-

directional causality between: energy efficiency and share of renewable energy in the final 

energy consumption; energy efficiency and green investment; greenhouse gas emissions and 

green investment.  
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Summary, recommendations 

The transition to the carbon-free economy under the "Green Deal Policy" justified 

developing the mechanisms and tools for increasing a country's energy efficiency.  

The bibliometric analysis results proved that a country's energy efficiency through the 

efficiency of the policy to attract green investment, extend renewable energy, and decline 

greenhouse gas emissions. The Granger causality test's findings confirmed the bi-directional 

causality between energy efficiency and the share of renewable energy in the final energy 

consumption. Moreover, considering the results of cointegration analysis (using DOLS and 

FMOLS), the increase of the share of renewable energy in the final energy consumption 

provoked an increase in the energy efficiency by 46% (FMOLS) and 32% (DOLS). The results  

of Granger causality test allowed to confir the unidirectional causality from greenhouse gas 

emissions to energy efficiency. Simultaneously, an increase by 1% in greenhouse gas emissions 

provoked a decline in energy efficiency by 16% (FMOLS) and 28% (DOLS). In this case, the 

government should implement effective instruments and policies to reduce air pollution. 

Besides, the stimulating policy on spreading renewable energy allowed an increase in energy 

efficiency and a decline in air pollution. The developing positive business climate allowed 

attracting the additional green investment for renewable energy and green technologies.  

References 

AKHUNDOVA, N., PIMONENKO, T., & US, Y. (2020). Sustainable growth and country green brand: visualisation 
and analysis of mapping knowledge. Economic and Social Development: Book of Proceedings, 234-243. 

AKIMOV, O., KARPA, M., DUBYCH, C. V., ZAYATS, D., MOVMYGA, N., & TVERDOKHLIEBOVA, N. (2020). 
Determination of requirements for protection of radio-electronic means of security management of 
particularly important state energy facilities from the destructive impact of 
electromagnetic. International Journal of Emerging Trends in Engineering Research, 8(9), 6214-6219. 
doi:10.30534/ijeter/2020/211892020 

AKIMOVA, L. M., AKIMOV, O. O., & LIAKHOVICH, O. O. (2017). State regulation of foreign economic 
activity. Scientific bulletin of Polissia, 1(4 (12)), 98-103. 

ASAHI, R. Y. O. J. I., MORIKAWA, T. A. K. E. S. H. I., OHWAKI, T., AOKI, K., & TAGA, Y. (2001). Visible-light 
photocatalysis in nitrogen-doped titanium oxides. Science, 293(5528), 269-271. 
doi:10.1126/science.1061051 

BILAN, Y., BRYCHKO, M., BURIAK, A., & VASILYEVA, T. (2019a). Financial, business and trust cycles: the issues of 
synchronisation. Zbornik Radova Ekonomski Fakultet u Rijeka, 37(1), 113-138. 
https://doi.org/10.18045/zbefri.2019.1.113 

BILAN, Y., LYEONOV, S., STOYANETS, N., & VYSOCHYNA, A. (2018). The impact of environmental determinants of 
sustainable agriculture on country food security. International Journal of Environmental Technology and 
Management, 21(5-6), 289-305.https://doi.org/10.1504/IJETM.2018.100580 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

91 

BILAN, Y., RUBANOV, P., VASYLIEVA, T., & LYEONOV, S. (2019b). The influence of industry 4.0 on financial services: 
Determinants of alternative finance development. Polish Journal of Management Studies, 19(1), 70-93. 
https://doi.org/10.17512/pjms.2019.19.1.06 

BOGACHOV, S., KWILINSKI, A., MIETHLICH, B., BARTOSOVA, V., & GURNAK, A. (2020). Artificial Intelligence 
Components and Fuzzy Regulators in Entrepreneurship Development. Entrepreneurship and 
Sustainability Issues, 8(2), 487-499. http://doi.org/10.9770/jesi.2020.8.2(29) 

BORYCHOWSKI, M., STĘPIEŃ, S., POLCYN, J., TOŠOVIĆ-STEVANOVIĆ, A., ĆALOVIĆ, D., LALIĆ, G., & ŽUŽA, M. (2020). 
Socio-Economic Determinants of Small Family Farms’ Resilience in Selected Central and Eastern 
European Countries. Sustainability, 12(24), 10362. doi:10.3390/su122410362 

CEBULA, J., & PIMONENKO, T. (2015). Comparison financing conditions of the development biogas sector  
in Poland and Ukraine. International Journal of Ecology and Development, 30(2), 20-30. 

CEBULA, J., CHYGRYN, O., CHAYEN, S. V., & PIMONENKO, T. (2018). Biogas as an alternative energy source in 
Ukraine and Israel: Current issues and benefits. International Journal of Environmental Technology and 
Management, 21(5-6), 421-438. 

CHEN, Y. L., ANALYTIS, J. G., CHU, J. H., LIU, Z. K., MO, S. K., QI, X. L., ... & SHEN, Z. X. (2009). Experimental 
realisation of a three-dimensional topological insulator, Bi2Te3. science, 325(5937), 178-181.  
doi: 10.1126/science.1173034 

CHYGRYN, O. YU., KRASNIAK, V. S. (2015). Theoretical and applied aspects of the development of environmental 
investment in Ukraine. Marketing and management of innovations, (3), 226–234. 

CHYGRYN, O., BILAN, Y., & KWILINSKI, A. (2020). Stakeholders of Green Competitiveness: Innovative Approaches 
for Creating Communicative System. Marketing and Management of Innovations, 3, 356-368. 
https://doi.org/10.21272/mmi.2020.3-26 

CZYŻEWSKI, B., MATUSZCZAK, A., & MISKIEWICZ, R. (2019). Public Goods Versus the Farm Price-Cost Squeeze: 
Shaping the Sustainability of the EU’s Common Agricultural Policy. Technological and Economic 
Development of Economy, 25(1), 82-102. https://doi.org/10.3846/tede.2019.7449 

CZYŻEWSKI, B., MATUSZCZAK, A., POLCYN, J., SMĘDZIK-AMBROŻY, K., & STANISZEWSKI, J. (2020). Deadweight 
loss in environmental policy: The case of the European Union member states. Journal of Cleaner 
Production, 260, 121064. https://doi.org/10.1016/j.jclepro.2020.121064 

DALEVSKA, N., KHOBTA, V., KWILINSKI, A., & KRAVCHENKO, S. (2019). A Model for Estimating Social and Economic 
Indicators of Sustainable Development. Entrepreneurship and Sustainability Issues, 6(4), 1839-1860. 
https://doi.org/10.9770/jesi.2019.6.4(21) 

DEMENTYEV, V.V., & KWILINSKI, A. (2020). Institutsionalnayasostavlyayuschayaizderzhekproizvodstva 
[Institutional Component of Production Costs]. Journal of Institutional Studies, 12(1), 100-116. 
https://doi.org/10.17835/2076-6297.2020.12.1.100-116 

DKHILI, H. (2018). Environmental performance and institutions quality: evidence from developed  
and developing countries. Marketing and Management of Innovations, 3, 333-344. 
http://doi.org/10.21272/mmi.2018.3-30 

DZWIGOL, H., & DŹWIGOŁ-BAROSZ, M. (2018). Scientific Research Methodology in Management  
Sciences. Financial and Credit Activity: Problems of Theory and Practice, 2(25), 424-437. 
https://doi.org/10.18371/fcaptp.v2i25.136508 

DŹWIGOŁ, H., & DŹWIGOŁ-BAROSZ, M. (2020). Determinants of the World Investment Market Development in 
the Context of Global Transformations. In Khalid S. Soliman (Ed.), Proceedings of the 36th International 
Business Information Management Association (IBIMA) 4-5 November 2020. (pp. 9109-9116). Granada, 
Spain: IBIMA Publishing. 

DZWIGOL, H. (2019). Research Methods and Techniques in New Management Trends: Research Results. Virtual 
Economics, 2(1), 31-48. https://doi.org/10.34021/ve.2019.02.01(2) 

DZWIGOL, H. (2020). Innovation in Marketing Research: Quantitative and Qualitative Analysis. Marketing and 
Management of Innovations, 1, 128-135. http://doi.org/10.21272/mmi.2020.1-10 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

92 

DZWIGOL, H., DZWIGOL-BAROSZ, M., MISKIEWICZ, R., & KWILINSKI, A. (2020). Manager Competency Assessment 
Model in the Conditions of Industry 4.0. Entrepreneurship and Sustainability Issues, 7(4), 2630-2644. 
https://doi.org/10.9770/jesi.2020.7.4(5) 

EPERON, G. E.;, STRANKS, S. D., MENELAOU, C., JOHNSTON, M. B., HERZ, L. M., SNAITH, H. J. (2014). 
Formamidinium lead trihalide: A broadly tunable perovskite for efficient planar heterojunction solar 
cells. Energy and Environmental Science, 7(3), 982-988. doi:10.1039/c3ee43822h 

HARAFONOVA, O. I., ZHOSAN, G. V., & AKIMOVA, L. M. (2017). The substantiation of the strategy of social 
responsibility of the enterprise with the aim of providing efficiency of its activities. Marketing and 
Management of Innovations,3, 267-279. 

HASAN, S., DUTTA, P. (2019). Coverage of Environmental Issues in Local Dailies of ChattogramCentering World 
Environment Day.  SocioEconomic Challenges, 3(4), 63-71. http://doi.org/10.21272/sec.3(4).63-
71.2019. 

HE, SH. (2019). The Impact of Trade on Environmental Quality: A Business Ethics Perspective and Evidence from 
China.  Business Ethics and Leadership, 3(4), 43-48. http://doi.org/10.21272/bel.3(4).43-48.2019. 

IBRAGIMOV, Z., VASYLIEVA, T., LYULYOV, O. (2019a). The national economy competitiveness: effect of 
macroeconomic stability, renewable energy on economic growth. Economic and Social Development: 
Book of Proceedings, 877-886 

IBRAGIMOV, Z.; LYEONOV, S.; PIMONENKO, T. (2019b). Green investing for SDGs: EU experience for developing 
countries. Economic and Social Development: Book of Proceedings, 867-876. 

JOANNOPOULOS, J. D., VILLENEUVE, P. R., FAN, S. (1997). Photonic crystals: Putting a new twist on 
light. Nature, 386(6621), 143-149. doi:10.1038/386143a0 

KASZTELNIK, K., GAINES, V. W. (2019). Correlational Study: Internal Auditing and Management Control 
Environment Innovation within Public Sector in the United States. Financial Markets, Institutions and 
Risks, 3(4), 5-15. http://doi.org/10.21272/fmir.3(4).5-15.2019. 

KAŹMIERCZYK, J., & CHINALSKA, A. (2018). Flexible forms of employment, an opportunity or a curse for the 
modern economy? Case study: banks in Poland, Entrepreneurship and Sustainability Issues 6(2), 782-
798. https://doi.org/10.9770/jesi.2018.6.2(21) 

KENDIUKHOV, I., TVARONAVIČIENĖ, M. (2017). Managing innovations in sustainable economic 
growth. Marketing and Management of Innovations, (3), 33–42. https://doi.org/10.21272/mmi.2017.3-
03 

KHARAZISHVILI, Y., KWILINSKI, A., GRISHNOVA, O., & DZWIGOL, H. (2020). Social Safety of Society for Developing 
Countries to Meet Sustainable Development Standards: Indicators, Level, Strategic Benchmarks (with 
Calculations Based on the Case Study of Ukraine). Sustainability, 12(21), 8953. 
https://doi.org/10.3390/su12218953 

KISS, L. B. (2018). The Examination of the Appearance of CSR in On-line Scientific Databases. Business Ethics 
 and Leadership, 2(2), 56-65. DOI: 10.21272/bel.2(2).56-65.2018 

KONDRATENKO, V., OKOPNYK, O., ZIGANTO, L., & KWILINSKI, A. (2020). Innovation Development of Public 
Administration: Management and Legislation Features. Marketing and Management of Innovations, 1, 
87-94. https://doi.org/10.21272/mmi.2020.1-06   

KOSTIUKEVYCH, R., MISHCHUK, H., ZHIDEBEKKYZY, A., NAKONIECZNY, J., AKIMOV, O. (2020). The impact  
of european integration processes on the investment potential and institutional maturity of rural 
communities. Economics and Sociology, 13(3), 46-63. doi:10.14254/2071-789X.2020/13-3/3 

KUZIOR, A., KWILINSKI, A., & TKACHENKO, V. (2019). Sustainable Development of Organizations Based on the 
Combinatorial Model of Artificial Intelligence. Entrepreneurship and Sustainability, 7(2), 1353-1376. 
http://doi.org/10.9770/jesi.2019.7.2(39) 

KWILINSKI, A. (2018). Mechanism of modernisation of industrial sphere of industrial enterprise in accordance 
with requirements of the information economy. Marketing and Management of Innovations, 4, 116–
128. https://doi.org/10.21272/mmi.2018.4-11 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

93 

KWILINSKI, A., DROBYAZKO, S., & DEREVYANKO, B. (2019). Synergetic and Value Effects in Corporate Mergers 
and Acquisitions of International Companies. In Khalid S. Soliman (Ed.), Proceedings of the 34th 
International Business Information Management Association Conference (IBIMA) 13-14 November 2019. 
Vision 2025: Education Excellence and Management of Innovations through Sustainable Economic 
Competitive Advantage in 2019 (pp. 9467-9471). Madrid, Spain: IBIMA Publishing. 

KWILINSKI, A., VYSHNEVSKYI, O., & DZWIGOL, H. (2020a). Digitalisation of the EU Economies and People at Risk 
of Poverty or Social Exclusion. Journal of Risk and Financial Management, 13(7), 142. 
https://doi.org/10.3390/jrfm13070142 

KWILINSKI, A., ZALOZNOVA, Y., TRUSHKINA, N., & RYNKEVYCH, N. (2020b). Organizational and  
Methodological Support for Ukrainian Coal Enterprises Marketing Activity Improvement. E3S Web  
of Conferences, 168, 00031. https://doi.org/10.1051/e3sconf/202016800031  

KYRYLOV Y, HRANOVSKA V, BOIKO V, KWILINSKI A, & BOIKO L. (2020). International Tourism Development in the 
Context of Increasing Globalization Risks: On the Example of Ukraine’s Integration into the  
Global Tourism Industry. Journal of Risk and Financial Management, 13(12), 303. 
https://doi.org/10.3390/jrfm13120303 

LEONOV, L., VASILYEVA, T. A., SHVINDINA, H. O. (2017). Methodological approach to design the organisational 
development evaluation system. Scientific bulletin of Polissia, (3 (2)), 51-56. 

LIPKOVA, L., & BRAGA, D. (2016). Measuring commercialisation success of innovations in the EU. Marketing and 
Management of Innovations, 4, 15-30. 

LYEONOV, S., PIMONENKO, T., BILAN, Y., ŠTREIMIKIENĖ, D., MENTEL, G. (2019). Assessment of Green 
Investments’ Impact on Sustainable Development: Linking Gross Domestic Product Per Capita, 
Greenhouse Gas Emissions and Renewable Energy. Energies, 12(20), 3891. 

LYULYOV, O., US, Y., PIMONENKO, T., KWILINSKI, A., VASYLIEVA, T., DALEVSKA, N., POLCYN, J., & BOIKO, V. (2020). 
The Link Between Economic Growth and Tourism: Covid-19 Impact. In Khalid S. Soliman (Ed.), 
Proceedings of the 36th International Business Information Management Association (IBIMA)4-5 
November 2020. (pp. 8070-8086). Granada, Spain: IBIMA Publishing. 

LYULYOV, O., PIMONENKO, T., KWILINSKI, A., DZWIGOL, H., DZWIGOL-BAROSZ, M., PAVLYK, V., & BAROSZ, P. 
(2021). The Impact of the Government Policy on the Energy Efficient Gap: The Evidence  
from Ukraine. Energies, 14(2), 373.https://doi.org/10.3390/en14020373 

MASHARSKY, A., AZARENKOVA, G., ORYEKHOVA, K., YAVORSKY, S. (2018). Anti-crisis financial management  
on energy enterprises as a precondition of innovative conversion of the energy industry:  
case of Ukraine. Marketing and Management of Innovations, (3), 345–354. 
https://doi.org/10.21272/mmi.2018.3-31 

MEDANI P. BHANDARI (2019). Sustainable Development: Is This Paradigm The Remedy of All Challenges? Does 
Its Goals Capture The Essence of Real Development and Sustainability? With Reference to Discourses, 
Creativeness, Boundaries and Institutional Architecture. SocioEconomic Challenges, 3(4), 97-128. 
http://doi.org/10.21272/sec.3(4).97-128.2019. 

MISKIEWICZ, R. (2020). Efficiency of Electricity Production Technology from Post-Process Gas Heat: Ecological, 
Economic and Social Benefits. Energies, 13(22), 6106. https://doi.org/10.3390/en13226106 

MISKIEWICZ, R. (2020). Internet of Things in Marketing: Bibliometric Analysis. Marketing and Management of 
Innovations, 3, 371-381. http://doi.org/10.21272/mmi.2020.3-27 

NORMAN, M. R., DING, H., RANDERIA, M., CAMPUZANO, J. C., YOKOYA, T., TAKEUCHI, T., ... HINKS, D. G. (1998). 
Destruction of the fermi surface in underdoped high-T(c) superconductors. Nature, 392(6672), 157-160. 
doi: 10.1038/32366 

OHTA, T., BOSTWICK, A., SEYLLER, T., HORN, K., ROTENBERG, E. (2006). Controlling the electronic structure  
of bilayer graphene. Science, 313(5789), 951-954. doi:10.1126/science.1130681 

ONG, W., TAN, L., NG, Y. H., YONG, S., CHAI, S. (2016). Graphitic carbon nitride (g-C3N4)-based photocatalysts 
for artificial photosynthesis and environmental remediation: Are we a step closer to achieving 
sustainability?Chemical Reviews, 116(12), 7159-7329. doi:10.1021/acs.chemrev.6b00075 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

94 

PAJĄK, K., KAMIŃSKA, B., & KVILINSKYI, O. (2016). Modern Trends of Financial Sector Development under the 
Virtual Regionalization Conditions. Financial and Credit Activity: Problems of Theory and Practice, 2(21), 
204-217.  https://doi.org/10.18371/fcaptp.v2i21.91052 

PAJĄK, K., KVILINSKYI, O., FASIECKA, O., & MIŚKIEWICZ, R. (2017). Energy security in regional policy 
 in Wielkopolska region of Poland. Economics and Environment, 2 (61), 122-138. 

PANCHENKO, V., HARUST, YU., US, YA., KOROBETS, O., PAVLYK, V. (2020). Energy-Efficient Innovations: 
Marketing, Management and Law Supporting. Marketing and Management of Innovations, 1, 256-264. 
http://doi.org/10.21272/mmi.2020.1-21 

PAVLYK, V. (2020). Assessment of green investment impact on the energy efficiency gap of the national economy. 
Financial Markets, Institutions and Risks, 4(1), 117-123. http://doi.org/10.21272/fmir.4(1).117-
123.2020. 

PIMONENKO, T. (2019). Marketing and Management of Green Investment: the dissertation for scientific degree 
of doctor of economic science on specialty 08.00.04 – economics and management of enterprises  
(by types of eco- nomic activity). – Sumy State University, Sumy.  

PIMONENKO, T., PROKOPENKO, O., DADO, J. (2017a). Net zero house: EU experience in Ukrainian conditions. 
International Journal of Ecological Economics & Statistics, 38(4), 46-57. 

PIMONENKO, T., YU, M., KOROBETS, O., & LYTVYNENKO, O. (2017b). Ecological stock indexes: foreign experience 
and lessons for Ukraine. Bulletin of Sumy State University. Economy Ser, 4, 121-127. 

RUBANOV, P ., LYEONOV, S., BILAN, Y., LYULYOV, O. (2019) The fintech sector as a driver of private 
entrepreneurship development in time of Industry 4.0. The impact of Industry 4.0 on the level of shadow 
employment. International Scientific Conference on The Impact of Industry 4.0 on Job Creation Location: 
Trencianske Teplice, SLOVAKIA Date:  NOV 21, 2019, 319-327. 

SAŁUGA, P.W., SZCZEPAŃSKA-WOSZCZYNA, K., MIŚKIEWICZ, R., & CHŁĄD, M. (2020). Cost of Equity of Coal-Fired 
Power Generation Projects in Poland: Its Importance for the Management of Decision-Making Process. 
Energies. 13(18), 4833.https://doi.org/10.3390/en13184833 

SAVCHENKO, T., BASIURKINA, N., RODINA, O., & KWILINSKI, A. (2019). Improvement of the Assessment Methods 
of Product Competitiveness of the Specialized Poultry Enterprises. Management Theory and Studies for 
Rural Business and Infrastructure Development, 41(1), 43-61. https://doi.org/10.15544/mts.2019.05 

SOTNYK, I., SHVETS, I., MOMOTIUK, L., CHORTOK, Y.(2018). Management of renewable energy innovative 
development in Ukrainian households: problems of financial support. Marketing and Management 
 of Innovations, 4, 150–160. https://doi.org/10.21272/mmi.2018.4-14 

TIUTIUNYK, I. V. (2018). Determination of Priority Financial Instruments of Regional Sustainable 
Development. International Journal of Ecology & Development, 33(3), 11-18 

TKACHENKO, V., KWILINSKI, A., KLYMCHUK, M., & TKACHENKO, I. (2019a). The Economic-Mathematical 
Development of Buildings Construction Model Optimization on the Basis of Digital Economy. 
Management Systems in Production Engineering, 27(2), 119-123. http://doi.org/10.1515/mspe-2019-
0020 

TKACHENKO, V., KWILINSKI, A., TKACHENKO, I., & PUZYROVA, P. (2019b). Theoretical and Methodical Approaches 
to the Definition of Marketing Risks Management Concept at Industrial Enterprises. Marketing and 
Management of Innovations, 2, 228-238. http://doi.org/10.21272/mmi.2019.2-20 

TKACHENKO, V., KWILINSKI, A., KAMINSKA, B., TKACHENKO, I., & PUZYROVA, P. (2019c). Development  
and Effectiveness of Financial Potential Management of Enterprises in Modern Conditions.  
Financial and Credit Activity: Problems of Theory and Practice, 3(30), 85-94. 
https://doi.org/10.18371/fcaptp.v3i30.179513 

VASYLIEVA, T., HARUST, YU., VYNNYCHENKO, N., & VYSOCHYNA, A. (2018). Optimisation of the financial 
decentralisation level as an instrument for the country's innovative economic development regulation. 
Marketing and Management of Innovations, 4, 381- 390. http://doi.org/10.21272/mmi.2018.4-33 



Proceedings of the 2021 VIII International Scientific Conference Determinants 
of Regional Development, No 2, Pila 21 - 22 October 2021 

95 

VASYLIEVA, T., LYULYOV, O., BILAN, Y., & STREIMIKIENE, D. (2019). Sustainable economic development and 
greenhouse gas emissions: The dynamic impact of renewable energy consumption, GDP, and corruption. 
Energies, 12(17)  doi:10.3390/en12173289 

WANG, F., LO, J., LAM, M. (2020). Mediating Effects of Stakeholders and Supervision on Corporate Social 
Responsibility.  Business Ethics and Leadership, 4(1), 43-56. http://doi.org/10.21272/bel.4(1).43-
56.2020. 

WIELAND, I., KOVÁCS, L., SAVCHENKO, T. (2020). The distinctive aspects of financial markets.  Financial Markets, 
Institutions and Risks, 4(1), 51-59. http://doi.org/10.21272/fmir.4(1).51-59.2020. 

ZIABINA, Y., & PIMONENKO, T. (2020). The Green Deal Policy for Renewable Energy: A Bibliometric 
Analysis. Virtual Economics, 3(4), 147-168. https://doi.org/10.34021/ve.2020.03.04(8) 


