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Abstract: The article deals with the impacts of economic, ecological, and social development scenarios
in ensuring sustainable energy development. EU countries were the statistical bases of the study; the
assessment period was from 2000 to 2019. The information bases of the research were the World Bank,
the Organization for Economic Cooperation and Development, and the European Commission data.
Based on the generalized method of moments, the authors investigated the dependence of energy
consumption on economic, environmental, and social development factors. The results confirm the
positive relationship between renewable energy consumption and GDP per capita, foreign direct
investment, and energy depletion. A negative relationship between the consumption of renewable
energy, CO2 emissions, and domestic gas emissions was proved. Based on intelligent data analysis
methods (methods involving one-dimensional branching CART and agglomeration), countries were
clustered depending on the nature of the energy development policy; portraits of these clusters were
formalized. The study results can be useful to authorized bodies when determining the most effective
mechanisms for forming and implementing sustainable energy development policies.

Keywords: energy consumption; sustainability; scenario modeling; economic growth; GMM; CO2

emissions; energy efficiency; sustainable development

1. Introduction

One of the most critical problems in the modern world is the environment, particularly
involving the rapid growth of energy consumption. On the one hand, the world’s fuel
resources are characterized by significant amounts of reserves, the constant discovery of
new fossil fuel deposits, and the growth of access to non-traditional sources of energy [1,2].
On the other hand, the need for energy resources grows every year (according to expert
forecasts, energy consumption will grow almost 1.5 times by 2050), due to the possibility of
rapid depletion of the most available deposits and the need to develop more complex and
expensive energy sources [3–5]. This makes the use of most fuel resources unprofitable.

In [6–14], the authors confirmed that energy consumption negatively affects the envi-
ronment. In terms of emissions, the impact of power plants on the environment is equal to
the impact of metallurgical enterprises and exceeds all other industries (30% of all solid
particles entering the atmosphere, 63% of sulfur dioxide, and more than 53% of ozone
oxide entering the air from stationary source pollution is caused by energy). The largest
consumers of energy resources during the entire period were the industrial sector and the
field of transport [15–18]. In 2020, 26.1% of the total energy was consumed by industrial
enterprises; 13.7%—services; 28.0%—households; and 28.4%—transport [19].
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Significant volumes of energy consumption provoke adverse climate changes and
increase the levels of environmental pollution and the energy dependence of consumer
countries on donor countries [20–25]. Moreover, according to forecasts, maintaining the
current levels of energy consumption and carbon dioxide emissions until 2025 will lead to
an increase in the average temperature on Earth by 2 degrees.

Given the above, there is an urgent need to develop a road map for sustainable energy
development by transforming the mechanisms of state environmental management and
ensuring their integrated use and coordinated functioning. Under these conditions, carbon-
free technologies based on the energy of the sun, wind, and water, as well as nuclear energy,
which can provide humanity with energy for several millennia, take first place [26,27].

Ensuring sustainable energy development is a long-term process that leads to institu-
tional, social, economic, and ecological transformations, as well as international adoption of
treaties and conventions regulating energy consumption processes [28–30]. Therefore, the
international community has adopted several acts that regulate these issues and determine
individual vectors regarding the development of the energy market [31]. Thus, according
to the “World Sustainable Development Goals 2016–2030”, the main vector of global energy
development should be the provision of general/free access to inexpensive, reliable, and
sustainable energy, including by increasing the share of production and consumption of
renewable energy sources.

The documents regulating the issues of sustainable development include the “Sustain-
able Development Agenda until 2030” and the 2015 UN General Assembly “Sustainable
Development Goals” (SDG). According to Sustainable Development Goal 7, sustainable
energy development consists of providing universal access to reliable and modern energy
and significantly increasing the share of renewable energy in the energy balance.

One of the basic documents defining the vectors of reforming the global energy
market is the “Energy Roadmap 2050” adopted by the European Commission in 2012. The
mainstream development of EU countries has determined the creation of a new energy
system model, which will make it safe, competitive, and sustainable in the long term due
to an increase in the share of renewable energy sources (up to 66% of the total volume), and
a reduction of greenhouse gas emissions by 80%, which will make it possible to reduce 85%
of CO2 emissions related to energy, leading to a decrease in energy demand of 41% by 2050.

Directive 2012/27/EU of the European Parliament and the council on energy efficiency
defines a reduction in energy consumption by 20% and an increase in energy efficiency
by 32.5% by 2030 as key targets for implementing the policy (of increasing energy effi-
ciency) [32]. Thus, by 2030, the EU is planning to reduce final energy consumption to
956 Mtoe and/or primary energy consumption to 1273 Mtoe compared to 1787 Mtoe in
2021 [19], increasing the share of energy consumption from renewable sources to 32% [32].
The data in Figure 1 show that the average growth rate of the share of renewable energy
consumption in the EU for 2000–2019 was 106.61 (p = 70.37%). These rates will not allow
us to achieve the set goals by 2030. On the other hand, in individual EU countries, the
growth rates of the share of consumption of renewable energy sources are 108.41 and
110.64 (p = 3.7%, respectively). This indicates the presence of effective tools for increas-
ing the share of renewable energy consumption and the need for more detailed research
and dissemination.

The realization that achieving these goals is possible only through the structural
transformation of the energy market has led to the approval of national energy efficiency
goals by most countries and the development of national strategies for their achievement.
This contributed to a slight decrease in the volume of energy consumption throughout the
world (Figure 2).
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Figure 1. Frequency of the average growth rate of the share of renewable energy consumption in the
EU, 2000–2019.
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Figure 2. Annual change in primary energy consumption in EU countries. Source: [33].

Despite the fact that the COVID-19 pandemic led [34] to a 4.28% decrease in global
energy consumption in 2020 (for the first time in the last 11 years), in 2021, its volume
increased again by 5%; in value terms, it exceeded the 2019 level. A gradual increase in
energy consumption has been observed in most countries (China—+5.2%; India—+4.7%;
USA—+4.7%; EU—+4.5%), and the largest share of world energy consumption (almost 25%)
continues to be occupied by China [33]. The spatial distribution results shown in Figure 3
demonstrate the absence of positive dynamics in reducing global energy consumption
during 2005–2020.
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Reforming the energy system through equipment investments, the development of
energy-efficient products and technologies [35,36] requires, on the one hand, a significant
amount of financial resources [37] (according to the European Commission, the number of
capital investments in 2050 will be less than 14.6% of Europe’s GDP, and the total investment
costs in the energy system will range from EUR 1.5 to 2.2 trillion between 2011 and 2050),
and on the other hand, the implementation of international and national initiatives aimed
at changing the existing mechanisms of the energy market [38,39].

The tools and strategies for implementing the road map for sustainable energy de-
velopment have not been fully explored. Currently, there are several problematic issues
that require more detailed research, in particular, identifying the mechanisms for ensuring
sustainable energy development, which are more sensitive to changes in the economic,
environmental, and social components of state policies, and evaluating their effectiveness
compared to other sustainable development tools.

Thus, this study is devoted to the modeling of scenarios for ensuring sustainable
energy development based on the analysis of data from EU countries. The purpose of
this study was to formalize an objective and a consistent set of tools to ensure sustainable
energy development by state administration bodies, taking into account the global triggers
of the impacts of social and economic development on energy consumption indicators
of EU countries. In addition, we used data-mining methods for modeling energy policy
reform scenarios, clustering countries depending on them, and assessing the impacts of
socioeconomic development indicators on energy consumption volume. The contributions
of this study are as follows: firstly, when assessing the influence of a country’s social and
economic development indicators on the volume of energy consumption, a much larger
(compared to previous research) group of indicators was taken into account. Secondly,
this study modeled four scenarios regarding state energy policy reform, depending on
the country’s cluster affiliation, which (in contrast to one scenario) allowed taking into
account the different natures of the dependencies of energy consumption volume on a
country’s development trends, and predicting energy consumption indicators within an
existing (or new) cluster, and in case of a transition, depending on the social and economic
development indicators.
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The paper is structured as follows: Section 2 presents the literature review of mech-
anisms for ensuring sustainable energy development, the definitions of its main deter-
minants, and a formulation of the hypothesis; Section 3 provides the methods applied
in the study; Section 4 analyzes the scenario modeling results, including the formaliza-
tion of scenarios for reforming the country’s state energy policy, depending on its cluster
affiliation and the nature of the dependencies between its social and economic develop-
ment indicators, and the energy consumption volume; Section 5 concludes the paper and
presents relevant policy recommendations based on the analysis and discussion from the
previous sections.

2. Literature Review
2.1. Theoretical Framework

Despite the relevance of energy issues in the world, the scientific literature shows
a lack of a unified understanding of the determinants affecting the sustainable energy
development provision. A significant number of scientists consider the transition to renew-
able energy sources as a driving force for overcoming the energy crisis and improving the
environmental situation throughout the world [40–43].

In scientific papers, energy consumption has been investigated in relation to economic
progress. Precht [44] divided all barriers (pertaining to the implementation of low-carbon
transition energy technologies in Commonwealth countries) into four groups: technological,
financial, institutional, and social. Moreover, in countries with low levels of development,
the most important are financial costs—the costs of technology adoption for the energy
transition. The author referred to measures that contributed to eliminating the influences of
these factors on the speed and volume of the transition to energy-saving technologies, e.g.,
the formation of correct price signals, which included setting prices for carbon emissions
from fossil fuels and canceling subsidized prices for fossil fuels. On the other hand, the
failure to take into account environmental costs associated with carbon emissions when
forming market prices leads to a distortion of market prices and a decrease in the efficiency
of the energy market. A significant number of Commonwealth countries provide subsidies
for the use of fossil fuels for the poor. According to experts [43], these subsidies are actually
not effective in supporting the poor, as almost 93% of them go to the highest income groups
and act as negative prices on carbon, encouraging its use.

Malik et al. [44] focused on the causal relationship between macroeconomic factors
(population growth, urbanization, industrialization, exchange rate, price level, food produc-
tion index, and livestock production index) and the share of renewable energy consumption
in Pakistan for the period 1975–2012, and proved the existence of a positive influence of
macroeconomic factors on the resulting indicator. Gozgor et al. [45] analyzed the relation-
ship between renewable and non-renewable energy consumption and economic growth
based on panel data for 29 countries of the Organization for Economic Cooperation and
Development (OECD) for the period from 1990 to 2013. The findings of the autoregressive
distributed lag (ARDL) and the panel quantile regression (PQR) models confirmed that
higher rates of economic growth have statistically significant and positive influences on the
consumption of both non-renewable and renewable energies.

A similar opinion was held by Zhao et al. [46], who focused on fully modified ordinary
least squares (FMOLS) in China, and proved that financial development and per capita
income have significant impacts on the growth of the share of renewable energy sources.
The authors emphasized that trade openness and internationalization provoked an increase
in the share of non-renewable energy consumption while reducing the amount of renewable
energy sources. A similar opinion was held by Li et al. [47], who, based on the results of
a panel regression analysis of data from 102 countries, substantiated the importance of
international trade openness in the development of renewable energy. According to the
authors, the protection of intellectual property rights is an inhibitor of renewable energy
development, especially in countries with low levels of scientific and technical progress.
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Sineviciene et al. [48] focused on long-term dynamic relationships (using stochastic
marginal function and comparative analysis) for a data panel of 11 post-communist coun-
tries in Eastern Europe during 1996–2013, and determined that GDP growth is a key factor
in increasing both the energy efficiency and energy consumption of a country. Moreover,
their results showed that CO2 emissions per capita and fixed capital, and the share of
industry in the economy are important factors in ensuring sustainable energy develop-
ment. Thus, the authors emphasized that policies aimed at increasing energy efficiencies
in communist countries in Eastern Europe should ensure further economic growth due
to the strengthening of positive influences of other factors and the implementation of
energy-efficient projects.

In most studies, the construction of a road map for a country’s sustainable energy
development consists of determining the main anthropogenic sources of CO2 emissions and,
accordingly, the main measures aimed at reducing these emissions. Thollander et al. [49]
considered CO2 emissions as by-products of the main sources of non-renewable energy
consumption, such as fossil fuels.

Thus, Solarin [50], based on an analysis of data from 20 countries in the period from
1982 to 2013, concluded that the volume of energy consumption per capita, urbanization,
real foreign direct investment per capita, and real gross domestic product per capita, are
the main factors that determine the CO2 emission volumes.

Balsalobre-Lorente et al. [51], using the dynamic ordinary least square (DOLS) esti-
mator, determined that economic complexities and CO2 emissions have inverted-U and
N-shaped relationships with Portugal, Italy, Ireland, Greece, and Spain. The authors con-
cluded that there is a need to introduce comprehensive energy and economic policies at
the state level, which focus on the use of renewable energy sources as drivers of CO2
emission reductions.

Acheampong et al. [52] used the GMM-PVAR method to investigate the relationship
between renewable energy development, CO2 emissions, and economic growth. Based on
the analysis of data from 45 African countries from 1960 to 2017, the authors substantiated
the existence of a bidirectional causal relationship between economic growth and the use of
renewable energy sources.

In a study by Koengkan et al. [53], the relationship between financial openness, re-
newable and nonrenewable energy consumption, CO2 emissions, and economic growth
was evaluated. The authors examined data from 12 Latin American countries for the
period 1980–2014; they found a high correlation between fossil fuel consumption and
environmental degradation, a positive effect of economic growth and CO2 emissions, and a
negative effect of fossil fuel consumption and financial openness on the consumption of
renewable energy.

Soytas and Sari [54], based on the analysis of time series data from 16 countries,
investigated the causal relationship between GDP and energy consumption. Based on
VEC modeling, they considered a stationary linear cointegrating relationship between
variables for seven countries, bidirectional causality in Argentina, a positive impact of GDP
on energy consumption in Italy and Korea, and the impact of energy consumption on GDP
in Turkey, France, Germany, and Japan.

Islam et al. [55] analyzed the drivers of changes in renewable and non-renewable
energy consumption. Thus, according to the ARDL (DARDL) modeling results, the authors
claimed that income growth has positive and negative effects on renewable and non-
renewable energy consumption, respectively. Urbanization and physical infrastructure
have a negative impact on renewable energy consumption and a positive impact on non-
renewable energy consumption. Foreign direct investment and institutional quality have
positive effects on renewable energy consumption, while domestic investment has positive
effects on both renewable and non-renewable energy consumption.

The impact of green growth on CO2 emissions (regarding G7 countries) was inves-
tigated by Hao et al. [56]. The authors, using the distributive self-regressive-augmented
transversal lag model (CSARDL), proved that short-term and long-term GDP growth af-



Energies 2022, 15, 7711 7 of 24

fects the quality of the environment. Thus, the authors emphasized that changes in CO2
emission volume, GDP, green growth, environmental taxes, consumption of renewable
energy, and human capital in one of the G7 countries, will affect the indicators of other G7
countries that are interconnected with that country.

Li and Lung [57] investigated the relationship between weighted indices of coal and
natural gas prices in electricity generation, real GDP, and renewable energy consumption.
Based on the analysis of panel data of 7 European countries over a 34-year period (1985–
2018), using the data envelopment analysis (DEA), the authors proved the key role of
economic growth and non-renewable energy prices in increasing the consumption of
renewable energy in developed economies (G7 countries).

Individual scientists are investigating institutional mechanisms for ensuring sustain-
able energy development. Marra and Colantoni [58], based on the panel vector autore-
gressive (PVAR) model, tested the hypothesis about the influence of institutional and
socio-technical factors (policy stringency, public awareness, lobbying, education, control-
ling for income and energy imports) on the speed of the country’s transition to renewable
energy. Based on the analysis of data from 18 member states of the European Union for
the period 1990–2015, the authors concluded that the strictness of the environmental pol-
icy does not affect renewable energy production, while income and education negatively
affect this indicator. Moreover, the analysis shows the existence of a significant gap in
the speed of transition to renewable energy. Thus, in countries that are less active on
the production side, increasing policy stringencies will lead to an increase in renewable
energy production, while in countries that are less active on the production side, excessive
data lobbying negatively affects the transition to renewable energy production; however,
increasing public awareness will contribute to the growth increase. In such countries, the
social component of reforming the energy market should be focused on, and politicians
should aim to reduce the share of energy produced from oil, natural gas, coal, and nuclear
fuel. On the contrary, according to the estimates from the European Bank for Reconstruction
and Development [59], the management and restructuring of enterprises are not important
factors in increasing energy efficiency and reducing energy consumption per capita in
post-communist countries.

Leitão [60], utilized fully modified least squares (FMOLS), dynamic least squares
(DOLS), and two-stage least squares (TSLS) estimator, and emphasized that corruption
endangers the functioning of the economy and exacerbates climatic and environmental
problems. Based on the analysis of data from Portugal, Spain, Italy, Ireland, and Greece, for
the years 1995–2015, the researcher proved that the corruption index and economic growth
have statistically significant unidirectional positive effects on carbon dioxide emissions,
while renewable energy sources and international trade reduce climate change and improve
environmental quality.

Bilan et al. [61] agreed that corruption and the shadow economy, due to the reduction of
green investments, negatively affect the development of green energy and the improvement
of energy efficiency.

Miśkiewicz [62] substantiated the relevance of reforming the energy market, taking
into account the principles of increasing energy efficiency and increasing the share of
alternative energy sources. Vasylyeva and Pryymenko [63], based on the analysis of
mechanisms for reducing a country’s energy dependence and increasing energy security,
concluded that the spread of green energy should be the basis of these processes.

2.2. Study Area Selection

The analysis of the dynamics of publishing the activity on energy consumption, carried
out with the Scopus toolkit, showed a constant increase in the number of publications
(Figure 4). Since 2000, the number of publications has increased by more than 19 times
(2602 publications in 2021 compared to 133 in 2000).
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Figure 4. The dynamics of publication activity on energy consumption issues (based on Scopus data).

A more detailed analysis of scientific works in publications indexed by the Scopus
database allowed visualizing the interrelationship of keywords and carrying out their
network clustering.

Figure 5 shows five clusters that represent 1000 relationships between keywords. An
in-depth analysis of each of the specified clusters allows for determining the most common
keywords that, according to scientists, are related and affect energy consumption.

Energies 2022, 15, x FOR PEER REVIEW  8  of  25 
 

 

2.2. Study Area Selection 

The analysis of the dynamics of publishing the activity on energy consumption, car‐

ried out with the Scopus toolkit, showed a constant increase in the number of publications 

(Figure 4). Since 2000, the number of publications has increased by more than 19 times 

(2602 publications in 2021 compared to 133 in 2000). 

 

Figure 4. The dynamics of publication activity on energy  consumption  issues  (based on Scopus 

data). 

A more detailed analysis of scientific works in publications indexed by the Scopus 

database allowed visualizing the interrelationship of keywords and carrying out their net‐

work clustering. 

Figure 5 shows five clusters that represent 1000 relationships between keywords. An 

in‐depth analysis of each of the specified clusters allows for determining the most com‐

mon keywords that, according to scientists, are related and affect energy consumption. 

 

Figure 5. The network map of the bibliometric analysis concerning renewable energy consump‐

tion. 

0

500

1000

1500

2000

2500

3000

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
5

2
0
1
6

2
0
1
7

2
0
1
8

2
0
1
9

2
0
2
0

2
0
2
1

Figure 5. The network map of the bibliometric analysis concerning renewable energy consumption.

The first and largest (red) cluster examines the energy consumption (links—942,
occurrences—4812, total link strength—20,253) via a connection with the cost of individual
energy sources, production volumes, the state of the environment, smart technologies,
solar energy, etc. The study of these connections was carried out using optimization
methods, artificial intelligence tools, artificial neural networks, analysis of large datasets,
and forecasting.

The second (green) cluster examines energy consumption (links—673, occurrences—
1445, total link strength—13,407) through the connection with CO2 emissions, corruption,
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the level of democracy, eco-innovations, economic growth, the cost of energy, exports,
financial development, foreign direct investment, globalization, quality of the institutional
environment, renewable energy sources, etc. The study of these relationships was carried
out using the methods of causality, correlation analysis, co-interaction, panel analysis, and
vector autoregressions.

The third (blue) cluster examines energy consumption (links—744, occurrences—943,
total link strength—5160) along with such concepts as potential, efficiency, environmental
performance, evolution, input–output, lifecycle, progress, quality, waste, etc. The most
common methods of analysis include data envelopment analysis, economic analysis, life
cycle analysis, and mathematical modeling.

The fourth (yellow) cluster links energy consumption (links—628, occurrences—479,
total link strength—5499) with economic development, global warming, household con-
sumption, inequality, etc. Scenario analysis methods serve as methodological tools for
substantiating this relationship.

The smallest (purple) cluster links energy consumption (links—318, occurrences—185,
total link strength—1113) with validity, mortality, association, awareness, consequences,
awareness, etc.

Among the keywords found in the publications, the most significant were “CO2
emission”, “economic growth”, “electricity consumption”, “financial development”, “coin-
tegration”, “impact”, “renewable energy”, “efficiency”, “performance”, “demand”. Thus, it
can be assumed that these keywords can be considered the main drivers of reducing energy
consumption (Table 1).

Table 1. The TOP-10 co-occurrence keywords in the papers concerning energy consumption.

No. Keyword Total Link Strength

1 CO2 emission 13,407
2 Economic growth 7727
3 Electricity consumption 7288
4 Financial development 6423
5 Cointegration 6223
6 Impact 6198
7 Renewable energy 6184
8 Efficiency 5160
9 Performance 5125
10 Demand 4500

In [64], the main factors that had the greatest impacts on energy consumption included
the rural population, total population, gross domestic product, consumer price index, and
carbon dioxide emissions. The findings of the study [65] showed the influences of the
following groups of drivers: energy structure (the share of coal, oil, natural gas, biomass,
hydro, and others), energy intensity (energy consumption per GDP), population growth,
and GDP per capita. Based on the study results, the authors emphasized the importance
of increasing energy efficiency and adjusting energy policies in the context of reducing
energy consumption and achieving sustainable energy development in a country. The main
measures of reforming the state energy policy should include accelerating the processes
of energy transformation and modernization, coordinating the supply and demand for
energy, focusing on technological progress, strengthening the adjustment of the economic
structure in the future, and considering changes in energy consumption in the process of
ensuring the uninterrupted operation of the economy.

Thus, the analysis of the results of previous research shows the presence of a significant
number of approaches, and the use of various methodological research tools in the analysis
of the problem regarding a significant amount of energy resource consumption. The
advantage of these studies involves the use of a significant number of countries or spheres
of activity. These studies have certain limitations. Most of the existing approaches and
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models use limited indicator systems (only economic, social, or environmental) to formalize
the drivers of changes in energy consumption volume while ignoring the possibility of
their complex influences on the resulting indicators. This leads to the fact that the tools and
strategies for implementing the road map for sustainable energy development have not
been fully explored. Thus, there is a gap in the availability of an approach that considers the
complex impacts of indicators regarding a country’s development in the scenario modeling
of an energy policy for sustainable development, which determined the relevance and
scientific significance of this study.

3. Materials and Methods

Annual data from the World Bank, the Organization for Economic Cooperation and
Development, and the European Commission serve as the information base of the study.
The period of the study was 2000–2019. EU countries were chosen as the objects of the
study. Formalization, data preprocessing, and econometric analysis were performed using
the Stata 14 software package.

Scenario modeling of sustainable energy development was carried out in two stages.
In the first stage, a system of indicators that influenced the strategy choice for reforming
the country’s energy market (in terms of economic, environmental, and social components)
was formalized. Thus, the following indicators served as the research information base:

Group 1—indicators of economic development: gross capital formation (current
USD$); GDP per capita (current USD$); foreign direct investment, net inflows (BoP, cur.
USD$); industry (including construction) value added (annual % growth); manufacturing,
value added (% of GDP); imports of goods and services (% of GDP); exports of goods and
services (% of GDP); research and development expenditure (% of GDP).

Group 2—indicators of ecological development: energy consumption in the industry
(% total energy consumption); renewable energy consumption (% of total final energy
consumption); CO2 emission; energy depletion (% of GNI); CO2 emissions from electricity
and heat production, total (% of total fuel combustion).

Group 3—social development indicators that determine the ability to use energy-
saving technologies at the household level. The Index of Social Development, which is
based on the integration of 51 indicators, is an indicator that provides a holistic assessment
of the social development level of the country (access to electricity; deaths attributed to
outdoor air pollution; greenhouse gas emissions; corruption; access to justice; access to
quality healthcare; access to quality education).

In the second stage of the study, the impacts of these factors on the scenario choices
for reforming the country’s energy market, and the tactical and strategic state management
system of energy use processes, were evaluated.

The analyzed countries were clustered; sustainable energy development was carried
out using agglomerative methods of minimum dispersion. According to this method, in
the first step, each object was considered a separate cluster. The two closest objects were
merged, and a new cluster was formed. The procedure continued until all objects were
combined into one cluster.

One of the stages of clustering countries, depending on energy development scenarios,
was the arrangement of a set of objects into relatively homogeneous groups using the k-
means method, the use of which involved determining the average values for each cluster,
Euclidean distances, and Euclidean distance squares between clusters. The centers of each
of their clusters were determined using the distance sorting method and the selection of
observations at constant intervals.

Determining the optimal number of clusters based on the value analyses of the inter-
group (between SS) and intragroup (within SS) variances, a comparison of the variance
analysis results for three, four, and five clusters were carried out, according to the follow-
ing criteria:

- Maximization of the value of the Fisher criterion and approximation of the probability
of rejecting the null hypothesis to the null value;
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- Minimization of the intragroup variance and maximization of the intergroup variance.

Portraits of relevant country clusters were formalized using the one-dimensional
CART branching method.

At the initial stage, the study of the main determinants affecting the energy con-
sumption amount was carried out using the panel data regression model, which was
characterized by several advantages compared to cross-section and time-series data [66].

Based on the analysis of articles on the drivers of renewable energy development [5,19],
the model that determined the nature of the change of the dependent variable in relation to
all independent variables had the following form:

EC = f (EDIi, ECDIi, SDI1 (1)

where EC is energy consumption; EDIi—i-th indicator of economic development; ECDIi—
i-th indicator of ecological development; and SDI1—i-th indicator of social development.

Today, the panel data regression model is a common tool used for analyzing the
relationship between indicators and is one of the most popular. In [67], the authors noted
that the main advantage of using panel data analysis tools is to minimize bias in the results.
Thus, the use of this method will lead to reliable and competent estimates of the parameters
α0 and β1...n.

The dependence of energy consumption on economic, environmental, and social
development factors can be formalized using the generalized method of moments (GMM).
According to Polcyn et al. [19], the use of this method can increase the reliability and validity
of the results. In addition, the generalized method of moments allows one to neutralize the
endogenous nature of the changes in the resulting indicator. The advantages of using this
method in the analysis of economic and financial indicators are that it allows one to take
into account the weight of each component of the model, and, unlike the classical method,
allows one to take into account a much larger number of restrictions than the number of
parameters. Thanks to this, the use of this method is effective in terms of saving time and
obtaining more accurate results.

Un(β) =
1
n ∑n

i=1 ui(β) (2)

where Un(β) can be greater than the dimension of β:

Qn(β) = UT
n (β)∑−1

n (β)Un(β) (3)

where ∑n(β) is the empirical version of the variance–covariance matrix:

∑
n
(β) =

1
n2 ∑n

i=1 ui(β)uT
i (β)− 1

n
Un(β)UT

n (β) (4)

B can be determined using the following iterations:

- Using the initial value β0 in the expression ∑n(β);
- At the k-th iteration, the quadratic target function βk is minimized;
- Using the values of βk in the formula ∑n(βk) and returning to step 2;
- Repeating these iterations until predetermined criteria are met.

At the next stage of formalizing the scenarios, ensuring sustainable energy develop-
ment of the country by using classification trees (the one-dimensional CART branching
method), we conducted a more detailed analysis of country cluster portraits. The use of
this method allows for predicting the country’s membership in a cluster depending on the
values of the model’s input indicators.



Energies 2022, 15, 7711 12 of 24

4. Results

Table 2 shows the descriptive statistic results for the analyzed energy consumption
drivers. The balance of the analyzed data panel is evidenced by the same number of
observations for each one (n = 541). All analyzed variables are characterized by significant
variability. Thus, the share of energy consumption in the industry ranges from 1 to 53.9%
of total energy consumption. The CO2 emission volumes are in the range of 2.93–25.6.

Table 2. Definitions of variables and descriptive statistics for all countries.

Variables Mean Std. Dev. Min Max

Energy consumption in industry,
% total energy consumption 17.66115 11.60438 1 53.9

GDP per capita (current US $) 2.14 × 1010 5.77 × 1010 −3.45 × 1011 7.34 × 1011

Foreign direct investment, net
inflows (BoP, cur. USD$) 28,971.23 21,277.81 1621.24 123678.7

Renewable energy consumption
(% of total final energy
consumption)

16.62307 11.5724 0 52.88

CO2 emission 7.580756 3.528094 2.93 25.6
Population growth, % 2.293984 6.598446 −24.86 74.39
Industry (including
construction), value added
(annual % growth)

14.95812 4.9773 3.89 34.9

Manufacturing, value added (%
of GDP) 0.224582 0.848165 −3.85 3.93

Access to electricity 99.55834 0.03856 99.1 100
Deaths attributed to outdoor air
pollution 4.755423 2.014964 0.612447 9.909073

Greenhouse gas emissions 144,281 198,514.2 1880 976,270
Gross capital formation (% of
GDP) 23.05694 4.575821 11.89228 54.6975

Imports of goods and services (%
of GDP) 58.05659 28.49082 22.84665 174.6221

Exports of goods and services (%
of GDP) 59.79897 33.66988 18.54458 205.4821

Research and development
expenditures (% of GDP) 1.449661 0.882911 0.2269 3.8738

Energy depletion (% of GNI) 5.36 × 108 1.14 × 109 0 8.23 × 109

CO2 emissions from electricity
and heat production, total (% of
total fuel combustion)

42.33723 16.31682 2.853598 86.02941

Source: author’s calculations.

Based on the panel regression parameter estimation results using GMM modeling, it
can be concluded that there is a positive relationship between energy consumption and
most of the analyzed indicators, e.g., access to electricity, deaths attributed to outdoor air
pollution, greenhouse gas emissions, gross capital formation, GDP per capita, industry
(including construction) value-added, manufacturing, exports of goods and services, CO2
emission; energy depletion, and CO2 emissions from electricity and heat production. For
example, an increase in GDP per capita by 1% leads to an increase in the consumption of
renewable energy by 0.87%. In addition, a positive relationship was established between
the level of access to electricity and the volume of its consumption, as a consequence of the
energy depletion of the country. The increase in the volume of energy consumption also
directly depends on the volume of greenhouse gas and CO2 emissions. This determines the
presence of a positive relationship between energy consumption and mortality from outside
air pollution. Conversely, the negative values of the correlation coefficient indicate that
countries that are financed by funds for the development of renewable energy sources and
the introduction of energy-saving technologies demonstrate significantly lower amounts of
energy consumption. According to the calculation results, a negative relationship between
the volume of energy consumption and foreign direct investment, imports of goods and
services, research and development expenditures, and renewable energy consumption, was
confirmed (Table 3).
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Table 3. Panel generalized method of moments model.

Variables

Renewable Energy Consumption

Coefficient Std.
Error z p > |z| [95% Conf. Interval] Relationship

ECDI1 −0.01732 0.01015 −1.71 0.037 −0.00254 0.03724 negative
ECDI2 0.00534 0.00312 1.71 0.045 0.01147 0.00077 positive
ECDI3 0.15586 0.05215 2.25 0.002 0.05387 0.25830 positive
ECDI4 0.01633 0.00492 1.89 0.001 0.00671 0.02600 positive
EDI1 0.01307 0.00765 1.29 0.006 0.00191 0.02809 positive
EDI2 0.87380 0.00597 146.35 0.000 0.86341 0.88681 positive
EDI3 −0.02872 0.00865 −3.32 0.001 −0.01180 0.04571 negative
EDI4 0.02144 0.00815 2.64 0.008 0.00550 0.03743 positive
EDI5 0.00046 0.00280 0.16 0.021 0.00594 0.00503 positive
EDI6 −0.00402 0.00236 1.29 0.006 −0.00865 0.00058 negative
EDI7 0.01617 0.00614 1.99 0.006 0.00415 0.02823 positive
EDI8 −0.00021 0.00127 −0.07 0.003 −0.00270 0.00228 negative
SPI1 0.20667 0.06916 2.99 0.003 0.07143 0.34252 positive
SPI2 0.02166 0.00652 2.50 0.001 0.00890 0.03447 positive
SPI3 0.48419 0.00331 81.10 0.001 0.47843 0.49140 positive

Note: SPI1—access to electricity; SPI2—deaths attributed to outdoor air pollution; SPI3—greenhouse gas emissions;
EDI1—gross capital formation (% of GDP); EDI2—GDP per capita (current USD$); EDI3—foreign direct investment,
net inflows (BoP, current USD$); EDI4—industry (including construction) value added (annual % growth); EDI5—
manufacturing, value added (% of GDP); EDI6—imports of goods and services (% of GDP); EDI7—exports of
goods and services (% of GDP); EDI8—research and development expenditure (% of GDP); ECDI1—renewable
energy consumption (% of total final energy consumption); ECDI2—CO2 emission; ECDI3—energy depletion (%
of GNI); ECDI4—CO2 emissions from electricity and heat production, total (% of total fuel combustion).

The growth of financial resources can lead to an increase in the amount of funds
directed to the development of new (or the introduction of already existing) energy-saving
technologies or renewable energy sources.

Thus, the results confirm the hypothesis about the complex influences of the social,
economic, and ecological development indicators on a country’s volume of energy con-
sumption. The established dependencies confirm the results of previous studies on GDP
growth affecting the quality of the environment [56,57], the positive impact of growth on the
adoption of technology costs for the energy transition (including the costs of development
and implementation) [44], statistically significant and positive influences on the energy
consumption of renewable energy [45], and trade openness [46].

The R-squared value of 0.845 indicates a sufficient level of reliability of the results.
Thus, the analyzed factor characteristics can explain 84.5% of the change in the energy
consumption volume. In addition, an F-statistic value (p > |z|) less than 5% indicates that
the obtained parameters of the regression model are statistically significant (F < 0.05).

To verify the reliability of the results, we analyzed the relationship between the energy
consumption amount and economic, ecological, and social development indicators (of the
analyzed countries) using the fixed-effects and random-effects models (Table 4).

According to the panel regression parameter results for the fixed effects model, all
analyzed variables explain approximately 95.4% of the variation in the energy consumption
amount (R-squared = 0.954). This confirms the sufficient fit of the fixed effects model. The
F-statistic value (Prob = 0.000) testifies to a high level of statistical significance of the overall
panel regression (F < 0.05). Overall, the regression parameters of panel data with fixed
effects confirm a positive relationship between the volume of energy consumption and
access to electricity, deaths attributed to outdoor air pollution, greenhouse gas emissions,
gross capital formation, GDP per capita, industry (including construction) value-added,
manufacturing, exports of goods and services, CO2 emissions, energy depletion, CO2
emissions from electricity, and heat production. For example, an increase in GDP per capita
by 1% leads to an increase in EC by 0.508%. In turn, an increase in energy depletion by 1%
leads to an increase in EC by 0.149%. The results testify to the inverse influence of foreign
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direct investment, imports of goods and services, research and development expenditures,
and renewable energy consumption on the volume of energy consumption.

Table 4. Panel regression results for the fixed-effects model.

Variable Coefficient Std. Error t-Statistic Prob. Relationship

ECDI1 −0.017 * 0.010 −1.635 0.000 negative
ECDI2 0.005 ** 0.003 1.576 0.000 positive
ECDI3 0.149 * 0.047 2.151 0.000 positive
ECDI4 0.015 * 0.005 1.686 0.001 positive
EDI1 0.012 * 0.007 1.163 0.000 positive
EDI2 0.508 * 0.006 3.246 0.001 positive
EDI3 −0.026 * 0.008 −3.031 0.001 negative
EDI4 0.021 * 0.008 2.524 0.000 positive
EDI5 0.000 ** 0.003 0.146 0.000 positive
EDI6 −0.004 * 0.002 −1.189 0.000 negative
EDI7 0.015 * 0.006 1.817 0.000 positive
EDI8 −0.001 * 0.001 −0.063 0.000 negative
SPI1 0.185 * 0.066 2.672 0.000 positive
SPI2 0.020 * 0.006 2.304 0.001 positive
SPI3 0.464 * 0.003 77.646 0.001 positive

R-Squared 0.954
Prob (F-statistic) 0.000

Note: * p < 0.01, ** p < 0.05.

The results from calculating the panel regression results for the random-effects model
(Table 5) confirm the sufficient reliability and statistical significance of the results (R-square
is 0.845, and Prob = 0.000).

Table 5. Panel regression results for the random-effects model.

Variable Coefficient Std. Error t-Statistic Prob. Relationship

ECDI1 −0.020 * 0.000 −2.108 0.000 negative
ECDI2 0.005 * 0.000 1.581 0.000 positive
ECDI3 0.157 * 0.008 2.369 0.000 positive
ECDI4 0.034 * 0.000 4.395 0.000 positive
EDI1 0.019 * 0.000 2.045 0.000 positive
EDI2 0.690 * 0.004 25.244 0.000 positive
EDI3 −0.044 * 0.000 −5.495 0.000 negative
EDI4 0.032 * 0.000 4.079 0.000 positive
EDI5 0.004 * 0.000 1.374 0.000 positive
EDI6 0.012 * 0.000 4.199 0.000 positive
EDI7 0.035 * 0.000 4.707 0.000 positive
EDI8 −0.002 * 0.000 −0.668 0.000 negative
SPI1 0.665 * 0.044 10.727 0.000 positive
SPI2 0.185 * 0.001 23.136 0.000 positive
SPI3 0.428 * 0.001 17.840 0.000 positive

R-Squared 0.876
Prob (F-statistic) 0.000

Note: * p < 0.01.

In a similar vein to the fixed-effect regression results, Table 6 shows a negative relation-
ship between energy consumption and foreign direct investment, research and development
expenditures, and renewable energy consumption. Thus, an increase in foreign direct in-
vestment, research and development expenditures, and renewable energy consumption by
1% leads to a decrease in energy consumption by 0.044, 0.002, and 0.02%, respectively. The
rest of the indicators have positive effects on the energy consumption amount.
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Table 6. The eigenvalue fragments in the correlation matrix and the selection of social development
indicator priorities.

Component Eigenvalue Difference Proportion Cumulative

SPI1 2.38746 1.02637 0.3411 0.3411
SPI2 1.36109 0.378104 0.1944 0.5355
SPI3 0.982983 0.153547 0.1404 0.6759
SPI4 0.829436 0.12728 0.1185 0.7944
SPI5 0.702156 0.179743 0.1003 0.8947

Note: SPI1—access to electricity; SPI2—deaths attributed to outdoor air pollution; SPI3—greenhouse gas emissions;
SPI4—corruption; SPI5—access to justice.

In the second stage of the research, in order to assess the influences of factors on
the scenario choices for reforming the country’s energy market, we evaluated the most
relevant indicators that directly affected renewable energy consumption. Considering
that within the framework of the third group of indicators, we analyzed 51 indicators
characterizing social development, based on the main component method, we determined
the expediency of including all indicators in the calculations. The eigenvalues of the priority
correlation matrix of social development indicators shown in Table 6 prove that more than
89.47% of the variation of the integral index of social development was provided by its five
components. Thus, when assessing the impact of indicators (i.e., on the social development
of the country, regarding energy consumption), it is advisable to use only five factors.

In the next stage, we determined the priority of the country’s social development
indicators. For this purpose, we analyzed the contribution of each of the five indicators
(based on the correlation coefficient) to the social development indicator using the weighted
arithmetic mean method (Table 7).

Table 7. Social development indicator contributions by the main components.

Variable Component 1 Component 2 Component 3 Component 4 Component 5

SPI1 0.01631 0.00152 0.01826 0.00493 0.00015
SPI2 0.01590 0.00094 0.01526 0.00692 0.00118
SPI3 0.01542 0.00199 0.01962 0.00318 0.00005
SPI4 0.01608 0.00102 0.01666 0.00494 0.00051
SPI5 0.01643 0.00201 0.01751 0.00437 0.00009
SPI6 0.01535 0.00596 0.00841 0.00283 0.00173
SPI7 0.01602 0.00117 0.01463 0.00672 0.00104

Note: SPI1—access to electricity; SPI2—deaths attributed to outdoor air pollution; SPI3—greenhouse gas emissions;
SPI4—corruption; SPI5—access to justice; SPI6—access to quality healthcare; SPI7—access to quality education.

The results from prioritizing the indicators of social development allow determin-
ing the most relevant indicators, in particular, SPI1—access to electricity; SPI2—deaths
attributed to outdoor air pollution; SPI3—greenhouse gas emissions; SPI4—corruption;
SPI5—access to justice; SPI6—access to quality healthcare; SPI7—access to quality education.

In the next stage of the research, based on agglomerative methods of minimum
variance (iterative divisive k-means method and tree clustering), countries were clustered
according to the most relevant scenarios of state energy policy reforms.

The basis of these calculations involved determining (using variance analysis tools)
the number of groups into which the countries could be divided (Figure 6).

The analysis of the results (i.e., of the grouping of countries within three and five
clusters) proved the low quality of the clustering process. Thus, indicators SPI1—access
to electricity, EDI2—GDP per capita (current USD$); EDI3—foreign direct investment, net
inflows (BoP, current USD$); EDI4—industry (including construction) value added (annual
% growth); EcDI5—CO2 emissions from electricity and heat production, and total (% of
total fuel combustion) obtained p-values that exceed the critical (0.05), while for indicators
SPI3—greenhouse gas emissions; EDI6—imports of goods and services (% of GDP); EDI7—
exports of goods and services (% of GDP); EcDI3—CO2 emission—values were borderline
to critical. Moreover, Fisher’s test was not statistically significant, and the values of group
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variance and intra-group variance indicated the inexpediency of dividing countries into
three clusters.
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The dispersion analysis results (Table 8) proved the expediency of distinguishing four
clusters of countries, depending on the scenarios of energy consumption policy reform.
Thus, based on the analysis of the values of inter-group (between SS) and intra-group
(within SS) characteristics of dispersion, it can be concluded that the highest quality group-
ing of countries can be achieved by dividing countries into four clusters. For all indicators
of social, economic, and environmental development, the estimated values of the p-level
were below the critical level (0.05), which indicated the high quality of the clustering of
countries within the four groups.

Table 8. Countries clustered into four groups based on variance analysis results.

Analysis of Variance (Spreadsheet2.sta)
Variable Between SS df Within SS df F Signif. p

ECDI1 0.55890 3 1.20249 44 6.88388 0.000143
ECDI2 0.97417 3 0.56692 44 25.45018 0
ECDI3 0.44635 3 0.27079 44 24.41312 0
ECDI4 0.32585 3 0.54007 44 8.93615 0.000015
EDI1 0.34104 3 0.72609 44 6.95668 0.000132
EDI2 0.77930 3 1.00212 44 11.51768 0.000001
EDI3 0.25865 3 0.69881 44 5.48195 0.000755
EDI4 56.31921 3 9.66702 44 86.28662 0
EDI5 1.40614 3 0.88895 44 23.42766 0
EDI6 1.66946 3 1.05482 44 23.44098 0
EDI7 1.25594 3 0.84283 44 22.06998 0
EDI8 1.48733 3 1.00024 44 22.02333 0
SPI1 2.13140 3 0.91791 44 34.39121 0
SPI2 2.37471 3 1.00163 44 35.11435 0
SPI3 2.33585 3 1.04161 44 33.21392 0

Source: own compilation.
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Values of intragroup and intergroup dispersion, Fisher’s criterion, and p-criterion
when dividing countries into five clusters indicated a slight improvement in the quality of
this process. For some indicators (compared to the selection of three clusters), the calculated
values were less than the critical value (p-level = 0.05). However, in general, the obtained
values testified to the deterioration of the quality of the clustering process and allowed us
to draw a conclusion about the expediency of dividing countries according to the scenarios
of ensuring sustainable energy development in four clusters (clusters 1–7; clusters 2–6;
clusters 3–9; and cluster—6):

Cluster 1: Cyprus, Denmark, Finland, Greece, Ireland, Italy, and Luxembourg;
Cluster 2: Bulgaria, Croatia, Estonia, Malta, and the Netherlands;
Cluster 3: Czech Republic, Greece, Hungary, Lithuania, Latvia, Slovak Republic,

Slovenia, Romania, and Poland;
Cluster 4: Austria, Belgium, France, Portugal, Spain, and Sweden.
The results from the clustering of countries using agglomerative methods (Table 9)

allowed us to describe the key vectors of the country’s energy development within each
cluster in terms of economic, environmental, and social indicators of the country’s develop-
ment, in particular:

- The average social development indicator values in the countries from the first cluster
were the highest and consistently decreased from the first to the fourth cluster;

- Within the parameters of economic development: when moving from the first to the
fourth clusters, the average values of gross capital formation (% of GDP), industry
(including construction) value added (annual % growth), GDP per capita (current
USD$), foreign direct investment, net inflows (BoP, current USD$), imports of goods
and services (% of GDP), exports of goods and services (% of GDP), and research
and development expenditures (% of GDP) gradually increased, while the rest of the
indicators decreased;

- Within the parameters of ecological development, the average values of renewable
energy consumption (% of total final energy consumption) within cluster 1 were the
lowest and gradually increased when moving from one cluster to another. The average
values of the remaining indicators were reduced.

Table 9. Clustering of countries according to energy policy reform scenarios within the average
values of input indicators.

Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4

ECDI1 3.957778 7.967174 12.6674 18.79458
ECDI2 9.858889 8.68 8.576087 7.645875
ECDI3 4.62 × 109 1.16 × 109 4.86 × 108 4.80 × 108

ECDI4 43.13797 37.43519 34.63907 40.66555
EDI1 21.65069 22.10064 22.11167 24.34707
EDI2 23243.16 37932.65 39684.59 47230.26
EDI3 2.99 × 109 7.68 × 1010 2.80 × 1010 3.17 × 1011

EDI4 2.176125 0.316304 0.945343 1.338889
EDI5 15.6875 15.42174 14.37726 12.67333
EDI6 53.3848 51.55711 50.70253 61.88923
EDI7 52.344 55.63731 55.64425 68.77751
EDI8 1.324631 1.877699 1.647639 1.900871
SPI1 100 100 100 100
SPI2 5.318857 4.410568 4.084318 4.429696
SPI3 86233.75 383365.2 252570.8 270391.1

Source: own compilation.

In the next stage, with the help of classification trees, we formalized the portraits of the
selected clusters of countries depending on the sustainable energy development scenario
(in terms of economic, ecological, and social indicators).
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The classification of countries, according to the scenarios of sustainable energy devel-
opment given in Table 10 (node numbers, number of child vertices on the left and right
branches, number of objects in the classes, and the branching condition (split variable)),
as well as the data in Figure 7, allowed us to conclude that the first cluster included five
countries, the second—seven, the third—seven, and the fourth—three. The distribution of
countries by vertices 2 and 3 was carried out depending on the value of the variable edi1,
which must not have exceeded 23.0211 for the countries in cluster 4, or be greater than this
value for the countries in cluster 2. Within cluster 4, a further grouping of countries was
based on the indicator edi4, a value that should not have exceeded 1.0421 for countries
in cluster 4. Otherwise, the country could be assigned to cluster 3. Further clustering
of countries was carried out, taking into account the value of variable edi5. If the value
of variable edi5 exceeded 13.854, then the country should have been assigned to cluster
4, otherwise—to cluster 2. The analysis of the right branch of the classification tree con-
firms that cluster 2 included 12 EU countries, which combined countries from clusters
1 and 2. Attribution of a country to cluster 1 was possible if the value of variable edi1
did not exceed 21.9753, while cluster 2 included countries with the value of variable edi1
exceeding 21.9753.

Table 10. Classification tree structure according to the scenarios of sustainable energy development
modeling.

Node Left
Branch

Right
Branch

N in cls
Cluster 1

N in cls
Cluster 2

N in cls
Cluster 3

N in cls
Cluster 4

Predict.
Class

Split
Constant

Split
Variable

1 2 3 5 9 7 3 Cluster 2 −23.0211 EDI1
2 4 5 0 2 7 3 Cluster 4 1.0421 EDI4
3 6 7 5 7 0 0 Cluster 2 21.9753 EDI1
4 0 0 7 0 Cluster 3
5 8 9 0 2 0 3 Cluster 4 13.8534 EDI5
6 0 7 0 0 Cluster 2
7 5 0 0 0 Cluster 1
8 0 2 0 0 Cluster 2
9 0 0 0 3 Cluster 4

Source: own compilation
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Thus, based on the analysis results, it is possible to formulate the following criteria for
assigning a country to a certain cluster:

- The condition for assigning a country to cluster 1: the value of variable edi1 exceeds 21.9753;
- The condition for assigning a country to cluster 2: the fluctuation of the value of

variable edi1 is within 23.0211–21.9753, and the value of variable edi5 is no more
than 13.8534;

- The condition for assigning a country to cluster 3: the value of variable edi1 is less
than 23.0211, and variable edi4—1.0421;

- The condition for assigning a country to cluster 4: the value of variable edi1 is less
than 23.0211, variable edi4—more than 1.0421, variable edi5—more than 13.8534.

In the next stage, we ranked the drivers of energy consumption according to their
influences on the clustering of countries. The ranking results presented in Figure 8 allowed
us to conclude that GDP per capita (98 points), gross capital formation (97 points), industry
(including construction) value added (annual % growth) (96 points), and manufacturing,
value added (95 points) had the greatest influence on the clustering of countries. Green-
house gas emissions (25 points) and deaths attributed to outdoor air pollution (27 points)
had the least impacts on these processes.
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Thus, the basis of formalizing a country’s energy policy reform scenario (in the context
of ensuring its sustainable energy development) should consider the country belonging to
a certain cluster and its ability to move to another (better, in terms of indicators) under the
influence of endogenous and exogenous factors. Depending on the nature and speed of
change in the country’s position under the influence, the following scenarios for reforming
the country’s energy policy can be distinguished:

- Neutral scenario—a scenario in which the country does not change its position;
- Scenario of slow transformation—a scenario in which the country changes its own

position by one point (one cluster);
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- Moderate scenario—a set of measures in which the country’s position changes by two
points (transition to two clusters);

- Responsive scenario—a scenario in which the country changes its position by three
points (three clusters).

The basis for selecting a scenario (for reforming the country’s energy policy) should
be the assessment of the sensitivity of energy consumption indicators to the consequences
of measures implemented in the country.

5. Conclusions

This study analyzed the problem of the constant growth of energy consumption and
the consequences of these processes for the environment. Based on the bibliographic,
trend, cluster, and correlation analysis results, the article substantiates the feasibility of
formalizing a set of the most effective tools for ensuring sustainable energy development,
considering global triggers of the influence of socioeconomic development indicators on
energy consumption indicators in EU countries.

In general, the following conclusions can be drawn based on the study results.
Energy consumption volume has a positive relationship with the level of access to

electricity, deaths attributed to outdoor air pollution, greenhouse gas emissions, gross
capital formation, GDP per capita, industry (including construction) value-added, manu-
facturing, exports of goods and services, CO2 emissions, energy depletion, CO2 emissions
from electricity, and heat production. The results prove the importance of using an effective
toolkit for reforming the energy market in the EU. Reducing the influence of individual
indicators on the volume of energy consumption (access to electricity, gross capital for-
mation, GDP per capita, industry (including construction) value-added, manufacturing,
exports of goods and services) should be carried out—not at the expense of quantitative
transformation, but by qualitative impacts: the production volume growth and the level of
access of the population to electricity with a simultaneous increase in the share of renewable
energy sources.

Instead, foreign direct investment, imports of goods and services, research and devel-
opment expenditures, and renewable energy consumption negatively affect the resulting
indicator. This was confirmed by the estimation of regression parameter results with fixed
and random effects, as well as the GMM test. Thus, the results of the study prove that
EU countries have the potential to reduce energy consumption, switch to energy-saving
technologies and renewable energy sources by attracting additional investments in this
industry, directing a significant amount of funds to the development of new (or the in-
troduction of already existing) energy-saving technologies. Thus, the change in priorities
regarding the financing and development of technologies in the direction of energy saving,
and the attraction of additional financial resources, should serve as priority directions in
the energy policies of EU countries.

Considering the above, the obtained empirical results from the bases for the develop-
ment of economically-justified and environmentally effective policies to reform the energy
market, which are of key importance to achieving the sustainable development goals and
increasing the energy security of EU countries. According to the indicator rankings of
economic, social, and environmental development results, according to their degrees of
influence on the grouping of countries, GDP per capita (98 points), gross capital formation
(97 points), industry (including construction) value added (annual % growth) (96 points),
manufacturing, value added (95 points), they have the greatest influence on the clustering
of countries. Thus, regarding their activities, the governments of these countries should pay
more attention to economic development issues, production stimulation, and gross capital
formation (with simultaneous transitions of most industry sectors to energy-saving tech-
nologies). The key role in this should belong to the growth of investment attractiveness of
these enterprises and sectors of the economy, growth of green investments for the transition
to renewable energy sources, support of energy-saving projects and initiatives, etc.
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Based on the analysis of the impacts of these indicators on the key vectors for reforming
a country’s energy policy (e.g., investment volume in renewable energy sources, the popu-
lation’s readiness for their introduction, the country’s financial capabilities), a clustering of
EU countries was conducted and scenarios for ensuring sustainable energy development
were formalized. This made it possible to identify (on the basis of agglomerative methods
of minimum dispersion) four clusters of countries according to scenarios that ensured
sustainable energy development (cluster 1—Cyprus, Denmark, Finland, Greece, Ireland,
Italy, and Luxembourg; cluster 2—Bulgaria, Croatia, Estonia, Malta, and the Netherlands;
cluster 3—Czech Republic, Greece, Hungary, Lithuania, Latvia, Slovak Republic, Slovenia,
Romania, and Poland; cluster 4—Austria, Belgium, France, Portugal, Spain, and Sweden).

The cluster analysis results can serve as a basis for finding and using the best practices
of reforming the energy market in countries belonging to the fourth cluster, including the
introduction of green bonds into circulation, support for green initiatives, state support,
and encouragement of environmental projects, etc.

Despite the contributions of this study to the processes of reforming the global energy
sector, this study has shortcomings that can be taken into account in future studies. First,
the lack of data for a significant number of countries determined the choice of the research
objects (EU countries). However, taking into account the importance of energy problems at
the global level, future research should be devoted to the analysis of the energy markets
in more countries throughout the world, the comparison of energy development trends
of countries with low, medium, and high levels of economic development, taking into
account the scenario formation personalities to ensure the sustainable energy development
of a country (depending on the level of its economic development). In addition, based
on the research results, we concluded that selecting a country’s energy policy reform
scenario should be based on the results of assessing the sensitivity of energy consumption
indicators to the consequences of measures implemented in the country. Thus, future
studies should study the influences of specific indicators on the processes of clustering
countries. In addition, in the study, we focused on a small number of indicators of the
country’s ecological development (renewable energy consumption, CO2 emissions, energy
depletion, CO2 emissions from electricity, and heat production). Future studies should take
into account a larger number of indicators of the country’s energy development.
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