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J.; Barska, A.; Wojciechowska-Solis, J.

Sustainable Energy Development and

Sustainable Social Development in

EU Countries. Energies 2023, 16, 6556.

https://doi.org/10.3390/en16186556

Academic Editors: George Halkos

and Štefan Bojnec

Received: 1 August 2023

Revised: 31 August 2023

Accepted: 5 September 2023

Published: 12 September 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

energies

Article

Sustainable Energy Development and Sustainable Social
Development in EU Countries
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Abstract: Sustainable development has been the focus of many analyses in economics. Nevertheless,
only a few attempts have so far been made to identify the underlying relationship between sustainable
energy development and sustainable social development. This article fills this research gap and
enables a better understanding of the essence of sustainable development to help draw applicable
conclusions. The aim is to assess sustainable energy and social development in EU countries and to
examine their shared relationship in this area. To this end, this study uses a taxonomic method and
correlation analysis. The analysis period covers the years 2014–2020. The research builds directly on
the assumptions of the concept of sustainable development, with particular emphasis on energy and
social aspects. The article is composed of two parts. The first, based on a literature review, discusses
the essence of sustainable energy development and social sustainability. The second outlines the
research methodology, including the underpinnings of synthetic measures and the results of the
conducted empirical research.

Keywords: sustainable development (sustainability); sustainable energy development (energy
sustainability); sustainable social development (social sustainability); multidimensional comparative
analysis; EU economy

1. Introduction

In recent years, the concept of sustainable development, or sustainability, has become
an integral component of the development of EU member states [1–3]. The EU’s main
objective in the area of sustainability is to meet the needs of the present generation without
compromising the ability of future generations to meet theirs [4–6]. Sustainable devel-
opment is a global, interdisciplinary concept based on balanced economic, social, and
ecological development. The concept itself is fluid as it does not contain a strictly defined
scope of activities but rather evolves over time with the emergence of new developmental
challenges [7–9]. The concept of sustainable development refers to three perspectives: holis-
tic (broad and comprehensive approach to problem areas), global (in a broader perspective,
sustainable development must refer to the entire world), and secular (one that spans many
generations). In addition, sustainable development should take into account ethical prin-
ciples, i.e., intergenerational and intragenerational justice as well as taking responsibility
for one’s own actions. These principles lead to revaluation in all spheres of the economy,
including the energy sector, due to depletion of limited energy resources and degradation
of the natural environment [10]. Behind this concept lie the intensive global development
of civilization, rapid population growth, excessive consumption, and the never-waning de-
mand for depleting natural resources, especially energy. Thus, the energy sector has grown
to play a particularly important role in meeting the EU’s sustainability targets [10–15].
This role stems from the sector’s significance for economic competitiveness, environmental
protection, and energy security. Rational production, supply, and consumption of energy
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are among the key components of this policy, leading to tangible economic and social
improvements [16]. Currently, the global demand for depleting energy resources is on the
rise and the global economy is being threatened by a growing energy deficit, prompting
significant degradation of the natural environment and worsening climate change. The EU
has for a long time been adopting measures to respond to these emerging challenges. The
EU’s long-term goal (for the year 2050) is to transform the EU economy into a low-emission
economy using modern, “clean” energy technologies. However, sustainable development
of the energy sector (the terms “sustainable energy development” and “energy sustainable
development” are used interchangeably) has proven to be an exceptionally daunting task
for the EU, despite constituting a step in the right direction at an industry level. One such
EU-launched undertaking is the European Green Deal (EGD), a new growth strategy envis-
aging the EU reaching climate neutrality by the year 2050 [17]. The EGD is thus an action
plan for a sustainable EU economy, the successful implementation of which will transform
the EU into a fair and prosperous society embedded in a modern, resource-efficient, and
globally competitive economic setting [18]. According to the EGD strategy, in 2050, the EU
will have reached zero net greenhouse gas emissions, and economic growth will have by
then been decoupled from resource consumption. This in turn requires a more comprehen-
sive readjustment that will be both cost-effective and fair but also socially sustainable. The
goal is therefore to protect, conserve, and enhance the EU’s natural capital all the while
protecting the health and well-being of citizens from environmental risks and impacts [19].
The EGD, like the Lisbon Strategy and the Europe 2020 Strategy before it, points to the
social effects of the planned changes, defined as increasing social inclusion [20].

Having said that, only a few attempts have so far been made to identify the underlying
relationship between sustainable energy development and social sustainability. The insuffi-
ciency of empirical findings invites supplementation of the existing state of knowledge in
this field. As such, the aim of this article is to assess sustainable energy development and
social sustainability in EU member states as well as to examine their shared relationship.
In addition, the aim is to present a ranking of EU countries that will enable an analysis
of the spatial diversity in terms of the development of the energy and social sectors in
individual EU countries. Meeting this challenge seems promising as it may add a certain
cognitive value as well as potential knowledge-related benefits concerning what sustainable
energy and social sustainability are and how they are measured. To this end, this study
uses a taxonomic method and correlation analysis. The analysis period covers the years
2014–2020, which coincides with the implementation period of the already mentioned
Europe 2020 Strategy. The article is composed of two parts. The first, based on a literature
review, discusses the essence of sustainable energy development and social sustainability.
The second outlines the research methodology, including the underpinnings of synthetic
measures and the results of the conducted empirical research.

The issues raised throughout this article are currently important given that a properly
designed energy policy can channel the development of EU countries in a way that is both
sustainable and accountable. One of the major threats to human development is the scarcity
of resources and the degradation of the natural environment propelled, among other
factors, by carbon emissions. In the era of climate change and growing energy demand,
mitigating these threats calls for an energy policy whose instruments and principles will
have a positive impact on the sustainable development of the energy sector, which in turn
will reflect on the same type of development in the social context.

2. The Concept of Sustainable Energy Development—Literature Review

A sustainable energy sector is a necessary direction of development because the global
economy is plagued by energy deficits, excessive cash flows to resource-rich countries,
environmental devastation, climate change, and biodiversity loss [21,22]. Ensuring a sus-
tainable, harmoniously expanding energy market is one of the key goals of the sustainable
policies adopted by different international organizations [23]. The EU first took such steps
at the European Council meeting in Gothenburg in June 2001. It was then that the bloc’s first
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Strategy for Sustainable Development came to life, which highlighted the need to address a
small number of threats to the well-being of current and future generations as only then
could those be effectively remedied. The main threats at the time were climate change,
poverty, the growing resistance of bacteria to antibiotics, the content of chemical agents in
food, population aging, biodiversity loss, and regional development disparities across the
EU. It was emphasized that sustainable development must be the overarching goal for each
and every sector of the economy [10]. The EU Strategy for Sustainable Development was the
bloc’s contribution to global policy and it laid the groundwork for the 2002 World Summit
(Rio+10) in Johannesburg. In September 2015, the United Nations Summit was held in New
York, during which a document entitled Transforming our world: The 2030 Agenda for
Sustainable Development was unveiled [24]. It sets out 17 sustainable development goals
(SDGs) for the years 2015–2030, replacing the previous Millennium Development Goals,
which were not fully achieved and for which progress was frequently uneven. With regard
to the energy sector specifically, goal seven (SDG 7) is of utmost importance: “to ensure
access to affordable, reliable, sustainable and modern energy for all”. This objective calls
for ensuring universal access to modern energy services, improving energy efficiency, and
increasing the share of energy from renewable sources. To accelerate the transition towards
an affordable, reliable, and sustainable energy system, countries need to facilitate access
to clean energy research as well as to promote investment in energy infrastructure and
clean energy technologies. Monitoring of SDG 7 in the EU context focuses on progress in
reducing energy consumption, ensuring sustainable energy supply, and improving access
to affordable energy [25]. Sustainable development of the entire energy sector plays a
vital role in the implementation of the concept of sustainability. Several authors [26–28]
point out that in order for that to happen, a holistic readjustment of the global economy,
and most importantly energy economics, would have to occur. The concept of sustain-
able energy development should factor in the following [10]: sustainability (managing
energy in such a way that its appropriate amount is allocated for both present and future
generations), economic benefit (a socially desirable energy management method that will
not entail harm to the environment), harmonious development (maintaining a balance
between the three key goals of energy security, economic competitiveness, and efficiency),
and environmental protection.

The current energy crisis has markedly influenced the direction of EU energy policy
development. It revealed the importance of a common and conscious energy policy focused
on specific goals, both short- and long-term. Only a sustainable development policy will
help mitigate new developmental challenges as they emerge, protect the EU’s economy from
energy crises, and enable future generations to use energy and natural resources as freely
as we do nowadays. In summary, the three main objectives of sustainable energy policy in
the EU have been [10] (1) boosting energy security, (2) boosting energy competitiveness
and efficiency, and (3) protecting the environment. Only achieving all three goals under the
implemented energy policy can result in sustainable development for the EU energy sector.

3. The Concept of Social Sustainability—Literature Review

The concept of sustainable development is most often defined as the need to maintain
a constant income for humanity generated from the ever-decreasing capital resources [29].
The concept assumes the management of natural resources that does not remain indifferent
to their depletion and promotes their use relative to social and economic needs. All this
is based on a comprehensive approach combining economic, social, and environmental
matters in a way that ensures their mutual reinforcement [30,31].

The social dimension of sustainable development primarily concerns activities aimed
at improving the quality of life of the population all the while meeting its basic social needs
related, among others, to access to education, health care, or decent housing [32,33]. In
the broadest sense, the social aspects of sustainable development include curbing poverty
and inequality, tackling demographic problems, ensuring intergenerational justice, social
inclusion, and the creation of new jobs called green jobs [34–36]. Social goals within
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sustainable development are, on one hand, measures aimed at updating social attitudes
so that environmental goals can be implemented to a greater extent and, on the other
hand, measures that reduce the quality-of-life inequalities across or within individual
societies [37]. Thus, social sustainability covers equality (where all inhabitants, regardless of
gender, should have equal opportunities to survive and seize their potential), sustainability
awareness (manifested by more frequent implementation of an increasing number of
sustainable consumption patterns), participation (most social groups should be involved
in the decision-making process), and social cohesion (which is a society’s ability to ensure
long-term well-being for all its members) [38]. In UN documents and publications, social
development is defined as the expansion of freedoms and opportunities for people to lead
a life they value, while sustainable social development is expanding the freedoms of people
living today so as not to infringe upon such freedoms for future generations [39].

Poverty and inequality are major problems plaguing modern societies even to this
day. The Europe 2020 Strategy for smart, sustainable, and inclusive growth puts forward
a common target to fight poverty and social exclusion, namely, a 25% reduction in the
number of Europeans living below the poverty line and a reduction in the number of poor
population by 20 million. This target was missed, prompting a new target to be set in
March 2021 to reduce the number of people living in poverty by at least 15 million by
2030. The importance of poverty as a social problem was confirmed by the adoption of
Transforming Our World: The 2030 Agenda for Sustainable Development [25], a pledge to
reduce poverty in all its forms worldwide, as the first of the 17 Sustainable Development
Goals. Raczkowska et al. [30] indicate that the fight against poverty and inequality, not
only in developing countries, should include issues such as access to energy, education,
good governance, and socioeconomic policy of the state.

The Sustainable Development Goals (SDGs) set out in the 2030 Agenda also largely
extend to the issue of economic and social inequalities. The rationale behind this approach
is that as globalization accelerates, so does income inequality and that too rapidly. As a
result of global processes such as the progressive liberalization of markets, the growing role
of international capital, the expansion of multinational corporations, and the reinforcement
of ties across national economies, the gap between the rich and the poor has widened [40].
The problem of inequality was highlighted by T. Piketty [41,42], who saw their main source
in the inequality of capital distribution in society and in the fact that the average rate of
return on capital exceeds the rate of economic growth. As a remedy for this, the author
points to taxing the highest incomes (exceeding USD 0.5 million or 1 million annually)
with an 80% tax rate, which will not only not interfere with economic growth but will
also allow a larger population to reap the benefits of this growth. T. Piketty’s hypotheses
were empirically verified in subsequent independent research. C. Góes [43] did so for the
relationship between the rate of return on capital and the rate of economic growth in relation
to the level of inequality, demonstrating that the correlations hinted at by T. Piketty are not
met and the reasons for inequality should instead be sought in institutional, sociological,
technological, and structural conditions. Undoubtedly, however, T. Piketty’s input has
made the problem of inequality an important one in economic and political debate [44].

The assessment of sustainable social development primarily consists of measuring
the level of prosperity and analyzing its redistribution. The biggest challenge lies in
determining its durability and degree of sustainability. Analysis of these values can be
pursued through research on the participation of citizens in economic growth. Simultaneous
improvement of development indicators and economic progress poses the greatest scientific
challenge of sustainable social development [45].

4. Materials and Methods

Energy and social development are complex phenomena that are conditioned by sev-
eral different factors [46–49]. Measuring and evaluating complex phenomena therefore
requires a multidimensional approach that can reflect that variety. For this, multidimen-
sional comparative analysis methods, classified as taxonomic, are used. Multidimensional
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comparative analysis is a scientific discipline that enables the analysis of complex objects
and phenomena such as those whose state and behavior are simultaneously influenced by
many features (variables) and factors. The basic purpose of multidimensional comparative
analysis is the construction of a synthetic measure enabling comparison of objects described
by many variables.

This taxonomic study was carried out in accordance with the following stages [50–54]:

1. Outline the subject and purpose of the study;
2. Design a database containing diagnostic features collected in the form of intensity

indicators describing the subject of the study;
3. Select relevant diagnostic features;
4. Normalize diagnostic features;
5. Determine a synthetic taxonomic measure;
6. Sort the tested objects by the achieved level of the synthetic measure.

The subject and purpose of the research was to construct synthetic measures of sus-
tainable energy development and sustainable social development for the 27 EU member
states in the years 2014–2020 and to perform a correlation analysis of these measures.

The basis for the empirical research was a database developed by Eurostat. This
database contains statistical data describing the sustainable development of the EU in spa-
tial terms (in relation to individual EU countries) as well as in dynamic terms (2014–2020).

Sustainable development indicators in the Eurostat database are assigned to the 17 ob-
jectives of the 2030 Agenda. Guided by the principle of sustainable development, when
selecting indicators for the study, the set of features was divided into subsets of similar
features, and two groups representing social and energy development were selected [15,55].
A selection was made of those features that are, in light of specific formal and substantive
criteria, pivotal from the standpoint of the conducted research analyses. As for the substan-
tive criterion, the principle was adopted that the final set will contain features representing
all the distinguished goals of the 2030 Agenda in the area of social and energy development.
Ultimately, two lists of potential diagnostic variables were prepared:

7. Concerning energy development, that is, the ability to compete sustainably in the
energy dimension—10 variables in total;

8. Concerning human development, which is used to describe the ability of EU countries
to compete sustainably in the social dimension—14 variables in total.

A detailed list of indicators classified into two groups describing the research area,
together with an indication of the relevant Agenda 2030 goal, is shown in Table 1.

Subsequently, from the set of potential diagnostic features, those for which the value
of the coefficient of variation in the classic version (Vj) was lower than 0.2 (20%) were
excluded. Those features were considered quasi-permanent, meaning they did not provide
significant insight into the studied phenomenon and did not have the ability to discriminate.
In total, out of 10 indicators describing energy development and 14 indicators describing
social development, 2 in each group (E2, E4 and S8, S13, respectively) were excluded from
subsequent analyses. The remaining ones effectively discriminated against the examined
objects (EU countries).

In addition to variability, an important criterion for the selection of variables is their
correlation. It was assumed that two highly correlated variables convey similar informa-
tion (in this case, correlation is equivalent to conveying the same information about the
tested objects). As such, it is recommended to have one of them removed. For this, an
analysis of the matrix of correlation coefficients was carried out. Assuming a critical value
of the correlation coefficient at the level of 0.7, the list of potential diagnostic variables
describing sustainable energy development was reduced by excluding variables E1, E5,
and E6, while variable S1 was dropped from the set of variables describing sustainable
social development.
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Table 1. Potential diagnostic variables (source: own study based on Eurostat data).

Symbol Indicator Name Agenda 2030 Goal and Number

Sustainable energy development indicators
E1 Primary energy consumption (tonnes of oil equivalent per capita) SDG 07.10
E2 Primary energy consumption (index, 2005 = 100) SDG 07.10
E3 Final energy consumption (tonnes of oil equivalent per capita) SDG 07.11
E4 Final energy consumption (index, 2005 = 100) SDG 07.11
E5 Final energy consumption in households per capita (kilogram of oil equivalent) SDG 07.20
E6 Energy productivity (euro per kilogram of oil equivalent) SDG 07.30

E7 Energy productivity (purchasing power standard per kilogram of
oil equivalent) SDG 07.30

E8 Share of renewable energy in gross final energy consumption (%) SDG 07.40
E9 Energy import dependency (% of imports in total energy consumption) SDG 07.50

E10 Population unable to keep home adequately warm by poverty status (%) SDG 07.60
Sustainable social development indicators

S1 People at risk of income poverty after social transfers (%) SDG 01.20
S2 In work at risk of poverty rate (% of employed persons aged 18 or over) SDG 01.41
S3 Housing cost overburden rate by poverty status (%) SDG 01.50
S4 Agricultural factor income per annual work unit (index, 2010 = 100) SDG 02.20

S5 Government support to agricultural research and development (euro
per inhabitant) SDG 02.30

S6 Area under organic farming (% of total utilised agricultural area) SDG 02.40
S7 Ammonia emissions from agriculture (kilograms per hectare) SDG 02.60
S8 Healthy life years at birth (year) SDG 03.11
S9 Fatal accidents at work (number per 100,000 workers) SDG 08.60

S10 Road traffic deaths (number per 100,000 people) SDG 11.40
S11 Early leavers from education and training (%, from 18 to 24 years) SDG 04.10
S12 Tertiary educational attainment (%) SDG 04.20
S13 Participation in early childhood education (%, children aged 3 and over) SDG 04.31
S14 Adult participation in learning (%, from 25 to 64 years) SDG 04.60

As part of the next stage, the variables qualified for further analysis were divided
into stimulants and destimulants (inhibitors). Variables E7, E8, S4, S5, S6, S12, and S14
were classified as stimulants, while variables E3, E9, E10, S2, S3, S7, S9, S10, and S11 were
classified as destimulants (inhibitors).

The literature presents two approaches to the construction of synthetic indicators
using the so-called model and nonmodel methods. In this study, synthetic measures were
constructed based on benchmarking—the TOPSIS method, in which the point of reference
for objects (EU countries) in multidimensional space were two points—the model (pattern)
and the antimodel (antipattern). The construction of the synthetic measure proceeded in
line with the following stages:

1. Normalization of variables (‘zero unitarization’):

zij =
xij − xij

xij − xij
, (1)

where
zij—normalized value of the j-th variable for country i
xij—observation of the j-th variable for country i
xij—minimum of the j-th variable
xij—maximum of the j-th variable

2. Determination of model (pattern) coordinates:

z+0j =
{

maxi
{

zij
}

when variable is a stimulant mini
{

zij
}

when variable is an inhibitor, (2)

3. Determination of antimodel (antipattern) coordinates:
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z−0j =
{

mini
{

zij
}

when variable is a stimulant maxi
{

zij
}

when variable is an inhibitor, (3)

4. Calculation of the distance of countries from the model (pattern):

d+i0 =

√
∑m

j=1

(
zij − z+0j

)
2, (4)

5. Calculation of the distance of countries from the antimodel (antipattern):

d−i0 =

√
∑m

j=1

(
zij − z−0j

)
2, (5)

6. Calculation of the value of the synthetic variable:

si =
d−i0

d+i0 + d−i0
, (6)

The synthetic variable si usually takes values from 0 to 1. The closer the values of the
synthetic variable are to 1, the higher the level of sustainable development is for a given
object (EU country); if they are closer to 0, the object (EU country) is characterized by a
lower level of sustainable development.

Using the criterion of the decreasing value of synthetic indicators, two rankings of EU
countries were developed:

• A ranking of EU countries according to the level of sustainable energy development;
• A ranking of EU countries according to the level of sustainable social development.

Subsequently, a correlation analysis was carried out to examine the relationship between
energy and social sustainability in the EU. The nonparametric Spearman’s rank correlation
coefficient was used to level out possible outliers on the results of the correlation analysis.

5. Research Results and Discussion

The research shows that there is a significant difference in the level of sustainable
energy development across the EU (Table 2). In the analyzed period (2014–2020), the
average value of the synthetic indicator was 0.5207. The highest level of this measure
was achieved by countries such as Denmark (0.7104), Sweden (0.6501), and Romania
(0.6479), while the lowest was achieved by Cyprus (0.3688), Luxembourg (0.3830), and
Malta (0.4150). Thus, the value of the maximum measures was about twice as high as the
minimum measures, although a slight decrease in these disproportions could be observed
in the analyzed period. In 2014–2020, most countries recorded a decrease in the value of
the synthetic indicator, which means unfavorable changes in the area of their sustainable
energy development (e.g., Denmark, Germany, Spain, Croatia, Lithuania, the Netherlands,
and Romania). Meanwhile, an increase in the value of the indicator was recorded only in
two countries—Ireland and Malta. Such unfavorable changes in the values of synthetic
measures may prove that the EU policy in the field of sustainable energy development is
failing (Table 2).
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Table 2. Synthetic measure of sustainable energy development of EU countries in 2014–2020 (source:
authors’ computation).

EU Countries 2014 2015 2016 2017 2018 2019 2020 2014–2020

Belgium 0.4325 0.4127 0.4353 0.4305 0.4138 0.4300 0.4196 0.4249
Bulgaria 0.4435 0.4319 0.4350 0.4275 0.4287 0.4323 0.4284 0.4325
Czechia 0.5486 0.5356 0.5472 0.5343 0.5283 0.5303 0.5228 0.5353
Denmark 0.7643 0.7138 0.7320 0.7341 0.7069 0.6889 0.6331 0.7104
Germany 0.5447 0.5170 0.5297 0.5252 0.5218 0.5198 0.4836 0.5203
Estonia 0.5949 0.6061 0.6003 0.6020 0.6053 0.6258 0.5996 0.6049
Ireland 0.5391 0.5318 0.5775 0.5885 0.5750 0.5773 0.5796 0.5670
Greece 0.4510 0.4208 0.4272 0.4330 0.4317 0.4428 0.4220 0.4326
Spain 0.5335 0.5018 0.5235 0.5151 0.4917 0.4997 0.4811 0.5066
France 0.5552 0.5315 0.5458 0.5370 0.5294 0.5297 0.5250 0.5362
Croatia 0.6409 0.5912 0.6066 0.5849 0.5750 0.5720 0.5627 0.5905
Italy 0.5313 0.4846 0.5082 0.4976 0.4814 0.4896 0.4922 0.4978
Cyprus 0.3828 0.3530 0.3762 0.3726 0.3728 0.3667 0.3578 0.3688
Latvia 0.6209 0.5788 0.6139 0.6140 0.6107 0.6046 0.5959 0.6055
Lithuania 0.4846 0.4364 0.4497 0.4383 0.4107 0.4048 0.3916 0.4309
Luxembourg 0.4075 0.3832 0.3973 0.3871 0.3745 0.3679 0.3632 0.3830
Hungary 0.5277 0.5132 0.5190 0.5028 0.4980 0.4855 0.4939 0.5057
Malta 0.3759 0.3993 0.4349 0.4319 0.4224 0.4197 0.4209 0.4150
Netherlands 0.5317 0.4844 0.4974 0.4872 0.4712 0.4687 0.4642 0.4864
Austria 0.6159 0.5860 0.5962 0.5784 0.5755 0.5533 0.5655 0.5815
Poland 0.5720 0.5558 0.5554 0.5333 0.5250 0.5347 0.5279 0.5434
Portugal 0.5283 0.4962 0.5260 0.5032 0.4920 0.4855 0.4944 0.5037
Romania 0.6914 0.6484 0.6626 0.6496 0.6389 0.6387 0.6059 0.6479
Slovenia 0.5774 0.5475 0.5552 0.5459 0.5363 0.5471 0.5503 0.5514
Slovakia 0.5187 0.5050 0.5082 0.4897 0.4793 0.4675 0.4841 0.4932
Finland 0.5313 0.5304 0.5355 0.5402 0.5301 0.5391 0.5293 0.5337
Sweden 0.6640 0.6536 0.6511 0.6521 0.6431 0.6486 0.6384 0.6501
MIN 0.3759 0.3530 0.3762 0.3726 0.3728 0.3667 0.3578 0.3688
MAX 0.7643 0.7138 0.7320 0.7341 0.7069 0.6889 0.6384 0.7104
Average 0.5411 0.5167 0.5314 0.5236 0.5137 0.5137 0.5049 0.5207
Standard
deviation 0.0918 0.0867 0.0848 0.0856 0.0850 0.0846 0.0793 0.0844

Another area of research was the sustainable social development of EU countries.
The research demonstrates that the level of sustainable social development varies across
the EU. In the analyzed period (2014–2020), the average value of the synthetic indicator
was 0.5284. The highest level of this measure was achieved by countries such as Sweden
(0.6771), Finland (0.6486), and Ireland (0.6426), while the lowest was achieved by Romania
(0.3222), Malta (0.4288), Bulgaria (0.4297). While there were no significant differences in the
level of the indicator between the countries with the highest value, there was a significant
difference between Romania and the other countries with the lowest value. The value of
the measure for the countries with the highest values was twice as high as the measure for
Romania (Table 3). Significant differences between the maximum and minimum values of
the calculated measures indicate that there are also significant differences in the level of
sustainable social development between EU countries. However, in the analyzed period
(2014–2020), there were no significant changes in the value of indicators. Some countries
recorded a slight increase in the value of the indicator (among them, Belgium, Ireland,
Greece, Italy, Cyprus, and Latvia), while some recorded a decrease (Bulgaria, the Czech
Republic, Denmark, and Sweden). However, no significant changes were reported for most
countries. It can therefore be concluded that the sustainable social development policy
implemented by the EU since 2014 has not yielded any significant changes in this area
(Table 3).
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Table 3. Synthetic measure of sustainable social development of EU countries in 2014–2020 (source:
authors’ computation).

EU Countries 2014 2015 2016 2017 2018 2019 2020 2014–2020

Belgium 0.5082 0.5102 0.5099 0.5097 0.5112 0.5114 0.5274 0.5126
Bulgaria 0.4484 0.4495 0.4318 0.4227 0.4272 0.4079 0.4205 0.4297
Czechia 0.5919 0.5677 0.5891 0.5819 0.5548 0.5494 0.5501 0.5693
Denmark 0.6678 0.6440 0.6449 0.6544 0.6097 0.6213 0.6449 0.6410
Germany 0.5298 0.5091 0.5145 0.5248 0.5038 0.5178 0.5333 0.5190
Estonia 0.5817 0.5548 0.5294 0.6110 0.5566 0.5489 0.5875 0.5671
Ireland 0.6286 0.6407 0.6355 0.6557 0.6614 0.6355 0.6411 0.6426
Greece 0.4383 0.4421 0.4335 0.4439 0.4657 0.4749 0.4798 0.4540
Spain 0.5196 0.5264 0.5209 0.4978 0.4937 0.4866 0.5067 0.5074
France 0.5656 0.5820 0.5662 0.5610 0.5649 0.5139 0.5490 0.5575
Croatia 0.4893 0.4978 0.5165 0.4882 0.4905 0.4845 0.5100 0.4967
Italy 0.4957 0.4890 0.4907 0.4644 0.4575 0.4440 0.4470 0.4698
Cyprus 0.5555 0.5602 0.5646 0.5545 0.5347 0.4987 0.4633 0.5331
Latvia 0.4799 0.5153 0.5206 0.5407 0.5012 0.5287 0.5408 0.5182
Lithuania 0.5108 0.5408 0.5478 0.5483 0.5307 0.5234 0.5462 0.5354
Luxembourg 0.5184 0.4994 0.4836 0.5196 0.4712 0.4813 0.5067 0.4972
Hungary 0.5086 0.5040 0.4934 0.4639 0.4705 0.4740 0.4994 0.4877
Malta 0.4337 0.4381 0.3931 0.4439 0.4395 0.4395 0.4138 0.4288
Netherlands 0.5943 0.5899 0.5851 0.5826 0.5696 0.5672 0.6017 0.5843
Austria 0.5798 0.5685 0.5914 0.5887 0.5657 0.5439 0.5590 0.5710
Poland 0.4993 0.5015 0.5026 0.5035 0.5045 0.4987 0.5049 0.5021
Portugal 0.4415 0.4707 0.4826 0.4600 0.4663 0.4605 0.4893 0.4673
Romania 0.3245 0.3167 0.3193 0.3139 0.3197 0.3290 0.3326 0.3222
Slovenia 0.5506 0.5651 0.5689 0.5670 0.5923 0.5686 0.5847 0.5710
Slovakia 0.5542 0.5437 0.5576 0.5486 0.5667 0.5579 0.5668 0.5565
Finland 0.6636 0.6465 0.6558 0.6524 0.6358 0.6365 0.6496 0.6486
Sweden 0.6921 0.7058 0.6916 0.6859 0.6532 0.6580 0.6531 0.6771
MIN 0.3245 0.3167 0.3193 0.3139 0.3197 0.3290 0.3326 0.3222
MAX 0.6921 0.7058 0.6916 0.6859 0.6614 0.6580 0.6531 0.6771
Average 0.5323 0.5326 0.5311 0.5329 0.5229 0.5171 0.5300 0.5284
Standard
deviation 0.0811 0.0784 0.0815 0.0832 0.0755 0.0729 0.0767 0.0770

Based on the values of synthetic measures, rankings of EU countries were developed
using the level of sustainable energy development and the level of sustainable social
development as benchmarks. Countries were then arranged in descending order of energy
sustainability and social sustainability, respectively. The results of the ordering are shown
in Tables 4 and 5, respectively.

The last stage of the research was to examine the relationship between sustainable
energy development and sustainable social development in the EU. Therefore, a correlation
analysis was carried out, and the values of the Spearman’s rank correlation coefficients be-
tween synthetic measures of sustainable energy development and measures of sustainable
social development were determined (Table 6).

The critical value of Spearman’s rank correlation at the significance level α = 0.05 and
for 27 observations was 0.3827. In 2014–2015, the correlation coefficients were lower than the
critical value, meaning that the analyzed variables were not significantly correlated in those
years. However, in the following years (2016–2020) and in the entire analyzed period (2014–
2020), the correlation coefficients were already significantly correlated, which prompts a
conclusion that there is a positive correlation between sustainable energy development
and sustainable social development. In the years 2016–2020, the correlation coefficients
were within the range 0.3853 and 0.4857, while the coefficient stood at 0.3981 for the
entire analyzed period, pointing to a moderate correlation between sustainable energy
development and sustainable social development.
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Table 4. Ranking of EU countries by level of sustainable energy development in 2014–2020 (source:
authors’ computation).

EU Countries 2014 2015 2016 2017 2018 2019 2020 2014–2020
Belgium 24 24 22 24 24 23 24 24
Bulgaria 23 22 23 25 22 22 21 22
Czechia 11 10 11 12 12 12 13 12
Denmark 1 1 1 1 1 1 2 1
Germany 12 14 14 14 14 14 18 14
Estonia 7 4 6 5 5 4 4 5
Ireland 13 11 8 6 8 6 6 8
Greece 22 23 25 22 21 21 22 21
Spain 14 17 16 15 17 15 19 15
France 10 12 12 11 11 13 12 11
Croatia 4 5 5 7 7 7 8 6
Italy 17 19 18 18 18 16 16 18
Cyprus 26 27 27 27 27 27 27 27
Latvia 5 7 4 4 4 5 5 4
Lithuania 21 21 21 21 25 25 25 23
Luxembourg 25 26 26 26 26 26 26 26
Hungary 19 15 17 17 15 18 15 16
Malta 27 25 24 23 23 24 23 25
Netherlands 15 20 20 20 20 19 20 20
Austria 6 6 7 8 6 8 7 7
Poland 9 8 9 13 13 11 11 10
Portugal 18 18 15 16 16 17 14 17
Romania 2 3 2 3 3 3 3 3
Slovenia 8 9 10 9 9 9 9 9
Slovakia 20 16 19 19 19 20 17 19
Finland 16 13 13 10 10 10 10 13
Sweden 3 2 3 2 2 2 1 2

Table 5. Ranking of EU countries by level of sustainable social development in 2014–2020 (source:
authors’ computation).

EU Countries 2014 2015 2016 2017 2018 2019 2020 2014–2020
Belgium 18 16 18 17 14 15 15 16
Bulgaria 23 24 25 26 26 26 25 25
Czechia 6 8 6 8 11 8 10 8
Denmark 2 3 3 3 4 4 3 4
Germany 13 17 17 15 16 13 14 14
Estonia 7 11 13 5 10 9 6 9
Ireland 4 4 4 2 1 3 4 3
Greece 25 25 24 25 23 21 22 24
Spain 14 14 14 19 18 18 17 17
France 9 6 9 10 9 14 11 10
Croatia 21 21 16 20 19 19 16 20
Italy 20 22 21 21 24 24 24 22
Cyprus 10 10 10 11 12 17 23 13
Latvia 22 15 15 14 17 11 13 15
Lithuania 16 13 12 13 13 12 12 12
Luxembourg 15 20 22 16 20 20 18 19
Hungary 17 18 20 22 21 22 20 21
Malta 26 26 26 24 25 25 26 26
Netherlands 5 5 7 7 6 6 5 5
Austria 8 7 5 6 8 10 9 7
Poland 19 19 19 18 15 16 19 18
Portugal 24 23 23 23 22 23 21 23
Romania 27 27 27 27 27 27 27 27
Slovenia 12 9 8 9 5 5 7 6
Slovakia 11 12 11 12 7 7 8 11
Finland 3 2 2 4 3 2 2 2
Sweden 1 1 1 1 2 1 15 1



Energies 2023, 16, 6556 11 of 14

Table 6. Spearman’s rank correlation between synthetic measures of energy sustainability and
measures of social sustainability (p < 0.05) (source: authors’ computation).

2014 *) 2015 *) 2016 2017 2018 2019 2020 2014–2020

R Spearman 0.3044 0.3755 0.4103 0.4674 0.3853 0.4534 0.4857 0.3981
T (N-2) 1.5977 2.0255 2.2497 2.6436 2.0876 2.5437 2.7784 2.1699
p 0.1227 0.0536 0.0335 0.0140 0.0472 0.0175 0.0102 0.0397

R Spearman—Spearman’s R value. T (N-2)—the value of the t-statistic checks the significance of Spearman’s R.
p—probability value p for the above t-statistic. The critical value of Spearman’s rank correlation at the signifi-
cance level α = 0.05 and for 27 observations is 0.383 [https://mathcracker.com/spearmans-critical-correlation-
calculator#results]. *) Correlation insignificant.

The EU’s energy and social policy should therefore remain mutually linked, creating
a feedback system forming the basis for the sustainable development of EU countries.
Policymakers and decision-makers in the energy sector should play a particular role in
shaping this relationship by basing their actions on two general assumptions: preventing
excessive social cost and ensuring that their undertakings remain “socially responsible”.

6. Conclusions

The conducted analyses provide insight into macroeconomic variables that are impor-
tant for assessing sustainable development in the area of energy and social transformation
in EU countries. Monitoring the changes taking place in the area of energy and social
development in individual EU countries is an important factor that determines the assess-
ment and verification of the effectiveness of measures undertaken as part of the common
EU policy.

The research shows that in the EU, there is a significant difference in both the level
of sustainable energy development and the level of sustainable social development. The
value of the maximum measures was about twice as high as the minimum measures. In the
case of sustainable energy development, the highest value of the synthetic measure was
achieved by countries such as Denmark, Sweden, and Romania and the lowest by Cyprus,
Luxembourg, and Malta. The average value of the measure (calculated for 2014–2020)
for Denmark (0.7104) was almost twice as high as for Cyprus (0.3688). Meanwhile, for
sustainable social development, the highest value of the synthetic measure was achieved
by countries such as Sweden, Finland, and Sweden and the lowest by Romania, Malta,
and Bulgaria. Concerning this indicator, there was also a significant difference between
EU countries, which is indicated, for example, by the fact that the average value of the
measure for Sweden (0.6771) was more than twice as high as for Romania (0.3222). In
addition, in the analyzed period, most EU countries recorded unfavorable changes in the
values of synthetic measures of sustainable energy development (decrease in the value of
measures), which may indicate incorrect calibration of EU policy in this respect. Although
some countries rank very differently depending on the focus of the ranking (e.g., Romania
or Finland), the correlation analysis demonstrates that there is indeed a (moderate) positive
correlation between sustainable energy development and sustainable social development.

EU policy should be aimed at reducing disproportions between EU countries in
sustainable development of the energy and social sectors. It should also factor the existence
of a link between sustainable energy development and sustainable social development.
Energy policy and social policy are linked by a relationship of interdependence, which
means that both these areas influence one another, either in a supporting or limiting fashion.
The two policies have both common and conflicting interests, which often lead to clashes
between them. Too much focus on energy development leads to underestimating social
problems, which, if ignored for a long time, become a barrier to sustainable development.
Hence, it is important to search for a common ground and cooperate in the quest to find the
most effective solutions. The conducted research demonstrates that the most effective model
of relationship assumes that energy and social processes are shaped with the systemic and
sustainable participation of both these policy fields. This in turn warrants the possibility of

https://mathcracker.com/spearmans-critical-correlation-calculator#results
https://mathcracker.com/spearmans-critical-correlation-calculator#results
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current and strategic shaping of the preconditions for sustainable development that must
integrate both these areas.

However, it should be noted that this research has limitations. Only complete (for
the adopted research period) indicators of sustainable development published by Eurostat
were used in the study. In addition, the authors are aware that not all problems related to
sustainable energy and social development occurring in EU countries have been included
in this article or discussed extensively enough. Bearing all this in mind, let us note that the
selection of variables in an international cross-section is difficult to implement and was
dictated primarily by the availability and completeness of statistical data in the Eurostat
database. Having said that, the article can be a valuable point of reference for new thoughts,
polemics, analyses, and critical scientific discussion. Future research directions include
an attempt to answer the following questions: In which EU countries is the link between
sustainable social development and sustainable energy development the strongest, and in
which countries is it the weakest? Are there links between social and energy policies in
individual EU countries?
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