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Abstract: The concept of sustainable development integrates activities in the economic, environ-
mental and social areas. Energy policy, which is very closely linked to climate protection, is of key
importance for achieving the goals of the concept in question. All these elements are connected by
the European Green Deal strategy and Agenda 2030. Their implementation requires the evaluation
of previous actions undertaken within the framework of sustainable development and the diagnosis
of the current state. Therefore, this article presents the results of such research in relation to the
key industry connected with this process, which is the energy sector. The research methodology
was based on the analysis of 14 indicators that characterize four basic areas (dimensions) related
to energy and climate sustainability. These indicators concern energy and climate as well as social
and economic issues. This approach makes it possible to comprehensively assess the actions taken
so far in the implementation of sustainable economic development in the energy and climate area
in the European Union (EU) countries. The entropy-complex-proportional-assessment (COPRAS)
methodologies, which belong to the group of multiple criteria decision-making methods, were used
for this study. The conducted research allowed for the assessment of the changes in the EU countries
in terms of energy and climate sustainability between 2009–2018. In addition, the effects of the
introduced changes in individual years and in relation to the studied areas (dimensions) were also
evaluated. Based on the results, considering the adopted criteria, the EU countries were divided into
groups similar to the level of energy and climate sustainability. The results constitute a valuable set
of data, which allows for a wide and in-depth multicriteria analysis. This allows for a very objective
and broad assessment of the effects of sustainable development policies in the EU countries and the
current state in the context of the European Green Deal strategy and Agenda 2030.

Keywords: sustainable development; energy; climate; European Green Deal; European Union;
Agenda 2030; entropy–COPRAS method

1. Introduction

In Europe, the concept of sustainable development is a fundamental and overarching
objective, which is contained in Article 2 of the Lisbon Treaty [1]. One of the most important
tasks of this concept is to ensure a stable natural environment, sustainable consumption
and production, and the eradication of poverty [2,3]. The result of these actions is to
ensure that all citizens have access to sources of stable, sustainable, and modern energy at
affordable prices [4,5]. Sustainable energy should be understood in this context as energy
that is produced and used as much as possible from renewable energy sources (RES),
as it is practically emission-free and, above all, does not emit greenhouse gases (GHG)
into the atmosphere [5,6]. At present, the emission from the energy sector accounts for
approximately 80% of the total emission [7].
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Ensuring the security of energy supply and limiting the negative impact of the sector
on the environment are the paramount objectives set by the EU on the way to the sustainable
future [8]. Therefore, it can be assumed that both energy and climate are the main areas
of sustainable economic development introduced in the EU. In order to implement them,
develop a low-carbon economy, and increase the energy security of the EU countries, a
number of strategies has been developed, e.g., [9–11].

One of the most groundbreaking solutions in this regard is a pioneering European
climate strategy proposed by the European Commission and presented at the 2019 UN
COP25 Climate Summit in Madrid [10], referred to as the European Green Deal [9]. Its goal
for the EU’s economy is to become “zero-emission”, i.e., climate neutral by 2050. And by
2030, carbon dioxide (CO2) emissions are to be reduced by at least 55% versus the 1990
emissions. Obviously, this concerns the entire economy, including sectors not covered by
the EU Emissions Trading Scheme (EU ETS), such as transport, construction, agriculture,
and waste management.

Many actions have been taken over the years to strive for the sustainable development
of the EU countries, especially in the field of climate protection. This indicates that the
energy sector is of key importance in this matter [12–14]. Currently, any changes in
the energy sector are closely linked to climate policy and dependent on its assumptions.
Therefore, it can be concluded that, especially in the EU countries, a new energy and climate
sector has emerged. These areas, in the current reality, need to be considered together.
Thus, the notion of energy and climate sector (area of activity) is used in this paper.

The close link between energy and climate protection, as the basis of sustainable
economic development, enforces certain activities to assess the effects of the introduced
changes. It seems most reasonable to use sustainable development indicators, including
energy and climate, to monitor this state, e.g., [4,15–20]. The analysis of changes in the
values of these indicators makes it possible to assess the effects of actions undertaken to
achieve sustainable development by individual countries.

The monitoring of the sustainable energy and climate development of the EU countries
covers two main goals of the Agenda 2030: goal 7—“Affordable and Clean Energy” and
goal 13—“Climate Action”. However, the monitoring process itself is possible due to the
data contained in the database of the European Statistical Office [21].

Previous publications devoted to the issues of the EU sustainable development provide
a lot of information related to the concept of sustainable development in energy and climate
protection e.g., [22–28]. However, these studies lack the analyses of the ranking of the EU
countries in terms of sustainable energy and climate development, considering the social
dimensions for the EU-27 countries. The simultaneous inclusion of these four dimensions,
which are inter-related and key to the process of implementing economic sustainability,
makes it possible to comprehensively assess individual countries and compare them.

Due to the lack of such studies, there is a research gap in the assessment and examina-
tion of similarities between countries regarding the level of sustainable energy and climate
development, considering a broader view of this development and its effects.

In order to fill this gap and to broaden the knowledge of the energy and climate state
in the EU countries, including social and economic factors, a method was developed, and
research was carried out, the results of which are presented in this paper.

The main objective of the research was to rank the EU countries in terms of sustainable
energy development and its level.

An additional aim was to identify groups of countries similar in terms of the level of
sustainable energy and climate development. These objectives were accomplished using
the set of 14 selected indicators representing the main areas of the EU energy policy and
being consistent with the objectives of the Agenda 2030. With regard to the analysis, the
entropy–complex-proportional-assessment (COPRAS) hybrid method was used.

A wide range of research, considering many factors from different areas and using
analytical tools, makes this work both a new and original approach to the presented subject.
The basis of the assessment was the performance index (Pi) of sustainable development



Energies 2021, 14, 1767 3 of 32

determined on the basis of 14 indicators representing energy, climate (environmental),
social, and economic dimensions. The four main dimensions of sustainable energy and
climate development enabled a comprehensive assessment, including the most important
elements of this development, of 27 EU countries in the period between 2009–2018. The
utilitarian purpose of this research was to show the diversity of the development of
individual EU countries in this area. The results show that the comprehensive energy and
climate policy of the EU, in the operational scope, should consider the specificity of groups
of countries and be dedicated to those with similar problems. This approach should ensure
its greater effectiveness and efficiency.

The presented approach to the problem of the implementation of economic sustain-
ability should be considered novel. The analysis of energy and climate protection has not
been carried out in such a wide range, using many factors.

A number of factors can be formulated to prove the originality of this work in relation
to both existing and published studies.

The first such factor is the selection of 14 indicators that characterize countries in terms
of their energy and climate sustainability. These indicators characterize the key economic
and social areas (dimensions) of life in these countries, namely energy, climate, social,
and economic.

The second factor concerns the ranking of the EU countries in terms of energy and
climate sustainability from 2009 to 2018 and the assessment of this level for each of these
countries. This assessment was also made for individual studied areas (dimensions). The
findings made it possible to trace the changes in these countries in each year and in the
studied areas. Moreover, this approach allows a broad analysis in terms of comparing the
level of development of these countries among themselves and in relation to the EU as
a whole.

The third factor concerns the assessment of the level of energy and climate sustainabil-
ity and the division of the EU countries into four classes in terms of this level. The basis for
the division was the value of the Pi index for sustainable development. The determination
of these classes (groups) creates great opportunities for cooperation between countries in
these groups. This relates primarily to applying for EU funds, implementing common
energy and climate policy and taking initiatives in many other areas related to activities for
modern energy and climate protection.

Another (fourth) factor proving the originality of this work concerns the use of the
entropy–COPRAS method to assess the level of the EU countries in terms of their sustain-
able energy and climate development. This method is the combination of a method used
to determine the weights of indicators (entropy) and a method used for the multicriteria
analysis of various types (COPRAS). The Pi index can be treated as an objective measure of
sustainability level. The use of this method in the presented analysis increases its scientific
value and makes the results more credible.

2. Literature Review
2.1. Sustainable Energy and Climate Development

The concept of sustainable development was presented in the UN report “Our Com-
mon Future” in 1987 [29]. This report emphasized the role of energy in achieving sustain-
able development. In Agenda 21, energy development is mentioned in conjunction with
sustainable development in the chapter on atmosphere protection [30]. The relationship
between the atmosphere, greenhouse gas emissions, and energy is also emphasized in
the 1992 UN Framework Convention on Climate Change and the 1997 Kyoto Protocol.
Both documents call for a new, sustainable approach to energy development with special
emphasis on reducing greenhouse gas emissions [31,32]. In these documents, energy is
regarded as the basis for achieving sustainable development and is linked mainly to climate
issues as well as energy security and the scarcity of fossil fuel resources [29]. The 1997
UN General Assembly recognized the need for more sustainable patterns of energy use
and took initial steps toward a sustainable energy development program [4]. In 2000, the
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UN Millennium Declaration was adopted, and the associated Millennium Development
Goals were introduced [33]. However, no energy-related targets were contained in this
declaration [4]. Energy for sustainable development was a leading topic for the first time
at the UN meeting in 2001 [34]. This meeting discussed the importance of energy access
to reduce poverty and achieve the Millennium Development Goals, as well as the need to
change energy production and consumption patterns [4,35,36]. A follow-up resolution was
adopted in 2010, which outlined the energy issues necessary to achieve the Millennium
Goals. Particular emphasis was placed on access, efficiency, and sustainable global energy
development [37]. In 2011, another initiative was introduced, namely the Sustainable
Energy for All [38]. The overarching goal of this initiative is to provide sustainable energy
for all by 2030. The main emphasis is placed on energy availability, energy efficiency, and
sustainable energy sources. In 2015, the 2030 Agenda for Sustainable Development and
its associated Sustainable Development Goals (SDGs) were ratified. The objectives of the
Sustainable Energy for All initiatives were aligned with Sustainable Development Goal 7:
“Ensure access to affordable, reliable, sustainable, and modern energy for all”. With the
introduction of SDG7, it was recognized that energy is essential for climate protection
(SDG13: Climate Action) and for achieving sustainable development [39]. All these docu-
ments testify to the great importance of sustainable energy development of both individual
countries and the whole world. Therefore, the idea to study this subject is fully justified
and is part of this very current and important problem of the modern world.

2.2. Research about Sustainable Energy and Climate Development

The energy and climate sustainability of countries and/or groups of countries con-
stitutes a vast area of scientific research. Studies that look at the concept of sustainable
development can be found in the available literature [23,40–50].

Many of them deal with issues related to sustainable energy and environmental de-
velopment. The popularity of this topic is due to the fact that environmental protection
and energy development concern practically all countries worldwide. The dominant
themes of these papers are issues related to sustainable energy and environmental de-
velopment in the context of climate protection. They mainly focus on the analysis of the
operation and assessment of energy systems in terms of their impact on economy, society,
and environment.

Research on sustainable energy development and its level has concerned various
countries [40–47] or groups of countries [23,48–50]. However, the available literature lacks
studies devoted to the assessment of the level of sustainable energy development in the
EU-27 over the past 10 years.

This is confirmed by the presented review of published works on energy and climate
sustainability of individual countries and regions.

Wang et al. in their paper [40] presented research results on the importance of RES
in sustainable energy and climate security in China. They used the Divisia index method
for their study. Zhao and Guo [41] presented research results on the evaluation of RES in
China. They conducted the research using the hybrid Multiple-criteria decision-making
(MCDM) method and found that it is necessary to promote photovoltaics to promote this
source of sustainable energy.

Erdil and Erbıyık [42] used the SWOT analysis to investigate the sustainable character
of solar, biomass, geothermal, wind, or hydro energy in Turkey. On the other hand, Petinrin
and Shaaban analyzed the sustainability of renewable energy in Malaysia by discussing
different policies for these energy sources [43]. Yu et al. [44] examined the sustainable
energy development of 30 provinces in China. They used the ANP method for their study.
The evaluation concerned a 5 year time frame. In turn, Fang et al. [45] used the TOPSIS
method to evaluate China’s sustainable energy security. Saraswat and Digalwar [46]
evaluated both conventional and renewable energy sources to achieve sustainable energy
development in India. The results showed that solar, wind, and hydro energy are best
for this development in India. Adenle [47] evaluated solar energy technology in Africa
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to identify both opportunities and challenges in achieving Agenda 2030 and sustainable
development goals.

García-Álvarez et al. in work [23] presented the synthetic energy sustainability index
for 15 EU countries. The indicator also includes the environmental aspect related to cli-mate
change in the form of the intensity of the emitted CO2 indicator.

Chudy-Laskowska et al. [47] utilized the Technique for Order of Preference by Sim-
ilarity to Ideal Solution (TOPSIS) method to classify the EU countries in terms of the
differentiation of wind energy development levels in the EU. The results indicate that
Denmark is the leader in wind energy development in the EU, while Malta is at the other
end of the list—the country with the lowest level of sustainable wind energy.

Su et al. [48] compared the sustainability status of the energy sector in 21 EU member
states and China. For this purpose, they used the Vlse Kriterijuska Optimizacija I Ko-
moromisno Resenje (VIKOR) method. The results showed that China lags behind the EU
countries in terms of energy sector sustainability.

The results of the study showed that Denmark, the Netherlands, France, Portugal, and
the United Kingdom performed best in energy sustainability in 2012. On the other hand,
Sobczyk and Sobczyk in their study [50] conducted the analysis of the diversity of the
energy mix of Poland and the EU-28 in the context of achieving sustainable development
of this country.

The results showed that the use of renewable energy in Poland is below the EU
average, but the country made progress in increasing RES in the energy mix between 2010
and 2018.

2.3. Research Gap

The presented works in Section 2.2 show that the subject matter of this article is current
and concerns an important issue. The concept of sustainable economic development must
be associated with both energy and climate issues.

The cited works do not present the results of comprehensive studies on the assessment
of sustainable energy and climate development in all EU countries in the long term. This
particularly concerns the simultaneous inclusion of indicators describing the key areas
of this development, which was done in this article. In addition, these publications
failed to refer to the important social dimension of sustainable development, which is
the energy poverty of citizens of a given country. This aspect may be crucial in gaining
social acceptance for the changes related to energy transition.

Moreover, the discussed publications failed to discuss the changes in the studied
areas over a period of, for example, 10 years, to indicate the leaders of these changes, or to
designate groups of countries with similar indicators. The quantitative and comprehensive
studies of the sustainable energy and climate development of the EU countries in this field
provide an opportunity for objective assessment and the use of the results to create effective
and socially acceptable climate and energy policy.

Therefore, it can be concluded that this paper fills the research gap in the field of
sustainable energy and climate development of the EU-27 and provides new and valuable
knowledge in this area.

The diversity of the EU countries and, despite a common policy, a certain indepen-
dence in the creation of internal policy—also in the field of environmental protection—
makes it necessary to conduct a broad and, as far as possible, objective assessment of their
energy and climate development.

In the context of the presented literature review, the research approach proposed in
this paper is novel, and the obtained results should enrich the knowledge of the assessment
of the state of energy and climate sustainability in the EU countries. The adoption of as
many as 14 indicators for the analysis makes this approach comprehensive and gives great
opportunities for the objective assessment of changes reported in this area. In order to rank
and evaluate the level of energy and climate sustainability, the entropy–COPRAS hybrid
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method was used, which, according to the authors, is adequate for the analysis of this
complex and multicriteria research problem.

3. Materials and Methods
3.1. Data

The analysis presented in the article was carried out on the basis of indicators monitor-
ing the implementation of the Sustainable Development Goals, published by the European
Statistical Office Eurostat for the years 2009–2018. In general, these indicators allow for
monitoring the progress in achieving the sustainable economy of the EU countries. The
analysis was conducted for 27 countries that are currently members of the EU (excluding
the United Kingdom).

Each country was characterized by 14 indicators, which are also the determinants of
energy and climate sustainability. These indicators are both stimulants (the higher their
value, the better) and destimulants (the lower their value, the better). These variables are
discussed and presented in Table 1. Source documents related to the indicators are also
presented in Table 1.

The set of indicators also includes the economic factor, namely GDP per capita, which
is the measure of wealth in societies and, as shown by research, has a significant impact on
sustainable energy and climate development, e.g., [34,47,48,51,52].

As already mentioned, the assessment of sustainable energy and climate development
of the EU countries was conducted in four dimensions (areas): energy, climate (environmen-
tal), social, and economic. It was assumed that these dimensions are key to the evaluation
of this development and prove its coherence.

Table 1. Variables, units, and the explanation of statistical data (own elaboration based on [27]).

Dimension Indicator Explanation Direction of Impact
The Source

Papers
Corresponding to Indicators

Energy

Primary energy
consumption, tons of oil

equivalent per capita

This indicator measures the total
energy needs of each country

excluding all nonenergy use of
energy carriers.

Destimulant [53]

Final energy
consumption, tons of oil

equivalent per capita

This indicator measures the energy
end-use in each country excluding

all nonenergy use of energy carriers.
Destimulant [54]

Final energy
consumption in

households per capita,
kg of oil equivalent

This indicator measures how much
electricity and heat every citizen

consumes at home (excluding energy
used for transportation). This

indicator considers only energy used
by end consumers.

Destimulant -

Energy productivity,
euro per kilogram of oil

equivalent

This indicator refers to the energy
consumed by the production unit of

GDP.
Stimulant [55,56]

Share of renewable
energy in gross final

energy
consumption, %

This indicator measures how
extensive is the use of renewable

energy in EU countries.
Stimulant [28]

Energy import
dependency by

products, % of imports
in total gross available

energy

This indicator measures the share of
total

energy needs of a country met by
imports from other countries.

Destimulant [15,28,57]
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Table 1. Cont.

Dimension Indicator Explanation Direction of Impact
The Source

Papers
Corresponding to Indicators

Economic

GDP per capita

This indicator measures the value of
total

final output of goods and services
produced by an economy within a

certain period of time.

Stimulant [28,52,58]

Electricity prices by type
of user (medium size

house), euro per
kilowatt-hour

This indicator presents electricity
prices charged to final

consumers—medium size house.
Destimulant [15,59]

Electricity prices by type
of user (medium size

consumers),
euro per kilowatt-hour

This indicator presents electricity
prices charged to final

consumers—medium size
consumers.

Destimulant [15,59]

Climate
(Environmental)

Greenhouse gas
emissions, tons per

capita

This indicator measures total
national

emissions of the so called “Kyoto
basket” of GHG, including CO2,
CH4, N2O, and the gases—the

so-called F-gases per capita

Destimulant [60]

GHG intensity of energy,
kg CO2 eq./toe

This indicator is calculated as
the ratio

between energy related GHG
emissions and gross inland

consumption of energy

Destimulant [61]

Total GHG—GDP
Intensity, tons CO2

eq./M€’15

This indicator measures ratio
between GHG emissions and GDP Destimulant [5,15,23]

Average CO2 emissions
per km from new

passenger cars, g CO2
per km

This indicator is defined as the
average CO2 emissions per km by

new passenger cars.
Destimulant -

Social

Population unable to
keep home adequately

warm by poverty status
% of population

This indicator measures the share of
population who are unable to keep

home adequately warm.
Destimulant -

3.2. The Entropy–COPRAS Decision-Making Method

The entropy–COPRAS method was used to assess the energy and climate sustainability
of the EU countries. It is the combination of two methods: the method of indicator
weighting (entropy) and the COPRAS method, belonging to the group of multicriteria
decision-making methods.

The complex proportional assessment (COPRAS) method was developed by Zavad-
skas, Kaklauskas, and Sarka in 1994 [62]. It is used to evaluate the values of maximizing
(stimulants) and minimizing (destimulants) indicators; the influence of which on the re-
sults is examined separately. In turn, the entropy method makes it possible to objectively
determine the values of the weights for the indicators included in the research [63,64].

The algorithm for this method involves the following steps:

1. To construct the decision matrix for n alternatives and d evaluation criteria:

rij =

∣∣∣∣∣∣∣
x11 · · · x1d

...
. . .

...
xn1 . . . xnd

∣∣∣∣∣∣∣ (1)
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2. To construct the normalized decision matrix:

r∗ij =
rij

∑m
i=1 rij

(2)

3. To determine weights by the entropy weighting method for each indicator, according
to relations (3) and (4):

Ej = −k
m

∑
t=1

rijln
(
rij
)

(3)

wj =
1 − Ej

∑n
j=1

(
1 − Ej

) (4)

where:
k = − 1

ln(n)
(5)

4. To construct the weighted decision matrix:

r̂∗ij = r∗ij·wj (6)

5. To determine the maximizing or minimizing index of each criterion given its negative
or positive mode:

S+i =
g

∑
j=1

r̂∗ij; i = 1, . . . ., .m (7)

S−i =
g

∑
j=1

r̂∗ij; i = 1, . . . ., .m (8)

where g indicates the number of positive attributes, n − g represents the number of
negative attributes, and Si describes the maximizing and minimizing indices of i-th
attribute, according to its type.

1. To calculate the relative importance value (Qi) of each alternative:

Qi = S+i +
mini(S−i)∑m

i=1 S−i

S−i ∑m
i=1

mini(S−i)
S−i

(9)

2. To select the best alternative:

Qmax = max
i

(Qi), i = 1, 2 . . . .n (10)

3. To determine the performance index for each alternative (the performance index is 1
for the best alternative):

Pi =
Qi

Qmax
(11)

The COPRAS method makes it possible to make the ranking from the best to the worst
alternative (solution). In this case, the alternatives are individual EU countries assessed by
the performance indices.

In order to assess the level of the EU sustainable energy and climate development, the
Pi efficiency index was used. On this basis, four levels of this development were delineated.

These levels were determined on the basis of the average value of the Pi index and
its standard deviation. The obtained values allow for the division of the EU countries
into four classes. Obviously, this division is dependent on the level of energy and climate
development of a given country.

The division into classes takes into account the following values of the Pi index:
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1. Class 1: High level of energy and climate sustainability (safe level):

Pi ≥ Pi + sPi (12)

2. Class 2: Medium-high level of energy and climate sustainability (medium level):

Pi + sPi > Pi ≥ Pi (13)

3. Class 3: Medium-low level of energy and climate sustainability (warning level):

Pi > Pi ≥ Pi − sPi (14)

4. Class 4: Low level of energy and climate sustainability (dangerous level):

Pi > Pi ≥ Pi − sPi (15)

where Pi is the mean and sPi is the standard deviation.

By obtaining the homogeneous and disjoint groups of objects most similar to each
other, the separation and substantive analysis of their essential characteristics is much
easier. Objects (countries) belonging to a given typological group are ordered according to
the value of the synthetic measure—the Pi index.

Figure 1 shows the general scheme of the entropy–COPRAS method.
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4. Results
4.1. Preliminary Analysis

In order to determine the changes reported in the values of the indicators of the
EU sustainable energy and climate development between 2009 and 2018, a comparative
analysis was performed. The results are presented in the form of a cumulative diagram in
Figure 2. It was assumed that 2009 was the base year for which the percentage changes of
the indicators adopted for the study were calculated.
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Figure 2. The percentage changes of the indicators of the EU sustainable energy and climate development between 2009–2018.

When analyzing the percentage changes in the studied indicators of sustainable energy
and climate development in individual EU countries (Figure 2), significant differences in
this process can be noted.

In the case of the reduction of primary energy consumption per capita, the best
progress was achieved by Greece, which decreased this consumption by almost 21% in the
studied period. The opposite result was obtained by Estonia, where the primary energy
consumption per capita increased by about 32%. In addition, in the case of final energy
consumption per capita, among the EU-27 countries, the highest reduction was achieved
by Greece, with a decrease of about 20%, while Lithuania’s final energy consumption
was found to have increased by almost 35%. With regard to the indicator for the final
energy consumption of households per capita, the highest reduction was achieved by
Luxemburg (−20.46%), while in Malta, it increased by 23.72%. In the case of the share of
renewable energy in gross final energy consumption, Malta showed the best result between
2009–2018—an increase of more than 3000% (from 0.021% to 7.968%), while in Slovenia the
increase was only 1.21% and was the smallest in the entire EU-27. As far as energy import
dependency is concerned, the greatest improvement was reported for the Netherlands (by
more than 70%). In terms of the energy poverty indicator, the best result was achieved
by Poland (reduction of poverty in 2018 versus 2009 by almost 70%), and the worst by
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Luxembourg, where the indicator increased by 600% (from 0.3% to 2.1%). With regard to
the GHG emissions per capita, Malta was found to have a reduction of more than 28%,
while Estonia increased its GHG emissions in 2018 versus 2009 by more than 20%.

Malta also saw the largest reduction in the GHG emission intensity of over 35%, while
Latvia saw an increase of nearly 10%.

In terms of energy prices for medium-sized houses, the best result was achieved by
Malta, where the price fell by over 24%, while in Spain energy prices increased by over
50%. In the case of GDP per capita, the highest increase was reported in Lithuania at more
than 90%, and a negative result was noted in Greece, where the value of GDP per capita
decreased by more than 20% when compared to 2009, which is mainly due to the economic
crisis in the country [65].

4.2. The Common Assessment of the EU-27 Countries in Terms of Their Energy as well as Energy
and Climate Sustainable Development between 2009–2018
4.2.1. Assessing the Overall Level of Energy and Climate Sustainability of All
EU-27 Countries

Based on the algorithm described in Equations (1)–(5), the weights for individual
indicators of energy and climate sustainability in the studied period were determined
(Figure 3).
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Figure 3. Indicator weight.

The delineated weights made it possible in the next stage to perform calculations
and determine the Pi index of energy and climate sustainable development and to create
the ranking (R) of all EU-27 countries in terms of this development between 2009–2018
(Table 2).

It was found that the clear leader of the ranking throughout the studied period was
Sweden, and the country that was last in the ranking was Bulgaria. Between 2009–2018,
Spain (from the 13th place in 2009 to the 6th place in 2018) and Lithuania (from the 24th to
the 17th) achieved the biggest rise in the ranking. Malta, on the other hand, saw the biggest
decline, from the 9th place in 2009 to the 22nd in 2018, and Luxembourg from the 18th to
the 25th place.
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Table 2. The value of the Pi index of sustainable development for the EU countries between 2009–2018 and the ranking (R) of the EU countries.

EU
Countries

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Pi R Pi R Pi R Pi R Pi R Pi R Pi R Pi R Pi R Pi R

BE 0.684 21 0.707 21 0.72 19 0.709 18 0.701 19 0.721 16 0.655 19 0.688 20 0.681 20 0.678 22
BG 0.503 27 0.535 26 0.568 27 0.575 26 0.589 26 0.584 26 0.508 27 0.544 27 0.537 27 0.557 27
CZ 0.657 23 0.69 22 0.672 23 0.668 22 0.666 22 0.703 19 0.649 21 0.677 21 0.666 21 0.687 20
DK 0.947 2 0.98 2 0.971 2 0.987 2 0.947 2 0.91 2 0.872 2 0.949 2 0.968 2 0.941 2
DE 0.737 14 0.77 15 0.771 14 0.752 15 0.725 17 0.722 15 0.668 18 0.727 18 0.73 18 0.743 17
EE 0.736 15 0.715 19 0.714 20 0.691 19 0.65 24 0.697 20 0.654 20 0.676 22 0.662 23 0.68 21
IE 0.734 17 0.777 14 0.792 12 0.761 13 0.742 15 0.689 21 0.746 8 0.806 7 0.834 4 0.841 5
EL 0.709 20 0.768 14 0.723 18 0.683 20 0.688 20 0.621 24 0.605 24 0.64 25 0.646 25 0.663 23
ES 0.818 6 0.859 5 0.844 6 0.808 8 0.825 7 0.744 13 0.721 12 0.782 11 0.773 13 0.774 13
FR 0.893 3 0.933 2 0.927 3 0.898 3 0.876 3 0.877 3 0.826 3 0.876 3 0.865 3 0.873 3
HR 0.841 5 0.88 3 0.857 5 0.848 5 0.84 5 0.845 4 0.75 7 0.812 6 0.797 8 0.805 8
IT 0.763 12 0.797 8 0.77 15 0.745 17 0.761 14 0.718 17 0.678 17 0.751 15 0.745 15 0.751 14
CY 0.612 26 0.62 16 0.615 26 0.571 27 0.584 27 0.562 27 0.568 26 0.611 26 0.58 26 0.602 26
LV 0.795 7 0.815 5 0.79 13 0.781 12 0.783 11 0.824 7 0.726 11 0.804 8 0.808 7 0.816 7
LT 0.734 17 0.727 11 0.676 21 0.673 21 0.703 18 0.703 19 0.577 25 0.674 23 0.664 22 0.652 24
LU 0.634 25 0.671 12 0.672 23 0.664 23 0.675 21 0.681 23 0.69 15 0.705 19 0.695 19 0.7 19
HU 0.718 18 0.752 10 0.754 16 0.753 14 0.763 13 0.774 11 0.709 13 0.751 15 0.74 17 0.747 15
MT 0.668 22 0.674 10 0.655 25 0.628 25 0.631 25 0.619 25 0.632 23 0.793 9 0.779 10 0.792 9
NL 0.771 11 0.806 6 0.833 7 0.81 7 0.804 8 0.8 10 0.738 10 0.789 10 0.775 12 0.789 10
AT 0.861 4 0.883 2 0.882 4 0.872 4 0.855 4 0.843 5 0.786 4 0.845 4 0.833 5 0.851 4
PL 0.636 24 0.661 8 0.659 24 0.659 24 0.662 23 0.682 22 0.641 22 0.661 24 0.653 24 0.647 25
PT 0.76 13 0.815 4 0.817 9 0.783 10 0.779 12 0.723 14 0.704 14 0.751 15 0.747 14 0.746 16
RO 0.772 10 0.825 2 0.827 8 0.819 6 0.829 6 0.831 6 0.752 6 0.823 5 0.812 6 0.816 7
SI 0.78 8 0.82 2 0.803 10 0.782 11 0.795 9 0.808 9 0.744 9 0.781 12 0.783 9 0.784 11
SK 0.71 19 0.755 4 0.75 17 0.747 16 0.738 16 0.744 13 0.681 16 0.747 17 0.744 16 0.74 18
FI 0.779 9 0.791 2 0.794 11 0.789 9 0.789 10 0.82 8 0.764 5 0.779 13 0.778 11 0.775 12
SE 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Pi 0.750 0.779 0.772 0.758 0.756 0.750 0.705 0.757 0.752 0.757 0.750
sPi 0.104 0.106 0.104 0.107 0.101 0.101 0.099 0.098 0.103 0.098 0.104

Notes: BE—Belgium, BG—Bulgaria, CZ—Czech Republic, DK—Denmark, DE—Germany, EE—Estonia, IE—Ireland, EL—Greece, ES—Spain, FR—France, HR—Croatia, IT—Italy, CY—Cyprus, LV—Latvia,
LU—Lithuania, LU—Luxembourg, HU—Hungary, MT—Malta, NL—The Netherlands, AT—Austria, PL—Poland, PT—Portugal, RO—Romania, SI—Slovenia, SK—Slovak Republic, FI—Finland, and
SE—Sweden.



Energies 2021, 14, 1767 13 of 32

In general, the EU countries were reported to improve the values of energy and
climate sustainability indicators between 2009 and 2018, yet each country showed its own
dynamics of change in this regard.

In the next stage, the determined values of the Pi index made it possible to divide the
EU countries into four classes. Each EU country in successive years, from 2009 to 2018, was
classified into one of the four classes of sustainable energy and environmental development
in terms of the level of this development. In order to assess this level, a 4-point scale was
used, with the arithmetic mean and standard deviation calculated from the values of the
Pi index (Equations (10)–(13)) (Table 3). Table 3 and Figure 4 show the groups of similar
countries in terms of the level of energy and climate sustainable development.

Table 3. The groups of similar countries in terms of energy and climate sustainable development.

Year Class 1 Class 2 Class 3 Class 4

2009 Sweden, Denmark,
France, Austria

Croatia, Spain, Latvia,
Slovenia, Finland, Romania,

The Netherlands, Italy,
Portugal

Germany, Estonia, Lithuania,
Ireland, Hungary, Slovakia,

Greece, Belgium, Malta, Czech
Republic

Poland,
Luxembourg

Cyprus,
Bulgaria

2010 Sweden, Denmark, France

Austria, Croatia, Spain,
Romania, Slovenia, Portugal,

Latvia, The Netherlands, Italy,
Finland

Ireland, Germany, Greece,
Slovakia, Hungary, Lithuania,

Estonia, Belgium,
Czech Republic, Malta

Luxembourg, Poland,
Cyprus, Bulgaria

2011 Sweden, Denmark, France,
Austria

Croatia, Spain, the
Netherlands, Romania,

Portugal, Slovenia,
Finland, Ireland, Latvia

Germany, Italy, Hungary,
Slovakia, Greece, Belgium,

Estonia, Lithuania,
Luxembourg, Czech Republic

Poland, Malta, Cyprus,
Bulgaria

2012 Sweden, Denmark,
France, Austria

Croatia, Romania, The
Netherlands, Spain, Finland,

Portugal, Slovenia, Latvia,
Ireland

Hungary, Germany, Slovakia,
Italy, Belgium, Estonia, Greece,

Lithuania, Czech Republic,
Luxembourg, Poland

Malta, Bulgaria, Cyprus

2013 Sweden, Denmark, France

Austria, Croatia, Romania,
Spain, The Netherlands,

Slovenia,
Finland, Latvia, Portugal,

Hungary, Italy

Ireland, Slovakia, Germany,
Lithuania, Belgium, Greece,

Luxembourg, Czech Republic,
Poland

Estonia, Malta, Bulgaria,
Cyprus

2014 Sweden, Denmark, France
Croatia, Austria, Romania,
Latvia, Finland, Slovenia,

The Netherlands, Hungary,

Spain, Slovakia, Portugal,
Germany, Belgium, Italy,

Czech
Republic, Lithuania, Estonia,
Ireland, Poland, Luxembourg

Greece, Malta, Bulgaria,
Cyprus

2015 Sweden, Denmark, France

Austria, Finland, Romania,
Croatia, Ireland, Slovenia,
The Netherlands, Latvia,

Spain, Hungary

Portugal, Luxembourg,
Slovakia, Italy, Germany,

Belgium,
Estonia, Czech Republic,

Poland, Malta

Greece,
Lithuania,

Cyprus,
Bulgaria

2016 Sweden, Denmark,
France

Austria, Romania, Croatia,
Ireland, Latvia, Malta,

The Netherlands, Spain,
Slovenia, Finland

Hungary, Portugal
Italy, Slovakia, Germany,
Luxembourg, Belgium

Czech Republic, Estonia,
Lithuania, Poland

Greece, Cyprus,
Bulgaria

2017 Sweden, Denmark, France

Ireland, Austria,
Romania, Latvia, Croatia,
Slovenia, Malta, Finland,

The Netherlands,
Spain

Portugal, Italy, Slovakia,
Hungary, Germany,

Luxembourg, Belgium
Czech Republic, Lithuania,

Estonia, Poland

Greece, Cyprus, Bulgaria

2018 Sweden, Denmark,
France

Austria, Ireland, Romania,
Latvia, Croatia, Malta, The

Netherlands, Slovenia,
Finland, Spain

Italy, Hungary, Portugal,
Germany

Slovakia, Luxembourg, Czech
Republic, Estonia, Belgium,

Greece

Lithuania,
Poland, Cyprus, Bulgaria
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Figure 4. The classification of the EU countries in terms of the level of energy and climate sustainable
development (a—2009, b—2010, c—2011, d—2012, e—2013, f—2014, g—2015, h—2016, i—2017, and
j—2018).

When analyzing the results (Table 3 and Figure 4), the highest level of energy and
climate sustainable development was found for three countries: Sweden, Denmark France,
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and the lowest for Bulgaria and Cyprus. In 2009, 2011, and 2012, the high level of sustain-
able development was also reported for Austria and the low level for Poland (2009, 2010,
2011, and 2018), Greece (2014, 2015, 2016, and 2017), Lithuania (2015 and 2018), Luxem-
bourg (2009 and 2010), the Czech Republic (2010), Estonia (2013), and Malta (2011, 2012,
2013, and 2014). Other countries in each analyzed year were characterized by medium-high
(Finland, Spain, Slovenia, and Latvia) and medium-low (e.g., Germany, Slovakia, and
Belgium) development levels.

Based on the results, the average value of the Pi index for individual EU-27 countries
and for the whole studied period (2009–2018) in terms of energy and climate sustainability
was also determined (Figure 5).
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Based on the analysis of the whole period, it was found that the high level of energy
and climate sustainable development was reported for three countries: Sweden, Denmark,
and France and Austria, and the low level (dangerous) for Poland, Cyprus, and Bulgaria.
The remaining countries were characterized by the high medium level and low medium
(warning) levels. In the case of Sweden, Denmark, and Austria, this result is completely
understandable, because, as the authors [66–71] indicate, these countries already embarked
on the path of energy transition toward green energy and climate protection in the 1970s
and 1980s.

4.2.2. Assessing the EU Sustainability in the Energy, Climate (Environmental), Economic,
and Social Dimensions.

According to the model presented in Section 2, which enables the ranking and as-
sessment of the EU countries in terms of the level of energy and climate sustainable
development, an analysis of this development was made for each studied dimension, i.e.,
energy, climate, economic, and social.

The calculated values of the Pi index for each of these dimensions in individual years
and for each country are presented in Figure 6, while the division of the EU countries
into individual groups, taking into account the four examined dimensions, is presented in
Table 4.

The conducted research showed that in terms of sustainability only in the energy
dimension, the high level in individual years was shown by Bulgaria (2010–2018), as
well as Romania (2009), Sweden (2010–2012, 2014–2018), Denmark (2010–2018), the Czech
Republic (2010–2012, 2014–2016), and Greece (2013–2014, 2018). In the case of Bulgaria, the
favorable result was influenced by the very low values of primary energy consumption
per capita and final energy consumption per capita, as well as by the low value of the final
energy consumption indicator in households versus the EU average. This country was also
found to have one of the lowest energy-import dependency rates in the EU.
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Table 4. The level of the EU development in individual dimensions of energy and climate sustainable development between
2009–2018.

EU Countries Dimension 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Belgium

Energy 4 2 2 2 2 2 2 2 2 2
Climate 2 2 2 2 2 2 2 2 2 2

Economic 3 4 3 2 2 2 2 3 3 3
Social 2 3 3 3 2 2 3 2 3 3

Bulgaria

Energy 1 1 1 1 1 1 1 1 1 1
Climate 4 4 4 4 4 4 4 4 4 4

Economic 3 3 3 3 3 3 3 4 4 3
Social 4 4 4 4 4 4 4 4 4 4

Czech Republic

Energy 3 1 1 1 2 1 1 1 2 2
Climate 4 3 4 4 4 4 4 4 4 4

Economic 4 4 4 3 3 3 3 3 3 3
Social 3 3 3 3 3 3 3 3 3 2

Denmark

Energy 2 1 1 1 1 1 1 1 1 1
Climate 2 2 2 2 2 2 2 2 2 2

Economic 1 1 1 1 1 1 1 1 1 1
Social 1 2 2 2 2 2 2 1 2 2

Germany

Energy 3 2 2 2 2 2 2 2 2 2
Climate 3 3 3 3 3 3 3 3 3 3

Economic 2 2 2 2 2 2 2 2 2 2
Social 3 2 2 2 2 2 2 3 3 2
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Table 4. Cont.

EU Countries Dimension 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Estonia

Energy 2 2 2 2 2 2 2 2 2 2
Climate 4 4 4 4 4 4 4 4 4 4

Economic 3 2 2 2 3 3 3 1 3 3
Social 2 2 2 2 2 2 1 1 3 1

Ireland

Energy 4 2 2 2 2 2 2 2 2 2
Climate 3 3 3 3 3 3 3 3 3 3

Economic 4 1 1 1 1 1 1 3 1 1
Social 2 3 3 3 3 3 3 3 3 3

Greece

Energy 3 2 2 2 1 1 2 2 2 1
Climate 3 3 3 3 3 3 3 3 3 3

Economic 2 2 2 3 3 3 3 3 3 3
Social 3 4 3 4 4 4 4 4 4 4

Spain

Energy 3 2 2 2 2 2 2 2 2 2
Climate 2 1 2 2 2 2 2 2 2 2

Economic 2 3 3 3 3 3 3 3 3 3
Social 3 3 3 3 3 3 3 3 3 3

France

Energy 3 2 2 2 2 2 2 2 2 2
Climate 1 1 1 1 1 1 1 1 1 1

Economic 1 1 1 2 2 2 2 2 2 2
Social 3 3 3 3 3 3 3 3 3 3

Croatia

Energy 2 2 2 2 2 2 2 2 2 2
Climate 2 2 2 2 2 2 2 2 2 2

Economic 3 3 3 3 3 3 3 3 3 3
Social 3 3 3 3 3 3 3 3 3 3

Italy

Energy 3 3 3 3 2 2 3 2 2 2
Climate 2 2 2 2 2 2 2 2 2 2

Economic 2 2 2 2 2 2 2 2 2 2
Social 3 3 3 4 4 4 3 3 3 3

Cyprus

Energy 4 3 3 3 3 3 3 3 3 3
Climate 3 3 3 3 3 3 3 3 3 3

Economic 3 3 3 4 4 4 3 3 4 3
Social 3 4 4 4 4 4 4 4 4 4

Latvia

Energy 2 2 2 2 2 2 2 2 2 2
Climate 2 2 2 2 2 2 2 2 2 2

Economic 3 3 3 3 3 3 3 4 4 3
Social 3 4 3 4 4 4 3 3 3 3

Lithuania

Energy 2 3 3 3 2 3 3 3 3 3
Climate 2 2 2 2 3 2 2 2 2 2

Economic 3 3 3 3 3 3 3 3 3 3
Social 3 4 4 4 4 4 4 4 4 4

Luxembourg

Energy 4 4 4 4 4 4 4 4 4 4
Climate 4 3 4 4 3 4 3 3 3 3

Economic 1 1 1 1 1 1 1 1 1 1
Social 1 1 1 1 1 1 1 1 1 1

Hungary

Energy 3 3 3 3 3 3 3 3 3 3
Climate 2 2 2 2 3 2 2 2 3 2

Economic 4 4 4 3 3 3 3 3 3 3
Social 3 3 3 3 3 3 3 3 3 3

Malta

Energy 3 3 3 3 3 3 3 3 3 3
Climate 2 2 2 3 1 3 2 1 1 1

Economic 4 4 4 4 4 4 4 4 4 4
Social 3 3 3 4 4 4 3 3 3 3
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Table 4. Cont.

EU Countries Dimension 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

The
Netherlands

Energy 3 4 4 4 4 4 4 4 4 4
Climate 2 2 2 2 2 2 3 3 3 2

Economic 2 2 2 2 2 2 2 2 2 2
Social 1 1 1 2 2 2 2 1 1 1

Austria

Energy 3 3 3 3 3 4 4 4 4 3
Climate 2 1 2 2 2 2 2 2 2 2

Economic 2 2 2 2 2 2 2 2 2 2
Social 2 2 2 2 2 2 2 1 1 1

Poland

Energy 2 3 3 3 3 3 3 3 4 4
Climate 4 4 4 4 4 4 4 4 4 4

Economic 3 4 4 3 3 3 3 3 3 3
Social 3 3 3 3 3 3 3 3 3 3

Portugal

Energy 2 3 3 3 3 3 3 3 3 3
Climate 2 1 2 2 2 2 2 2 2 2

Economic 3 3 3 3 3 3 3 3 3 3
Social 3 4 4 4 4 4 4 4 4 4

Romania

Energy 1 3 3 3 3 3 3 3 3 3
Climate 3 3 3 3 3 3 3 3 3 3

Economic 3 3 3 3 3 3 3 3 3 3
Social 3 3 3 3 3 4 3 3 3 3

Slovenia

Energy 2 3 4 4 4 4 4 4 4 4
Climate 3 2 3 3 3 2 2 3 3 3

Economic 3 3 3 3 3 3 3 3 3 3
Social 3 3 2 3 2 3 3 2 2 2

Slovakia

Energy 3 4 4 4 4 4 4 4 4 4
Climate 3 3 3 3 3 3 3 3 3 3

Economic 4 4 4 4 4 3 3 3 3 3
Social 2 2 2 2 2 3 3 3 2 3

Finland

Energy 3 3 3 3 3 3 3 3 3 3
Climate 2 2 2 2 2 2 2 2 2 2

Economic 2 2 2 2 2 2 2 2 2 2
Social 1 1 1 1 1 1 1 1 1 1

Sweden

Energy 2 1 1 1 2 1 1 1 1 1
Climate 1 1 1 1 1 1 1 1 1 1

Economic 1 2 2 2 1 1 1 1 2 2
Social 1 1 1 1 1 1 1 1 1 1

Notes: 1—High level of energy and climate sustainability (safe level); 2—Medium-high level of energy and climate sustainability (medium
level); 3—Medium-low level of energy and climate sustainability (warning level); 4—Low level of energy and climate sustainability
(dangerous level).

By contrast, the low level of sustainable development considered only in the energy di-
mension was reported for Luxembourg (2009–2018), Slovakia, the Netherlands (2010–2018),
Poland (2017–2018), Slovenia (2011–2018), Austria (2014–2017), and Cyprus (2012–2014). In
the case of Luxembourg, this assessment was influenced by almost total dependence on
the energy import and the highest final energy consumption in households per capita in
the whole EU. The situation was found to be similar for Slovakia. In the case of Poland, for
example, this assessment was influenced by the low level of energy consumption from RES
and the increasing dependence on imported energy sources.

Based on the results of the ranking of the EU countries only for the climate (envi-
ronmental) dimension, in the period between 2009–2018, Sweden and France were char-
acterized by the high level of GHG emissions. In 2010, this level was also reached by
Austria and Portugal, while in recent years (2013, 2016–2018), Malta was also found to
show the high level of these emissions. Sweden, which is the clear leader of the ranking
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(Figure 6), was found to have the lowest GHG emissions from the energy sector and the
total GHG—GDP intensity, as well as some of the lowest total GHG emissions per capita.
In addition, the average CO2 emissions per km from new passenger cars were found to
be among the lowest of all EU countries. Among the industrialized countries, Sweden
was reported to have relatively low GHG emissions not only within the EU group but
also worldwide. It is crucial to note that Sweden has a lot of trees planted, which further
reduces carbon dioxide. Therefore, the emissions balance is close to zero [72]. It is also
important to note that Sweden is predicted to become fully climate neutral by 2045.

The worst situation regarding sustainable development only in the climate dimension
was found to be in Bulgaria, Poland, the Czech Republic, and Estonia. As far as Estonia
is concerned, it belongs to the countries where GHG emissions per capita have been the
highest in the EU for many years. In addition, the average CO2 emissions per km from
new passenger cars are among the highest in the EU. A similar situation was reported
in Bulgaria, where the total GHG–GDP intensity is the least favorable among all the EU
countries.

With regard to the economic dimension of energy and climate sustainable develop-
ment, the best results in the whole analyzed period were achieved by Luxembourg, a
country which not only has the highest GDP per capita among the EU countries but also
one of the highest in the world [73]. This result was also influenced by the very favorable
value of the energy productivity indicator, which is one of the highest in the EU. The high
level of development in the economic dimension was also observed in Sweden (2009, 2013–
2016), Denmark (2009–2018), Ireland (2010–2015, 2016–2018), and France (2009–2012). The
lowest level of development in the economic dimension was found in Malta (2009–2018),
Bulgaria (2016–2017), Slovakia (2009–2013), Hungary (2009–2011), Cyprus (2012–2014), and
the Czech Republic (2009–2011), among other countries.

The last immensely important, studied aspect was the social dimension, which con-
cerned the issue of energy poverty of the EU countries’ inhabitants. The high level of
sustainable development was found in Luxembourg, Sweden, Finland, the Netherlands
(2009–2011, 2016–2018), and Denmark (2009, 2016). An exceptionally unfavorable situation
in this dimension was reported in many EU countries, for example, in Bulgaria, Romania,
Cyprus, Greece, Lithuania, Portugal, and Malta.

The inclusion of this indicator in the assessment of energy and climate sustainable
development seems fully justified, although it has not been considered so far. However,
according to the assumptions of the concept of sustainable development, this indicator
is extremely important. Energy poverty is a situation in which a household or a person
does not have the possibility of financing basic energy services (lighting, heating, cooling,
mobility, and electricity), ensuring a decent standard of living. This is the consequence
of low income, high energy costs, and poor energy efficiency of buildings, the heating
of which is also a major environmental hazard [74,75]. In the EU as a whole, there are
approximately 50 million families living in energy poverty, which is unbelievable. This is an
immensely unfavorable situation that affects a large part of the EU population. Therefore,
the social dimension seems fully justified to be included in the presented analysis.

4.3. Assessing Individual EU27 Countries in Terms of Their Energy and Climate Sustainability
between 2009–2018

This section presents the analysis of the trends of changes in energy and climate
sustainability in individual EU countries for each study year. The purpose of this analysis
was to show the trends of changes reported in these countries during the 10-year period.

Figure 7 presents the values of the Pi index of energy and climate sustainability in
each EU-27 country in the studied years.
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The results show a large variation in the trends of changes across countries. In
many countries, there has been an upward trend since 2009, which is undoubtedly related
to the EU energy and climate policy. The framework of this policy was adopted by
the European Council in 2007, and the 2020 strategy, which is to stimulate sustainable
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economic development of the EU countries, was adopted by the European Commission
only in 2010. It was in this strategy that the targets to be achieved by 2020 were set: namely,
a reduction of at least 20% in GHG emissions compared to 1990 levels; an increase to 20%
of renewable energy in all sources of energy consumed; and a 20% improvement in energy
efficiency [11,76].

The results also show that in most EU countries, the largest increases were reported
between 2011 and 2012, which may be the result of the implementation and execution of
this strategy. In general, it can be seen that in many countries, 2018 was the best year for
energy and climate sustainability. This is because the EU attaches particular importance to
energy transition and protecting the environment from climate change. The results show
that all EU countries are implementing the goals of the Europe 2020 strategy and the 2030
Agenda, albeit to varying degrees.

It can be concluded that very significant progress in sustainable development in the
studied years was achieved by the Czech Republic, Germany, Estonia, Ireland, Lithuania,
Hungary, Luxembourg, Malta, Poland, Slovakia, Romania, and Italy. These are countries,
which have clearly reduced GHG emissions (both in total and from the energy sector),
increased the share of RES in the energy mix [77], improved energy productivity, and
reduced the level of energy poverty.

Among all the EU countries, Denmark clearly stands out. It is the only country where
energy and climate sustainability does not show an upward trend. The main reason for
this is the fact that in Denmark, between 2009–2012, the index of energy dependence on
imports was characterized by a negative value, and since 2013, the energy dependence of
the country on energy imports has been steadily increasing, which negatively affects the
value of the Pi index of energy and climate sustainability.

5. Discussion

For many years, energy and climate policy has been the priority area of activity for the
EU, and in recent years, it has become increasingly important [77,78]. Currently undertaken
activities are closely related to the European Green Deal and are part of the implementation
of the objectives of Agenda 2030 (goals: 7 on “Clean and Accessible Energy” and 13 on
“Climate Action”), adopted in 2015 by the UN General Assembly. It resulted in very
ambitious sustainability assumptions that focus on the transformation of the energy sector
and the achievement of climate neutrality.

The main objectives of introducing sustainable economic development is to ensure
the economic development of the EU and improve the state of the environment and the
welfare of societies [79]. In these processes, energy policy, which is closely related to climate
protection activities, is of great importance. It has resulted in a number of legislative acts,
including the white paper with respect to renewable energy (1997), aimed at encouraging
the implementation of sustainable energy and climate development [80]. They are designed
to promote a market for renewable energy, encourage energy efficiency, and reduce GHG
emissions into the atmosphere. A landmark year for this process was 2009, when the
first groundbreaking legislation on climate change was adopted (Europe 2020 strategy).
Therefore, the study presented in this paper includes data from that year onwards.

The aim of this study was to assess the level of the sustainable energy and climate
development of the EU countries over a 10-year period based on 14 selected indicators
characterizing the four main areas (dimensions) of the economic life of the EU countries
(energy, environment, economy, and society).

The adopted set of indicators made it possible to assess the sustainable energy and
climate development of the EU countries in a very broad range, considering many fac-
tors characterizing the diversity of the countries in question. Moreover, the values of
the indicators like final energy consumption, primary energy consumption, final energy
consumption in households, GHG emissions, and GDP were compared to the population
of a given country, which additionally allowed us to consider the demographic factor.
The classification and division of the EU countries was based on the value of the Pi index
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of sustainable energy and climate development determined on the basis of the adopted
indicators by means of the entropy–COPRAS method.

The study showed significant changes in the values of the indicators adopted for the
research in the examined period, which also translates into the results of the evaluation
of the level of the EU sustainable energy and climate development. Particular variability
was observed in the indicators of energy productivity, the share of renewable energy in
gross final energy consumption, GHG emissions per capita, average CO2 emissions per
km from new passenger cars, or population unable to keep home adequately warm by
poverty status.

The findings showed that among all the EU countries, in the studied period, the high
level of sustainable energy and climate development was reported for Sweden and France.
Apart from 2010, Denmark can also be included in this group.

The low level of this development was reported for Bulgaria and Cyprus. The averag-
ing of the assessment results confirmed the low level of this development in these countries
during the whole studied period. Moreover, it also showed that the problem of the low
level of sustainable energy and climate development also concerns Poland. The low level of
sustainable development between 2014–2017 was also found in Greece, between 2011–2014
in Malta, between 2009–2011 and in 2018 in Poland, and for single years also in the Czech
Republic, Estonia, Lithuania, and Luxembourg (the country with the highest values of
GDP per capita [81]). The economic and social indicators were found to be really low in
these countries, which results in the high exposure of their inhabitants to energy exclusion
caused by the low quality of energy supplied, its availability, and high price [82,83]. These
results show some differences versus the results presented in another work [15], in which
the leaders in energy sustainability for 2017 included Denmark, Luxembourg, Austria, and
Sweden, respectively, with Cyprus and Bulgaria ranking last. Luxembourg’s high position
in this study was due to its wealth rather than energy or climate factors. The differences
in terms of assessment were influenced by the different set of indicators adopted for the
study and the fact that the authors did not take into account the weights for individual
indicators of sustainable energy development.

Another study [66] also presents the results of the research on the ranking of the EU
countries in terms of energy development. They were shown to differ from those obtained
in this article. However, the analysis in this paper was conducted only for 18 countries,
and the best results were achieved by Denmark and France.

Completely different results are presented in another paper [28], which evaluated
sustainable energy development in the context of the share of RES in the energy mix. In
this study, Germany was the leader of the ranking made for data from 2007–2016.

The results also made it possible to identify countries and the leaders of the ranking, in
terms of the level of sustainable energy and climate development in individual dimensions
(energy, climate, economic, and social) (Table 4). The results of this part of the study showed
that the richest country in the EU in terms of GDP per capita was Luxembourg [60]. It was
found to have reached a high development level in the economic and social dimensions, but
for all indicators related to energy and climate dimensions, it was found to show only an
average low level. The reasons include the highest energy consumption per capita in the EU
(primary energy consumption, final energy consumption, and final energy consumption
in households per capita), the low share of renewable energy in the energy mix, high
dependence on energy imports, the highest GHG emissions per capita in the EU, and high
energy prices.

When analyzing the results of the assessment of the level of sustainability of each
country over the studied 10 years, it can be concluded that most of them showed an
increasing trend. The only exception is Denmark, which is related to the deterioration of its
energy independence [21]. In general, however, in most countries the values of the studied
indicators were found to have improved. In some countries, such as Poland, Finland,
and Sweden, it was noted that the best evaluated year was 2015. Unfortunately, after this
year, in these countries, a temporary increase was reported in the values of indicators



Energies 2021, 14, 1767 26 of 32

characterizing GHG emissions per capita—Poland, Finland (2015–2016, 2017–2018); final
energy consumption—Sweden, Finland, Poland (2015–2018); and energy imports—Sweden
(2015–2016) and Poland (2015–2018).

Sweden was found to be the clear leader in sustainable energy and climate devel-
opment among the EU-27 countries during the studied period (Table 2), as well as in
terms of the climate dimension. This is due to the energy transition that started in the
1970s. Moreover, Sweden has a long tradition of developing an ambitious environmental
policy [67–69,83,84]. In this case, several issues are worth noting. Only two countries
(Luxembourg and Finland) consume more primary energy per capita than Sweden, and yet
the carbon dioxide emissions per capita are relatively low when compared to other EU-27
countries. The average carbon dioxide emissions between 2009–2018 were reported to be
6.0 tons per capita (only Latvia showed lower emissions—5.9), while in the richest country
like Luxembourg, these emissions were found to be 23 tons per capita (almost four times
higher). At the same time, the low emissions of harmful substances are accompanied by
the economic growth of the country. Between 2009 and 2018, Sweden ranked fourth among
all EU countries in terms of average GDP per capita. This result also has an impact on the
problem of energy poverty, which is very low in Sweden. On average, just over 1.8% of the
population was affected during the studied period, while in Bulgaria, a country with the
low level of energy and climate sustainability, the problem affected on average over 44% of
the country’s population during the period in question.

Another country that showed favorable results is Denmark. This country’s high level
of energy and climate sustainability is the result of the long process of energy transition
that began in the 1970s. The oil crisis, dependence on imports, and environmental pollution
were the main determinants of this process consisting in moving away from fossil fuels
toward RES, mainly wind energy [69,85]. Denmark’s high score was influenced by the fact
that between 2009–2012, it was the only net exporter of energy among the EU member
states, but in 2013 Danish energy imports exceeded exports, and this trend was confirmed
in the following five years until 2018.

By contrast, very poor results were reported for Bulgaria. It is a country with the
lowest average value of GDP per capita, among the EU countries in the studied years,
which amounted to only 6165 Euros (it is slightly better in Romania, where the level of
sustainable energy and environmental development in the studied period was assessed as
medium low). However, this country is gradually developing a renewable energy sector
based on domestic energy sources [86]. Their development is visible in the presented
results, and it should be assumed that in the coming years, Bulgaria’s indicators will
significantly improve. While in 2009, the country imported about 45% of energy, and
in 2018, this indicator dropped to just over 36%, which is the fifth lowest result in the
entire EU-27. The increase in electricity production from RES reduced the environmental
footprint of the country’s energy system in terms of GHG emissions. However, the total
environmental footprint in terms of GHG emissions increased from 7.9 to 8.1 tons per
capita. Nevertheless, Bulgaria still remains a country where the problem of energy poverty
affects a large number of inhabitants (an average value for 2009–2018 amounts to 44%).

A country that is heavily dependent on imported energy (nearly 93% in 2018) is
Cyprus. However, the country is gradually increasing the use of RES. As the Cypriot
energy system is based on conventional energy sources, the country also has one of the
highest GHG emissions from the energy sector and total GHG emissions per capita. In
addition, it also has one of the highest average CO2 emissions per km from new passenger
cars. By contrast, the energy poverty rate of the country’s residents—which affects nearly
22% of citizens—remained unchanged between 2009 and 2018.

When looking at the listed countries in terms of energy and climate sustainability,
Luxembourg should be highlighted. This country was found to be the richest in terms of
GDP per capita of all EU countries. However, despite the best economic conditions and the
lowest degree of energy poverty (high level of development of the country in economic
and social dimensions—Figure 6, Table 4), it is a country with an average low level of
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energy and climate sustainability. This is influenced by several factors. Luxembourg’s
energy system is characterized by high import and fossil fuel dependence. The country’s
renewable energy share between 2009–2018 was one of the lowest in the EU countries, with
only 2.9% in 2009 and 9.1% in 2018 (only Malta and the Netherlands had a lower share
in 2018). Therefore, Luxembourg has implemented a renewable energy transfer policy to
achieve the EU RES targets. These transfers (from Estonia and Lithuania) will be used to
close the gap to the 2020 target of 11% renewable energy in gross final energy consumption.
Luxembourg’s energy-efficiency improvements were reported to be positive until 2016 but
have recently been increasing again. Poland, Portugal, Hungary, the Czech Republic, and
Denmark are also facing similar problems. However, Luxembourg has a policy aimed at
introducing stricter targets and a more robust approach to energy transition in the EU [87].

In general, the countries studied comply with the EU’s commitments contained in
the climate and energy package, for example, increasing the share of renewable energy
and improving energy efficiency, mainly in order to reduce greenhouse gas emissions.
However, the level of effectiveness in this area varies in individual countries.

Nevertheless, as the authors of one paper [88] indicate, the EU countries should make
much more effort to reduce energy consumption and increase the share of RES to achieve
the goal of reducing greenhouse gas emissions, which is set out in the Paris Agreement.

Due to the comprehensiveness of the paper, the discussion of the results concerned
only the most important issues, according to the authors. The findings enable a much
broader discussion. This is because it is possible to refer to the analysis of the variability of
individual indicators for the studied countries, the analysis of trends in their changes, the
analysis of similarity, and many other aspects. The possibilities of studying these results
and making conclusions based on them are very large. The choice in this area is left to the
readers of the article, especially since the available literature lacks the approach presented
in this paper for the analysis of the state of sustainable energy and climate development
for any group of countries.

6. Conclusions, Policy Implications, and Direction of Future Research

The results presented in the paper add value to the current state of knowledge and
may contribute to other possibilities of monitoring progress in the implementation of the
EU Sustainable Development Strategy for modern energy and climate activities.

The issues related to the implementation of the principles of sustainable economic
development is currently one of the most interesting research topics. The legitimacy
of undertaking this subject stems from the need for changes in the global economy to
protect the environment and provide development opportunities for future generations.
These goals are becoming increasingly dominant in individual regions of the world. The
unquestionable leader in the process of transforming the economy in accordance with
the idea of sustainable development is the European Union. Of key importance for the
effectiveness of this process are changes in the energy sector, which significantly influenced
the current climate problems. Therefore, the EU is undertaking, to a significant extent,
actions aimed at improving the state of the environment, through the implementation of
ambitious goals related to the sustainable development idea, included in the concept of the
European Green Deal and Agenda 2030.

As a result of these activities, the EU is currently the absolute leader in implementing
concepts and ideas related to both climate protection and sustainable development.

The findings presented in this paper fit well into this area of the EU activity. The
Pi index, adopted in the study, enabled an objective assessment of the EU countries for
the period 2009–2018 in terms of sustainable energy and climate development. It can be
assumed that the value of this index, determined on the basis of 14 indicators representing
energy, climate, social, and economic dimensions, is an objective measure of sustainable
energy and climate development. Therefore, this analysis considered the priority areas of
the EU’s activities in terms of the latest concept of the European Green Deal and goals 7
and 13 of the 2030 Agenda for Sustainable Development.
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The results show that throughout the studied assessment period, significant changes
were observed in the values of input indicators, which directly affected the value of their
weights and thus the value of the Pi index—which was the basis for the assessment of this
level. They also show the trends and effects of actions undertaken by the countries in the
examined areas and years.

In addition, both leaders in transformation and countries that still have a lot to do in
the field of energy transition and climate protection were reported.

The created ranking of the EU countries and their division into four groups clearly
identifies countries that require more intensive assistance, both in terms of content and
finance. It is obvious that changes related to sustainable economy require investments and
not all EU countries are able to finance them. Among the countries that require special
attention in this regard are Bulgaria, Cyprus, Poland, Estonia, Greece, Lithuania, Malta,
the Czech Republic, and Luxembourg. Climate protection is a global problem, and its
implementation requires solidarity from the more affluent countries for the benefit of
those with problems. It seems that in the case of the EU, this solidarity and cooperation is
generally considered the standard, without which the very ambitious plans contained in
the concept of the European Deal Green and the 2030 Agenda cannot be achieved.

It should be emphasized that the transition paths of individual countries to achieve
sustainable energy and climate development in the EU differ between member states.
Despite the overarching goal of the entire EU, individual countries, depending on their
internal situation, implement their own policies. This is due to the great economic diversity
of individual countries, their economic potential, geopolitical location, and other factors. It
should also be remembered that the EU consists of as many as 27 rather small countries.
Therefore, it seems obvious to target financial actions to groups of countries with similar
conditions and problems, as well as to use the experience of the leaders in the field
of energy transition and climate protection. The presented analysis covers both these
elements. On the one hand, it identifies countries with the best results in order to benefit
from their experience (e.g., Sweden, Denmark, France, and Austria), and on the other hand,
it identifies groups of countries that should cooperate to achieve the assumed objectives
(e.g., Poland and Bulgaria). These analyses also point to the possibility of specializing
in certain elements of energy policy by individual countries, such as obtaining energy
from RES.

In addition, the time requirements for achieving certain goals must be adjusted to
the economic possibilities of all member states. Researchers working on this topic point
out, for example, that in some countries of Central and Eastern Europe, the energy and
climate transition will generate enormous and much higher costs than in more developed
countries [89–91]. This is the result of a different energy structure and outdated energy sys-
tems (e.g., in Poland and Bulgaria). These challenges may cause many adverse effects, such
as an increase in energy prices, loss of jobs, and thus slow down economic development,
while at the same time hindering social acceptance of the new energy and climate policy.

The conducted research has also confirmed the great diversity of the EU countries,
which, on the one hand, is an unquestionable advantage and testifies to its size but on
the other hand, may also constitute a serious barrier to the implementation of common
policies, such as energy and climate policy.

Energy and climate sustainability is the essential component of sustainable develop-
ment. It is the process of sustainable, safe, and effective provision of energy and climate
protection for present and future generations.

The application of the entropy–COPRAS method for multicriteria analysis, which
belongs to the group of multicriteria assessment methods, should be evaluated positively.
The results define a new dimension of research on the sustainable energy and climate
development of the EU countries. This method is universal and can be successfully used to
analyze other groups of countries.

In terms of the sustainable energy and climate development of individual countries
and groups of countries from different regions worldwide, it is necessary to conduct further
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research, especially on the methodology of the construction of indicators that allow the
most objective assessment of the changes made.

It should also be borne in mind that these indicators consider factors specific to
individual countries. This means that the set of indicators must be adjusted in terms
of their meaning and practical usefulness. At the same time, they should be balanced in
terms of representing all the necessary dimensions that make up the sustainable energy and
climate development of countries, i.e., the energy, climate, economic, and social dimensions.

Therefore, it is advisable to carry out further research in the field of the implementation
of energy and climate policies of both countries and their groups in order to continuously
evaluate the introduced changes and identify problems in their implementation.
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