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Abstract: The global economic development is, to a great extent, dependent on access to large
amounts of cheap energy sources. The growing social awareness of ecology and the enormous dam-
age to the Earth’s ecosystem due to the production of energy from conventional sources have forced
fundamental changes in the energy sector. Renewable energy is considered to be an opportunity
for such changes. The current state of the art allows such changes to be made without restricting
economic development. Therefore, activities related to the energy transition are being taken all over
the world. The European Union has definitely managed to achieve the most tangible effects in this
regard. This article presents the findings of the research aimed at presenting the current state of
renewable energy in the European Union and analyzing the changes reported in this sector in the last
decade. The research was carried out using a selected set of 11 indicators characterizing renewable
energy in individual countries. These indicators were selected on the basis of literature review and
own studies of the state of renewable energy and its development prospects. Based on these indica-
tors, changes in the energy structure of individual European Union countries between 2008–2018
were determined. The study is divided into two main stages. The principal components analysis
(PCA) was used for the first analysis. In turn, the Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) was adopted to assess the level of renewable energy development in the
European Union countries. Both these methods and the extended statistical analysis were applied
to determine the state of renewable energy development in the European Union countries in the
studied period and to divide the Member States into classes with different levels of development.
The results of the study showed that the EU countries are characterized by significant differences in
the development of RES during the period in question. The unquestionable leaders in this respect are
Sweden, Austria, Finland, and Latvia. Based on the findings, it is possible to evaluate the effects of
activities related to renewable energy development and to prepare assumptions for future activities.
Additionally, both the research and its findings broaden the knowledge of the directions of renewable
energy development in individual European Union countries. This is particularly important in the
context of changes related to the need to reduce harmful substance emissions and the implementation
of the European Green Deal idea.

Keywords: renewable energy; sustainable energy development; European Union countries; assess-
ment of renewable energy development

1. Introduction

For many decades, both industry and population growth have led to an increase in
global energy consumption [1,2]. Access to energy, especially cheaper sources, is one of the
most important factors that influences the economic development of countries and social
welfare as well as mitigates the effects of energy poverty [3]. The consequences of this
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global dynamic economic development, in most countries based on energy obtained from
conventional sources, are negative changes in the natural environment [4].

A chance to improve this situation is the implementation of the idea of sustainable
economic development in the whole world. This also applies to energy, as one of the pillars
of this development [5]. Many countries have noticed that a modern energy system means
a transition to non-carbon, renewable energy sources (RES) that enable further economic
development without such a negative impact on the environment. Both RES and biofuels
also contribute to energy security through independence from fossil fuel markets and
savings [6]. It is a key element of economic policy. The variety of RES means that almost
every country has the possibility of either partial or complete dependence on conventional
energy resources. Therefore, also from the geopolitical point of view, the development of
renewable energy is considered to have numerous advantages.

The unquestionable leader in the energy transition process is the European Union
(EU). Here, the contribution of RES to savings related to the import of fossil fuels in 2015
amounted to approximately EUR 15 billion. It is estimated that in 2030, it should be
as much as EUR 58 billion [7]. This is due to the energy policy pursued by the EU. As
early as in 2001, the EU adopted Directive 2001/77/EC [8], which requires each Member
State to take appropriate measures to achieve a specific indicative target of RES-generated
electricity. At that time, the target was to achieve renewable energy consumption at the
level of 12% with an indicative 22% share of electricity produced from RES by 2010. The
next measure was Directive 2003/30/EC [9], aimed at promoting the use of biofuels in
transport and other renewable fuels (5.75% share of biofuels in transport fuel consumption).
Pursuant to the next Directive 2009/28/EC [10], the EU countries were supposed to
increase the share of energy obtained from RES in their total energy consumption. The
European climate and energy package contained objectives that were to be achieved by
2020. These targets included a 20% reduction in EU greenhouse gas emissions below levels
reported in 1990, increasing the share of energy produced from RES to 20% and improving
energy efficiency by 20%. In addition, by the end of 2020, at least 10% of final energy
consumption in transport was to come from renewable energy sources. At the end of 2014,
the European Council adopted and then, in December 2018, revised targets under which it
undertook to achieve by 2030 a reduction of at least 40% in greenhouse gas emissions versus
1990 levels and an increase to 32% of the share of renewable energy in all sources of energy
consumed throughout the European community [11]. Other breakthrough solutions were
proposed by the European Commission and presented at the UN COP25 climate summit
in Madrid (Spain) [12]. They include a new, pioneering European climate strategy called
the European Green Deal [13]. According to this strategy, the EU’s economy is to become a
"zero-emission", i.e., climate-neutral economy by 2050. In turn, by 2030, carbon dioxide
(CO2) emissions are to be reduced by 50% (plans assume even a 55% decrease) versus its
emissions in 1990 [13]. These assumptions are more ambitious than those adopted at the
UN climate summit COP24, which took place in 2018 in Katowice (Poland) [14]. Currently,
the European Commission has announced that it will push for a higher target of reducing
CO2 emissions by 2030 versus 1990. When compared to the previously adopted target,
it will be raised from 40% to 55%. This target will enable an increase in the production
and consumption of energy from RES. The latest main objectives of the EU’s energy policy
until 2050 (the European Green Deal) are aimed at achieving a situation in which the EU
economy becomes environmentally neutral. It will result in the elimination of fossil fuels
as energy sources.

The introduction of regulations to promote RES and biofuels made most Member
States put significant effort into achieving the set targets. As a consequence, both the
production and consumption of renewable energy and biofuels have been increasing
in recent years. According to the Eurostat data, the share of RES in gross final energy
consumption in the EU countries increased from 12.6% in 2008 to 18.9% in 2018 [15].
However, this is an average result for all EU countries. In addition, large disproportions are
reported in this respect in individual countries. This applies to absolute values, and also in
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relation to the number of inhabitants and the GDP values. In terms of the production and
consumption of energy and its structure, the geographical factor related to the location and
area of a given country is also important. This is because it determines the possibility of
developing renewable energy, for example, wind or solar.

Therefore, it is reasonable to conduct research that will allow for the assessment of
the state of RES in the EU countries. It is particularly important to determine changes that
occurred in the last decade in the field of RES development. The 10-year perspective seems
to be a sufficient period to assess the results of energy policy. For this assessment to be
credible, it is necessary to take into account objective factors that describe the specificity of
individual countries.

With regard to the studied countries, it seems appropriate to consider the economic
(GDP value), demographic (number of inhabitants), and geographic (area size) potential.
The economic factor reflects the level of economic development of a country, with prosperity
being one of the goals pursued by all governments and societies. Thus, it is crucial to
compare the amount of energy produced and consumed from RES to the GDP value.
It seems that the more developed and prosperous a country is, the greater the RES-to-
GDP ratio should be. Both demographic and geographic factors indicate the social and
geographical (territorial) potential of RES development.

Based on the literature review and the authors’ own experiences and thoughts, the
research looked at selected indicators describing the state of RES in individual EU countries.
This set included 11 indicators: final renewable and biofuel energy consumption per capita,
final renewable and biofuel energy consumption per GDP, renewable energy and biofuel
production per capita, renewable energy and biofuel production per GDP, renewable energy
and biofuel production per area, overall renewable share (with aviation cap), renewable
energy in transport, renewable electricity generation, renewable heating and cooling, gross
electricity generation (RES), and gross inland consumption by product (RES).

The study was divided into two basic stages. The aim of the first stage was to analyze
the structure and general regularities in relationships between the indicators characterizing
the state of RES and biofuels in 27 European Union countries (EU-27) selected for the
analysis. It allowed the identification of similar countries in terms of the adopted indicators
to later define the role of these indicators in the assessment. At this stage, the Principal
Component analysis (PCA) method was utilized. The analysis covered the values of
indicators determined for three years (2008, 2013, and 2018). On this basis, relationships
between these indicators were determined together with their changes over the studied
period. The countries in question were also assessed in terms of the obtained indicator
values and compared with the EU average value and with other countries.

The aim of the second stage was to evaluate the EU countries in terms of the devel-
opment of RES and biofuels in 2008, 2013, and 2018. This, in turn, allowed the authors to
identify the countries that made the most progress in RES development between 2008 and
2018, as well as between intermediate periods (2008–2013; 2013–2018). At the same time,
the results allowed for the identification of similar countries in terms of RES development
and their classification into one of the four adopted classes. The TOPSIS method was used
for this analysis. The indicators adopted for the study, determined for individual years
(2008, 2013, and 2018), were additionally subjected to preliminary statistical analysis, the
purpose of which was to determine the basic parameters and percentage changes in their
values in individual countries. Changes in the values of these indicators for the studied
countries between 2008–2013 and 2013–2018 were also identified. This made it possible to
track the trends and changes in their values over the studied period. Both the research and
the findings constitute a new and original approach to the analysis of the state of RES in
the EU countries in several aspects. First, changes in the development of RES and biofuels
should only be assessed in a certain time horizon. This is due to the fact that the current
state of their development is the result of activities undertaken years ago. Therefore, it is
worth checking how the share of RES has changed in individual EU countries in the last
10 years. The second factor proving the originality of this paper is the inclusion of variables,
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related only to renewable energy and biofuels. Additionally, some of these variables were
compared to the economic (GDP value), demographic (population size), and geographic
(area) potential of individual countries. The authors believe that the GDP value is still the
most important indicator for assessing the level of socio-economic development of a given
country. In turn, the population factor is significant when determining the development of
countries. It is important to note that energy is produced and consumed by citizens. The
area size is essential for using installations to produce energy from RES, for example, wind
or solar energy. Therefore, this factor is also worth considering.

In addition, two methods of multivariate data analysis were used for the study: the
PCA method and the TOPSIS method. So far, these methods have not been used for
such an assessment. Moreover, the EU countries remain an invariably important and
interesting research object, because their integrity and political conditions, despite the
existing differences, are similar. The objectives, especially in the field of environmental
protection, are also similar, as evidenced by the above-mentioned legal acts and long-
term plans in this area. It is also obvious that these countries are very differentiated both
economically and socially. The large fragmentation of the EU-27 causes the Member States
to differ in terms of energy traditions, technical culture, geographical location, and many
other factors. It seems, however, that the EU is taking the most sensible measures to
protect the climate versus other regions of the world. Therefore, it is worth referring to
this region and analyzing the state of these changes also in the context of the diversity
of these countries. The findings constitute a new and interesting source of information
on RES development and should support the decision-making process at the level of
individual countries and the entire EU. At the same time, they should be an example of the
comprehensive implementation of the "zero-emission" idea in the global economy.

The remainder of the paper is organized as follows. Section 2 contains the review of
literature on the development of renewable energy in the EU countries. Section 3 briefly
presents the determinants used in the study (Section 3.1) related to the development of the
renewable energy market in the EU countries and the empirical methodology used in the
study (Section 3.2.1 describes the PCA method, and Section 3.2.2—the TOPSIS method).
Section 5 reports and comments on the empirical results of the analyses conducted. In
Section 6, an extensive discussion was conducted, and the last section presents the main
conclusions and policy implications of the results.

2. Literature Review

In recent years, more and more attention has been devoted to the renewable energy
issue among scientists concerned with the subject of energy policy. The thematic scope of
these publications covers the subject of renewable energy development, linking renewable
energy with energy security [16–19], energy access [20], economic growth [21–23], devel-
opment of renewable energy production technologies [24–26], and the reduction of gases
from the energy sector [27–29] (Table 1). This subject is widely discussed in the studies by
scientists from all over the world, including Asia, Europe, North America, South America,
Australia, and Africa.

Table 1. Thematic scope of publications on renewable energy.

Thematic Scope of Publications on Renewable Energy

Scope Sources

Energy security [16–19]
Energy access [20]

Economic growth [21–23]
Development of renewable energy production technologies [24–26]

The reduction of gases and air pollutions from the energy sector [27–29]
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Research on RES sustainable development in the EU is focused, among others, on
the assessment of the sustainable development of the energy system, economy, society,
environment, and technology.

Wang and Zhan in [30] presented the results of the assessment of renewable energy
sustainability in 18 EU countries. The results show that renewable energy sustainability in
Germany, Great Britain, France, and Italy is at a higher level than in other studied countries.
Cséfalvay and Horváth [31] assessed the changes and factors influencing the sustainable
development of biomass energy in the EU, the United States, Canada, China, and Russia
between 2008–2014. Čeryová et al. [32] looked at the impact of selected renewable energy
indicators on the renewable energy sector in the EU countries. The results allowed for the
identification of 5 groups of similar countries in terms of the renewable energy sector. One
of the few papers devoted to the subject of RES in the EU countries and the role of the impact
of expenditure on research and development (R&D) on the increase in energy consumption
is a study by Adedoyin et al. [33]. The authors examined how, in 16 EU countries, the R&D
spending drives the growth of both renewable and non-renewable energy consumption.
The results show that the expenditure on R&D shows a two-way relationship with the
consumption of renewable energy and one-way relationship with non-renewable energy.
In turn, Armeanu et al. in [34] found that RES drives sustainable economic growth. The
authors demonstrated a positive effect of RES both in total and by type. They studied the
impact of energy obtained from biomass and hydropower, geothermal energy, wind energy
and solar energy on the GDP per capita. Additionally, Busu [35] examined the impact
of RES on economic growth in the EU countries. The applied random effects regression
model showed that at the EU level, between 2004–2017, primary RES production had a
statistically significant and positive impact on economic growth. Collins et al. [36] presented
a renewable energy sustainability index that was calculated for 15 EU countries with
different levels of final energy consumption and economic development. In turn, Gökgöz
and Güvercin in [37] described the problem of ensuring energy security and efficiency of
RES in the EU countries. By contrast, Cansino et al. [38] proposed the use of RES for heating
and cooling in the EU countries. As a result of the conducted analyses, they found that in
the EU the most popular means of promoting RES for heating and cooling is the provision
of targeted subsidies. Shivakumar et al. [39] and Marques et al. [40] examined what factors
and motivations drive the development of RES in the EU. Additionally, Papież et al. [41]
examined the determinants of RES development in the EU countries between 1995 and
2014. Chudy-Laskowska et al. in [42] presented the results of research on the diversification
of the level of wind energy development in the EU countries. Another study [43] presents
the results of the research on the similarity of the EU countries in terms of the volume and
structure of energy production from RES in total, and in relation to the GDP, population
size and country area. Simionescu et al. [44] looked at the share of RES and their use in final
energy consumption in the EU countries, taking into account the number of inhabitants.
In turn, in [45], Simionescu et al. examined the potential relationship between the share
of RES in electricity and real GDP per capita. Cucchiella et al. [46] presented the results
of comparative research on the share of energy from RES in gross final consumption in
the EU countries using various mathematical models. In turn, Butnaru et al. [47] analyzed
energy consumption per capita and renewable energy consumption per capita in the EU
countries. The results of their research show a tendency of poor convergence in energy
consumption and renewable energy consumption in the EU countries. Akadiri et al. [48]
examined the use of RES in the EU countries as part of policies to mitigate environmental
pollution and economic sustainability. The paper presents and proves the hypothesis that
the use of RES in the EU countries is a reliable way to reduce environmental pollution.
In another work [49], the authors presented the relationship between economic growth,
renewable energy, tourist arrivals, trade openness, and carbon dioxide emissions in the
EU. The results of their research indicate that both trade openness and renewable energy
have reduced climate change and environmental degradation, as well as show the positive
impact of economic growth on carbon emissions. On the other hand, Caruso et al. [50]
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explored the relationship between renewable energy consumption, social factors, and
health. Busu [51], in turn, presented the role of RES in a low-carbon society in the EU. His
research findings show that RES have a direct and positive impact on CO2 emissions, unlike
population growth or urbanization. Vasylieva et al. [52] studied the impact of renewable
energy consumption, GDP and corruption in terms of sustainable economic development
and greenhouse gas emissions. They found that a 1% increase in renewable energy led to a
decrease in greenhouse gas (GHG) emissions, and also that an increase in the Corruption
Index by 1% caused a decrease in GHG by 0.88%.

This brief literature review shows that the topic discussed in this article is up-to-
date and concerns important issues. Many researchers attempt to analyze and assess the
state of renewable energy and its impact on the environment, society, and politics. These
publications show that sustainable energy development is currently the most desirable
direction of economic development. Power engineering is an integral part of this idea and
may decide about the success of these assumptions. In the case of the EU, this is of particular
significance due to the political, cultural, economic, and social diversity of the countries
in question. It is also clear that attempts are being made to identify various parameters
and assess the impact of various factors on renewable energy. In this context, the approach
proposed in this paper is new and should enrich knowledge in the field of evaluating the
state of RES in the EU. The study of economic, demographic, and geographical aspects
together with the use of modern methods of analysis make the findings a new approach to
this subject. The set of 11 indicators adopted in the analysis (compared only to renewable
energy) makes this paper a comprehensive approach to the assessment of the state of RES
in the EU countries and enables an objective assessment of observed changes.

3. Materials and Methods
3.1. Data

In order to conduct research, the main purpose of which was to assess the EU countries
in terms of RES development, data from the European Statistical Office [15] were used.
These data became the basis for establishing a set of indicators to assess the state of RES in
the EU countries.

The indicators selected for the research had to be characterized by:

• postulate of adequacy to the objectives of the RES development policy in the EU,
• simplicity in construction and ease of result interpretation,
• comparability,
• applicability in economic models, forecasts and information systems;
• data availability.
• Each country was characterized by 11 indicators (diagnostic variables):
• final renewable and biofuel energy consumption per capita (mtoe/per capita), (X1),
• final renewable and biofuel energy consumption per GDP (mtoe/Million Euro), (X2),
• renewable energy and biofuel production per capita (mtoe/per capita), (X3),
• renewable energy and biofuel production per GDP (mtoe/ Million Euro), (X4),
• renewable energy and biofuels production per area (mtoe/km2), (X5),
• overall renewable share (with aviation cap) (%), (X6),
• renewable energy in transport (%), (X7),
• renewable electricity generation (%), (X8),
• renewable heating and cooling (%), (X9),
• gross electricity generation (RES) (%), (X10),
• gross inland consumption by product (RES) (%), (X11).

All indicators included in the research are stimulants. Their values are presented in
Appendix A. The values of these indicators were used to determine their basic statistical pa-
rameters (mean, median, minimum, maximum, standard deviation, coefficient of variation,
skewness, and kurtosis) (Tables 2–4).
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Table 2. Selected statistical indicator parameters describing RES development in the EU countries in 2008.

Mean Median Minimum Maximum Standard
Deviation

Coefficient
of Variation, % Skewness Kurtosis

Final renewable and
biofuel energy

consumption per capita,
(mtoe)

2.22 · 10−7 1.72 · 10−7 2.23 · 10−9 9.01 · 10−7 1.89 · 10−7 85.34 2.13 5.62

Final renewable and
biofuel energy

consumption per GDP,
(mtoe/Million Euro)

1.22 · 10−5 1.12 · 10−5 1.47 · 10−7 3.83 · 10−5 1.03 · 10−5 84.00 0.96 0.11

Renewable energy and
biofuel production per

capita, (mtoe)
4.11 · 10−7 2.66 · 10−7 2.23 · 10−9 1.74 · 10−6 4.33 · 10−7 105.33 2.24 4.74

Renewable energy and
biofuel production per
capita, (mtoe/Million

Euro)

2.08 · 10−5 1.56 · 10−5 1.47 · 10−7 7.28 · 10−5 1.76 · 10−5 84.52 1.17 1.36

Renewable energy and
biofuels production per

area (mtoe/km2),
3.32 · 10−5 2.76 · 10−5 2.89 · 10−6 1.00 · 10−4 2.32 · 10−5 69.93 1.21 1.38

Overall renewable share
(with aviation cap), (%) 14.21 10.74 0.20 44.67 10.54 74.14 1.13 1.21

Renewable energy in
transport, (%) 2.92 2.16 0.00 9.59 2.47 84.50 1.31 1.35

Renewable electricity
generation, (%) 18.23 14.36 0.00 65.88 16.67 91.45 1.25 1.39

Renewable heating and
cooling, (%) 19.70 14.72 1.70 57.59 14.44 73.29 0.91 0.27

Gross electricity
generation (res) (%) 21.17 15.69 0.00 70.13 18.90 89.24 1.16 0.72

Gross inland
consumption by product

(res), (%)
10.96 7.43 0.09 31.20 8.70 79.39 1.19 0.49

Table 3. Selected statistical indicator parameters describing RES development in the EU countries in 2013.

Variable Mean Median Minimum Maximum Standard
Deviation

Coefficient
of Variation, % Skewness Kurtosis

Final renewable and
biofuel energy

consumption per capita,
(mtoe)

2.56 · 10−7 2.10 · 10−7 2.61 · 10−8 9.14 · 10−7 2.04 · 10−7 79.83 1.92 3.93

Final renewable and
biofuel energy

consumption per GDP,
(mtoe/Million Euro)

1.39 · 10−5 1.30 · 10−5 1.39 · 10−6 4.43 · 10−5 1.10 · 10−5 79.41 0.92 0.45

Renewable energy and
biofuel production per

capita, (mtoe)

5.20 · 10−7 3.85 · 10−7 2.22 · 10−8 1.86 · 10−6 4.62 · 10−7 88.84 1.98 3.63

Renewable energy and
biofuel production per
capita, (mtoe/Million

Euro)

2.67 · 10−5 2.18 · 10−5 1.18 · 10−6 9.31 · 10−5 2.10 · 10−5 78.81 1.29 2.34

Renewable energy and
biofuels production per

area (mtoe/km2),

4.65 · 10−5 3.56 · 10−5 1.11 · 10−5 1.16 · 10−4 3.05 · 10−5 65.57 1.09 0.11

Overall renewable share
(with aviation cap), (%)

19.03 16.21 3.53 50.80 11.48 60.32 0.88 0.77

Renewable energy in
transport, (%)

5.33 5.41 0.42 15.32 3.23 60.63 0.97 2.46

Renewable electricity
generation, (%)

25.91 21.24 1.57 68.91 17.80 68.69 0.79 −0.06

Renewable heating and
cooling, (%)

25.46 23.70 4.00 63.55 15.39 60.48 0.59 −0.08

Gross electricity
generation (res) (%)

32.11 31.88 1.57 79.38 20.63 64.23 0.50 −0.57

Gross inland
consumption by product

(res), (%)

15.46 13.26 1.44 37.05 9.93 64.21 0.81 −0.24
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Table 4. Selected statistical indicator parameters describing RES development in the EU countries in 2018.

Variable Mean Median Minimum Maximum Standard
Deviation

Coefficient
of Variation, % Skewness Kurtosis

Final renewable and
biofuel energy

consumption per capita,
(mtoe)

2.89 · 10−7 2.16 · 10−7 5.86 · 10−8 1.20 · 10−6 2.39 · 10−7 82.80 2.65 7.98

Final renewable and
biofuel energy

consumption per GDP,
(mtoe/Million Euro)

1.22 · 10−5 1.06 · 10−5 1.42 · 10−6 3.72 · 10−5 8.73 · 10−6 71.87 1.10 1.23

Renewable energy and
biofuel production per

capita, (mtoe)

6.09 · 10−7 4.13 · 10−7 7.16 · 10−8 2.17 · 10−6 5.24 · 10−7 86.13 1.85 2.79

Renewable energy and
biofuel production per
capita, (mtoe/Million

Euro)

2.56 · 10−5 1.80 · 10−5 2.73 · 10−6 9.79 · 10−5 2.17 · 10−5 84.64 1.75 3.73

Renewable energy and
biofuels production per

area (mtoe/km2),

5.69 · 10−5 4.34 · 10−5 1.90 · 10−5 1.36 · 10−4 3.57 · 10−5 62.75 0.92 −0.49

Overall renewable share
(with aviation cap), (%)

21.46 17.78 7.39 54.65 11.85 55.20 1.08 0.86

Renewable energy in
transport, (%)

7.74 6.94 2.69 29.70 5.04 65.07 3.43 14.48

Renewable electricity
generation, (%)

30.78 26.01 7.69 73.05 18.69 60.72 0.73 −0.34

Renewable heating and
cooling, (%)

28.89 25.43 6.13 65.38 16.85 58.32 0.49 −0.70

Gross electricity
generation (res) (%)

38.16 33.51 9.43 87.62 23.64 61.95 0.71 −0.50

Gross inland consumption
by product (res), (%)

17.52 13.51 5.78 39.74 10.41 59.42 0.96 −0.24

3.2. Methods

Two methods were used for the analysis, the results of which are presented in this
paper. In the first stage, the principal components analysis (PCA) was applied. Its purpose
was to define the structure and general regularities of the indicators adopted for the
analysis in the studied countries. In the next stage, the TOPSIS measure was used, the task
of which was to linearly organize and classify (4 classes) individual countries (objects) in
particular years based on the adopted indicators.

3.2.1. The PCA Method

In multivariate analyses of the energy market, including renewable energy, the re-
search subject is oftentimes characterized by a large number of mutually correlated vari-
ables (factors). Such a large number of these variables makes it possible to describe the
studied phenomena in a very accurate, and at the same time credible, manner. However,
this often causes difficulties in interpretation. Therefore, in order to find significant relation-
ships between the variables describing the research object, it is necessary to use methods
reducing the dimension of the data space while maintaining as much of its variance as
possible [53]. The PCA is one of such methods. It is a statistical measure in which a data set
is reduced by creating a new space where the initial factors account for the most variability.

The reduction of the number of dimensions is obtained by transforming variables into
uncorrelated principal components, which are ordered in a descending manner by the size
of the described variance of the community [54]:

Cov
(
YIYJ

)
= 0 (1)

Var(Y1) ≥ Var(Y2) ≥ · · · ≥ Var(Y1) (2)

Model components are linear combinations of the input variables, with each compo-
nent representing part of the described variance. Thus, it is possible to determine how
much information has been lost by reducing the number of data dimensions. The data
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set consisting of n observations of p variables can be described by the following system
of equations:

Y1 = a11X1 + a12X2 + · · ·+ a1pXp
Y2 = a21X1 + a22X2 + · · ·+ a2pXp

...
Yp = ap1X1 + ap2X2 + · · ·+ appXp

(3)

where: Xi is the input (original) variable and Yi is the new variable or model component
related to the input variables through linear relationships. The model coefficients (aij) meet
the following equation:

∑p
i=1 a2

ij = 1 (4)

In order to get the principal components, it is necessary to find a solution to the
following optimization problem [55]:

(Var(Y)→ max) and AT A = I (5)

The coefficients for the i-component are determined by the method of Lagrange
multipliers, by solving the following equations:

L = Var(Yi) + λi

(
1− aT

i ai

)
(6)

∂L
∂ai

= 2Sai − 2λiai = 0 (7)

where L is the so-called Lagrangian and λ is the multiplier.
The Barlett’s test of sphericity was performed to verify the validity of the principal

component analysis method. This test allowed the authors to determine whether there is
at least one significant correlation between the analyzed variables. The test is based on
checking whether the correlation matrix is the identity matrix (|R| = 1). For this purpose,
the following hypothesis should be verified:

H0
∣∣Rp
∣∣ = 1 versus H0

∣∣Rp
∣∣ 6= 1 (8)

where H0 is null hypothesis and H1 is alternative hypothesis.
The verification of this hypothesis is based on the values of the matrix of correlation

coefficients residuals R for p variables and has the following form:

−
[

n− 1− 1
6
(2p + 5)

]
× ln|R| ≈

(
p2 − p

)
(9)

The lack of correlation between the variables means that there are no such linear
combinations that would allow reducing the number of data dimensions. In this case, the
PCA method should be supported with other methods of multivariate analyses in order to
verify the obtained results.

The most frequently used criterion, the Kaiser criterion, was used for selecting the
optimal number of principal components. According to this criterion, if the factor does not
extract at least as many as one original variable, then it should be rejected [56]. Additionally,
a specific criterion is often used, in which the number of main factors explains a minimum
of 75% of the variation in the original variables.

3.2.2. The TOPSIS Methods

In order to assess the EU-27 countries in terms of the level of RES development, the
TOPSIS multi-criteria analysis with the so-called common pattern and anti-pattern was
used. The stages of the research procedure in the TOPSIS method are as follows:
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1. To construct the decision matrix:

xij =

∣∣∣∣∣∣∣
x11 · · · x1d

...
. . .

...
xn1 · · · xnd

∣∣∣∣∣∣∣ (10)

2. Calculate the normalized decision matrix:

xij =
xi√

∑m
i=1 x2

i

(11)

3. To determine the weighted normalized decision matrix by solving the follow-
ing equation:

vij = xij·wj (12)

where wj is the weight of i-indicator.
4. To determine the ideal S+ solution and the non-ideal S- solution by solving the

following equations:

S+ =
(
x+1 , x+2 , x+3 , . . . x+n

)
=
{(

maxixij|j ∈ B
)
,
(
mini, xij|j ∈ C

)}
(13)

S− =
(
x−1 , x−2 , x−3 , . . . x−n

)
=
{(

minixij|j ∈ B
)
,
(
maxi, xij|j ∈ C

)}
(14)

5. The ideal solution contains the highest maximized and lowest minimized variables.
The anti-ideal solution is constructed inversely.

6. To determine the Euclidean distance of an object from the ideal variant S+ and the
non-ideal variant S- by solving the following equations:

d+i =

√√√√ n

∑
j=1

(
xij − x+j

)2
(15)

d−i =

√√√√ n

∑
j=1

(
xij − x−j

)2
(16)

where d+i is the distance from the ideal solution and d−i is the distance from the
anti-ideal solution.

7. To determine the coefficient of the relative proximity of decision variants Si to the
ideal solution S+ by solving the following equations:

Pi =
d−i

d+i + d−i
for i = 1, 2 . . . , m, wherein 0 ≤ Pi ≤ 1 (17)

8. To rank objects in relation to the value of the coefficient of relative proximity of objects
to the ideal object—Pi.

The values of the synthetic TOPSIS measure fall within the < 0–1 > range. The higher
the value of the synthetic measure, the higher the position of the object in the ranking.
The synthetic indicator calculated for each country orders the units linearly and allows for
classification only from the highest to the lowest level. Since the classic TOPSIS method
does not use a detailed classification of objects, the authors used two parameters of the
taxonomic measure for this purpose, namely: arithmetic mean and standard deviation. In
order to assess the level of RES development among the EU countries, the following class
ranges were distinguished:
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1. Class 1: High level of renewable energy development:

Pi ≥ Pi + sPi (18)

2. Class 2: Medium-high level of renewable energy development:

Pi + sPi > Pi ≥ Pi (19)

3. Class 3: Medium-low level of renewable energy development:

Pi > Pi ≥ Pi − sPi (20)

4. Class 4: Low level of renewable energy development

Pi > Pi ≥ Pi − sPi (21)

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

4. Results
4.1. Preliminary Analysis

The renewable energy indicators used in this study were initially statistically ana-
lyzed and their basic statistical parameters were determined, which are summarized in
Tables 2–4.

The sets of indicators presented in Tables 1–3 are characterized by a large range of
the coefficient of variation. The coefficient of variation for RES indicators is greater than
10%, and thus these indicators meet the condition of diagnostic features, which must
show significant differentiation within the studied group. The skewness coefficient for
all analyzed RES indicators in 2008, 2013, and 2018 was found to have positive values,
which means the right-hand asymmetry of the distribution. In most EU countries, the
values of these indicators are lower than the EU-27 average. In the case of the kurtosis
coefficient, a positive value was reported for all renewable energy indicators only in
2008. This means that the renewable energy indicators for most EU-27 countries are
slightly lower than the average values of these indicators. In turn, in 2013 and 2018, for
indicators such as renewable electricity generation, renewable heating and cooling, gross
electricity generation, gross inland consumption by product, the kurtosis coefficient shows
negative values, which means that a significant number of the EU countries reach the
values significantly different from the EU average. With regard to 2013, this is also the case
for renewable energy and biofuel production per area.

In the next stage, the percentage changes in the values of renewable energy indica-
tors in individual EU countries between 2008–2013 (Figure 1) and 2013–2018 (Figure 2)
were determined.

The results indicate that the largest increase in the value of renewable energy indicators
between 2008 and 2013 was reported in Malta and Cyprus, and the smallest increase in
Austria and Portugal. Belgium, Denmark, and Estonia also performed well in terms of
RES development. A more detailed analysis showed that Malta had the highest values
in terms of the following indicators: final renewable and biofuel energy consumption
per capita, final renewable and biofuel energy consumption per GDP, renewable energy
and biofuel production per capita, renewable energy and biofuel production per GDP,
renewable energy and biofuel production per area, overall renewable share, renewable
heating and cooling, as well as gross inland consumption by product. Cyprus achieved
the best results for the renewable electricity generation and gross electricity generation
indicators. The smallest increase in final renewable and biofuel energy consumption per
capita, overall renewable share (with aviation cap) and renewable heating and cooling
was found in Portugal. In Estonia, among all EU-27 countries, the smallest increase was
noted in both final renewable and biofuel energy consumption per GDP and gross inland
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consumption by product. Romania, on the other hand, was reported to show the smallest
increase in renewable energy and biofuel production per area.

Figure 1. Percentage changes in the values of renewable energy indicators between 2008–2013 in individual EU countries
(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, LT—Lithuania, LU— Luxembourg, HU—
Hungary, MT—Malta, NL—Netherlands, AT—Austria, PL—Poland, PT—Portugal, RO—Romania, SI—Slovenia, SK—
Slovak Republic, Fi—Finland, SE—Sweden).

Both between 2008–2013 and 2013–2018, the greatest increase in the renewable energy
indicators was reported for Cyprus, but it was not as intense as in the previous period
(2008–2013). The smallest increases were recorded in Hungary.

Malta, from among all EU-27 countries, showed the largest increase in final renewable
and biofuel energy consumption per capita, final renewable and biofuel energy consump-
tion per GDP, renewable energy and biofuel production per capita, renewable energy and
biofuel production per GDP, renewable energy and biofuel production per area, renew-
able electricity generation, gross electricity generation, and gross inland consumption by
product. In the case of the overall renewable share index (with aviation cap), the largest
increase between 2013 and 2018 was reported for Luxembourg (by nearly 257%), and in the
case of renewable energy in transport for Portugal (an increase of nearly 977%). In Cyprus,
the largest increase was observed for renewable heating and cooling.

Hungary was reported to show the smallest increases in final renewable and biofuel
energy consumption per capita, final renewable and biofuel energy consumption per
GDP, renewable energy and biofuel production per capita, renewable energy and biofuel
production per GDP, renewable energy and biofuel production per area, renewable heating
and cooling, and gross inland consumption by product. Spain, among all EU-27 countries,
was found to have the smallest increase in renewable electricity generation (by 95.7%),
and in Poland, it was renewable energy in transport (by 85.5%). In Portugal, the smallest
increase was reported for gross electricity generation (by 86.6%). Percentage changes in the



Energies 2021, 14, 3765 13 of 38

average values of renewable energy indicators for studied countries between 2008–2013
are shown in Figure 3a, and between 2013–2018 in Figure 3b.

Figure 2. Percentage changes in the values of renewable energy indicators between 2013–2018 in individual EU countries.

When analyzing the findings presented in Figure 3, it can be concluded that the
average change in the value of renewable energy indicators was greater between 2008–2013
versus 2013–2018. It can also be noticed that the increase in these indicators between
individual EU countries in the years 2013–2018 was less diversified than between 2008–2013.
This shows that RES development in the EU-27 countries was more intense between
2008–2013 than 2013–2018.

4.2. Results of the PCA Method

In the first stage of the analysis, it was checked whether and how the selected RES
indicators correlated (Tables 5–7). The correlation coefficient analysis was aimed at ex-
amining whether the correlation matrices for individual years (2008, 2013, and 2018) are
unit matrices. The correlation matrix is usually subjected to further analysis if average
correlation coefficients are greater than the value of 0.3.

The conducted analysis showed the lack of unit matrices of correlation for studied
variables. Therefore, the application of the PCA method was justified. A statistically
significant correlation was found between most of the adopted indicators.

In the next stage of the PCA, the eigenvalues of the correlation matrix were deter-
mined (Table 8).

The determined eigenvalues of the correlation matrix (Table 8) reflect the significance
of the principal components in describing the information resources of the input variables
(percentage share in the variability of the data set). The Kaiser criterion was used to
determine the optimal number of the principal components. Based on this criterion, such
number of principal components was adopted to explain as much variation as at least one
original diagnostic variable. Thus, for the indicators from 2008, these are two principal
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components accounting for 83.12% of the variability of the original data, and for 2013
and 2018, these are three principal components accounting for, respectively, 87.91% and
84.83% of the variability of the original data. Table 9 presents the values of the principal
component coefficients for individual years.

Figure 3. Percentage changes in the average values of renewable energy indicators for
studied countries between 2008–2013 (a) and 2013–2018 (b).
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Table 5. Correlation matrix for 2008.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

X1 1.00 0.58 0.95 0.73 0.19 0.84 0.31 0.57 0.83 0.62 0.84

X2 0.58 1.00 0.44 0.94 −0.17 0.64 −0.07 0.31 0.72 0.37 0.62

X3 0.95 0.44 1.00 0.66 0.27 0.89 0.45 0.69 0.82 0.69 0.88

X4 0.73 0.94 0.66 1.00 −0.04 0.81 0.11 0.53 0.84 0.58 0.81

X5 0.19 −0.17 0.27 −0.04 1.00 0.25 0.47 0.52 0.10 0.48 0.34

X6 0.84 0.64 0.89 0.81 0.25 1.00 0.41 0.82 0.95 0.78 0.97

X7 0.31 −0.07 0.45 0.11 0.47 0.41 1.00 0.50 0.24 0.41 0.38

X8 0.57 0.31 0.69 0.53 0.52 0.82 0.50 1.00 0.65 0.93 0.85

X9 0.83 0.72 0.82 0.84 0.10 0.95 0.24 0.65 1.00 0.63 0.90

X10 0.62 0.37 0.69 0.58 0.48 0.78 0.41 0.93 0.63 1.00 0.86

X11 0.84 0.62 0.88 0.81 0.34 0.97 0.38 0.85 0.90 0.86 1.00

Notes: X1–final renewable and biofuel energy consumption per capita; X2–final renewable and biofuel energy consumption per GDP;
X3–renewable energy and biofuel production per capita; X4–renewable energy and biofuel production per GDP; X5–renewable energy and
biofuels production per area; X6–overall renewable share (with aviation cap); X7–renewable energy in transport; X8–renewable electricity
generation; X9–renewable heating and cooling; X10–gross electricity generation (RES); X11–gross inland consumption by product (RES).

Table 6. Correlation matrix for 2013.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

X1 1.00 0.52 0.97 0.60 0.03 0.85 0.61 0.55 0.81 0.43 0.80

X2 0.52 1.00 0.43 0.95 −0.31 0.63 0.07 0.30 0.68 0.24 0.59

X3 0.97 0.43 1.00 0.57 0.11 0.88 0.62 0.65 0.81 0.48 0.83

X4 0.60 0.95 0.57 1.00 −0.23 0.74 0.08 0.44 0.76 0.37 0.71

X5 0.03 −0.31 0.11 −0.23 1.00 −0.01 0.24 0.29 −0.18 0.23 0.10

X6 0.85 0.63 0.88 0.74 −0.00 1.00 0.48 0.80 0.94 0.63 0.95

X7 0.61 0.07 0.62 0.08 0.24 0.48 1.00 0.37 0.30 0.24 0.42

X8 0.55 0.30 0.65 0.44 0.30 0.80 0.37 1.00 0.60 0.84 0.86

X9 0.81 0.68 0.81 0.76 −0.18 0.94 0.30 0.60 1.00 0.46 0.86

X10 0.43 0.24 0.48 0.37 0.23 0.63 0.24 0.84 0.46 1.00 0.75

X11 0.80 0.59 0.83 0.71 0.10 0.95 0.42 0.86 0.86 0.75 1.00

Table 7. Correlation matrix for 2018.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

X1 1.00 0.61 0.94 0.55 −0.12 0.80 0.59 0.46 0.71 0.26 0.77

X2 0.61 1.00 0.63 0.92 −0.45 0.66 0.10 0.31 0.70 0.11 0.65

X3 0.94 0.63 1.00 0.69 −0.06 0.88 0.58 0.57 0.78 0.27 0.84

X4 0.55 0.92 0.69 1.00 −0.33 0.69 0.06 0.37 0.74 0.17 0.68

X5 −0.12 −0.45 −0.06 −0.33 1.00 −0.13 0.10 0.16 −0.26 0.09 −0.05

X6 0.80 0.66 0.88 0.69 −0.13 1.00 0.55 0.79 0.90 0.45 0.96

X7 0.59 0.10 0.58 0.06 0.10 0.55 1.00 0.42 0.33 0.13 0.44

X8 0.46 0.31 0.57 0.37 0.16 0.79 0.42 1.00 0.52 0.59 0.83

X9 0.71 0.70 0.78 0.74 −0.30 0.90 0.33 0.52 1.00 0.30 0.83

X10 0.26 0.11 0.27 0.17 0.09 0.45 0.13 0.59 0.29 1.00 0.55

X11 0.77 0.65 0.84 0.68 −0.05 0.96 0.44 0.83 0.83 0.55 1.00
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Table 8. Eigenvalues of the correlation matrix.

Indicator

2008 2013 2018

Eigen-
value

% of
Total

Variance

Cumula-
tive

Eigen-
value

Cumul-
ative%

Eigen-
value

% of
Total

Variance

Cumula-
tive

Eigen-
value

Cumula-
tive%

Eigen-
value

% of
Total

Variance

Cumula-
tive

Eigen-
value

Cumula-
tive%

X1 7.19 65.38 7.19 65.38 6.71 60.97 6.71 60.97 6.43 58.50 6.43 58.50
X2 1.95 17.75 9.14 83.12 1.87 17.04 8.58 78.00 1.80 16.34 8.23 74.84
X3 0.67 6.09 9.81 89.21 1.09 9.90 9.67 87.91 1.10 9.99 9.33 84.83%
X4 0.48 4.33 10.29 93.54 0.58 5.29 10.25 93.20 0.66 6.03 9.99 90.86
X5 0.40 3.64 10.69 97.18 0.38 3.41 10.63 96.61 0.39 3.55 10.39 94.41
X6 0.19 1.75 10.88 98.93 0.19 1.74 10.82 98.35 0.27 2.50 10.66 96.91
X7 0.06 0.53 10.94 99.46 0.10 0.91 10.92 99.26 0.20 1.84 10.86 98.75
X8 0.04 0.35 10.98 99.81 0.04 0.38 10.96 99.63 0.10 0.95 10.97 99.70
X9 0.01 0.12 10.99 99.93 0.03 0.29 10.99 99.93 0.03 0.23 10.99 99.93

X10 0.01 0.06 11.00 99.99 0.01 0.06 11.00 99.98 0.01 0.05 11.00 99.98
X11 0.00 0.01 11.00 100.00 0.00 0.02 11.00 100.00 0.00 0.02 11.00 100.00

Table 9. Value of the principal component coefficients.

2008 2013 2018

Indicator Component 1 Component 2 Component 1 Component 2 Component 3 Component 1 Component 2 Component 3

X1 −0.880 −0.117 −0.887 0.044 0.369 −0.860 0.029 0.343
X2 −0.662 −0.638 −0.671 −0.624 −0.077 −0.757 −0.558 −0.084
X3 −0.905 0.062 −0.902 0.152 0.313 −0.923 0.041 0.262
X4 −0.839 −0.464 −0.775 −0.524 −0.140 −0.777 −0.484 −0.156
X5 −0.320 0.779 −0.030 0.792 −0.138 0.177 0.743 0.034
X6 −0.981 −0.032 −0.983 −0.010 0.005 −0.978 0.102 −0.013
X7 −0.425 0.635 −0.496 0.468 0.603 −0.507 0.447 0.618
X8 −0.835 0.382 −0.795 0.379 −0.375 −0.721 0.477 −0.290
X9 −0.916 −0.249 −0.908 −0.244 0.059 −0.889 −0.173 −0.017
X10 −0.840 0.304 −0.669 0.358 −0.526 −0.439 0.453 −0.624
X11 −0.984 0.025 −0.968 0.086 −0.158 −0.958 0.158 −0.156

For 2008, the first two principal components are sufficient to explain 83.13% of the
cumulative variance. The first principal component carries 65.38% of the information
contained in negatively correlated variables for final renewable and biofuel energy con-
sumption per capita, final renewable and biofuel energy consumption per GDP, renewable
energy and biofuel production per capita, renewable energy and biofuel production per
GDP, overall renewable share (with aviation cap), renewable electricity generation, renew-
able heating and cooling, gross electricity generation, and gross inland consumption by
product. The second component explains 17.75% of the data variability through renewable
energy and biofuel production per area and renewable energy in transport. For 2013, the
first two principal components explain 78.00% of the cumulative variance, and the other
three—87.91%. The first principal component carries 60.97% of the information contained
in negatively correlated variables, such as final renewable and biofuel energy consumption
per capita, final renewable and biofuel energy consumption per GDP, renewable energy
and biofuel production per capita, renewable energy and biofuel production per GDP,
overall renewable share (with aviation cap), renewable electricity generation, renewable
heating and cooling, gross electricity generation, and gross inland consumption by prod-
uct. The second component explains 17.04% of the data variability through renewable
energy and biofuel production per area, and the third—9.9% through renewable energy
in transport. For 2018 data, in turn, the first principal component explains 58.5% of the
variability through negatively correlated variables like final renewable and biofuel energy
consumption per capita, final renewable and biofuel energy consumption per GDP, renew-
able energy and biofuel production per capita, renewable energy and biofuel production
per GDP, overall renewable share, renewable electricity generation, renewable heating and
cooling, gross electricity generation, and gross inland consumption by product. The second
principal component explains 16.34% of the variability through renewable energy and
biofuel production per area and the third—9.99% through the negatively correlated variable
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renewable energy in transport. Together, the first three principal components explain as
much as 84.83% of the variability. It can be noticed that in the subsequent years, the first
principal component explained less and less information contained in the studied variables,
and each time they were negatively correlated with it. Figure 4 shows the graphical form
of factor loadings, i.e., correlations between original and principal component variables for
2008, 2013, and 2018. Correlation coefficients show values in the range [−1; 1]. They are
located within the so-called circle [57]. The farther a given point is from the center of the
circle, the higher the correlation of a given variable with a given ordinance axis (i.e., the
principal component). The angles between the vectors illustrating the analyzed indicators
show the correlation of these variables, where acute angles (vectors located close to each
other) indicate the presence of a positive correlation, right angles (perpendicular vectors)
indicate no correlation, and obtuse angles (vectors on opposite sides of the center of the
circle) indicate a negative correlation.

With the use of a biplot with calibrated axes [58] (Figure 5), the relationships between
renewable energy indicators and the EU countries were assessed. In this biplot form,
11 energy indicators are represented by 11 biplot axes, intersecting at one coordinate point
(0, 0) (centroid determined on the basis of the values of the variables describing the objects).
The closer a given EU country is to the center of the biplot (point 0), the closer the values of
renewable energy indicators for that country are to the EU average, and the farther it is,
the more significantly the values differ from the EU average.

When analyzing the results, it can be noted that in 2008, the EU-27 countries had a
much greater concentration of countries with values similar to the average of all variables
than in 2013 and 2018. Additionally, the results clearly show that in 2008, 2013, and 2018,
five countries were found to clearly stand out in terms of the level of sustainable energy
indicators versus the average value (they exceed it). These countries include Sweden,
Finland, Austria, Latvia, and Estonia. Thus, in the subsequent years, the increasing energy
diversification of the EU countries could be observed in terms of RES. The results, obtained
with the use of the PCA, clearly confirm this process.

4.3. Ranking of the EU-27 Countries Using the TOPSIS Linear Ordering Method

The TOPSIS linear ordering method, with the synthetic measure of the degree of
similarity to the pattern, was utilized to create a ranking of the EU countries in terms of
the potential level of RES and biofuel development. All diagnostic variables adopted for
the study were stimulants. Within the ranking, all indicators characterizing the potential
of renewable energy and biofuels were assigned the same value of weights. Table 10
presents the results of the calculations of the distance measure of the EU-27 countries
from the pattern and anti-pattern, the value of the synthetic TOPSIS Pi measure for the
studied years, and the classification of these countries in terms of the level of RES and
biofuel development. Figure 6 presents the division of these countries into four classes
similar in terms of the level of RES and biofuel development in 2008, 2013, and 2018.

The conducted analyses enabled the classification of the EU-27 countries into one of
four classes in terms of the level of RES, based on the adopted indicators (Figure 6). For the
studied years, class 1 comprised Sweden, Austria, Finland, and Latvia, characterized by a
high level of RES development.

For 2008, class 2, characterized by an average high level of RES development, included
Croatia, Portugal, Estonia, Romania, Denmark. For 2013, this class consisted of Portugal,
Denmark, Estonia, Slovenia, Romania, Lithuania, and Bulgaria. In turn, for 2018, it included
Estonia, Denmark, Croatia, Portugal, and Lithuania. It can be seen that the composition of
this group, despite some changes, is quite stable. Class 3, characterized by an average low
level of RES development, for 2008, comprised Lithuania, Slovenia, Germany, Italy, France,
Belgium, Hungary, Czech Republic, Slovakia, Spain, Netherlands, Poland, and Luxemburg.
For 2013, however, this class included Germany, Italy, Hungary, Czech Republic, Spain,
France, Belgium, Netherlands, Slovakia, and Poland. For 2018, it was Bulgaria, Romania,
Germany, Slovenia, Italy, Luxemburg, Netherlands, Czech Republic, Spain, Belgium, Malta,
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Greece, France, and Hungary. The composition of this group is also quite stable, despite
certain changes. Class 4 was characterized by a low level of RES development, and for 2008,
it included Greece, Belgium, Cyprus, Ireland, and Malta. In turn, for 2013, it consisted of
Greece, Luxemburg, Ireland, Cyprus, Malta, and for 2018, Slovakia, Cyprus, Poland, and
Ireland. It is clearly visible that this group shows the greatest changes in the analyzed years.

Figure 4. Location of vector loadings in relation to the two principal components ((a)—2008, (b)—2013, (c)—2018).
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Figure 5. Cont.
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Figure 5. Location of the EU-27 Member States in 2008 (a), 2013 (b), and 2018 (c).

Table 10. Distance of studied countries from the pattern and anti-pattern together with the TOPSIS measure for the level of
renewable energy and biofuels in 2008, 2013, and 2018.

2008 2013 2018

S+ S− Pi Ranking Level S+ S− Pi Ranking Level S+ S− Pi Ranking Level

Belgium 2.2143 0.0558 0.025 24 4 1.5368 0.1397 0.083 19 3 1.6672 0.0924 0.053 19 3

Bulgaria 1.8110 0.1664 0.084 15 3 1.0958 0.2727 0.199 12 2 1.2141 0.2258 0.157 10 3

Czech
Republic 1.7648 0.1260 0.067 17 3 1.1947 0.1640 0.121 16 3 1.4188 0.0932 0.062 17 3

Denmark 1.2986 0.3684 0.221 9 2 0.9125 0.3925 0.301 7 2 1.0236 0.4292 0.295 6 2

Germany 1.5264 0.3096 0.169 12 3 1.2054 0.2420 0.167 13 3 1.3850 0.1708 0.110 12 3

Estonia 1.3455 0.5006 0.271 7 2 0.9557 0.3954 0.293 8 2 0.9747 0.4272 0.305 5 2

Ireland 2.2815 0.0276 0.012 26 4 1.7275 0.0608 0.034 25 4 1.7925 0.0436 0.024 27 4

Greece 2.0470 0.0540 0.026 23 4 1.4866 0.0914 0.058 23 4 1.5631 0.0714 0.044 21 3

Spain 1.7976 0.1193 0.062 19 3 1.3835 0.1490 0.097 17 3 1.4807 0.0831 0.053 18 3

France 1.6378 0.2002 0.109 14 3 1.3285 0.1284 0.088 18 3 1.4957 0.0658 0.042 22 3

Croatia 1.0097 0.5438 0.350 5 2 0.6455 0.5797 0.473 5 1 0.9729 0.3867 0.284 7 2

Italy 1.5599 0.2139 0.121 13 3 1.1862 0.2199 0.156 14 3 1.3522 0.1374 0.092 14 3

Cyprus 2.2574 0.0358 0.016 25 4 1.7861 0.0293 0.016 26 4 1.7484 0.0545 0.030 25 4

Latvia 0.5613 1.3110 0.700 4 1 0.3664 1.1536 0.759 2 1 0.5306 1.0544 0.665 3 1

Lithuania 1.3750 0.3372 0.197 10 3 0.9788 0.2963 0.232 11 2 1.1593 0.2960 0.203 9 2

Luxembourg 2.0019 0.1065 0.051 22 3 1.6845 0.0930 0.052 24 4 1.6440 0.1584 0.088 15 3

Hungary 1.7715 0.1534 0.080 16 4 1.1592 0.2033 0.149 15 3 1.5448 0.0678 0.042 23 3

Malta 2.7290 0.0000 0.000 27 3 1.9939 0.0188 0.009 27 4 1.8568 0.0880 0.045 20 3

Netherlands 2.0820 0.1189 0.054 20 3 1.6821 0.1474 0.081 20 3 1.7228 0.1424 0.076 16 3

Austria 0.4434 1.4697 0.768 2 1 0.4421 0.9623 0.685 4 1 0.7515 0.5710 0.432 4 1

Poland 1.9143 0.1060 0.052 21 3 1.4143 0.1027 0.068 22 3 1.6699 0.0418 0.024 26 4

Portugal 1.0061 0.4934 0.329 6 2 0.9092 0.4156 0.314 6 2 0.9430 0.3196 0.253 8 2
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Table 10. Cont.

2008 2013 2018

S+ S− Pi Ranking Level S+ S− Pi Ranking Level S+ S− Pi Ranking Level

Romania 1.2413 0.3982 0.243 8 2 0.9623 0.3146 0.246 10 2 1.2605 0.1778 0.124 11 3

Slovenia 1.3187 0.2766 0.173 11 3 0.8799 0.3066 0.258 9 2 1.2272 0.1509 0.110 13 3

Slovakia 1.8270 0.1221 0.063 18 3 1.4468 0.1145 0.073 21 3 1.6090 0.0525 0.032 24 4

Finland 0.4830 1.3739 0.740 3 1 0.3634 1.0985 0.751 3 1 0.3789 1.1355 0.750 2 1

Sweden 0.2923 1.7223 0.855 1 1 0.2778 1.4191 0.836 1 1 0.3071 1.2604 0.804 1 1
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It can be noticed that many EU countries, apart from their class affiliation in terms
of RES development, also changed their place in the overall ranking (Table 9). Countries
which between 2008–2018 advanced in the ranking presented in the Table 9 include: Bel-
gium (by 5 positions), Bulgaria (by 5 positions), Denmark (by 3 positions), Estonia (by
2 positions), Greece (by 2 positions), Spain (by 1 position), Latvia (by 1 position), Lithuania
(by 1 position), Luxembourg (by 7 positions), Malta (by 7 positions), Netherlands (by
4 positions), and Finland (by 1 position).

Countries that dropped in the overall ranking between 2008 and 2018 include: Ireland
(by 1 position), France (by 8 positions), Croatia (by 2 positions), Italy (by 1 position),
Hungary (by 7 positions), Austria (by 2 positions), Poland (by 5 positions), Portugal
(by 2 positions), Romania (by 3 positions), Slovenia (by 2 positions), and Slovakia (by
6 positions).

There is also a group of EU countries that maintained their position in the ranking
between 2008 and 2018, including Sweden (1), Germany (12), Czech Republic (17), and
Cyprus (25).

5. Discussion

The aim of this paper was to assess the state of RES development in the EU countries
between 2008–2018. In order to analyze the structure of this energy sector and the degree
of changes observed at that time, 11 indicators were used, which were subjected to multi-
criteria analysis using the PCA and TOPSIS methods. The research covered all EU countries,
additionally taking into account economic (GDP), demographic (number of inhabitants),
and geographic (area of a given country) factors. Based on the research and the findings,
it can be concluded that the level of RES development in the EU-27 is diversified. In the
studied period, all the EU countries were found to have increased the share of RES in their
energy mix, which is reflected in higher production and consumption versus the number of
inhabitants, the GDP value as well as gross electricity production and gross consumption.
An increase was also reported in the share of energy from RES in transport, heating, and
cooling. However, this increase was found to vary widely across the EU.

The results of the PCA indicate (Figure 5) a certain concentration of countries close
to the average values of all RES indicators. However, certain clear exceptions were noted
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for Sweden, Finland, Austria, and Latvia, where these figures were found to be far above
these values. Undoubtedly, they are the leaders in RES development. Nevertheless, there is
also a group of countries that are definitely not even close to the average EU values, which
proves poor RES development there. The analysis of distributions in the studied years also
shows an increase in differences between individual countries over the years.

In the second stage of the study, the EU-27 countries were divided into 4 classes in
terms of the level of RES and biofuel development in each of the studied years (2008,
2013, 2018). As in the PCA, also in this case the basis for the division was the values of
indicators quantifying the level of RES in these countries. At the same time, this stage
made it possible to rank the EU countries depending on RES development. Using the
results of both analyses, it was possible to assess the state of the energy sector in individual
countries, taking into account the changes that occurred in them within one decade. The
class of the EU-27 countries, characterized by a high level of RES and biofuel development,
comprised 4 countries: Sweden, Finland, Latvia, and Austria (Table 10, Figure 6). All
these countries are marked with a high level of RES development in the EU-27 in the
studied years, although their position in the ranking changed. Sweden is the undisputed
leader of the ranking (for 2008, 2013, and 2018). Finland was promoted to the runner-up
position in 2018 from the 3rd place in 2008 and 2013. Austria, which in 2008 was the
runner-up among the EU-27 countries in terms of RES, was only on the 4th place in the
subsequent years (Table 10). Lithuania, in turn, ranked 4th in 2008, 2nd in 2013, and 3rd in
2018 (Table 10). Sweden’s high position is due to the fact that it is a country that started
the energy transition many years ago, and its effects have been visible for many years [59].
Austria, Finland, and Latvia have also been developing RES for many years. Sweden is
the leader in the EU in terms of the share of RES in the national consumption of electricity,
heat, and transport. It managed to achieve the target of 50% of RES already in 2012. In 2018,
Finland came second in terms of the level of RES and biofuels among the EU-27 countries,
which shows advancement by two positions when compared to 2008 and 2013 (Table 10).
It is important to note that there is another Scandinavian country with the level of RES
considered favorable in relation to the adopted criteria. After Sweden, Finland shows the
second largest share of RES in Europe. Biomass and hydropower are the most important
energy sources in Finland. Since Finland has the most forested areas in Europe (more
than 85% of its territory is covered by forest [60]), biomass plays a crucial role there and
is widely used for electricity production and heating purposes. The high development of
RES in Finland results from the policy of the Finnish government concerning taxation and
subsidies for RES. Both taxes and subsidies stimulate investments in the energy, heating,
and cooling sector. The so-called feed-in tariffs for energy produced from RES are applied.
Heat produced from RES is promoted through the “heat premium” mechanism adopted
in CHP plants using biogas and wood fuel [61]. The use of RES in the transport sector is
supported by a system of subsidies and tax regulations.

The third place in this ranking (Table 10), in 2018, was taken by Latvia, which, com-
pared to 2008, advanced from the 4th place (however, in 2013, Latvia was the runner-up).
Latvia set itself the target of achieving 40% of energy generated from RES in gross final
energy consumption by 2020. In 2018, it was reported to have the third highest share of RES
(40.3%) in energy consumption in the EU after Sweden (54.6%) and Finland (41.2%), while
the average rate for the EU was 18.0%. The structure of RES in this country is comprised
of hydro, wind, biogas, and biomass power plants as well as RES-based CHP plants. The
use of solar energy to generate electricity is not yet fully developed in this country [62]. In
2018, Latvia was the leader among the EU countries in terms of final energy consumption
per GDP and energy production per GDP. An important role in the development of RES
in Latvia is played by the fact that the country is striving for energy independence [63].
The promotion of RES in Latvia is associated with the use of a combination of different
instruments to promote renewable energy. These include a feed-in tariff for renewable
electricity generation, tax credits for heating and cooling, and a tax regulation mechanism
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in the transport system for renewable electricity generation, tax credits for heating and
cooling, and a tax regulation mechanism in the transport system.

The last country with the high level of RES development in the EU-27 (Figure 6) is
Austria, which ranked 4th in the EU-27 ranking for 2018 (Table 10). This means a decrease
by two positions (from the 2nd place) when compared to 2008 and 2013. It can be said that
Austria is a country that has experienced one energy transition and is now moving toward
another. The country’s authorities have decided that by 2030, it will have obtained energy in
100% from RES. Austria was the leader in 2008, 2013, and 2018 in terms of the share of RES
in electricity generation (ahead of Sweden, among other countries). In Austria, the share of
RES used for heating is also relatively high versus other European countries, but lower than
in Sweden, Finland, Latvia, Portugal, or Estonia [15]. Despite the fact that in 2008 Austria
was the runner-up in the development of the RES market among the EU-27 countries
(Table 10), in 2018, it dropped to the 4th place in the ranking. In 2008, Austria was the
leader in RES and biofuel production per area, the share of renewable energy in transport,
and the share of renewable energy and biofuels in renewable electricity generation and
gross electricity generation. However, in 2018 it remained only the leader in terms of
the share of renewable energy sources and biofuels in renewable electricity generation.
Moreover, Austria also uses renewable energy per capita—it ranks 4th among the EU
countries (after Finland, Sweden, and Latvia), but with regard to energy consumption
per GDP, the result is not so favorable, as it is roughly in the middle of the ranking of
all countries.

The second group of countries consists of those classified into the group characterized
by an average high level of RES and biofuel development (Figure 6). In 2018, these countries
included Estonia, Denmark, Croatia, Portugal, and Lithuania, respectively. Interestingly, a
decade earlier—in 2008, these were slightly different countries, namely Croatia, Portugal,
Estonia, Romania, and Denmark (Table 10). It can be noticed that over a decade, significant
changes in the group of these countries occurred. Some countries from class 2 (average
high level of development) advanced in the overall ranking to higher positions in relation
to the base year 2008. They included Estonia, which moved up from the 7th place in
2008 to the 5th place in 2018 (in the meantime, it dropped to the 8th place in 2013) and
Denmark, which from the 9th place in 2008 (through the 7th in 2013) finally moved up to
the 6th in 2018. Lithuania was promoted to the group of countries with an average high
level of RES and biofuel development, and Romania left it (to class 3 with an average low
level of development). Estonia is steadily shifting its energy system toward renewable
energy [64]. Estonia’s renewable energy potential is manifested primarily in bioenergy
based on the cogeneration of electricity and heat, wind energy, and the production of green
gas (biomethane), which is utilized wherever natural gas is currently used. Estonia has
already achieved its 2020 target for the share of energy from RES, yet the challenge will be to
achieve the target of RES in transport. In the case of Denmark, the high position in relation
to the adopted evaluation criteria results from the fact that this country started developing
renewable energy production technologies in the 1970s and today is the European leader
in wind energy [62]. In the ranking of the EU countries, Denmark systematically advanced
from the 9th place in 2008 to the 6th place in 2018. Therefore, it is a country where the
production and consumption of renewable energy are successively increasing in relation to
the adopted criteria. Denmark has already achieved its targets for the share of RES in total
energy consumption in 2018, including heating and transport, reaching the level of 35.7%,
while its 2020 target was 30%. The Danish renewable energy system is mainly based on
wind energy and is the leader in terms of installed wind energy capacity per capita [65].
Sources such as biomass, solar energy, hydropower, geothermal energy, and biofuels also
contribute significantly to electricity generation [65]. In order to increase the share of RES in
total electricity consumption, the Danish government has introduced a premium tariff and
net metering tariff. Loan guarantees and subsidies have also been introduced to develop
the construction of wind power plants and the installation of small renewable energy
systems. The heating and cooling sector using RES is supported through tax exemptions,
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the obligation to use renewable heating and cooling systems in new buildings or renovated
living spaces, and a direct premium tariff for the use of biogas technology. The use of
biofuels or other renewable fuels in transport is promoted through a subsidy system [61].

Croatia is also developing the potential for RES development, which is visible in the
ranking of the level of RES and biofuels among the EU countries [66]. In 2018, Croatia took
the high 7th place in terms of the level of RES. However, in the previous years (2008 and
2013), this position was slightly more favorable (5th place). In 2018, the country covered
28.02% of gross final energy consumption from RES. Additionally, Croatia has enormous
potential for renewable energy since it has both the technical and economic potential to
rapidly achieve 100% of RES [67]. In the case of Portugal, its strategic drive to replace fossil
fuels with RES makes it one of the leading European countries in this regard. Currently,
the inland production of primary energy in Portugal relies almost exclusively on RES,
such as wind, hydro, solar, geothermal, and biomass energy [68]. Further development of
this sector will mainly involve an increase in the installed capacity for wind energy, and
shortly thereafter for solar and hydropower. When it comes to electricity production, in
Portugal, RES accounted for 51.37% of total electricity production in 2018, while in 2008,
it was 32.93%. On the other hand, transport is one of the sectors where the share of RES
in Portugal is low [69]. In 2018, it was only less than 9%, and in 2008 it was 2.5%. In
Portugal, the policy to promote energy produced from RES includes a feed-in tariff for the
electricity sector, a biofuels subsidy scheme, and a tax exemption for small producers in
the transport sector. Additionally, in the building sector, Portugal places a strong emphasis
on RES, as there is an obligation to install solar thermal systems for sanitary water heating.
In addition, the government has launched campaigns to raise public awareness on the
problems affecting the development of RES and has created a fund to finance research and
innovation programs related to RES development [61].

Lithuania was ranked 9th in the ranking of the EU countries in terms of RES and
biofuel development in 2018, and, versus 2008, advanced by two positions. This is because
promoting the development of RES is a priority for the Lithuanian government in order
to achieve the energy independence lost in 2009 due to the closure of the nuclear power
plant [61,63]. At the same time, it is the last EU country with an average high level of de-
velopment in this area (the second group). The share of RES in Lithuanian primary energy
supplies is the lowest among the three Baltic countries (Estonia, Latvia, and Lithuania),
although the development trends are favorable in this respect. Lithuania is developing
its energy generation system from biomass, water, and wind, i.e., sources available in
the country. A feed-in tariff is the main support mechanism used by the government to
promote renewable energy generation. The use of RES in transport is supported by excise
tax exemption and pollution-related tax credits [61].

The ranking of countries which, in 2018, comprised the class with an average low level
(class 3) of RES development included a total of 14 countries (Figure 6). They consist of
(according to the position in the overall ranking—Table 10): Bulgaria, Romania, Germany,
Slovenia, Italy, Luxembourg, Netherlands, Czech Republic, Spain, Belgium, Malta, Greece,
France, and Hungary. It is worth noting that in relation to the adopted criteria, the situation
looks unfavorable in highly developed countries with significant economic potential,
namely in Germany, France, Italy, Spain, the Netherlands, and at the same time in countries
with a significant number of citizens (Germany, France, Italy, Spain). Statistically, the more
energy from RES per citizen, the greater the chance that the citizen will actually use it. In
prosperous countries, it should be one of the measures of the actual RES development.
It is important to note that, in 2013 and 2008, Germany, France, Italy, Spain, and the
Netherlands were also classified among the countries characterized by the average low
level of development (Table 10). It seems that these countries should have much more
favorable values of indicators in relation to the adopted criteria, because their economic
position indicates huge investment potential in the implementation of new solutions
necessary for RES development. At the same time, Malta was placed in the ranking in class
3, and in 2008, it ranked last—in class 4. Attention should be paid to the high position of
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Bulgaria in the overall ranking for 2018—the 10th place and advancement by 5 positions
versus 2008 (Table 10). Between 2008–2018, Bulgaria doubled the share of RES in its energy
mix from 10% to over 20%. It is one of the 11 EU Member States that has already achieved
its 2020 RES target, which has not yet been achieved by countries that started promoting
RES much earlier, such as Germany, being considered the forerunner in switching to RES
in Europe [30,70].

The current state of RES development in Germany needs to be looked at a bit more
critically. In general, when considering the volume of energy production from RES in total
(as Mtoe of production), Germany is the undisputed leader in this respect among all the
EU countries. Germany is responsible for nearly 20% of this production in the entire EU
(in 2008, it was about 19%, and in 2018—nearly 20%). However, in the presented research,
the authors used, among others, indicators that are related to the implementation of the
EU climate and energy package until 2020 in terms of RES, as well as indicators showing
the growth of RES production capacity or the volume of energy production from RES in
relation to the wealth of a given country. This approach to the analysis showed that the
situation in Germany in terms of RES is not as good as compared to the leading countries.

Over the last 10 years, Germany has not changed its position in the RES development
ranking (Table 10) and still ranks 12th. The level of its development is described as
average low (Figure 6). Within 10 years, between 2008 and 2010, the share of RES in total
energy consumption increased from 10.01% to 16.5%, but Germany has not yet achieved
its 2020 target. In fact, many less prosperous countries have already achieved this goal
(e.g., Bulgaria, Estonia, Cyprus, Czech Republic). In order to switch to RES, Germany
must pay at least €160 billion over five years [71], which Kay Scheller says is extremely
disproportionate to the outcomes. Additionally, Germany has introduced a number of
incentive mechanisms to promote RES: a tariff and low-interest loans for investments in
new power plants, as well as several programs for the development of the heating and
cooling sector. In transport, subsidy systems and fiscal regulation are used [61].

It should be appreciated that the German energy transition process, or Energiewende,
is an effort involving the government, private industry, and civil society [72]. In the case
of Germany, much better results could be expected. Romania is considered to have large
energy potential in terms of RES development [73]. Nevertheless, it recorded a visible
decline in the overall ranking of the EU-27 in terms of the level of RES and biofuel develop-
ment. In 2008, this country ranked 8th and was included in the class characterized by the
average high level of development, and in 2018 it ranked 11th (in the class characterized
by an average low level). Between 2008–2013, however, electricity production from RES
showed a steady increase from 28% to 41.7%. Romania’s high position in 2008 is due
to the fact that activities related to the use of RES have become an important element of
Romania’s energy policy, mainly in connection with joining the EU [74]. Hydropower
has the greatest significance in this respect. In recent years, wind energy has also begun
to play an increasingly important role. Biomass energy also has a great potential, due to
the large number of forests, which represent about 30% of Romania’s area. In order to
promote the production of energy from RES, the Romanian government has adopted a
mandatory subsidy system based on green certificates. The heating and electricity sector
receives subsidies for using energy from RES. It is also recommended to use energy-saving
technologies in all new investments and constructions with a total area over 1000 m2. The
modernization of the district heating system and investments to increase energy efficiency
are also subsidized [61].

Another country that recorded a drop (by two positions) in the ranking of the EU-27
countries in terms of the level of RES development for 2018 is Slovenia. When compared
to 2013, this decline was even greater—by 3 positions. Slovenia has not yet reached its
2020 target for the share of RES in final energy consumption. Although between 2008–2013,
there was an increase in final RES consumption from 15% to 22.41%, an unfavorable
phenomenon occurred between 2013–2018—the share decreased by 1.26%. Decreasing
this share also reduces the volume of consumption and production of energy from RES



Energies 2021, 14, 3765 27 of 38

per citizen and per EUR 1 million of GDP. Between 2013–2018, the consumption of RES
in transport increased from 3.77% to 5.5%. In Slovenia, the most important RES are
biofuels and hydropower. Renewable energy production is promoted through a two-stage
tendering process that determines the recipient and the level of support. The system is
also based on public calls for grant applications and loans for renewable energy projects.
The main incentives for renewable energy use in transport are tax exemptions and credit
opportunities [61].

Italy, like the vast majority of the EU-27 countries, is gradually increasing the pro-
duction and consumption of RES, both in total and per capita or GDP. The final energy
consumption target to be covered from RES in 2020 was to be 17%, which according to
the National Renewable Energy Action Plan (NREAP) will mean an average consump-
tion of around 26% for electricity production, 17% for heating and cooling, and 10% for
transport [75]. The target in terms of RES-based energy consumption, including the use of
this energy in heating and cooling and electricity production for 2020, has already been
accomplished. Although it is one of the richest EU-27 countries, as in the case of Germany,
the level of RES development has not changed and is assessed as an average low. Addition-
ally, this country ranked 4th in 2018 and 2013, which means a decrease by 1 position when
compared to 2008 (Table 10). Additionally, between 2008 and 2013, a decrease was reported
in energy consumption from RES per capita and 1 million GDP. Luxembourg is a country
that more than doubled its final RES consumption between 2013–2018. At that time, in
the overall ranking, it moved up from the 22nd to the 15th place (Table 10) and is close to
achieving the overall target of final energy consumption from RES set for 2020. This is due
to the cooperation established by Lithuania and Luxembourg in 2017. These countries, in
line with the EU Renewable Energy Directive (the so-called RED Directive), have signed an
agreement under which a certain amount of renewable energy can be "transferred" from
one country’s register to another. Luxembourg plans to use such agreements to achieve
the EU target and thus help the whole EU to meet its 20% target in 2020. A similar solu-
tion was adopted by the government of the Netherlands, which concluded an agreement
with Denmark. As a result, it will buy the surplus of green energy owned by the Danes.
Luxembourg promotes renewable energy through feed-in and premium tariffs, as well as
through subsidies. It is worth noting that access to the RES-based electricity grid is subject
to the general provisions of the energy law. Electricity from these sources is not prioritized
there, and grid access is granted according to the principle of non-discrimination. However,
electricity generated from RES is granted various privileges, such as cost reduction or
preferential use in the case of loss of capacity [61].

In 2018, the Netherlands were reported to be the worst EU country in terms of
the implementation of the RES target, because the final consumption of green energy
from RES was only at the level of 7.38% (and the target for 2020 is 14%). Despite the
fact that, compared to 2008, the share of RES in final energy consumption has almost
doubled, between 2008–2018, the Netherlands made significant progress in the field of RES
development. In 2008 and 2013, it ranked 20th, and in 2018 it was already 16th (Table 10).
In the Netherlands, the main support instrument for renewable energy is the Stimulering
Duurzame Energieproductie+(SDE+) premium guarantee scheme. This support scheme
promotes RES used for electricity, renewable gas, and heating purposes [61].

The next studied country was the Czech Republic, which belongs to the group of
countries that have already achieved their target for final renewable energy consumption
for 2020. In the overall ranking, for 2008 and 2018, it ranked 17th, while in 2013 it was 16th.
Between 2008 and 2018, the share of RES in final energy consumption increased from 8.7%
to 15.15%. The statistical amount of energy produced and consumed per citizen or GDP is
also gradually increasing. Between 2008 and 2018, the consumption of renewable energy in
transport in the Czech Republic more than doubled, as well as the use of RES for electricity
production. In the Czech Republic, the most important sources of renewable energy are
wind energy and hydropower. Despite investments, solar energy still represents a small
part of renewable energy. The development of wind energy is hindered by insufficient
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installed capacity. Renewable energies are promoted through a feed-in tariff and a green
premium and subsidies. Regulations introduced allow biofuels to be exempted from
consumption tax and impose a subsidy system for the integration of renewable fuels into
transport [61].

Spain is the third largest country and one of the richest countries in the EU-27, after
Germany and Italy, whose level of RES development is assessed as average low for all
the years included in the study. When compared to 2008, Spain in 2013 advanced by
2 positions in the overall ranking of the EU countries (Table 10). Ultimately, in the 10-year
period, it moved up to the 18th place in 2018. During this period, the share of RES in final
energy consumption increased by over 60%. Spain still needs 2.5% to reach the national
target for 2020. It is worth paying attention to the Gross Electricity Generation index, which
in 2013 amounted to 40.5%, while in 2018 it amounted to 38.8%. The main sources of RES
in Spain are biofuels, wind energy, hydropower, thermal energy, and photovoltaic energy.
The production of thermal energy alone has increased by more than 800% during the
10-year period, which is also associated with an increase in installed capacity for this energy
source [76]. In Spain, in order to promote RES, the government first introduced a system of
price regulation for electricity generation (now abolished), tariffs or guaranteed premiums
for power plant operators (suspended), and tax regulation mechanisms for biofuels. With
regard to the use of RES in heating, Spanish regulations require the installation of solar
panels as part of new energy systems [77]. The Royal Decrees 359/2017 and 650/2017
introduced a premium tariff ("Régimen Retributivo Específico"), the purpose of which is to
support new photovoltaic and wind power plants located in the fixed electricity system.

Belgium may be one of the EU-27 countries that may struggle to meet its 2020 RES
target. Between 2008 and 2018, the share of RES in final energy consumption increased
from 3.6% to 9.4%. There was a significant increase in the share of RES in transport. In
2008, this share was less than 1%, and in 2018 it was 6.5%. Gross electricity production
from RES in the national mix increased from 6.8% to 24.3%. The development of renewable
energy in Belgium is also visible in the overall ranking of the EU countries. It moved up
from 24th place in 2008 to 19th place in 2018. Malta, on the other hand, is a country that
has made great progress in the field of RES development [78]. Between 2008 and 2013,
it was the last country among all the EU-27 countries in the overall ranking in terms of
RES development, and its level was assessed as low. In 2018, Malta moved up to the 20th
place, and its level was assessed as average low. Final energy consumption from RES
increased from 0.20% in 2008 to 7.98%, in transport from 0% to 7.98%, and in electricity
from 0% to 7.69%. Malta is close to meeting the EU’s 2020 target. With regard to heating
and cooling, the share of energy consumption from RES increased from 1.7% to 23.37%.
The volume of gross electricity production from RES in the national mix increased from 0%
to 10.12% over the decade. In terms of the amount of energy produced from RES, Malta is
the weakest country in the whole EU. In 2018, only 0.03 Mtoe of this energy was produced
there (in 2008—0 Mtoe). In order to develop RES, the production of electricity generated
by photovoltaic installations is supported through a feed-in tariff. Malta is promoting
solar water sub-heating systems and aerothermal heat pumps for domestic use through a
subsidy scheme. The use of RES in the transport sector is supported through a substitution
obligation imposed on importers and wholesalers of fossil fuels.

Another country in the ranking is Greece (21st place in 2018, which means advance-
ment by 2 positions versus 2008 and 2013). It was supposed to increase the share of RES in
domestic consumption to 18%. This means that Greece achieved this goal in 2018. Over
the decade, the highest increase in the use of energy from RES in Greece was reported in
the heating and cooling sector—from 9.64% to 26.01%, the lowest, as in most EU countries,
in the transport sector—from 1.06% to 3.8%. Gross electricity production from RES in
the national mix increased from 10.3% to 30.35%. The amount of energy produced and
consumed per citizen is also gradually increasing, as well as per 1 million EUR of GDP.
France, like the Netherlands, is furthest from its 2020 RES target. In 2018, RES in final
consumption in France amounted to only 16.6%, while the target for 2020 is as high as 23%.
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Although between 2008–2013 and 2013–2018 there was an increase in the use of energy
from RES per capita and GDP, between 2013–2018, a decrease in relation to the GDP is
noticeable. The conducted assessment showed that France, between 2008–2018, showed
an average low level of RES development. However, when compared to the base year, it
dropped by as many as 8 positions in the overall ranking of the EU countries, from the
14th place in 2008 to the 22nd place in 2018. Hungary, on the other hand, is close to the
2020 RES target, with 2018 final green energy consumption of 12.5% and the target of 13%.
Despite this, the conducted assessment showed that Hungary lags behind most of the
EU-27 countries in terms of RES development. In 2008, it ranked 16th in the overall ranking
of the EU-27 (Table 10), and in 2018 it dropped to the far 23rd place. Between 2013 and
2018, Hungary experienced a significant decrease in RES consumption per capita and EUR
million of GDP, as well as energy per capita, EUR million of GDP, and its surface area.

Slovakia, Cyprus, Poland, and Ireland are at the other end of the list of RES develop-
ment in the EU-27 countries for 2018. These countries were assigned to the class with a
low level of RES development. A decade earlier, class 4 was composed of Greece, Belgium,
Cyprus, Ireland, and Malta, and half a decade earlier, it included Greece, Luxemburg, Ire-
land, Cyprus, and Malta. This shows that in the studied years, little changed for the better
in countries such as Cyprus or Ireland. The situation improved in Greece, Luxembourg,
and Malta, and deteriorated in Slovakia and Poland. During the 10-year period, Cyprus did
not change its position in the overall ranking in terms of the level of RES development—it
ranks 25th and is characterized by a low level of development. However, despite this, the
country has already achieved its 2020 target for the use of RES at the level of 13%. This is
an impressive result, because Cyprus has been producing energy from renewable energy
since 2009 [79].

Both Slovakia and Poland are countries that in 2008 were rated as average low in
terms of RES development, and a decade later, in 2018, this level was assessed as low.
Slovakia dropped from the 18th place in 2008 to the 24th place in 2018 in the overall
ranking of the EU countries (Table 10), and Poland—from the 21st place to the 26th place.
Both countries may have problems in achieving the 2020 target of 15% [80,81]. In 2018,
this share was only slightly over 11% (it was slightly higher in Slovakia). Gross electricity
production from RES in the national mix in Slovakia increased over the decade from 16.5%
to 39.4%, and in Poland from 4.6% to 13%. On the other hand, gross inland consumption by
product in Slovakia increased from 5.15% to 9.45%, and in Poland—from 5.7% to 8.5%. Both
countries slightly increased the amount of energy produced and consumed per capita and
GDP. However, these increases are very low when compared to other EU countries, which
affects the final assessment of the level of RES development in these countries (low level).
Slovakia has a number of mechanisms to support the development of RES. These include
mainly feed-in tariffs, excise tax exemptions and subsidy programs. In addition, there are
also mandatory requirements for the integration of renewable heating technologies into
residential spaces. They are of fundamental importance for stimulating heating from RES.

Ireland, in turn, is the last country in the overall ranking of the EU-27 countries in
terms of RES development. A decade earlier, in 2008, Ireland ranked 26th (Table 10). Like
Poland and Slovakia, Ireland is unlikely to achieve its 2020 target. In 2018, final green
energy consumption was just over 11%, and the target was 16%.

Ireland is the second country after Malta which statistically shows the least energy
consumption from RES per capita (similar to 2008). Additionally, in terms of energy
consumption per GDP, Ireland is in the last place among the EU countries. On the other
hand, gross electricity production from RES in the national mix increased from 12.96%
to 33.51%.

When analyzing the level of RES development in the EU, it is worth noting the prob-
lems associated with it in some countries of Central and Eastern Europe, which belong to
the group of new EU members. In general, while in 2008 these countries had high positions
in the RES compared to the "old" EU countries, already in 2018, the situation changed.
Hungary, Slovakia, and Poland are clearly lagging behind in this respect. This is largely
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due to the fact that these countries changed their energy mixes to a little extent in the
period under review. This is because their economies are still based on conventional energy
sources. The rate of change in the old member states over this period was much faster,
due to their greater economic and technological potential. Thus, the basic reason for the
observed stratification is the lower prosperity of some new EU members (in relation to Ger-
many, Austria, Sweden, Finland, and Denmark) and thus smaller investment opportunities
in the area of RES implementation. The old EU countries, as much more affluent, are more
involved in environmental protection, including RES development. In these countries,
there is also a greater social awareness of the need for such changes. However, in some
countries of the new EU (e.g., Poland), the development of RES is also hindered by high
support for energy based on conventional energy sources [82]. In this case, only about half
of the population is strongly in favor of RES development. Undoubtedly, the countries’
capabilities and, consequently, the number of investments in environmental protection
should translate into an improvement of the environmental quality.

Lower economic and technical development of the new EU countries is also of signif-
icant importance. Therefore, the process of energy transition in these countries requires
a well thought out and reasonable energy policy of the EU. When developing and imple-
menting this policy, social and political factors should also be taken into account, which in
this region may be of key importance.

The presented discussion, based on the conducted analysis, should constitute an im-
portant source of knowledge in the scope of assessing the current state and the possibilities
of developing RES in the EU countries. It can be assumed that both the methods utilized
in the study and the findings made it possible to reliably evaluate the state of this energy
sector, and the effects of changes that individual countries have introduced in this sector.

6. Conclusions and Policy Implications

The introduction of a sustainable development economy is a great opportunity for
further dynamic and relatively environmentally neutral economic development worldwide.
This concept, perceived as a utopian a few years ago, is becoming the basic idea of economic
growth in many countries and regions. The development of technology has made it possible
to obtain renewable energy in a cost-effective manner. Due to the wide spectrum of these
sources, virtually every country has a chance to achieve energy independence to a greater
or lesser extent. This state of affairs, with conventional energy sources, was impossible to
achieve for many countries. RES development is observed to be particularly dynamic in
the EU. This can be done through appropriate legislation and a very decisive approach to
achieving a zero-carbon economy.

Nevertheless, in order to achieve this state of affairs, it is necessary to put a lot of effort,
undertake certain activities and make huge investments. For this reason, it is important to
constantly monitor and research the energy market in terms of its condition and the results
of introduced changes.

The material presented in this article serves this purpose. This extensive research
shows that the state of RES in the EU countries is satisfactory, despite the fact that it varies
in individual countries.

The study on the assessment of the level of EU-27 development between 2008–2018 indicate
that the European energy transition is proceeding at a fast pace. However, the dynamics of
changes differs from country to country. In the years 2008–2013, the average volume of
gross electricity production from RES in the EU mix increased from 21.18% to 32.11%, and
between 2013–2018 to 38.16%. The current leader in this respect is Sweden (58.61%), and a
decade ago, it was Latvia (60.91%). Cyprus is currently on the opposite side (9.43%), and a
decade ago, it was Malta (0.0%). The average share in energy consumption from RES in
2018 amounted to 21.46%, in 2013 to 19.03%, and in 2008 to 14.21%. Sweden remains the
leader among European countries in this regard, while the Netherlands are currently (2018)
on the opposite side (7.38%), and in 2013 and 2008, it was Malta (0.195% and 3.76%). In 2018
in the EU, there was on average 0.61 TOE of energy produced from RES per citizen, and
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0.29 TOE finally consumed. A decade earlier, it was 0.41 TOE and 0.22 TOE, respectively.
Finland is the unquestionable leader in terms of energy production and consumption per
citizen. In turn, when taking into account the economic potential, Latvia was the leader in
the production and consumption of RES both in 2008 and 2018.

It should be emphasized that EU countries have very good access to virtually all
sources of renewable energy. In individual countries, however, there are considerable
differences in this respect. Undoubtedly, natural conditions (geographical, geological,
ecological) are of great importance in this regard. The availability of geothermal water
will have a significant impact on the development of geothermal energy, while the size
of watercourses and the potential of falling water within a country will have a significant
influence on the development of hydropower. In the case of biomass energy, the size of the
country’s area and its degree of afforestation play a crucial role. In turn, for wind energy
production, the size of the country’s area (the size of areas excluded from the possibility to
locate RES installations—related to the protection of nature, landscape, cultural heritage,
spatial order, or quality of human life) and wind conditions are essential, and in the case of
photovoltaics—the number of sunny days per year and the degree of insolation.

In the context of the idea of the European Green Deal and the development of RES,
it is necessary to undertake a broader debate on the diversity of possibilities to generate
energy from RES in individual countries. It seems reasonable to integrate the EU in terms of
energy and to promote and support the development of RES in countries with possibilities.
In particular, this should concern the new EU members that show the biggest problems
with the implementation of the energy transition process.

The results include 4 groups of countries with different levels of RES development.
It is justified that countries with a low level of RES development should benefit from the
experience of countries with a high level of RES development. It is necessary to support,
promote, and subsidize investments in RES. The promotion and support of new innovative
technologies is also connected with this process. Only such specific actions that involve
all EU members can guarantee that the whole Union will have achieved zero emissions
by 2050.

The entire transition process should also bear in mind the social costs and the need
to educate and support local communities. Some countries, or regions of countries, show
strong social resistance to RES, for example, Poland, and are precisely the areas where hard
coal is still being exploited as an energy raw material.

The conducted research and the results clearly indicate the need for this type of
analysis. The applied methods made it possible to assess the state of this energy to a very
wide extent. The extensive discussion of the results shows the diversity of actions taken by
individual countries and their achievements. However, it does not exhaust the subject, yet
points to its importance and topicality.

It should be noted that the EU countries were the first to introduce such stringent
emission standards and pro-ecological measures. It goes without saying that the success
of the adopted policy will have a huge impact also on other parts of the world. It will
show that a pro-ecological energy transition is possible, which will not cause an economic
collapse yet, on the contrary, it may become an impulse for the dynamic development of
the countries introducing it.

The material presented in this paper together with the results constitute a new ap-
proach to the problem of evaluation and development of RES in the EU countries. This
publication should also be treated as a voice in the discussion on the creation of a modern
and dynamically developing innovative zero-emission economy. Undoubtedly, the re-
search carried out on the basis of the adopted indicators, taking into account the economic,
demographic, and geographic potential of individual countries, fits in with this discussion.

The authors hope that this publication will encourage other researchers to take up this
issue. Its promotion and thorough analysis should contribute to the global improvement of
our environment.
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Appendix A

Table A1. Values Renewable energy indicators in 2008 (own elaboration based on [15]).

Final Renewable
and Biofuel

Energy
Consumption

per Capita,
(Mtoe)

Final Renewable
and Biofuel

Energy
Consumption

per GDP,
(Mtoe/Million

Euro)

Renewable
Energy and

Biofuel
Production per
Capita, (Mtoe)

Renewable
Energy and

Biofuel
Production per

Capita,
(Mtoe/Million

Euro)

Renewable Energy
and Biofuels

Production per
Area (Mtoe/km2),

Overall
Renewable
Share (with

Aviation
Cap), (%)

Renewable
Energy in

Trans-
port, (%)

Renewable
Electricity

Genera-
tion, (%)

Renewable
Heating and
Cooling, (%)

Gross
Electricity

Generation
(Res) (%)

Gross Inland
Consumption

by Product
(Res), (%)

Belgium 8.97921×10-8 2.72301 × 10−6 1.28898 × 10−7 3.90893 × 10−6 4.50387 × 10−5 3.59 0.616 4.599 5.018 6.8055 3.26454
Bulgaria 1.08676×10−7 2.19527 × 10−5 1.48097 × 10−7 2.99156 × 10−5 1.00878 × 10−5 10.345 0.871 9.544 17.262 7.58105 5.2888
Czechia 1.89418×10−7 1.20892 × 10−5 2.66378 × 10−7 1.7001 × 10−5 3.49351 × 10−5 8.674 2.749 5.182 12.921 4.88133 5.46803

Denmark 2.3916×10−7 5.42019 × 10−6 5.16276 × 10−7 1.17006 × 10−5 6.58611 × 10−5 18.545 0.54 25.936 28.036 27.57265 16.62624
Germany 1.7235 × 10−7 5.56463 × 10−6 3.26318 × 10−7 1.05357 × 10−5 7.50726 × 10−5 10.088 6.318 15.211 10.33 15.69211 7.97981
Estonia 4.00115 × 10−7 3.21866 × 10−5 5.64388 × 10−7 4.54013 × 10−5 1.67024 × 10−5 18.643 0.167 1.972 35.476 1.87109 11.48143
Ireland 5.54314 × 10−8 1.31703 × 10−6 1.25112 × 10−7 2.97261 × 10−6 7.9906 × 10−6 3.929 1.271 10.798 3.486 12.95845 3.69609
Greece 1.12267 × 10−7 5.13153 × 10−6 1.53702 × 10−7 7.02544 × 10−6 1.28747 × 10−5 8.183 1.055 9.646 14.718 10.33395 5.67485
Spain 9.64102 × 10−8 3.96826 × 10−6 2.25967 × 10−7 9.30084 × 10−6 2.03968 × 10−5 10.737 2.164 23.747 11.618 20.71223 7.40365
France 1.71821 × 10−7 5.51991 × 10−6 3.01574 × 10−7 9.68836 × 10−6 3.04853 × 10−5 11.187 6.169 14.358 13.28 13.69323 7.06556
Croatia 2.63362 × 10−7 2.36594 × 10−5 3.98431 × 10−7 3.57934 × 10−5 3.03569 × 10−5 21.986 1.085 33.865 28.64 46.16966 17.46869

Italy 1.5298 × 10−7 5.47886 × 10−6 3.20315 × 10−7 1.14718 × 10−5 6.21948 × 10−5 11.492 2.578 16.645 15.311 20.03905 10.85278
Cyprus 1.15968 × 10−7 4.73603 × 10−6 9.68785 × 10−8 3.95642 × 10−6 8.12993 × 10−6 5.134 1.921 0.285 14.471 0.28454 3.25463
Latvia 4.27003 × 10−7 3.82558 × 10−5 8.12876 × 10−7 7.28267 × 10−5 2.75916 × 10−5 29.811 1.688 38.733 42.937 60.90934 30.76689

Lithuania 2.36257 × 10−7 2.32136 × 10−5 3.28024 × 10−7 3.22303 × 10−5 1.61414 × 10−5 17.824 4.293 4.911 31.994 8.68778 10.25956
Luxembourg 2.00331 × 10−7 2.54192 × 10−6 1.8394 × 10−7 2.33394 × 10−6 3.44122 × 10−5 2.815 2.157 3.581 4.594 31.3545 3.1353

Hungary 1.30581 × 10−7 1.21215 × 10−5 2.00123 × 10−7 1.8577 × 10−5 2.16138 × 10−5 8.564 5.098 5.317 11.97 5.88843 7.42585
Malta 2.23131 × 10−9 1.46632 × 10−7 2.23131 × 10−09 1.46632 × 10−7 2.88523 × 10−6 0.195 0 0 1.696 0 0.09301

Netherlands 6.25849 × 10−8 1.58642 × 10−6 1.57651 × 10−7 3.9962 × 10−6 6.22612 × 10−5 3.596 2.936 7.464 3.024 8.87377 3.63816
Austria 4.34589 × 10−7 1.22908 × 10−5 1.01459 × 10−6 2.8694 × 10−5 1.00492 × 10−4 28.856 9.585 65.878 27.327 70.12573 25.49443
Poland 1.13911 × 10−7 1.1857 × 10−5 1.41734 × 10−7 1.4753 × 10−5 1.72774 × 10−5 7.713 4.063 4.372 10.849 4.63971 5.65182

Portugal 2.58196 × 10−7 1.52138 × 10−5 4.11319 × 10−7 2.42363 × 10−5 4.70669 × 10−5 22.943 2.515 34.063 37.509 32.93271 17.47632
Romania 1.89416 × 10−7 2.6664 × 10−5 2.58592 × 10−7 3.64018 × 10−5 2.23841 × 10−5 20.204 1.345 28.075 23.167 26.51711 13.36339
Slovenia 2.11718 × 10−7 1.12222 × 10−5 4.15636 × 10−7 2.2031 × 10−5 4.12144 × 10−5 14.995 1.773 29.962 19.232 26.26485 10.77377
Slovakia 7.85984 × 10−8 6.39277 × 10−6 1.9212 × 10−7 1.5626 × 10−5 2.10635 × 10−5 7.723 4.262 17.013 6.097 16.47574 5.15195
Finland 9.00948 × 10−7 2.45822 × 10−5 1.73805 × 10−6 4.74223 × 10−5 2.72205 × 10−5 31.362 2.909 27.273 43.302 36.07702 26.03046
Sweden 5.7438 × 10−7 1.48627 × 10−5 1.67753 × 10−6 4.34078 × 10−5 3.51243 × 10−5 44.666 8.693 53.687 57.592 54.3531 31.19862
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Table A2. Values Renewable energy indicators in 2013 (own elaboration based on [15]).

Final
Renewable and
Biofuel Energy
Consumption

per Capita,
(Mtoe)

Final
Renewable and
Biofuel Energy
Consumption

per GDP,
(Mtoe/Million

Euro)

Renewable
Energy and

Biofuel
Production per
Capita, (Mtoe)

Renewable
Energy and

Biofuel
Production per

Capita,
(Mtoe/Million

Euro)

Renewable
Energy and

Biofuels
Production per

Area (Mtoe/km2),

Overall
Renew-

able Share
(with

Aviation
Cap), (%)

Renewable
Energy in

Trans-
port, (%)

Renewable
Electricity

Genera-
tion, (%)

Renewable
Heating and
Cooling, (%)

Gross
Electricity

Genera-
tion

(Res) (%)

Gross Inland
Consumption

by Product
(Res), (%)

Belgium 1.58511 × 10−7 4.49374 × 10−6 2.69382 × 10−7 7.63689 × 10−6 9.82829 × 10−5 7.515 5.013 12.484 7.378 15.64657 6.24766
Bulgaria 1.72258 × 10−7 2.99603 × 10−5 2.59444 × 10−7 4.51243 × 10−5 1.71247 × 10−5 18.898 5.831 18.682 29.234 17.45814 10.6349
Czechia 2.54924 × 10−7 1.68115 × 10−5 3.99377 × 10−7 2.63377 × 10−5 5.32516 × 10−5 13.931 6.344 12.781 17.712 11.76139 9.1462

Denmark 2.61453 × 10−7 5.66169 × 10−6 5.76259 × 10−7 1.24787 × 10−5 7.52209 × 10−5 27.174 6.456 43.084 34.796 45.95985 24.59355
Germany 2.10473 × 10−7 6.02846 × 10−6 4.61369 × 10−7 1.32147 × 10−5 1.04 × 10−4 13.766 7.302 25.323 13.408 24.82557 11.28277
Estonia 3.65273 × 10−7 2.53323 × 10−5 8.50152 × 10−7 5.89595 × 10−5 2.48126 × 10−5 25.324 0.416 12.948 43.001 9.18727 13.25628
Ireland 6.53557 × 10−8 1.67741 × 10−6 1.68191 × 10−7 4.31676 × 10−6 1.11088 × 10−5 7.618 5.773 21.25 5.133 23.04099 6.51627
Greece 1.25659 × 10−7 7.65412 × 10−6 2.31428 × 10−7 1.40967 × 10−5 1.92855 × 10−5 15.326 0.966 21.241 27.418 25.17392 11.19361
Spain 1.08129 × 10−7 4.95188 × 10−6 3.76054 × 10−7 1.72218 × 10−5 3.47316 × 10−5 15.319 0.951 36.726 14.086 40.46924 14.6486
France 2.13324 × 10−7 6.60973 × 10−6 3.84625 × 10−7 1.19174 × 10−5 3.98482 × 10−5 14.043 7.572 16.954 18.162 17.96378 9.34279
Croatia 2.95906 × 10−7 2.88572 × 10−5 5.46145 × 10−7 5.32609 × 10−5 4.11293 × 10−5 28.04 4.433 42.077 37.217 66.75506 25.50762

Italy 1.42384 × 10−7 5.26936 × 10−6 3.93729 × 10−7 1.45712 × 10−5 7.77948 × 10−5 16.741 5.411 31.302 18.092 39.4073 17.03882
Cyprus 1.24665 × 10−7 5.99944 × 10−6 1.32356 × 10−7 6.36955 × 10−6 1.239 × 10−5 8.456 1.127 6.654 22.617 7.62257 6.34303
Latvia 5.03231 × 10−7 4.43493 × 10−5 1.05584 × 10−6 9.30507 × 10−5 3.30948 × 10−5 37.037 4.029 48.685 49.65 56.91343 37.04784

Lithuania 2.46494 × 10−7 2.09073 × 10−5 4.33496 × 10−7 3.67685 × 10−5 1.97339 × 10−5 22.689 4.809 13.142 36.875 45.83056 18.13732
Luxembourg 1.97467 × 10−7 2.28045 × 10−6 1.86201 × 10−7 2.15034 × 10−6 3.86659 × 10−5 3.531 4.04 5.329 5.472 48.77312 3.98886

Hungary 2.44842 × 10−7 2.37777 × 10−5 3.34441 × 10−7 3.24791 × 10−5 3.563 × 10−5 16.205 6.219 6.6 23.699 9.21106 13.58831
Malta 2.61229 × 10−8 1.39093 × 10−6 2.22459 × 10−8 1.1845 × 10−6 2.98351 × 10−5 3.76 3.484 1.571 15.399 1.57441 1.44205

Netherlands 7.05858 × 10−8 1.79333 × 10−6 2.6519 × 10−7 6.73752 × 10−6 1.07123 × 10−4 4.691 5.286 9.911 4.002 11.92608 4.53653
Austria 5.04031 × 10−7 1.3152 × 10−5 1.15017 × 10−6 3.00121 × 10−5 1.2 × 10−4 32.77 9.698 68.907 33.434 79.38372 30.63345
Poland 1.48858 × 10−7 1.44426 × 10−5 2.2486 × 10−7 2.18165 × 10−5 2.73727 × 10−5 11.368 6.59 10.731 14.103 10.71591 8.7042

Portugal 2.11378 × 10−7 1.30019 × 10−5 5.34675 × 10−7 3.28879 × 10−5 6.07978 × 10−5 25.7 0.925 49.101 34.626 59.24303 23.92489
Romania 1.85216 × 10−7 2.57857 × 10−5 2.77759 × 10−7 3.86695 × 10−5 2.33261 × 10−5 23.886 5.445 37.516 26.195 34.81091 17.32444
Slovenia 3.31253 × 10−7 1.87097 × 10−5 5.41646 × 10−7 3.05931 × 10−5 5.50116 × 10−5 22.407 3.769 33.085 33.4 33.556 17.11284
Slovakia 7.53705 × 10−8 5.47799 × 10−6 2.71055 × 10−7 1.97005 × 10−5 2.99109 × 10−5 10.133 6.12 20.8 7.875 39.38361 8.41418
Finland 9.14387 × 10−7 2.42872 × 10−5 1.82976 × 10−6 4.86005 × 10−5 2.93408 × 10−5 36.73 10.681 30.884 50.775 31.87643 30.52313
Sweden 7.46277 × 10−7 1.61399 × 10−5 1.86111 × 10−6 4.02507 × 10−5 4.05514 × 10−5 50.8 15.315 61.737 63.546 58.60563 36.20581
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Table A3. Values Renewable energy indicators in 2018 (own elaboration based on [15]).

Final
Renewable and
Biofues Energy
Consumption

per Capita,
(Mtoe)

Final
Renewable and
Biofuels Energy
Consumption

per GDP,
(Mtoe/Million

Euro)

Production
Renewable
Energy and
Biofuels per

Capita, (Mtoe)

Production
Renewable
Energy and
Biofuels per

GDP,
(Mtoe/Million

Euro)

Production
Renewable
Energy and

Biofuels Area
(Mtoe/km2),

Overall
Renew-

able Share
(with

Aviation
Cap), (%)

Renewable
Energy in

Trans-
port, (%)

Renewable
Electricity

Genera-
tion, (%)

Renewable
Heating and
Cooling, (%)

Gross
Electricity

Genera-
tion

(Res) (%)

Gross Inland
Consumption

by Product
(Res), (%)

Belgium 1.72217 × 10−7 4.27181 × 10−6 2.94483 × 10−7 7.30459 × 10−6 1.1 × 10−4 9.423 6.648 18.902 8.191 24.34889 7.81283
Bulgaria 1.98606 × 10−7 2.49645 × 10−5 3.63534 × 10−7 4.56957 × 10−5 2.32213 × 10−5 20.528 8.06 22.147 33.296 20.45472 12.79107
Czechia 2.82671 × 10−7 1.42213 × 10−5 4.30792 × 10−7 2.16732 × 10−5 5.79542 × 10−5 15.15 6.524 13.711 20.649 11.91704 10.20727

Denmark 3.19422 × 10−7 6.1074 × 10−6 7.16015 × 10−7 1.36903 × 10−5 9.6436 × 10−5 35.708 6.567 62.434 46.658 68.36091 33.05764
Germany 1.90625 × 10−7 4.70213 × 10−6 5.19403 × 10−7 1.28121 × 10−5 1.2 × 10−4 16.481 7.916 38.033 13.629 35.99431 13.51037
Estonia 3.51011 × 10−7 1.78517 × 10−5 1.3216 × 10−6 6.7214 × 10−5 3.85471 × 10−5 29.996 3.292 19.689 53.691 16.09089 17.88923
Ireland 9.60502 × 10−8 1.4189 × 10−6 2.74559 × 10−7 4.05592 × 10−6 1.90012 × 10−5 11.061 7.165 33.242 6.472 33.50746 9.90079
Greece 1.56596 × 10−7 9.1061 × 10−6 2.80889 × 10−7 1.63338 × 10−5 2.28481 × 10−5 18.002 3.833 26.01 30.18 30.3493 13.48985
Spain 1.49853 × 10−7 5.80606 × 10−6 4.02713 × 10−7 1.56032 × 10−5 3.71385 × 10−5 17.453 6.937 35.16 17.483 38.76468 14.41862
France 2.15846 × 10−7 6.11864 × 10−6 4.12697 × 10−7 1.16988 × 10−5 4.36163 × 10−5 16.593 9.046 21.179 21.78 20.42112 10.77231
Croatia 2.79516 × 10−7 2.22285 × 10−5 5.82688 × 10−7 4.63383 × 10−5 4.22699 × 10−5 28.024 3.888 48.139 36.51 72.37028 26.58294

Italy 1.81204 × 10−7 6.18835 × 10−6 4.40724 × 10−7 1.50513 × 10−5 8.8246 × 10−5 17.775 7.659 33.93 19.23 40.16883 19.11109
Cyprus 2.22891 × 10−7 8.98779 × 10−6 2.22682 × 10−7 8.9794 × 10−6 2.08032 × 10−5 13.882 2.686 9.357 36.756 9.4343 9.05111
Latvia 5.60226 × 10−7 3.71859 × 10−5 1.47453 × 10−6 9.78742 × 10−5 4.41717 × 10−5 40.292 4.729 53.499 55.894 52.02468 39.74345

Lithuania 2.57959 × 10−7 1.60077 × 10−5 5.76856 × 10−7 3.5797 × 10−5 2.4819 × 10−5 24.448 4.327 18.407 45.634 83.34451 21.32358
Luxembourg 2.92174 × 10−7 2.92891 × 10−6 2.91675 × 10−7 2.92391 × 10−6 6.79002 × 10−5 9.059 6.536 9.131 8.783 87.62094 7.50725

Hungary 1.92726 × 10−7 1.3864 × 10−5 3.06489 × 10−7 2.20477 × 10−5 3.22216 × 10−5 12.489 7.676 8.289 18.115 11.77781 10.96822
Malta 5.86082 × 10−8 2.23201 × 10−6 7.15996 × 10−8 2.72676 × 10−6 1.1 × 10−4 7.978 7.968 7.688 23.367 10.12124 5.78005

Netherlands 1.02372 × 10−7 2.27247 × 10−6 3.29057 × 10−7 7.30446 × 10−6 1.4 × 10−4 7.385 9.59 15.123 6.129 16.51235 5.97953
Austria 4.63355 × 10−7 1.06078 × 10−5 1.10899 × 10−6 2.53886 × 10−5 1.17 × 10−4 33.426 9.793 73.051 33.979 78.17276 29.99704
Poland 1.61853 × 10−7 1.23528 × 10−5 2.33702 × 10−7 1.78364 × 10−5 2.83845 × 10−5 11.284 5.634 13.026 14.795 12.96804 8.5445

Portugal 2.76926 × 10−7 1.38892 × 10−5 6.189 × 10−7 3.1041 × 10−5 6.90599 × 10−5 30.322 9.037 52.186 41.207 51.37321 25.31532
Romania 1.89451 × 10−7 1.8081 × 10−5 3.02561 × 10−7 2.88761 × 10−5 2.47879 × 10−5 23.875 6.342 41.793 25.433 41.04367 17.85487
Slovenia 3.03099 × 10−7 1.36597 × 10−5 5.13233 × 10−7 2.31297 × 10−5 5.23253 × 10−5 21.149 5.504 32.323 31.606 33.22104 16.51769
Slovakia 1.19676 × 10−7 7.27788 × 10−6 2.96416 × 10−7 1.8026 × 10−5 3.29036 × 10−5 11.896 6.962 21.499 10.599 39.38360656 9.45139
Finland 1.197 × 10−6 2.82424 × 10−5 2.16802 × 10−6 5.11528 × 10−5 3.53167 × 10−5 41.162 14.899 36.77 54.641 31.87643045 36.19859
Sweden 8.1506 × 10−7 1.75251 × 10−5 1.88077 × 10−6 4.04396 × 10−5 4.33994 × 10−5 54.645 29.696 66.228 65.378 58.60563278 39.15057
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41. Papież, M.; Śmiech, S.; Frodyma, K. Determinants of renewable energy development in the EU countries. A 20-year perspective.

Renewable and Sustainable. Energy Rev. 2018, 91, 918–934.
42. Chudy-Laskowska, K.; Pisula, T.; Liana, M.; Vasa, L. Taxonomic Analysis of the Diversity in the Level of Wind Energy Develop-

ment in European Union Countries. Energies 2020, 13, 4371. [CrossRef]
43. Brodny, J.; Tutak, M. Analyzing Similarities between the European Union Countries in Terms of the Structure and Volume of

Energy Production from Renewable Energy Sources. Energies 2020, 13, 913. [CrossRef]
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