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Abstract: The European Union (EU) countries, as one of the most economically developed regions
in the world, are taking increasingly decisive actions to reduce the emission of harmful substances
into the natural environment. This can be exemplified by a new climate strategy referred to as
“The European Green Deal”. Its basic assumption is that the EU countries will have achieved climate
neutrality by 2050. To do so, it is necessary to make an energy transition involving the widest
possible use of renewable energy sources (RES) for energy production. However, activities in this area
should be preceded by analyses due to the large diversity of the EU countries in terms of economic
development, the number of inhabitants and their wealth as well as geographical location and area.
The results of such analyses should support the implementation of adopted strategies. In order to
assess the current state of the energy sector in the EU and indicate future directions of activities,
research was carried out to analyze the structure and volume of energy production from RES in
the EU countries. The aim of the study was to divide the EU countries into similar groups by the
structure and volume of energy production from RES. This production was compared with the
number of inhabitants of each EU country, its area and the value of Gross Domestic Product (GDP).
This approach allows a new and broader view of the structure of energy production from RES and
creates an opportunity to take into account additional factors when developing and implementing
new climate strategies. The k-means algorithm was used for the analysis. The presented analyses
and obtained results constitute a new approach to studying the diversified energy market in the
EU. The results should be used for the development of a common energy and climate policy and
economic integration of the EU countries.

Keywords: European Green Deal; energy policy; renewable energy sources; energy production
structure; energy similarity; European Union countries

1. Introduction

Easy access to cheap energy is one of the most important factors that affect economic development
and the well-being of individual societies. Also, it mitigates the effects of poverty [1–3]. The dynamic
development of the world economy means that the demand for energy is increasing from year to year
in virtually all sectors of this economy. Currently, the energy sector is increasingly leaning toward the
development and competitiveness of the economies of individual countries [4–7].

Unfortunately, the production of electricity and heat in many countries, including the European
Union (EU) countries, is largely based on traditional, conventional raw materials [8]. The source of this
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energy involves most often fossil fuels, the extraction and combustion of which (in the process of energy
production) causes the formation of many harmful substances that enter the natural environment [9].
The greenhouse gases and other gaseous and dust pollutants generated in this process disturb the
balance of the natural environment and pose a greater and greater threat to the entire terrestrial
ecosystem [10,11]. At present, this threat is already so great that it becomes necessary to take very
decisive and global-wide actions to limit the negative impact of the development of our civilization on
the environment.

Environmental protection, while ensuring economic development, is becoming one of the main
problems of both modern economy and science. From ecological as well as social and economic points
of view, this is an extremely important issue. On the one hand, the dynamically developing world
economy shows an increasing demand for energy, and on the other hand, the production of this energy
causes a huge threat to the natural environment. These problems also apply to the EU countries.
In order to reduce emissions of harmful substances, unconventional energy sources are increasingly
used for energy production [12–14]. Sustainable and closed economy concepts are also being promoted.
They aim to reduce the emission of harmful substances and focus on a more complete and rational use
of resources, including energy [15,16]. The concept of sustainable energy is also gaining importance.
Its purpose is to provide energy that meets the needs of the present without compromising the ability
of future generations to meet their needs [17] to finally ensure energy safety based on energy obtained
only from renewable energy sources (RES).

The problem of limiting emissions of harmful substances into the natural environment has become
one of the main topics discussed by European institutions for years. The EU countries are required to
reduce greenhouse gas emissions under the Kyoto Protocol [18]. The consistent policy of the EU in
terms of reducing greenhouse gas emissions, mainly carbon dioxide, forces member states to a variety
of activities, which results in the development of the renewable energy sector used for its production,
among other initiatives [19,20].

According to the strategy presented by the European Commission in 2018, the economy of the
EU is to be neutral for both the climate and the environment [21]. At the same time, however, it is to
provide favorable conditions for economic development and for a modern and competitive economy.
In order to achieve climate neutrality by 2050, a series of actions and decisions need to be taken in
virtually all areas of economic and social life. The solutions proposed by the European Commission
presented at the United Nations (UN) COP25 climate summit in Madrid, Spain (December 2019) go
even further [22]. The summit presented a new European climate strategy called “The European Green
Deal” [23]. According to this strategy, by 2050 the economy of the EU should become a “zero-emission”
economy, i.e., climate neutral, and by 2030 carbon dioxide (CO2) emissions should be reduced by 50%
(plans include even 55%), in relation to its issue in 1990. These assumptions are more ambitious than
those adopted at the UN COP24 Climate Summit, which took place in December 2018 in Katowice,
Poland [24].

The introduction of “The European Green Deal” requires the preparation of a new climate pact,
which must be approved and then implemented by all member states. Otherwise, the assumed
ambitious goals will not be achieved.

The Just Energy Transition (JET) Fund is to be very important in this respect, as it will constitute the
financial base for the Just Transition Mechanism (JTM). This fund is intended for countries and regions
that will have problems achieving economic zero emissions and will also support the decarbonization
process in Europe [25].

It is undisputable that the implementation of the Green Deal idea will require the introduction
of many political, economic and social measures that will cover all aspects of the lives of the EU
citizens. In order to achieve success in this area, it is crucial to conduct an effective and rapid transition
process of the energy industry. In particular, this applies to energy production, which, in the EU,
is currently largely obtained from conventional sources. This, in turn, is associated with high emissions
of this production [26–28]. The process of obtaining energy resources also causes high emissions of
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harmful gases and pollutants [29,30]. An alternative that can improve this situation involves renewable
energy [31–33]. Its development, and thus an increase in the share of energy produced from these
sources in the entire energy production, will be the basis for achieving the assumed goals of Europe’s
climate neutrality by 2050. Therefore, the development of renewable energy is and will be treated as
a priority in activities related to ensuring energy safety in the EU countries and achieving the indicators
included in “The European Green Deal” strategy [34].

The goals of individual EU countries regarding the share of energy from RES in the total
consumption of this energy along with the results achieved in 2017 are presented in Figure 1. The EU
strategy assumes an increase up to at least 32% in the share of energy from RES in the total energy
consumption in 2030. The original target of at least 27% in 2018 has been adjusted to 32%. By 2020, this
level is to be 20% for the entire EU [35]. In 2017, energy from RES covered 17.5% of the total energy
consumption in the EU countries (Figure 2) [35–37].

Figure 1. Share of energy from renewable energy sources in % of gross final energy consumption in the
EU (own study based on data from [35–37]).

Figure 2. Total energy production in the EU countries between 1990–2017, including energy produced
from renewable energy sources (own study based on data from [35–37]).

The presented results show a large diversity of individual EU countries, both in terms of the
assumed goal and its achievement.

In general, the adopted assumptions and actions taken to increase energy production (and
ultimately also its use) from RES are already bringing very positive effects. Between 1990 and 2017,
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the share of energy production from RES in relation to the total energy production increased from
12.6% to 30.6%. The total electricity production in the EU countries between 1990–2017, including
energy produced from RES, is presented in Figure 2.

A comparison of energy production from RES in individual EU countries in 1990 and 2017 is
shown in Figure 3. Figure 4 summarizes the percentage increase in energy production from RES in the
EU countries between 1990 and 2017.

Figure 3. Comparison of energy production from renewable energy sources in individual EU countries in
1990 and 2017 (BE-Belgium, BG-Bulgaria, CZ-Czech Republic, DK-Denmark, DE-Germany, EE-Estonia,
IE-Ireland, EL-Greece, ES-Spain, FR-France, HR-Croatia, IT-Italy, CY-Cyprus, LV-Latvia, LU-Lithuania,
LU- Luxembourg, HU-Hungary, MT-Malta, NL-Netherlands, AT-Austria, PL-Poland, PT-Portugal,
RO-Romania, SI-Slovenia, SK-Slovak Republic, Fi-Finland, SE-Sweden, UK-United Kingdom) (own
study based on data from [35–37]).

Figure 4. Percentage increase in renewable energy production in the EU countries between 1990 and
2017 (own study based on data from [35–37]).

The presented data clearly shows that energy production from RES in the analyzed period
significantly increased (Figure 2). However, in the EU countries, these increases were very different
(Figures 3 and 4). The largest percentage increases in energy from RES were reported in Germany,
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the Netherlands, Hungary, Belgium and the United Kingdom. In turn, the smallest increases were
found in Slovenia, Latvia and Sweden.

The differences depend on the energy policy of individual countries, as well as ecological awareness
of societies and their pressure on the authorities in the field of climate protection. The economic aspect
is also an important factor. It is undisputable that energy production from RES is much more expensive
than from conventional sources. As a result, many countries are not able to cover these costs from
their own resources, which undoubtedly limits the possibilities of developing renewable energy. Both
the possibilities and availability of individual renewable energy sources are also very significant in
this respect. Figure 5 presents the structure of energy produced from RES in the EU countries in 2017.
It includes the eight most important sources from which renewable energy is produced.

Figure 5. Structure of energy produced from renewable energy sources in the EU countries in 2017
(own study based on data from [37]).

When analyzing the presented structure (Figure 5), it can be stated that, like the consumption
of energy from RES (Figure 1), it is very different in individual EU countries. The reasons for the
uneven distribution of energy production from RES in the EU countries are different economic, climatic,
hydrological and geological conditions [36,38], among other factors.

It is obvious, however, that to achieve the goals of “The European Green Deal” strategy, it is
necessary to significantly increase the amount of energy obtained from RES. The production of energy
from these sources is practically neutral for the environment, which is undoubtedly its great advantage.
Therefore, the EU countries must develop and implement an effective energy policy combined with
a climate policy. These policies need to be both coherent and comprehensive and take into account the
diversity of the EU countries.

According to the authors, the most important in the process of achieving climate neutrality
of individual EU countries are their economic and demographic potentials as well as, to a slightly
smaller extent, their geographical location and area. It is also crucial to properly orientate a climate
policy so that it is acceptable by individual countries. In this regard, it seems obvious to consider the
diversity of these countries. One of the main factors influencing the pace of introduced changes in the
field of technological innovation will be the amount of public expenditure allocated for research and
development [39–41].

For this reason, analyses were carried out to determine similarities between the EU countries in
terms of the structure and volume of energy production from RES. These analyses take into account
the number of inhabitants of individual countries, their gross domestic product and their area. It was
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assumed that the pro-ecological policy that is being and will have to be pursued by the EU should be
adapted to the specificity of the member states. The key factors that will have an impact on achieving
success in implementing ecological ideas will involve convincing societies of the need to introduce
changes, the wealth of individual countries and the level of dependence of their economies on energy
obtained from conventional raw materials (coal, oil, gas).

Since energy production from RES is to constitute the basis for implementing the idea of “The
European Green Deal”, it is reasonable to make a diagnosis of the current state regarding the structure
of energy production from these sources in individual EU countries. It is also important to relate this
production to the specificity of individual countries and to identify countries with similar structure
and volume of this production. This, in turn, should help in the process of implementing this idea and
allow for a better distribution and use of funds.

When studying works that look at renewable energy [32,39–60], it can be claimed that so far no
studies have been conducted in the scope of the structure of sources from which renewable energy
is produced in the EU countries, while taking into account the specificity of individual countries.
Undoubtedly, by referring this production to the number of inhabitants, gross domestic product and
area of a given country, this specificity is taken into account. The paper presents the results of such
analysis covering the eight most important sources from which renewable energy is produced. In the
developed methodology, these sources were treated as variables (features), which included energy
produced from hydro power, geothermal, wind, and solar sources as well as primary solid biofuels,
biogases, renewable municipal waste, and liquid biofuels. The volume of energy production from
these sources was compared to the gross domestic product (GDP), the number of inhabitants and area
of a given country. Similarities between individual EU countries were determined for all cases. On this
basis, these countries were divided into similar clusters (groups), depending on the studied factors
(GDP, number of inhabitants and area of a given country).

In order to measure the wealth of individual countries, their GDP value was adopted, in relation to
which the amount of energy produced from individual renewable sources was determined. In a similar
way, indicators of the amount of produced energy were calculated per one inhabitant of each country
(demographic potential) and per one square kilometer of area (geographical potential). The analyses
were based on the Eurostat data from 2017 [37]. The k-means method was used to determine similarities
between individual countries.

The main purpose of the research, was to analyze the structure of sources from which the EU
countries produce renewable energy and to determine similarities between these countries in relation to
their economic (GDP), demographic (number of inhabitants) and geographical (area) potentials. So far,
no analyses have been carried out taking into account these factors, which undoubtedly represents
a new approach to this subject.

The paper also presents the results of statistical analyses that were performed for the examined
variants. These results were summarized with short comments, while a broader interpretation can be
found in the discussion of the results. Undoubtedly, an original and new approach was created with
regard to energy market research in the EU by taking into account eight sources of renewable energy
production, relating this production to three factors characterizing individual countries (GDP value,
population and area) and dividing these countries into similar groups. As far as the proposed changes
(“The European Green Deal”) are concerned, such analysis seems to be very valuable and broadens
knowledge in the field of both the production and structure of RES. It should also be emphasized that
the presented research is one of the first studies relating to the idea of “The European Green Deal”.

The approach presented and the results obtained should therefore indicate and enable a more
complete understanding of the problems that may occur in individual EU countries when implementing
very ambitious climate strategies.
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2. Background

2.1. Literature Review

In the previous studies on renewable energy sources, reference was mainly made to their
technical [42], ecological [43] economical [44] and social [45] aspects. These works concentrate, among
others, on analyses regarding the development of the renewable energy market [46–49], technologies
related to the production of energy from RES [50] as well as on the socio-environmental consequences
of using energy from these sources [51,52].

By contrast, Marques et al. [53] conducted an analysis of motivations related to the use of renewable
energy in European countries, using panel data techniques, namely vector decomposition with fixed
effects, in the period from 1990 to 2006. The results corroborate the lobby effect of the traditional energy
sources in constraining the impetus toward renewables. The socioeconomic and political factors are
mainly robust. In turn, a study by [54] assessed the effectiveness of renewable energy policy.

Papież et al. [48] conducted an analysis which aimed to identify the factors determining energy
policy in the EU countries since the mid-1990s. As a result, it was found that the share of RES in the
energy structure of the EU countries in 2014 largely depended on this share in the EU countries in
the mid-1990s.

Bórawski et al. [46] presented the development of a renewable energy structure with particular
emphasis on biofuels in the EU. The analysis included data on the share of renewables in Gross
Island energy consumption, changes of renewable energy between 2004–2016, and the amount of
liquid biofuels. By contrast, Shivakumar et al. in [32] presented the main factors stimulating the
implementation of renewables in the EU. In turn, a study by [55] discusses the role and significance
of activities conducted by energy cooperatives in terms of their participation in energy transition
in Europe.

Ntanos et al. [56] determined a correlation between the use of energy from RES and the value
of GDP. Also, in a study by [57], the authors conducted research on the impact of RES on economic
growth. The analysis concerned the Black Sea and Balkan countries. Lucas et al. [58] determined the
impact of various concepts of energy safety on the development of energy production from RES.

Study [59] analyzes the possibilities of developing renewable energy in both developed and
developing countries. On the other hand, in their work [60], Kim and Park determined the impact of
the financial market on the implementation and development of energy based on RES.

It is obvious that the development and implementation of new technologies in the field of
obtaining energy from RES is a very costly process. At the same time, solutions in this area are usually
innovative and require expensive research. In this respect, it becomes necessary to finance them also
from public subsidies. The amount of these subsidies can have a very significant impact on the results
achieved [39–41].

The presented, selected research results indicate that the energy transition, the main goal of which
is to replace conventional energy sources with RES, is a complex process that depends on many factors.
These results also confirm the need for research that would focus not only on the absolute values
of energy produced from RES but also on other factors that may affect the volume and structure of
this production in the future. Therefore, a new approach to this analysis, especially in the context of
changes that are to take place in the EU countries in connection with the introduction of the “Green
Deal” idea, seems fully justified.

2.2. EU Policy in Terms of RES

The EU energy policy is characterized by an integrated approach to energy safety. Its goal is to
satisfy social needs, ensure competitiveness of the economy and protect both the environment and
climate [61–66].

The idea of “Green Deal for Europe” proposed in December 2019 creates new conditions for
implementing a very ambitious climate protection plan. It also makes the EU countries most responsible
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for improving the climate on earth. At the same time, it assumes that achieving climate neutrality will
contribute to the dynamic development of the economy and improve its competitiveness. In addition,
it will also be an example for other countries and continents that are involved in improving this
climate. The implementation of the “Green Deal for Europe” idea will also enable the EU countries to
achieve energy independence, which may have a significant impact on the energy market as well as
regional policy.

Therefore, based on the energy policy of the EU countries, the significance and role of RES in the
structure of the energy sector has been systematically growing since the 1990s [35–37]. As a result,
a growing share of energy obtained from RES in the energy mix of the EU has been reported.

The EU aims to achieve a 20% share of RES in gross final energy consumption by the end of 2020.
This target has been set for the whole EU, but in addition, each member state has its own targets set in
national action plans that show the path of development of RES in each country. All plans to achieve
the assumed goals are presented in [67]. National targets for the use of energy from RES for individual
countries, taking into account their starting point and the overall potential of RES, range from just
10% for Malta to as high as 49% for Sweden. The process of reaching these values varies from country
to country.

For example, the primary goal of Germany’s sustainable energy policy is to limit the negative
impact of energy on the environment and the climate by supporting projects that lead to the use of
energy from RES [68–71]. Denmark, which has been developing technologies for obtaining energy
from RES since the 1970s [72], on September 15th, 2019 covered all daily demand for energy from RES
(mainly from wind energy) [73].

Sweden, on the other hand, covers almost 55% of the demand for energy from RES [37]. Sweden’s
huge success in this area is primarily due to the large number of hydropower plants and large biomass
resources. The very active energy policy of the Swedish Government is also important [74]. If the pace
of development of RES is maintained, by 2040 the Swedish energy mix will have been using only RES
and the set goal will have been achieved by the national authorities.

In Bulgaria, in 2011, the program “The energy strategy of the Republic of Bulgaria until 2020 for
reliable, efficient and cleaner energy” was adopted. It is the basic document regulating the national
energy policy, where the assumptions were adjusted to the energy policy of the EU. Renewable energy
sources occupy a key place in the Bulgarian energy strategy [75]. Bulgaria has adopted the so-called
National Renewable Energy Action Plan to fulfill its obligations under the Directive [76]. The adopted
assumptions and actions have brought the expected effects, because the target set for 2020 in the scope
of using energy from RES in relation to the total gross energy consumption was achieved already
in 2017.

The French Plan for Energy and Climate assumes that 23% of RES will be achieved in final energy
consumption in 2020 and 32% in 2030. Both emission reduction and emission neutrality were also
planned for 2050. To achieve this, in 2030, 40% of electricity, 38% of heat, 15% of fuels and 10% of gas
(biogas) will come from RES.

The examples of effects of energy policy conducted by selected EU countries show that ambitious
plans related to the idea of “The European Green Deal” are possible to obtain. However, this will
require huge financial commitment and solidarity between countries. Many of the EU countries,
as evidenced by the data presented in Figure 1, must significantly intensify their activities in this area.
In particular, this applies to the overall share of energy from RES in gross final energy consumption
and the share of energy from RES in transport [77].

By taking into account the diversity of the EU countries when developing energy policy for the
coming years, and in particular the distribution of funds that will be allocated for this purpose, it will
by easier to accomplish the set goals.
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3. Materials and Methods

3.1. Methods

The presented multidimensional comparative analysis was carried out using the taxonomic concept
of a multidimensional object, which is a statistical unit. The multidimensional object (characterized
by many variables) in this case are the European Union Member States. Eight diagnostic variables
were adopted for the analysis, which were the values of energy produced in a given country from
selected renewable sources (hydro, geothermal, wind, solar, primary solid biofuels, biogases, renewable
municipal waste, liquid biofuels). Each of the studied EU countries was characterized by these eight
values. The analysis was carried out for four different variants. The first variant involved the absolute
values of these energies, the second variant compared them to the value of GDP of individual countries,
the third variant to the number of inhabitants, and the fourth variant to the area of a given country.

The non-hierarchical cluster analysis algorithm—the k-means method—was utilized. It consists
in assigning n objects to a given a priori number of k clusters. The aim was to find and extract groups
(clusters) of similar objects (countries) from the studied population. The similarity of objects (countries)
located in one cluster should be as large as possible, while separate clusters together with the objects
forming them (countries) should differ from each other as much as possible. Moving objects (countries)
between clusters takes as long as variations within clusters become minimized and variations between
separate clusters become maximized.

Usually, as a result of using the k-means method for grouping, the average values of variables
for each cluster are examined in each dimension in order to estimate how much these clusters differ
from each other. The F-statistic derived from the analysis of variance performed in each dimension is
an indicator of how well a given dimension discriminates against other clusters.

The k-means method aims to find the extreme of the objective function, which is defined by the
following relationship:

J =
k∑

i=1

∑
dt∈Di

sim(ci,dt) (1)

The research algorithm for the k-means method consists of the following stages:

1) Determination of a priori number of clusters – k. To calculate the number of clusters, the following
Equation (2) was used [78]:

k �

√
n
2

(2)

where: k is the number of clusters, n is the number of cases (countries).

2) Assignment of cases (EU countries) to individual clusters on the basis of designated Euclidean
distances dij for individual cases (EU countries) Pi, from the centers of clusters mi. The Euclidean
distance is determined based on the following relationship:

di j =
∥∥∥x j − mi‖ =

√√√ k∑
l=1

(
xl j −mxlj

)2
(3)

3) Determination of new cluster centers using the cumulative method based on the equation:

mxl,i(1) =
1

Ni

Ni∑
j=1

xl j(0) (4)
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4) Determination of the displacement of clusters ∆m:

∆m =
∥∥∥mi(0) − mi(1)

∥∥∥ (5)

5) Assignment of cases (EU countries) to new clusters.
6) Determination of new cluster centers.

3.2. Materials

In order to conduct the comparative analysis of the similarities between the EU countries in terms
of the structure of energy production from RES, data from the Eurostat database for 2017 (the latest
available data) was used (Table 1) [37]. The analysis was carried out for 28 countries that were the EU
Member States in 2017.

Table 1. Structure of energy production from renewable energy sources in the EU countries in 2017
(own study based on data from [37]).

EU Countries Hydro Geothermal Wind
Solar

(Photovoltaic
and Thermal)

Primary
Solid

Biofuels
Biogases

Renewable
Municipal

Waste

Liquid
Biofuels Total

Gigawatt-hour

Belgium 1397.40 0 6510.60 3287.60 3816.40 938.30 303.75 4.75 16,258.80
Bulgaria 3492.95 0 1504.06 1402.97 180.21 215.77 0 0 6795.96

Czech Republic 3039.92 0 591.04 2193.37 2213.40 2639.26 471.71 0 11,148.69
Denmark 17.87 0 14,780.00 751.49 4796.96 686.00 4257.61 43.16 25,333.08
Germany 26,155.00 163.00 105,693.00 39,401.00 10,657.00 33,879.00 8993.10 35.83 224,976.89
Estonia 26.00 0 723.00 0 995.95 41.75 0 0 1786.70
Ireland 895.07 0 7444.74 10.80 381.41 197.68 0 0 8929.70
Greece 4039.81 0 5536.99 3991.50 9.79 300.24 0 0 13,878.30
Spain 21,070.00 0 49,127.00 14,397.00 4365.00 941.00 0 0 89,900.00
France 55,107.83 133.13 24,710.75 9572.84 3340.90 2091.52 5053.04 1.98 100,011.97
Croatia 5507.70 0.00 1204.00 78.70 215.90 309.70 0 0 7316.00

Italy 38,024.67 6201.16 17,741.91 24,377.71 4231.83 8299.12 1445.00 540.99 100,862.40
Cyprus 0 0 211.45 172.01 0 51.75 0 0 435.21
Latvia 4380.62 0 150.00 0.44 525.28 405.36 0 0 5461.70

Lithuania 1181.40 0 1363.84 68.03 303.24 127.24 191.11 0 3234.86
Luxembourg 1421.97 0 234.82 108.46 52.01 72.44 0 0 1889.70

Hungary 220.00 1.00 758.00 349.00 1646.00 334.00 126.67 0 3434.67
Malta 0 0 0.06 155.25 0 9.74 0 0 165.04

Netherlands 60.76 0 10,568.81 2204.34 1772.41 923.26 3221.64 0 18,751.23
Austria 42,251.47 0.09 6574.50 1268.97 3692.46 630.13 762.43 7.02 55,187.06
Poland 3033.91 0 14,909.04 165.46 5308.56 1096.43 126.95 0.90 24,641.25

Portugal 7631.52 216.66 12,247.85 991.55 2573.48 286.53 0 0.00 23,947.60
Romania 14,853.25 0 7406.70 1855.67 458.49 66.67 0.12 0.00 24,640.91
Slovenia 4140.92 0 5.72 283.87 154.83 130.11 0 4.97 4720.41

Slovak Republic 4623.00 0 6.00 506.00 1080.00 594.00 9.44 0 6818.44
Finland 14,771.47 0 4795.19 43.65 10,890.26 411.19 1940.56 33.06 32,885.37
Sweden 65,168.00 0 17,609.00 230.00 10,250.00 11.00 6796.39 487.78 100,552.17

United Kingdom 8800.16 0 50,003.66 11,524.87 20,762.55 7721.83 80.89 0 98,893.96

Each country was characterized by 8 diagnostic variables that determine the volume of energy
production from selected renewable sources. The volume of energy production was expressed in
gigawatt hours. Diagnostic variables characterizing the EU countries were the volume of energy
production from the following sources: hydro, geothermal, wind, solar, primary solid biofuels, biogases,
renewable municipal waste, and liquid biofuels.

The variables determining the structure of energy production from RES (Table 1) were then
compared to the GDP value of a given country (Table 2 and Figure 6), calculated per capita (Table 3
and Figure 7) and per 1 km2 of a given country’s area (Table 4 and Figure 8). The diagnostic variables
presented in Tables 1–4 were used for a preliminary statistical analysis and their basic statistical
parameters were determined (mean, maximum, minimum values, standard deviations and coefficient
of variation), which are summarized in Tables 5–8.
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Table 2. Structure of energy production from renewable energy sources in the EU countries in relation
to the value of GDP in 2017 (own study based on data from [37]).

EU Countries Hydro Geothermal Wind
Solar

(Photovoltaic
and Thermal)

Primary
Solid

Biofuels
Biogases

Renewable
Municipal

Waste

Liquid
Biofuels Total

Gigawatt-hour/Euro

Belgium 0.0032 0 0.0148 0.0075 0.0087 0.0021 0.0007 0 0.0370
Bulgaria 0.0676 0 0.0291 0.0272 0.0035 0.0042 0 0 0.1315

Czech Republic 0.0159 0 0.0031 0.0114 0.0115 0.0138 0.0025 0 0.0582
Denmark 0.0001 0 0.0505 0.0026 0.0164 0.0023 0.0145 0.0001 0.0865
Germany 0.0080 0.0001 0.0323 0.0120 0.0033 0.0103 0.0027 0 0.0686
Estonia 0.0011 0 0.0306 0 0.0422 0.0018 0 0 0.0757
Ireland 0.0030 0 0.0253 0 0.0013 0.0007 0 0 0.0304
Greece 0.0224 0 0.0307 0.0221 0.0001 0.0017 0 0 0.0770
Spain 0.0181 0 0.0421 0.0123 0.0037 0.0008 0 0 0.0771
France 0.0240 0.0001 0.0108 0.0042 0.0015 0.0009 0.0022 0 0.0436
Croatia 0.1124 0 0.0246 0.0016 0.0044 0.0063 0 0 0.1493

Italy 0.0220 0.0036 0.0103 0.0141 0.0025 0.0048 0.0008 0.0003 0.0584
Cyprus 0.0000 0 0.0108 0.0088 0.0000 0.0026 0 0 0.0221
Latvia 0.1620 0 0.0055 0 0.0194 0.0150 0 0 0.2020

Lithuania 0.0280 0 0.0323 0.0016 0.0072 0.0030 0.0045 0 0.0767
Luxembourg 0.0257 0 0.0042 0.0020 0.0009 0.0013 0 0 0.0342

Hungary 0.0018 0 0.0061 0.0028 0.0133 0.0027 0.0010 0 0.0277
Malta 0.0000 0 0.0000 0.0137 0.0000 0.0009 0 0 0.0146

Netherlands 0.0001 0 0.0143 0.0030 0.0024 0.0013 0.0044 0 0.0254
Austria 0.1142 0 0.0178 0.0034 0.0100 0.0017 0.0021 0 0.1492
Poland 0.0065 0 0.0319 0.0004 0.0114 0.0023 0.0003 0 0.0527

Portugal 0.0392 0.0011 0.0629 0.0051 0.0132 0.0015 0 0.1231
Romania 0.0792 0 0.0395 0.0099 0.0024 0.0004 0 0 0.1314
Slovenia 0.0963 0 0.0001 0.0066 0.0036 0.0030 0 0.0001 0.1098

Slovak Republic 0.0545 0 0.0001 0.0060 0.0127 0.0070 0.0001 0 0.0804
Finland 0.0660 0 0.0214 0.0002 0.0486 0.0018 0.0087 0.0001 0.1469
Sweden 0.1371 0 0.0371 0.0005 0.0216 0 0.0143 0.0010 0.2116

United Kingdom 0.0038 0 0.0214 0.0049 0.0089 0.0033 0 0 0.0423

Table 3. Structure of energy production from renewable energy sources per capita of individual EU
countries in 2017 (own study based on data from [37]).

EU Countries Hydro Geothermal Wind
Solar

(Photovoltaic
and Thermal)

Primary
Solid

Biofuels
Biogases

Renewable
Municipal

Waste

Liquid
Biofuels Total

Gigawatt-hour/Per Capita

Belgium 0.00012 0 0.00057 0.00029 0.00033 0.000082 0.000026 0.000000 0.0014
Bulgaria 0.00049 0 0.00021 0.00020 0.000025 0.000030 0.000000 0.000000 0.0010

Czech Republic 0.00029 0 0.00006 0.00021 0.00021 0.00025 0.000044 0.000000 0.0010
Denmark 3 × 10-6 0 0.00264 0.00013 0.00086 0.00012 0.000759 0.000008 0.0045
Germany 0.00033 0.000002 0.00131 0.00049 0.00013 0.00042 0.000112 0.000000 0.0028
Estonia 0.00002 0 0.00058 0 0.00080 0.000033 0.000000 0.000000 0.0014
Ireland 0.00018 0 0.00149 0.000002 0.000076 0.000039 0.000000 0.000000 0.0018
Greece 0.00038 0 0.00051 0.00037 0.000001 0.000028 0.000000 0.000000 0.0013
Spain 0.00043 0 0.00100 0.00029 0.000089 0.000019 0.000000 0.000000 0.0018
France 0.00082 0.000002 0.00037 0.00014 0.000050 0.000031 0.000075 0.000000 0.0015
Croatia 0.00128 0 0.00028 0.000018 0.000050 0.000072 0.000000 0.000000 0.0017

Italy 0.00061 0.0001 0.00029 0.00039 0.000068 0.000134 0.000023 0.000009 0.0016
Cyprus 0 0 0.00017 0.00014 0 0.000042 0.000000 0.000000 0.0004
Latvia 0.00225 0 0.00008 0 0.00027 0.000208 0.000000 0.000000 0.0028

Lithuania 0.00042 0 0.00048 0.000024 0.00011 0.000045 0.000068 0.000000 0.0011
Luxembourg 0.00239 0 0.00040 0.00018 0.000088 0.000122 0.000000 0.000000 0.0032

Hungary 0.00002 0 0.00007 0.000035 0.00017 0.000034 0.000013 0.000000 0.0003
Malta 0 0 0.00000 0.00037 0 0.000023 0.000000 0.000000 0.0004

Netherlands 4 × 10-6 0 0.00062 0.00013 0.00010 0.000054 0.000189 0.000000 0.0011
Austria 0.00483 0 0.00075 0.00015 0.00042 0.000072 0.000087 0.000001 0.0063
Poland 0.00008 0 0.00039 0.000004 0.00014 0.000028 0.000003 0.000000 0.0006

Portugal 0.00070 0.00002 0.00113 0.00009 0.00024 0.000026 0.000000 0.000000 0.0022
Romania 0.00069 0 0.00034 0.00009 0.000021 0.000003 0.000000 0.000000 0.0011
Slovenia 0.00210 0 0.000003 0.00014 0.000079 0.000066 0.000000 0.000003 0.0024

Slovak Republic 0.00085 0 0.000001 0.00009 0.00020 0.000109 0.000002 0.000000 0.0013
Finland 0.00268 0 0.00087 0.000008 0.00197 0.000075 0.000352 0.000006 0.0060
Sweden 0.00654 0 0.00177 0.000023 0.00103 0.000001 0.000682 0.000049 0.0101

United Kingdom 0.00014 0 0.00077 0.00018 0.00032 0.000119 0.000001 0.000000 0.0015
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Table 4. Structure of energy production from renewable energy sources per 1 km2 of area of individual
EU countries in 2017 (own study based on data from [37]).

EU Countries Hydro Geothermal Wind
Solar

(Photovoltaic
and Thermal)

Primary
Solid

Biofuels
Biogases

Renewable
Municipal

Waste

Liquid
Biofuels Total

Gigawatt-hour/km2

Belgium 0.0458 0 0.2133 0.1077 0.1250 0.0307 0.0099 0.0002 0.5326
Bulgaria 0.0315 0 0.0136 0.0126 0.0016 0.0019 0 0 0 0.0613

Czech Republic 0.0385 0 0.0075 0.0278 0.0281 0.0335 0.0060 0 0.1414
Denmark 0.0004 0 0.3430 0.0174 0.1113 0.0159 0.0988 0.0010 0.5879
Germany 0.0733 0.000457 0.2960 0.1104 0.0298 0.0949 0.0252 0.0001 0.6301
Estonia 0.0006 0 0.0160 0.0000 0.0220 0.0009 0 0 0.0395
Ireland 0.0127 0 0.1059 0.0002 0.0054 0.0028 0 0 0.1271
Greece 0.0306 0 0.0420 0.0302 0.0001 0.0023 0 0 0.1051
Spain 0.0416 0 0.0971 0.0285 0.0086 0.0019 0 0 0.1777
France 0.0817 0.000197 0.0366 0.0142 0.0050 0.0031 0.0075 0 0.1482
Croatia 0.0973 0 0.0213 0.0014 0.0038 0.0055 0 0 0.1293

Italy 0.1262 0.020580 0.0589 0.0809 0.0140 0.0275 0.0048 0.0018 0.3347
Cyprus 0.0000 0 0.0229 0.0186 0.0000 0.0056 0 0 0.0470
Latvia 0.0678 0 0.0023 0.0000 0.0081 0.0063 0 0 0.0846

Lithuania 0.0181 0 0.0209 0.0010 0.0046 0.0019 0.0029 0 0.0495
Luxembourg 0.5499 0 0.0908 0.0419 0.0201 0.0280 0 0 0.7307

Hungary 0.0024 1.075 × 10−5 0.0081 0.0038 0.0177 0.0036 0.0014 0 0.0369
Malta 0.0000 0 0.0002 0.4913 0.0000 0.0308 0 0 0.5223

Netherlands 0.0015 0 0.2545 0.0531 0.0427 0.0222 0.0776 0 0.4516
Austria 0.5038 1.08 × 10−6 0.0784 0.0151 0.0440 0.0075 0.0091 0.0001 0.6580
Poland 0.0097 0 0.0477 0.0005 0.0170 0.0035 0.0004 0 0.0788

Portugal 0.0826 0.002345 0.1326 0.0107 0.0279 0.0031 0 0 0.2592
Romania 0.0623 0 0.0311 0.0078 0.0019 0.0003 0 0 0.1034
Slovenia 0.2043 0 0.0003 0.0140 0.0076 0.0064 0 0.0002 0.2328

Slovak Republic 0.0943 0 0.0001 0.0103 0.0220 0.0121 0.0002 0 0.1390
Finland 0.0437 0 0.0142 0.0001 0.0322 0.0012 0.0057 0.0001 0.0973
Sweden 0.1448 0 0.0391 0.0005 0.0228 0 0.0151 0.0011 0.2235

United Kingdom 0.0359 0 0.2042 0.0471 0.0848 0.0315 0.0003 0 0.4039

Table 5. Selected statistical parameters of variables determining the volume of energy production from
selected renewable energy sources in the EU countries in 2017 (own study).

Variable
Mean Minimum Maximum Standard Deviation Coefficient of

Variation %Gigawatt-hour

Hydro 11,832.59 0 65,168.00 17,678.48 149.40
Geothermal 239.82 0 6201.20 1169.60 487.70

Wind 12,943.28 0.058 105,693.00 22,433.97 173.33
Solar 4264.02 0 39,401.00 8850.51 207.56

Primary solid biofuels 3381.23 0 20,762.60 4698.60 138.96
Biogases 2264.68 9.74 33,879.00 6526.05 288.17

Renewable municipal waste 1206.44 0 8993.10 2334.73 193.52
Liquid biofuels 41.44 0 541.0 134.28 324.03

Table 6. Selected statistical parameters of variables determining the volume of energy production from
renewable energy sources in the EU countries in terms of their GDP (by nominal expenditure, in euro)
in 2017 (own study).

Variable
Mean Minimum Maximum Standard Deviation Coefficient of

Variation %Gigawatt-hour/Euro

Hydro 0.0397 0 0.1621 0.04686 117.96
Geothermal 0.0002 0 0.0036 0.00070 408.14

Wind 0.0218 5.00 × 10−6 0.0629 0.01623 74.52
Solar 0.0066 0 0.0272 0.00682 103.90

Primary solid biofuels 0.0098 0 0.0486 0.01176 119.93
Biogases 0.0035 2.00 × 10−5 0.0150 0.00380 109.13

Renewable municipal waste 0.0021 0 0.0145 0.00400 190.29
Liquid biofuels 0.0001 0 0.0011 0.00020 314.06
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Table 7. Basic statistical parameters of variables determining the volume of energy production from
renewable energy sources in the EU countries in 2017 per capita (own study).

Variable
Mean Minimum Maximum Standard Deviation Coefficient of

Variation %Gigawatt-hour/per Capita

Hydro 0.0010 0 0.00654 0.00155 151.12
Geothermal 0 0 0.00010 0.00002 475.00

Wind 0.0006 1.39 × 10−7 0.00264 0.00061 99.67
Solar 0.0002 0 0.00049 0.00014 90.67

Primary solid biofuels 0.0003 0 0.00197 0.00042 151.43
Biogases 0.0001 1.00 × 10−6 0.00042 0.00009 107.32

Renewable municipal waste 0.0001 0 0.00076 0.00020 224.14
Liquid biofuels 3.00 × 10−6 0 0.00005 0.00001 300.00

Table 8. Basic statistical parameters of variables determining the volume of energy production from
renewable energy sources in the EU countries in 2017 per 1 km2 (own study).

Variable
Mean Minimum Maximum Standard deviation Coefficient of

Variation %Gigawatt-hour/1 km2

Hydro 0.0858 0 0.5499 0.1341 156.38
Geothermal 0.0008 0 0.0206 0.0039 461.92

Wind 0.0785 1.20 × 10−4 0.3430 0.0964 122.74
Solar 0.0410 0 0.4913 0.0934 228.05

Primary solid biofuels 0.0253 0 0.1250 0.0319 126.23
Biogases 0.0138 2.00 × 10−5 0.0949 0.0196 142.85

Renewable municipal waste 0.0095 0 0.0988 0.0232 244.72
Liquid biofuels 0.0002 0 0.0018 0.0004 257.67

Figure 6. Structure of energy production from renewable energy sources per GDP of individual EU
countries in 2017 (GDP according to nominal expenditure, in euro) (own study based on data from [37]).
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Figure 8. Structure of energy production from renewable energy sources per 1 km2 of area of individual
EU countries in 2017 (own study based on data from [37]).

The set of variables presented in Tables 5–8 are characterized by a large range of the coefficient of
variation. Therefore, these variables meet the condition of diagnostic features, which must be marked
by significant differences within the examined population. In addition, these variables are not highly
correlated. Correlation coefficients between the studied variables are summarized for each variant in
Tables 9–12, respectively.

The analysis showed that the largest positive values of the correlation coefficient are adopted
for the variables presented in Table 9, defining the total energy production from studied RES. On the
other hand, for the variables presented in Tables 10–12, the correlation coefficient shows much smaller
values, often negative.

The analysis of the correlation coefficient confirmed that it was correct to take into account the
adopted diagnostic variables in further analysis, defining the volume of energy production from RES
for the adopted criteria.

Table 9. Correlation coefficients for energy production from renewable energy sources in the EU
countries in 2017 (own study).

Variable Hydro Wind Solar Primary Solid
Biofuels Biogases Renewable

Municipal Waste
Liquid

Biofuels Geothermal

Hydro 1.00 0.35 0.38 0.37 0.23 0.61 0.63 0.30
Wind 0.35 1.00 0.88 0.63 0.87 0.64 0.10 0.07
Solar 0.38 0.88 1.00 0.44 0.90 0.56 0.31 0.47

Primary solid biofuels 0.37 0.63 0.44 1.00 0.46 0.44 0.26 0.04
Biogases 0.23 0.87 0.90 0.46 1.00 0.63 0.13 0.20

Renewable municipal
waste 0.61 0.64 0.56 0.44 0.63 1.00 0.39 0.04

Liquid biofuels 0.63 0.10 0.31 0.26 0.13 0.39 1.00 0.73
Geothermal 0.30 0.07 0.47 0.04 0.20 0.04 0.73 1.00

Table 10. Correlation coefficients for energy production from renewable energy sources in the EU
countries per capita in 2017 (own study).

Variable Hydro Wind Solar Primary Solid
Biofuels Biogases Renewable

Municipal Waste
Liquid

Biofuels Geothermal

Hydro 1.00 −0.08 −0.04 −0.15 0.19 0.26 0.14 0.39
Wind −0.08 1.00 0.01 0.20 −0.10 0.04 −0.09 0.21
Solar −0.04 0.01 1.00 0.00 0.16 −0.32 0.32 0.16

Primary solid biofuels −0.15 0.20 0.00 1.00 −0.45 0.08 −0.30 −0.15
Biogases 0.19 −0.10 0.16 −0.45 1.00 0.05 0.41 0.25

Renewable municipal
waste 0.26 0.04 −0.32 0.08 0.05 1.00 −0.14 −0.17

Liquid biofuels 0.14 −0.09 0.32 −0.30 0.41 −0.14 1.00 0.67
Geothermal 0.39 0.21 0.16 −0.15 0.25 −0.17 0.67 1.00
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Table 11. Correlation coefficients for energy production from renewable energy sources in the EU
countries per GDP (according to nominal expenditure, in euro) in 2017 (own study).

Variable Hydro Wind Solar Primary Solid
Biofuels Biogases Renewable

Municipal Waste
Liquid

Biofuels Geothermal

Hydro 1.00 −0.06 0.19 −0.25 0.44 −0.07 0.43 0.70
Wind −0.06 1.00 −0.07 0.34 −0.10 0.10 −0.08 0.11
Solar 0.19 −0.07 1.00 −0.03 0.45 0.07 0.76 0.45
Primary solid biofuels −0.25 0.34 −0.03 1.00 −0.35 0.42 −0.16 −0.14
Biogases 0.44 −0.10 0.45 −0.35 1.00 −0.02 0.66 0.46
Renewable municipal
waste −0.07 0.10 0.07 0.42 −0.02 1.00 0.01 −0.14

Liquid biofuels 0.43 −0.08 0.76 −0.16 0.66 0.01 1.00 0.71
Geothermal 0.70 0.11 0.45 −0.14 0.46 −0.14 0.71 1.00

Table 12. Correlation coefficients for energy production from selected renewable energy sources in the
EU countries per 1 km2 in 2017 (own study).

Variable Hydro Wind Solar Primary Solid
Biofuels Biogases Renewable

Municipal Waste
Liquid

Biofuels Geothermal

Hydro 1.00 0.06 −0.06 −0.10 −0.01 0.07 −0.14 0.07
Wind 0.06 1.00 −0.02 0.08 −0.07 0.14 −0.05 0.75
Solar −0.06 −0.02 1.00 0.05 0.73 0.56 0.74 0.19
Primary solid biofuels −0.10 0.08 0.05 1.00 0.01 0.43 −0.01 0.01
Biogases −0.01 −0.07 0.73 0.01 1.00 0.31 0.55 0.21
Renewable municipal
waste 0.07 0.14 0.56 0.43 0.31 1.00 0.23 0.09

Liquid biofuels −0.14 −0.05 0.74 −0.01 0.55 0.23 1.00 0.33
Geothermal 0.07 0.75 0.19 0.01 0.21 0.09 0.33 1.00

4. Results

Based on the adopted procedure, the analysis was conducted, the results of which are presented
in this chapter. As already mentioned, the analysis covered 28 EU countries for which eight diagnostic
variables were adopted, defining the volume of energy production from various RES, which were
considered in four different variants.

The purpose of the analysis was to divide the EU countries into similar groups in terms of the
structure and volume of energy production from RES in total (absolute values), as well as in relation to
the GDP value of a given country, per capita and in relation to the area of a given country (relative
values).

The k-means method used for the analysis requires assuming the a priori number of clusters to
which the EU countries will be assigned. In order to determine an appropriate number of clusters, the
preliminary analysis of hierarchical grouping using the Ward’s method was performed (Figure 9). This
method does not require defining the a priori number of clusters to which countries are to be assigned.
Here, the number of clusters is determined based on the algorithm with the Euclidean linkage (the
same linkage as in the k-means method) [75]. Based on the results of this analysis (Figure 9), as well as
based on the results obtained from Equation (2), it was assumed that the optimal number of clusters
adopted for calculations in the k-means method would be four.

Based on the determined values, the analysis was carried out, which resulted in grouping the
EU countries into clusters in such a way that their degree of association with countries belonging to
the same cluster was as high as possible, and with countries from other clusters as low as possible.
The results are presented in the sections below.
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Figure 9. Results of the hierarchical grouping of similarities between the EU countries in energy
production from renewable energy sources in 2017 using the Ward’s method (own study).

4.1. Results of Grouping the EU Countries According to the Similarity of the Structure of Total Energy
Production from Renewable Energy Sources

The first stage of the analysis involved the division of the EU countries into similar groups
according to the total amount of energy produced from RES in 2017. Based on the adopted assumption
regarding the optimal number of groups, the EU countries were divided into four clusters.

Based on the analyses, diversity measures within and between the clusters were determined,
along with degrees of freedom (df ) (Table 13). The obtained values of F-statistics, which are the
ratio of diversity between clusters to diversity within clusters, allowed the authors to determine
the most important grouping variables in terms of their discriminatory power. This means that the
larger the F-statistic for a given variable, the more important it is for assigning given countries to
particular clusters.

Table 13. Analysis of variance for renewable energy production (own study).

Variable Between SS df Inside SS df F Significance p

Hydro 7,531,153,000 3 907,123,900 24 66.41786 9.11 × 10−12

Geothermal 8,449,498 3 28,485,690 24 2.37 0.0954
Wind 12,897,670,000 3 690,972,200 24 149.33 1.17550700 × 10−15

Solar 1,709,996,000 3 404,956,800 24 33.7813 8.88 × 10−9

Primary solid biofuels 291,396,200 3 304,678,400 24 7.651247 9.31 × 10−4

Biogases 1,076,737,000 3 73,173,820 24 117.72 1.72348300 × 10−14

Renewable municipal waste 94,923,710 3 52,252,730 24 14.53302 1.32 × 10−5

Liquid biofuels 222,790.6 3 264,058.1 24 6.749747 0.00184

The analysis of variance showed that wind energy played the largest role in assigning the EU
countries to individual clusters. The value of F-statistic for this variable is largest and amounts to
149.33. The second most important allocation criterion was energy generated from biogases (statistical
value F = 117.72).

Geothermal energy, for which the value of F-statistic was only 2.37, was the least important factor
for assigning the EU countries based on the adopted criterion. It should be emphasized, however, that
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each diagnostic variable, i.e., each renewable energy source, ultimately had an impact on grouping the
EU countries into homogeneous clusters in terms of both structure and volume of energy production
from these sources. It also needs to be emphasized that wind energy in the renewable energy structure
in the EU countries is extremely important, because it is the second, after natural gas, largest “source”
of electricity in Europe. The share of wind energy in the EU energy mix is around 18% [79]. At the
same time, in the report by [80], the European Wind Energy Association (EWEA) indicated that by
2030 wind farms could become the largest source of renewable energy in Europe.Since wind energy
and biogas energy were significant for assigning the EU countries to specific clusters, countries with
similar volumes of energy production from these sources were in one cluster.

The compositions of the created clusters and the distance from their centers (cluster centers) are
presented in Table 14. The greater the distance of a given EU country from the center of the cluster in
which this country was located, the greater its diversity from countries whose distance from the center
of the cluster was smaller.

Table 14. Elements of clusters with distances from centers (own study).

Cluster 1
Distances

from Centre
of Cluster 1

Cluster 2
Distances

from Centre
of Cluster 2

Cluster 3
Distances

from Centre
of Cluster 3

Cluster 4
Distances

from Centre
of Cluster 4

Spain 3850.46 Germany 0.0 Belgium 1565.13 France 3520.82
United Kingdom 3850.46 Bulgaria 1180.17 Italy 7469.39

Czech Republic 1615.02 Austria 5466.60
Denmark 4256.70 Sweden 6575.79
Estonia 1848.61
Ireland 1574.96
Greece 1357.56
Croatia 1455.91
Cyprus 2053.82
Latvia 1611.55

Lithuania 1479.99
Luxembourg 1780.10

Hungary 1745.87
Malta 2109.29

Netherlands 2749.05
Poland 3963.60

Portugal 3166.95
Romania 4185.19
Slovenia 1674.17

Slovak Republic 1609.99
Finland 5144.29

The results indicate that the most numerous cluster was created by 21 countries (cluster 3), and
also they point to homogeneity of one of the clusters (cluster 2). Germany, as a country with the
highest amount of wind and biogas energy production (Figure 10b), is in Cluster 2, thus creating
a homogeneous cluster. No other country is similar to Germany in terms of the amount of energy
produced from the selected renewable sources, especially in the production of energy from wind and
biogas. The country’s special wind energy program, which guarantees adequate prices, has made the
country one of the world’s largest producers of wind energy in recent years. In 2017, as the leader of
European wind energy, Germany had a capacity of 56 GW. Other countries include Spain (23 GW),
Great Britain (14 GW) (cluster 1) and France (14 GW) (cluster 4) [79].

A similar situation can be observed with regard to the production of energy from biogas, in which
Germany is also the undisputed leader. Both of these energy sources form the basis for energy
transition in Germany (Energiewende) and for reducing greenhouse gas emissions and increasing
energy efficiency [68]. This policy has very tangible benefits. The environmentally friendly policy
aimed at ensuring that 100% of energy demand in selected sectors is met by renewable sources is often
followed by regional and municipal authorities. Similar actions are taken in many EU countries, but
Germany is reported to have definitely the biggest number of such initiatives. According to the Global
Status Report [81], around 20 million people in Germany live in regions where energy demand is fully
met by RES. In terms of the absolute values, none of the EU countries have achieved such results.
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Figure 10. Structure and volume of energy production from renewable energy sources by countries in
individual clusters; cluster 1 (a); cluster 2 (b); cluster 3 (c); cluster 4 (d) (own study).

Other countries, i.e., Great Britain and Spain have significantly improved the results in the field
of energy production from RES in recent years. Both these countries show great similarities in the
production of energy from wind and sun but smaller similarities in the field of energy production from
water, primary solids, biofuels, and biogases.

According to the National Infrastructure Commission advisory center, the UK Government should
now only invest in renewable energy sources and possibly one nuclear power plant - Hinkley Point C
until 2025, as these two sources guarantee both safe and cheap electricity. The Spanish Government,
in turn, intends to increase the share of RES in the national electricity production mix to 70% by 2030,
and then to 100% by 2050 (which is in line with the idea of “The European Green Deal”). Currently,
almost half of the energy consumed in Spain comes from RES [82]. Spain is the second largest wind
energy market in Europe after Germany [83]. It is worth noting that on the wholesale energy market
in Spain, wind energy turns out to be the cheapest of all energy sources present in the country’s
energy mix.

Clusters 3 and 4 are the most internally diversified clusters in terms of the structure and volume
of energy production from RES. Cluster 3 includes as many as 21 EU countries (including Finland,
Belgium, Greece, Denmark, the Netherlands and Poland). This cluster is created by countries with very
low energy production from RES (e.g., Malta, Lithuania, Luxembourg), but also by countries where the
volume of energy production from RES is much larger (e.g., Denmark, Finland).

In turn, cluster 4 is formed by four countries that are characterized by greater diversity in the
structure of energy production from RES. It is worth mentioning that the composition of individual
clusters coincides with the composition of the clusters obtained using the preliminary analysis
performed by the Ward’s method (Figure 9). The structure and volume of energy production from RES
by countries in individual clusters are presented in Figure 10.

Basic descriptive statistics characterizing the structure of energy production in the created clusters
are presented in Table 15.
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Table 15. Elements of clusters with distances from centers (own study).

Cluster 1–2 Objects Mean Max Min Sum Standard
Deviation Variance

Hydro 14,935.08 21,070.00 8800.16 29,870.16 8676.09 75,274,550
Wind 49,565.33 50,003.66 49,127.00 99130.66 619.89 384,264
Solar 12,960.93 14,397.00 11,524.87 25,921.87 2030.90 4,124,565

Primary solid biofuels 12,563.78 20,762.55 4365.00 25,127.55 11,594.82 134,439,900
Biogases 4331.41 7721.83 941.00 8662.83 4794.77 22,989,810

Renewable municipal waste 40.45 80.89 0 80.89 57.20 3272
Liquid biofuels 0 0 0 0 0 0

Geothermal 0 0 0 0 0 0
All of them 11,799.62 - - 188,793.96 - -

Cluster 2–1 Object

Hydro 26,155.0 - - 26,155.00 0 0
Wind 105,693.0 - - 105,693.00 0 0
Solar 39,401.0 - - 39,401.00 0 0

Primary solid biofuels 10,657.0 - - 10,657.00 0 0
Biogases 33,879.0 - - 33,879.00 0 0

Renewable municipal waste 8993.1 - - 8993.06 0 0
Liquid biofuels 35.8 - - 35.833 0 0

Geothermal 163.0 - - 163.00 0 0
All of them 2,122.11 - - 224,976.89 - -

Cluster 3–21 Objects

Hydro 3558.83 42,251.47 0 112,947.18 4314.61 18,615,950
Wind 4331.04 14,909.041 0.058 91,989.43 5108.74 26,099,260
Solar 886.67 3287.60 0 15,897.62 1170.98 1,371,203

Primary solid biofuels 1779.74 10,890.26 0 41,057.25 2628.67 6,909,878
Biogases 468.45 2639.26 9.74 10,167.33 589.99 348,093

Renewable municipal waste 507.12 4257.61 0 11,411.99 1167.37 1,362,743
Liquid biofuels 4.14 43.16 0 93.84 11.50 132

Geothermal 10.37 216.66 0 217.75 47.27 2234
All of them 1443.30 - - 283,782.39 - -

Cluster 4–4 Objects

Hydro 50,137.99 65,168.00 4039.81 162,340.31 12,376.46 153,176,800
Wind 16,659.04 24,710.75 5536.99 65,598.65 7496.73 56,201,000
Solar 8862.38 24,377.71 230.00 38,172.03 11,156.58 124,469,400

Primary solid biofuels 5378.79 10,250.00 9.790 17,832.51 3268.08 10,680,320
Biogases 2757.94 8299.12 11.00 10,701.88 3795.70 14,407,370

Renewable municipal waste 3514.21 6796.39 0 13,294.42 2886.44 8,331,535
Liquid biofuels 259.44 540.99 0 1030.75 295.19 87,138

Geothermal 1583.60 6201.16 00 6334.29 3079.02 9,480,335
All of them 11,144.17 - - - 44,354.20 -

Based on the analysis, it can be concluded that the highest value of renewable energy production
was reported for the first homogeneous cluster made by Germany. Germany was found to have
produced 224,976.89 gigawatt hours of renewable energy in 2017.

For the other clusters created by very different countries, it is reasonable to use the mean value
to determine the amount of renewable energy production by these clusters. A list of mean values of
energy production from RES for individual clusters is presented in Figure 11.

Based on the results, the countries forming cluster 3 were shown to have achieved the lowest
mean value of energy produced from RES.
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Figure 11. Mean values of energy production from renewable energy sources for individual clusters
(own study).

4.2. Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production
from Renewable Energy Sources Per Their GDP Value

The second variant that was analyzed involved the division of the EU countries into similar
groups in terms of the structure and volume of energy production from RES in relation to the GDP of
a given country. It was adopted that this value is a measure of the wealth of a given country.

It was assumed that the economies of highly developed countries (with high GDP values) should
develop the RES sector to the largest extent, and thus also produce the largest amounts of energy from
RES. It was therefore reasonable to conduct an analysis that aimed to divide the EU countries into
similar groups in terms of the volume and structure of renewable energy production in relation to the
GDP of a given country.

This analysis seems particularly interesting in terms of cognition, because according to the report
entitled “Renewable Energy Benefits: Measuring the Economics” by the International Renewable
Energy Agency (IRENA), an increase in the share of the use of renewable energy up to 36% by 2030
may elevate global GDP by $ 1.3 trillion or 1.1 percent [84].

It is therefore also reasonable to check whether there is currently a relationship between the
structure and volume of energy production from RES and the wealth of EU countries and what the
similarity of these countries is in this respect.

As in the previous variant, the EU countries were divided into four clusters. Their compositions
together with the calculated distances from their centers are shown in Table 16. The measures of
diversity within and between the clusters are presented in Table 17.

Table 16. Elements of clusters with distances from centers (own study).

Cluster 1
Distances

from Centre
of Cluster 1

Cluster 2
Distances

from Centre
of Cluster 2

Cluster 3
Distances

from Centre
of Cluster 3

Cluster 4
Distances

from Centre
of Cluster 4

Croatia 0.007743 Bulgaria 0.008384 Belgium 0.002903 Denmark 0.008219
Latvia 0.012831 Romania 0.009026 Czech Republic 0.006083 Germany 0.005724

Austria 0.006602 Slovenia 0.011200 Ireland 0.006141 Estonia 0.012433
Sweden 0.007750 Slovak Republic 0.009288 France 0.005560 Greece 0.007948

Finland 0.013179 Italy 0.005520 Spain 0.003992
Cyprus 0.003699 Lithuania 0.005727

Luxembourg 0.006738 Poland 0.004797
Hungary 0.004555 Portugal 0.011972

Malta 0.005934
Netherlands 0.003934

United Kingdom 0.004437
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Table 17. Analysis of variance for renewable energy production (own study).

Variable Between SS df Inside SS df F Significance p

Hydro 0.0542 3 0.0050984 24 85.02 6 × 10−13

Geothermal 5.5 × 10−7 3 0.0000127 24 0.35 0.7908
Wind 0.0038 3 0.0033431 24 9.01 0.0004
Solar 0.0002 3 0.0010906 24 1.22 0.3230

Primary solid biofuels 0.0005 3 0.0032348 24 1.24 0.3179
Biogases 2.45 × 10−5 3 0.0003658 24 0.54 0.6621

Renewable municipal waste 3.19 × 10−5 3 0.0004001 24 0.64 0.5978
Liquid biofuels 1.85 × 10−7 3 0.0000009 24 1.63 0.2093

The results indicate that this time the basic grouping variable assigning countries to individual
clusters was hydropower. For this variable, the value of F-statistic was 85.02. The second grouping variable
was wind energy (F = 9.01), which in the first variant was the priority grouping variable. Geothermal
energy was reported to have the least impact on the division of countries in this case (as in the previous
variant), for which the value of F-statistic was only 0.35. It can therefore be concluded that the created
clusters are characterized by a smaller diversity of their number than in the first variant of the analysis.

The first cluster included the countries with the greatest similarity in the structure and volume of
renewable energy production in relation to the GDP value of these countries. This group consists of
4 countries with the largest energy production from water, i.e., Croatia, Latvia, Austria and Sweden.
Wind energy and primary solid biofuels are also produced in all these countries, but the volume of this
production is more diverse. However, these countries do not belong to the countries with the highest
value of total energy production from the analyzed renewable sources, nor with the highest GDP value.
However, the ratio of energy production from water (the basic grouping variable) to the GDP value of
these countries is favorable for them.

Countries in Cluster 2 (Bulgaria, Romania, Slovenia, Slovak Republic and Finland) also show
a great similarity in the structure and volume of energy production from RES. In these countries,
the ratio of energy production from water to the value of GDP is very favorable, which determined the
composition of this cluster.

Countries that are in clusters 3 and 4 are slightly less similar in terms of the structure and volume
of energy production from RES.

The analysis also showed that Germany, which is the country with the largest amount of energy
production in total from RES, after taking into account the value of GDP, is no longer the clear leader
of this cluster. A similar situation can be observed in the case of Spain and Great Britain, which in
the first variant of the analysis belonged, next to Germany, to the countries with the largest energy
production from RES.

The structure and volume of energy production from RES in relation to the value of GDP by
countries in individual clusters is presented in Figure 12.

The analysis allowed for the determination of total, minimum, maximum and mean values
of energy production from RES in relation to the value of GDP in individual clusters (Table 18).
Figure 13 presents the mean values of energy production from RES in relation to the value of GDP for
individual clusters.

When analyzing the results, it can be stated that the countries in cluster 1 are characterized by
the highest mean value of energy production from water, biogas and renewable municipal waste in
relation to the value of GDP. The lowest mean value of energy production from RES in relation to
GDP was reported for countries in cluster 3. This applies to hydro, geothermal and wind energy, solid
biofuels and renewable municipal waste
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Figure 12. Structure and volume of energy production from renewable energy sources in relation to the
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(own study).

Figure 13. Mean values of energy production from renewable energy sources in relation to the value of
GDP for individual clusters (own study).
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Table 18. Elements of clusters with distances from centers (own study).

Cluster 1–4 Objects Mean Max Min Sum Standard
Deviation Variance

Hydro 0.1314569 0.162047 0.11243 0.52583 0.02329 0.00054
Wind 7.00 × 10−8 2.46 × 10−7 0 2.46 × 10−7 0 0
Solar 0.02124 0.037054 0.005549 0.08495 0.01316 0.000173

Primary solid biofuels 0.00138 0.003431 0.000016 0.00554 0.00152 0.000002
Biogases 0.01385 0.021569 0.004407 0.05539 0.00806 0.000065

Renewable municipal waste 0.00576 0.014995 0.000023 0.02304 0.00671 0.000045
Liquid biofuels 0.00410 0.014301 0 0.01636 0.00688 0.000047

Geothermal 0.00026 0.001026 0 0.00105 0.00051 0
All of them 0.02225 - - 0.71216 - -

Cluster 2–5 Objects

Hydro 0.07272 0.09630 0.05448 0.36358 0.01583 0.00025
Wind 0 0 0 0 0 0
Solar 0.01805 0.03950 0.00007 0.09023 0.01759 0.00031

Primary solid biofuels 0.00996 0.02716 0.00020 0.04981 0.01023 0.00011
Biogases 0.01418 0.04864 0.00245 0.07090 0.01971 0.00039

Renewable municipal waste 0.00328 0.00700 0.00036 0.01640 0.00252 0.00001
Liquid biofuels 0.00176 0.00867 0 0.00878 0.00386 0.00002

Geothermal 0.00005 0.00015 0 0.00026 0.00007 0
All of them 0.01500 - - 0.59997 - -

Cluster 3–11 Objects

Hydro 0.00904 0.02571 0 0.09947 0.01055 0.00011
Wind 0.00033 0.00359 0 0.00366 0.00108 0
Solar 0.01101 0.02531 0.00001 0.12112 0.00770 0.00006

Primary solid biofuels 0.00658 0.01411 0.00004 0.07242 0.00486 0.00002
Biogases 0.00463 0.01327 0 0.05093 0.00494 0.00002

Renewable municipal waste 0.00312 0.01377 0.00067 0.03434 0.00375 0.00001
Liquid biofuels 0.00106 0.00437 0 0.01162 0.00141 0

Geothermal 0.00003 0.00031 0 0.00032 0.00009 0
All of them 0.00448 - - 0.39390 - -

Cluster 4–8 Objects

Hydro 0.01542 0.03921 0.00006 0.12333 0.01392 0.00019
Wind 0.00015 0.00111 0 0.00116 0.00039 0
Solar 0.03917 0.06293 0.03062 0.31335 0.01191 0.00014

Primary solid biofuels 0.00702 0.02215 0.00000 0.05614 0.00783 0.00006
Biogases 0.01217 0.04217 0.00005 0.09738 0.01332 0.00018

Renewable municipal waste 0.00297 0.01034 0.00081 0.02376 0.00305 0.00001
Liquid biofuels 0.00276 0.01454 0 0.02209 0.00505 0.00003

Geothermal 0.00002 0.00015 0 0.00016 0.00005 0
All of them 0.00996 - - 0.63737 - -

4.3. Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production
from Renewable Energy Sources Per Capita

The third variant of the analysis involved grouping the EU countries into similar clusters in terms
of the structure and volume of energy production by the number of inhabitants of these countries.
It seemed reasonable to check whether there is a relationship between the structure and volume of
energy production from RES and the number of inhabitants, and what the similarity of these countries
is in this respect.

As in the previous variants, the EU countries were divided into four groups. Measures of diversity
within and between the created clusters are presented in Table 19.

In this variant, the highest value of F-statistic, which defines the most important grouping variable
in assigning countries to clusters, was achieved by hydropower (F = 113.91), while the second significant
grouping variable was wind energy (F = 14.65). The grouping variables in this case were the same
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as for the analysis regarding the structure and volume of energy production from RES, taking into
account the GDP value of a given country.

Table 19. Analysis of variance for renewable energy production (own study).

Variable Between SS df Inside SS df F Significance p

Hydro 6.03 × 10−5 3 4.24 × 10−6 24 113.91 0
Geothermal 0 3 1.00 × 10−8 24 0.13 0.9402

Wind 6.50 × 10−6 3 3.55 × 10−6 24 14.65 0
Solar 4.10 × 10−8 3 4.60 × 10−7 24 0.71 0.5552

Primary solid biofuels 1.09 × 10−6 3 3.76 × 10−6 24 2.32 0.1009
Biogases 2.30 × 10−8 3 1.88 × 10−7 24 0.99 0.4130

Renewable municipal waste 2.78 × 10−7 3 7.45 × 10−7 24 2.99 0.0510
Liquid biofuels 1.00 × 10−9 3 1.00 × 10−9 24 6.58 0.0021

The variable that was found to have the least impact on the results, as in the previous two variants
of the analysis, was geothermal energy, for which the value of F-statistic was 0.13.

The created clusters and their compositions, as well as the distances from the centers of these
clusters are presented in Table 20. The structure and volume of energy production from RES per capita
by countries in individual clusters are presented in Figure 14.

Table 20. Elements of clusters with distances from centers (own study).

Cluster 1
Distances

from Centre
of Cluster 1

Cluster 2
Distances

from Centre
of Cluster 2

Cluster 3
Distances

from Centre
of Cluster 3

Cluster 4
Distances

from Centre
of Cluster 4

Latvia 0.000162 Belgium 0.0001421 Denmark 0.0005059 Austria 0.0003843
Luxembourg 0.000190 Bulgaria 0.00007998 Germany 0.0001714 Sweden 0.0003843

Slovenia 0.000241 Czech Republic 0.0001245 Ireland 0.0001331
Finland 0.000541 Estonia 0.0002779 Spain 0.0002110

Greece 0.0001130 Portugal 0.0002070
France 0.0001671
Croatia 0.00033098

Italy 0.00013189
Cyprus 0.00015193

Lithuania 0.00007610
Hungary 0.00015856

Malta 0.00019950
Netherlands 0.00017328

Poland 0.00011737
Romania 0.00012860

Slovak Republic 0.00021069
United Kingdom 0.00018534

The results showed that the division of countries according to the structure and volume of energy
production from RES per capita essentially differed from the division by the structure and volume of
energy production from these sources in total (Table 14), as well as from the results obtained in the
variant including the value of GDP (Table 16).

The most energy from RES per capita was found to be generated by countries from cluster 4
(Sweden and Austria), and the least-by countries from cluster 2 (e.g., Poland, France, Malta, Belgium).
Among the countries producing the lowest energy per capita, Malta was shown to produce the least
energy in total.

On this basis, it can be concluded that both the greatest similarities and differences between the
countries were found in cluster 2 (17 countries, including France, Great Britain, Poland, Italy, the Czech
Republic). At the same time, countries that are in clusters 2 and 3 were shown to share similarities
(determined on the basis of a small distance from the center of the cluster for individual countries).
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Figure 14. The structure and volume of energy production from renewable energy sources per capita
by countries in individual clusters; cluster 1 (a); cluster 2 (b); cluster 3 (c); cluster 4 (d) (own study).

It was also noted that clusters 1 and 3 included countries that “stood out” from other countries
from these clusters. In the case of cluster 1, it was Finland, and in the case of cluster 3, it was Denmark
(for them, the distances from the centers of their clusters are 0.000541 and 0.0005059, respectively).

Figure 15 shows the mean values for each cluster. Table 21 presents the total, minimum, maximum
and mean values of energy production from RES in individual clusters per capita of a given country.

Figure 15. The Mean values of energy production from renewable energy sources in relation to the
number of inhabitants for individual clusters (own study).
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Table 21. Elements of clusters with distances from centers (own study).

Cluster 1–4 Objects Mean Max Min Sum Standard
Deviation Variance

Hydro 0.00236 0.00268 0.0021 0.00942 0.00025 6.00 × 10−8

Wind 0 0 0 0 0 0
Solar 0.00034 0.000869 2.90 × 10−6 0.00134 0.00040 1.60 × 10−7

Primary solid biofuels 0.00008 0.000183 2.26 × 10−7 0.00034 9.33 × 10−5 1.00 × 10−8

Biogases 0.00060 0.001973 7.85 × 10−5 0.00241 0.000918 8.00 × 10−5

Renewable municipal waste 0.00012 0.000208 6.60 × 10−5 0.00047 6.53 × 10−5 0
Liquid biofuels 0.00009 0.000352 0 0.00035 0.00018 3.00 × 10−8

Geothermal 2.00 × 10−5 5.99 × 10−6 0 8.51 × 10−6 3.00 × 10−5 0
All of them 0.00045 - - 0.0143 - -

Cluster 2–17 Objects

Hydro 0.00037 0.00128 0 0.006 0.0003 6.99 × 10−8

Wind 6.00 × 10−6 9.98 × 10−5 0 0.0001 8.76 × 10−6 7.67 × 10−11

Solar 0.00034 0.00077 1.39 × 10−7 0.006 0.00065 4.30 × 10−7

Primary solid biofuels 0.00016 0.00039 0 0.003 0.00019 4.00 × 10−8

Biogases 0.00015 0.00080 0 0.003 0.000323 1.10 × 10−7

Renewable municipal waste 0.00007 0.00025 3.10 × 10−6 0.001 0.00017 3.00 × 10−8

Liquid biofuels 0.00003 0.00019 0 0.0004 0.0003 1.00 × 10−7

Geothermal 0.000001 8.71 × 10−6 0 9.17 × 10−6 3.40 × 10−6 1.155 × 10−11

All of them 0.00014 - - 0.018859 - -

Cluster 3–5 Objects

Hydro 3.28 × 10−4 7.00 × 10−4 0 1.64 × 10−3 2.64 × 10−4 6.99 × 10−8

Wind 4.00 × 10−6 2.00 × 10−5 0 2.20 × 10−5 8.76 × 10−6 7.67 × 10−11

Solar 1.51 × 10−3 2.64 × 10−3 1.00 × 10−3 7.57 × 10−3 6.54 × 10−4 4.27 × 10−7

Primary solid biofuels 2.02 × 10−4 4.89 × 10−4 2.16 × 10−6 1.01 × 10−3 1.92 × 10−4 3.69 × 10−8

Biogases 2.78 × 10−4 8.56 × 10−4 7.61 × 10−5 1.39 × 10−3 3.29 × 10−4 1.08 × 10−7

Renewable municipal waste 1.26 × 10−4 4.20 × 10−4 1.92 × 10−5 6.28 × 10−4 1.70 × 10−4 2.89 × 10−8

Liquid biofuels 1.74 × 10−4 7.59 × 10−4 0 8.71 × 10−4 3.31 × 10−4 1.09 × 10−7

Geothermal 2.00 × 10−6 7.70 × 10−6 0 8.14 × 10−6 3.40 × 10−4 1.15 × 10−11

All of them 3.28 × 10−4 - - 1.31 × 10−2 - -

Cluster 4–2 Objects

Hydro 5.68 × 10−3 6.54 × 10−3 4.83 × 10−3 1.14 × 10−2 1.21 × 10−3 1.47 × 10−6

Wind 0 0 0 1.04 × 10−8 0 0
Solar 1.26 × 10−3 1.77 × 10−3 7.51 × 10−4 2.52 × 10−3 7.19 × 10−4 5.20 × 10−7

Primary solid biofuels 8.40 × 10−5 1.45 × 10−4 2.31 × 10−5 1.68 × 10−4 8.60 × 10−5 1.00 × 10−8

Biogases 7.25 × 10−4 1.03 × 10−3 4.22 × 10−4 1.45 × 10−3 4.29 × 10−4 1.80 × 10−7

Renewable municipal waste 3.70 × 10−5 7.20 × 10−5 1.10 × 10−6 7.31 × 10−5 0 0.00E+00
Liquid biofuels 3.85 × 10−4 6.82 × 10−4 8.71 × 10−5 7.69 × 10−4 4.21 × 10−4 1.80 × 10−7

Geothermal 2.5 × 10−5 4.90 × 10−5 8.02 × 10−7 4.98 × 10−5 3.40 × 10−5 0
All of them 1.03 × 10−3 - - 1.64 × 10−2 - -

When analyzing the results, it can be stated that the demographic factor significantly affected the
composition of clusters and their number.

4.4. Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production
from Renewable Energy Sources Per Area

The last variant of the analysis involved grouping of the EU countries by relating the amount of
energy produced from RES to their area.

As in the case of the previous variants, the EU countries were grouped into four clusters, the
compositions of which are presented in Table 22. In turn, Table 23 presents the measures of similarity
and diversity along with the analysis of variance.
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Table 22. Elements of clusters with distances from centers (own study).

Cluster 1
Distances

from Centre
of Cluster 1

Cluster 2
Distances

from Centre
of Cluster 2

Cluster 3
Distances

from Centre
of Cluster 3

Cluster 4
Distances

from Centre
of Cluster 4

Malta 0.00 Luxembourg 0.011282 Bulgaria 0.013363 Belgium 0.03063873
Austria 0.011282 Czech Republic 0.017551 Denmark 0.04291392

Estonia 0.022831 Germany 0.03634432
Ireland 0.030275 Netherlands 0.02228699
Greece 0.012950 United Kingdom 0.02655835
Spain 0.023284
France 0.008565
Croatia 0.015259

Italy 0.036067
Cyprus 0.022101
Latvia 0.013204

Lithuania 0.016477
Hungary 0.022811
Poland 0.018752

Portugal 0.035589
Romania 0.005163
Slovenia 0.052731

Slovak Republic 0.018118
Finland 0.012838
Sweden 0.031139

Table 23. Analysis of variance for renewable energy production (own study).

Variable Between SS df Inside SS df F Significance p

Hydro 0.42497 3 0.06061 24 56.09 0
Geothermal 0.00001 3 0.00040 24 0.14 0.93657

Wind 0.21123 3 0.03952 24 42.76 0
Solar 0.22198 3 0.01372 24 129.4 0

Primary solid biofuels 0.01827 3 0.00926 24 15.78 0.00001
Biogases 0.00468 3 0.00575 24 6.51 0.00223

Renewable municipal waste 0.00661 3 0.00787 24 6.72 0.00189
Liquid biofuels 0 3 0.00001 24 0.16 0.92028

The analysis of the value of F-statistic showed that the most important grouping variable for
this variant was solar energy (F = 129.4). Hydrogen energy (F = 42.76) was the second significant
grouping variable, which was the most important in the two previous variants. Thus, in this variant,
its significance in grouping countries into homogeneous structures was observed to have slightly
decreased. It is worth noting that the priority (main) grouping variable in this analysis variant is
completely different when compared to the previous variants.

However, the least significant variable from the point of view of assigning countries to clusters
did not change, as for the fourth time, it was geothermal energy (F = 0.14).

The analysis of the results indicates that the division of countries into homogeneous clusters
according to the structure and volume of energy production from RES per 1 km2 essentially differed
from the previously obtained divisions.

In cluster 1, Malta was reported to be the country with the smallest area among all analyzed
countries (and also the smallest number of inhabitants). Among all the EU countries, it is a country
where the largest amount of renewable energy is produced from solar energy (i.e., a priority grouping
variable) (Figure 16a). Malta is also a country where the production of energy from RES is lowest.

Cluster 2 was made up by Luxembourg and Austria. Although these countries differ significantly
in their area, the structure and volume of energy produced from RES per area of these countries was
found to be very similar.

The analysis found that as many as 20 EU countries showed similarities in terms of the structure
and volume of energy production from RES per area. These countries form cluster 3. At the same time,
due to its abundance, this cluster was found to have the greatest internal diversity.
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Figure 16. Structure and volume of energy production from renewable energy sources in relation to the
area of the countries in individual clusters; cluster 1 (a); cluster 2 (b); cluster 3 (c); cluster 4 (d) (own
study).

The structure and volume of energy production from RES in relation to the area for countries
located in individual clusters is presented in Figure 16.

Table 24 shows the total, minimum, maximum and mean values of energy production from RES
in individual clusters per 1 km2 of area, and Figure 17 shows the mean values of this production for
each cluster.

Figure 17. Mean values of energy production from renewable energy sources in relation to the area of
selected countries for individual clusters (own study).
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Table 24. Elements of clusters with distances from centers (own study).

Cluster 1–1 object Mean Max Min Sum Standard
Deviation Variance

Hydro 0 0 0 0 0 0
Wind 0 0 0 0 0 0
Solar 0.0002 0.0002 0.0002 0.0002 0 0

Primary solid biofuels 0.4913 0.4913 0.4913 0.4913 0 0
Biogases 0 0 0 0 0 0

Renewable municipal waste 0.03 0.03 0.03 0.03 0 0
Liquid biofuels 0 0 0 0 0 0

Geothermal 0 0 0 0 0 0
All of them 0.0653 - - 0.5223 - -

Cluster 2–2 Objects

Hydro 0.5268 0.5499 0.5038 1.0536 0.0326 0.0011
Wind 0 1.09 × 10−6 0 1.08 × 10−6 1.00 × 10−6 0
Solar 0.0846 0.0908 0.0784 0.1692 0.0088 0.0001

Primary solid biofuels 0.0285 0.0419 0.0151 0.0571 0.0190 0.0004
Biogases 0.0321 0.0440 0.0201 0.0641 0.0169 0.0003

Renewable municipal waste 0.0178 0.0280 0.0075 0.0355 0.0145 0.0002
Liquid biofuels 0.0045 0.0091 0 0.0091 0.0064 4.10 × 10−5

Geothermal 0 8.37 × 10−5 0 8.37 × 10−5 0.0001 0
All of them 0.0868 - - 1.3887 - -

Cluster 3–20 Objects

Hydro 0.0595 0.2043 0 1.1907 0.0541 0.0029
Wind 0.0012 0.0206 0 0.0231 0.0046 0
Solar 0.0359 0.1326 0.0001 0.7180 0.0370 0.0014

Primary solid biofuels 0.0132 0.0809 0 0.2632 0.0189 0.0004
Biogases 0.0125 0.0322 0 0.2505 0.0104 0.0001

Renewable municipal waste 0.0062 0.0335 2.44 × 10−5 0.1235 0.0088 0.0001
Liquid biofuels 0.0022 0.0151 0 0.0440 0.0039 0

Geothermal 0.0002 0.0018 0 0.0032 0.0005 0
All of them 0.0164 - - 2.6163 - -

Cluster 4–5 Objects

Hydro 0.0314 0.0733 0.0004 0.1569 0.0310 0.0010
Wind 9.10 × 10−5 0.0005 0 0.0005 0.0002 0
Solar 0.2622 0.3430 0.2042 1.3110 0.0581 0.0034

Primary solid biofuels 0.0671 0.1104 0.0174 0.3356 0.0406 0.0016
Biogases 0.0787 0.1250 0.0298 0.3937 0.0416 0.0017

Renewable municipal waste 0.0391 0.0949 0.0159 0.1953 0.0319 0.0010
Liquid biofuels 0.0424 0.0988 0.0003 0.2118 0.0434 0.0019

Geothermal 0.0003 0.0010 0 0.0013 0.0004 0
All of them 0.0652 - - 2.6060 - -

5. Discussion

When studying the presented data and results, it can be concluded that in recent years, there has
been a large increase in energy production from RES in the EU countries (Figures 2–4). Along with
the increase in production, the consumption of this energy is also on the increase [84]. At the same
time, a large variation in the overall production of this energy and the structure of this production in
individual countries can be noted.

Based on the overall production of energy from RES in the EU countries, Germany was found to
be the largest producer (about 22% of the studied energy sources), followed by France, Italy, Sweden
and the United Kingdom, the production of which accounts for around 10% of the EU production
(Table 1).

However, when taking into account the structure and volume of renewable energy production
from the studied sources, it is clear that the similarities in both the structure and the volume of
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renewable energy production among the EU countries with the highest production is shown by Spain
and the United Kingdom (cluster 1), France, Italy, Sweden and Austria (cluster 4) (Table 14). Germany,
in turn, was found to be a homogeneous cluster, not showing enough similarities to be compared
with other EU countries (Table 14). Much smaller amounts of energy from RES were shown to be
produced in other countries, including Poland and Spain, i.e., countries with a large area and large
population. The analysis of these results also clearly indicates the countries in which energy is based
on conventional raw materials. This applies primarily to Poland, Slovenia, Croatia, Hungary and
several smaller countries.

The share of energy produced from RES in gross final energy consumption is one of the main
indicators of the strategy “Europe 2020” [85,86]. The goal of this strategy (adopted before “The
European Green Deal” strategy) is to achieve about 20% share of energy from RES in the final energy
balance in 2020, and at least 32% by the end of 2030.

In this respect, Sweden, Finland, Latvia, Denmark and Austria use the most renewable energy
(Figure 1). Sweden is the leader in this respect, while eleven member states were found to have already
achieved the 2020 goals. Apart from Sweden, they include Bulgaria, the Czech Republic, Denmark,
Estonia, Croatia, Italy, Lithuania, Hungary, Romania, and Finland (Figure 1). However, Latvia and
Austria are very close to achieving the assumed share of renewable energy in total energy consumption,
which is only about 1 percentage point from their 2020 targets (Figure 1).

In this respect, the countries with the highest absolute amount of energy produced from RES
present quite poorly. Although Germany, Great Britain, France and Spain are leaders in the absolute
amount of energy produced from RES, these achievements are low when compared to the final energy
balance (Figure 1). The general energy demand of these countries is so large that the amount of energy
produced from RES meets their needs only to a small extent. This, in turn, means that their energy
deficit is satisfied from other energy sources, including mostly conventional sources that are very
harmful to the environment.

Therefore, further analyses included determining the amount and structure of energy produced
from RES in relation to the value of GDP (Table 2), the number of inhabitants (Table 3) and the area
(Table 4) of individual countries.

It was assumed that by contrasting them only with the absolute values of energy produced from
RES would not fully reflect the real state of renewable energy in Europe. Undoubtedly, this approach
gives a fuller and more objective picture of the state of this energy sector. This is confirmed by the
results obtained from the analyses for three additional variants, which differ significantly from the
grouping results for the total amount of energy produced from RES.

When converting the amount of energy produced from RES to the GDP of a given country
(measure of wealth), great similarities between such countries as Germany, Poland, Estonia, Greece,
Lithuania, Portugal and Denmark were reported. This means that in relation to the value of GDP, the
amount of energy produced from RES is very similar in these countries, despite the fact that in terms
of the absolute values, these quantities significantly differ.

Sweden, Latvia, Croatia and Austria were found to be most favorable for this variant (cluster
1, Table 16), for which the relationship between the amount of energy produced from RES and their
GDP is highest. Also, the division into similar groups for this variant is more even than in the case of
the analysis of the absolute energy production values. This creates favorable conditions for exchange
of experience and cooperation between countries in a given cluster and joint application for funds
intended for energy transition.

Another factor that was taken into account in the presented analysis is the demographic factor.
It was assumed that the ratio of the amount of energy produced from RES to the number of inhabitants
of a given country determines the state of public awareness in the field of climate protection. This is
a very general assumption, but according to the authors, the value of this indicator may undoubtedly
point to social commitment to environmental protection.
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The analysis shows (Table 20 and Figure 14) that the largest amounts of energy produced from
RES per capita were reported for countries in cluster 4 (Sweden and Austria) and cluster 1 (Finland,
Denmark, Luxembourg and Latvia). On the other hand, the smallest amounts were observed for
countries from cluster 2 (Hungary, Cyprus, Malta, Poland, Bulgaria, as well as the Czech Republic
and the United Kingdom, among other countries). Also, in this case, the division of countries into
similar groups was found to be different than in the case of the division by the total amount of energy
produced from RES (Table 14).

Therefore, it is reasonable to state that the reference of energy production from RES to the value
of GDP and the number of inhabitants of a given country gives results that definitely reflect the
specificity of individual countries rather than just an analysis of the absolute values of this production.
They also define the degree of utilization of the economic and demographic potentials of a given
country. Countries that achieve the best results for these criteria are undoubtedly among the leaders in
introducing energy transition. It can also be assumed that the societies of these countries are more
aware of the need to introduce changes related to climate protection.

In the next analysis, the amount of energy produced from RES was compared to the area of a given
country. It was assumed that the size of a given country should have an impact on the structure and
amount of energy produced from RES. It is obvious that the geographical location of the country and
its area affect the availability of RES. It seems that this indicator, of course, to some extent determines
the degree of the use of “geographical potential” in the production of energy from RES.

It seems reasonable to state that countries with a large area have easier access to renewable energy
sources, especially in the field of wind and solar energy. Undoubtedly, this is a certain simplification,
but according to the authors, the reference of energy production from RES to the area of a given
country can, as already mentioned, be treated as a degree of utilization of the country’s “geographical
potential”.

The results (Table 22 and Figure 16) indicate that also in this respect the division of the EU
countries into similar groups is different versus the division that takes into account the absolute
amounts of energy produced from RES. Austria and Luxembourg obtained the best results for this
variant. The structure of renewable energy production in these countries is also very similar. The lowest
rates were obtained by countries from cluster 3 (e.g., Poland, Bulgaria, Lithuania, Cyprus, Estonia and
Hungary). It can be claimed that despite the favorable geographical conditions, these countries are not
achieving satisfactory results.

To sum up, it should be noted that the results show that the problem of reducing harmful emissions
in the energy industry in the EU countries is very complex. It requires an in-depth analysis that will
cover many factors. Undoubtedly, the results presented in this paper and their discussion constitute
a new approach to the analysis of this problem. Renewable energy sources must replace conventional
sources as soon as possible.

This applies mainly to the heating and cooling sectors as well as the transport sector, as these
sectors make the most use of conventional energy sources (coal, oil and gas). The integration of these
sectors, in particular the heating and cooling sectors with the electricity sector must be carried out in
two ways: through both electrification and technological innovation [87–89]. The introduction of these
solutions requires the development of a comprehensive energy policy based on both knowledge and
innovative solutions.

In order to achieve the assumed climate goals, a fair and reasonable orientation of finances toward
energy transition in many EU countries is required. The presented analyses should support this process
and direct it to the analysis of the needs and possibilities of designated similar groups of countries.
This creates a possibility of more efficient use of funds than if all countries were treated according to
one criterion.

The diversity of the EU countries, clearly demonstrated in the study, shows that such a course of
the EU actions should give the best results.
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The results of grouping the EU countries into homogeneous clusters (groups) in terms of the
structure and volume of energy production from RES presented in the article indicate that the analysis
in terms of the absolute amount of energy produced from RES does not fully describe the actual state
of this phenomenon. Thus, it was justified to extend this analysis to new factors that allowed a more
accurate assessment of the similarity of the EU countries in the field of renewable energy production.

In order to develop technologies related to renewable energy sources, the knowledge of the
countries which have achievements and experience in a given area should be used. However, it should
be remembered that what kind of renewable energy sources are worth developing depends also on the
natural conditions of the country. Solutions that work well in countries with high sunshine will not
work so well in countries with low sunshine. The same applies to investing in water and wind energy.

The economic and demographic potentials of a given country are also crucial to be considered.
As already mentioned, obtaining energy from RES is very expensive and requires considerable
investments. Public consent to these investments is also a key factor in this respect.

The results also indicate a large variety of sources from which renewable energy is obtained in the
EU countries. This is due to the geographical location of these countries, their financial capabilities,
traditions as well as economic potential and social awareness. Especially in this area, there are great
opportunities for cooperation and exchange of experience between individual countries, which should
result in a more complete and effective use of individual renewable energy sources.

6. Conclusions and Policy Implications

In the context of the negative events observed for several due to climate change, further global
economic growth, which is based on the use of fossil fuels and thus the increasing pollution of the
natural environment, is unreal and impossible to maintain. Forecasts regarding the state of the natural
environment for the coming years point to the need to introduce very strong and rapid changes
to improve this situation. The concept of “The European Green Deal” meets these challenges and
is undoubtedly a very ambitious plan to provide Europe, as the first continent, with the so-called
climate neutrality in 2050. However, this goal requires huge financial outlays, organizational and
economic changes in most EU countries, including social acceptance of the introduced changes in
individual countries.

It is undisputable that this concept is a great opportunity for economic development of the EU
and allows for the achievement of climate advantage over the rest of the continents. However, to
reach the “zero emission” of the European economy in 2050, enormous investments and legislative
changes will be necessary. In particular, this applies to countries where the energy sector is based on
conventional raw materials. It will not be easy to conduct energy transition in these countries, as it
will require large financial resources and social acceptance. An undoubted chance for the effective
implementation of this idea and achievement of the assumed goal is the Just Transition Fund, which is
to finance the costs of necessary changes.

It should also be noted that the EU is responsible only for around 10% of global emissions of GHG
and harmful substances [90,91]. It can therefore be assumed that the success of the Green Deal concept
will be proof that zero-emission economy is possible. This, in turn, should encourage other countries
and continents to introduce similar solutions. With the current state of public awareness and the
widespread phenomena of negative climate change, the improvement of the state of the environment,
and hence the climate should become an absolute priority for the entire modern world.

In order to effectively direct the necessary changes related to improving the quality of the natural
environment in Europe, it is reasonable to conduct research to broaden the knowledge of the current
state of European energy, with special emphasis on renewable energy. It is certain that energy produced
from RES is definitely more ecological and constitutes a real alternative to production from conventional
sources. The current state of the art and developed technologies also enable its wider and more effective
application. Nevertheless, this process is very expensive and requires a consistent, thoughtful and
comprehensive policy.
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Both the research and results presented in this paper are to support this process and broaden
the knowledge of the structure of renewable energy production in the EU countries. The new
approach to energy production analysis presented in this paper, which takes into account the economic,
demographic and geographical potentials of individual countries, has enabled the acquisition of new
knowledge in this area. It was also important to show the diversity of these countries.

It seems insufficient to rely only on the analysis of the absolute volumes of energy production
from RES, especially in view of the need to develop a new climate policy for economically diverse EU
countries. The multi-criteria division of the EU countries into similar groups presented in the paper
creates an opportunity to develop effective solutions dedicated to individual groups. It should also
encourage close cooperation between the countries in these groups. Exchange of experience and joint
resolution of similar problems should improve the effectiveness of introduced changes and ensure
energy safety of these countries

In addition, a common social policy is also very important in this respect. In countries with
similar problems, it will be much easier to implement even not very popular actions, for example,
those associated with closing mines and limiting energy production from coal. For similar groups of
countries presented in this article, financial resources should also be dedicated and distributed (e.g.,
from the Just Transition Fund).

The question remains whether countries with the highest absolute amount of energy produced
from RES fully use their economic and demographic potentials and whether this production is related
to the size of these countries. The conducted research and the obtained results indicate that the
potentials of these countries (the richest in Europe) are not fully used to improve the quality of the
climate. However, in order to achieve the goals of “The European Green Deal”, all EU countries must
jointly implement its assumptions.

The use of taxonomic methods to analyze the structure and volume of energy production from
RES in individual countries in relation to the new criteria that take into account the specificity of these
countries fulfilled its task. The results undoubtedly support the assessment of the current state of
renewable energy in the EU and are a source of new knowledge that can be used to improve the state
of the environment.

It should also be emphasized that the presented work is one of the first paper relating to the
idea of “The European Green Deal” presented in December 2019. The authors hope that it will start
a broad discussion on this idea and will make an important contribution to the development and
implementation of an effective EU climate policy.
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57. Koçak, E.; Şarkgüneşi, A. The renewable energy and economic growth nexus in Black Sea and Balkan
countries. Energy Policy 2017, 100, 51–57. [CrossRef]

58. Lucas, J.N.V.; Francés, G.E.; González, E.S.M. Energy security and renewable energy deployment in the EU:
Liaisons Dangereuses or Virtuous Circle? Renew. Sustain. Energy Rev. 2016, 62, 1032–1046. [CrossRef]

59. Carfora, A.; Pansini, R.V.; Romano, A.A.; Scandurra, G. Renewable energy development and green public
policies complementarities: The case of developed and developing countries. Renew. Energy 2018, 115,
741–749. [CrossRef]

60. Kim, J.; Park, K. Financial development and deployment of renewable energy technologies. Energy Econ.
2016, 59, 238–250. [CrossRef]

61. Bel, G.; Joseph, S. Policy stringency under the European Union Emission trading system and its impact on
technological change in the energy sector. Energy Policy 2018, 117, 434–444. [CrossRef]

62. European Parliament. Available online: https://www.europarl.europa.eu/factsheets/en/sheet/68/energy-
policy-general-principles (accessed on 10 January 2020).

63. García-Álvarez, M.T.; Cabeza-García, L.; Soares, I. Assessment of energy policies to promote photovoltaic
generation in the European Union. Energy 2018, 151, 864–874. [CrossRef]

64. Scarlat, N.; Dallemand, J.F.; Monforti-Ferrario, F.; Banja, B.; Motola, V. Renewable energy policy framework
and bioenergy contribution in the European Union—An overview from National Renewable Energy Action
Plans and Progress Reports. Renew. Sustain. Energy Rev. 2015, 51, 969–985. [CrossRef]

65. Stecuła, K.; Brodny, J. Perspectives on renewable energy development as alternative to conventional energy
in Poland. In Proceedings of the 17th International Multidisciplinary Scientific GeoConference SGEM 2017,
Vienna, Austria, 27–29 November 2017; Volume 17, pp. 717–724. [CrossRef]

66. Palka, D.; Brodny, J. The impact of the adaptation of conventional energy to the require-ments of the new EU
emission standards for energy costs and the state of the environ-ment in Poland. In Proceedings of the 17th
International Multidisciplinary Scientific GeoConference SGEM 2017, Vienna, Austria, 27–29 November
2017; Volume 17, pp. 805–812. [CrossRef]

67. European Commission. Available online: https://ec.europa.eu/energy/en/topics/renewable-energy/national-
renewable-energy-action-plans-2020 (accessed on 23 January 2020).

68. Agora Energiewende. 12 Insights on Germany’s Energiewende; Agora Energiewende: Berlin, Germany, 2013.
69. Rogge, K.S.; Johnstone, P. Exploring the role of phase-out policies for low-carbon energy transitions: The

case of the German Energiewende. Energy Res. Soc. Sci. 2017, 33, 128–137. [CrossRef]
70. Strunz, S. The German energy transition as a regime shift. Ecol. Econ. 2014, 100, 150–158. [CrossRef]
71. Matthes, F.C. Energy transition in Germany: A case study on a policy-driven structural change of the energy

system. Evol. Inst. Econ. Rev. 2017, 14, 141–169. [CrossRef]

http://dx.doi.org/10.1016/j.solener.2006.12.007
http://dx.doi.org/10.1016/j.inteco.2019.07.006
http://dx.doi.org/10.1016/j.erss.2019.05.024
http://dx.doi.org/10.1016/j.tsep.2019.100390
http://dx.doi.org/10.1016/j.enpol.2010.07.003
http://dx.doi.org/10.1016/j.renene.2012.01.007
http://dx.doi.org/10.3390/su10093339
http://dx.doi.org/10.3390/su10082626
http://dx.doi.org/10.1016/j.enpol.2016.10.007
http://dx.doi.org/10.1016/j.rser.2016.04.069
http://dx.doi.org/10.1016/j.renene.2017.09.008
http://dx.doi.org/10.1016/j.eneco.2016.08.012
http://dx.doi.org/10.1016/j.enpol.2018.03.041
https://www.europarl.europa.eu/factsheets/en/sheet/68/energy-policy-general-principles
https://www.europarl.europa.eu/factsheets/en/sheet/68/energy-policy-general-principles
http://dx.doi.org/10.1016/j.energy.2018.03.066
http://dx.doi.org/10.1016/j.rser.2015.06.062
http://dx.doi.org/10.5593/sgem2017H/43/S29.090
http://dx.doi.org/10.5593/sgem2017H/43/S29.101
https://ec.europa.eu/energy/en/topics/renewable-energy/national-renewable-energy-action-plans-2020
https://ec.europa.eu/energy/en/topics/renewable-energy/national-renewable-energy-action-plans-2020
http://dx.doi.org/10.1016/j.erss.2017.10.004
http://dx.doi.org/10.1016/j.ecolecon.2014.01.019
http://dx.doi.org/10.1007/s40844-016-0066-x


Energies 2020, 13, 913 37 of 37

72. Lund, H. The implementation of renewable energy systems. Lessons learned from the Danish case. Energy
2010, 35, 4003–4009. [CrossRef]

73. NOIZZ. Available online: https://noizz.pl/ekologia/dania-po-raz-pierwszy-w-historii-zaspokoila-100-
procent-swoich-potrzeb-energia/qcqdglz (accessed on 10 January 2020).

74. Swedish Energy Agency. Energy in Sweden. 2017. Available online: https://www.google.com/url?sa=t&rct=
j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwj-wa_3qZrnAhUy_CoKHW2eATsQFjAEegQIAxAB&
url=https%3A%2F%2Fenergimyndigheten.a-w2m.se%2FFolderContents.mvc%2FDownload%
3FResourceId%3D104743&usg=AOvVaw0bRU60IlT6cfUXzMzbtWvO (accessed on 23 January 2020).

75. Hebda, W. Energy strategy of the Republic of Bulgaria until the year 2020. Polityka Energetyczna 2015, 18,
111–128.

76. Directive 2009/28/EC of the European Parliament and of the Council. Available online: https://eur-lex.europa.
eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0028&from=EN (accessed on 23 January 2020).

77. Eurostat. Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_
energy_statistics/pl#Najwi.C4.99kszy_udzia.C5.82_energii_ze_.C5.BAr.C3.B3de.C5.82_odnawialnych_
odnotowano_na_.C5.81otwie_i_w_Szwecji (accessed on 23 January 2020).

78. Mardia, K.V.; Kent, J.T.; Bibby, J.M. Multivariate Analysis. Probability and Mathematical Statistics; Academic
Press: London, UK, 1979.

79. Wind Europe. Available online: https://windeurope.org/wp-content/uploads/files/about-wind/statistics/
WindEurope-Annual-Statistics-2017.pdf (accessed on 10 January 2020).

80. European Wind Energy Association. Available online: https://www.ewea.org/fileadmin/files/library/

publications/scenarios/EWEA-Wind-energy-scenarios-2020.pdf (accessed on 10 January 2020).
81. Global Status Report. Available online: https://www.ren21.net/wp-content/uploads/2019/08/Full-Report-

2018.pdf (accessed on 10 January 2020).
82. Asociacion Empresarial Eolica (AEE). Red Eléctrica de España. Available online: https://www.aeeolica.org/

(accessed on 10 January 2020).
83. Wind Europe. Available online: https://windeurope.org/wp-content/uploads/files/about-wind/statistics/

WindEurope-Annual-Statistics-2018.pdf (accessed on 10 January 2020).
84. The International Renewable Energy Agency. Available online: https://www.irena.org/-/media/Files/IRENA/

Agency/Publication/2016/IRENA_Measuring-the-Economics_2016.pdf (accessed on 10 January 2020).
85. Bürgin, A. National binding renewable energy targets for 2020, but not for 2030 anymore. J. Eur. Public Policy

2015, 22, 690–707. [CrossRef]
86. European Commission. Available online: https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%

20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf (accessed on 10 January
2020).

87. Connolly, D. Heat Roadmap Europe: Quantitative comparison between the electricity, heating, and cooling
sectors for different European countries. Energy 2017, 193, 580–593. [CrossRef]

88. Pezzutto, S.; Fazeli, R.; De Felice, M.; Sparber, W. Future development of the air-conditioning market in
Europe: An outlook until 2020. Wiley Interdisciplin. Rev. Energy Environ. 2016, 5, 649–669.

89. Pezzutto, S.; Croce, S.; Zambotti, S.; Kranzl, L.; Novelli, A.; Zambelli, P. Assessment of the Space Heating and
Domestic Hot Water Market in Europe—Open Data and Results. Energies 2019, 12, 1760. [CrossRef]

90. Euronews. Available online: https://www.euronews.com/2019/12/05/eu-still-among-top-3-world-co2-
emitters-new-data-shows (accessed on 10 January 2020).

91. Pani, R.; Mukhopadhyay, U. Management accounting approach to analyse energy related CO2 emission:
A variance analysis study of top 10 emitters of the world. Energy Policy 2013, 52, 639–655. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.energy.2010.01.036
https://noizz.pl/ekologia/dania-po-raz-pierwszy-w-historii-zaspokoila-100-procent-swoich-potrzeb-energia/qcqdglz
https://noizz.pl/ekologia/dania-po-raz-pierwszy-w-historii-zaspokoila-100-procent-swoich-potrzeb-energia/qcqdglz
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwj-wa_3qZrnAhUy_CoKHW2eATsQFjAEegQIAxAB&url=https%3A%2F%2Fenergimyndigheten.a-w2m.se%2FFolderContents.mvc%2FDownload%3FResourceId%3D104743&usg=AOvVaw0bRU60IlT6cfUXzMzbtWvO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwj-wa_3qZrnAhUy_CoKHW2eATsQFjAEegQIAxAB&url=https%3A%2F%2Fenergimyndigheten.a-w2m.se%2FFolderContents.mvc%2FDownload%3FResourceId%3D104743&usg=AOvVaw0bRU60IlT6cfUXzMzbtWvO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwj-wa_3qZrnAhUy_CoKHW2eATsQFjAEegQIAxAB&url=https%3A%2F%2Fenergimyndigheten.a-w2m.se%2FFolderContents.mvc%2FDownload%3FResourceId%3D104743&usg=AOvVaw0bRU60IlT6cfUXzMzbtWvO
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=5&ved=2ahUKEwj-wa_3qZrnAhUy_CoKHW2eATsQFjAEegQIAxAB&url=https%3A%2F%2Fenergimyndigheten.a-w2m.se%2FFolderContents.mvc%2FDownload%3FResourceId%3D104743&usg=AOvVaw0bRU60IlT6cfUXzMzbtWvO
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0028&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0028&from=EN
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics/pl#Najwi.C4.99kszy_udzia.C5.82_energii_ze_.C5.BAr.C3.B3de.C5.82_odnawialnych_odnotowano_na_.C5.81otwie_i_w_Szwecji
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics/pl#Najwi.C4.99kszy_udzia.C5.82_energii_ze_.C5.BAr.C3.B3de.C5.82_odnawialnych_odnotowano_na_.C5.81otwie_i_w_Szwecji
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics/pl#Najwi.C4.99kszy_udzia.C5.82_energii_ze_.C5.BAr.C3.B3de.C5.82_odnawialnych_odnotowano_na_.C5.81otwie_i_w_Szwecji
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2017.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2017.pdf
https://www.ewea.org/fileadmin/files/library/publications/scenarios/EWEA-Wind-energy-scenarios-2020.pdf
https://www.ewea.org/fileadmin/files/library/publications/scenarios/EWEA-Wind-energy-scenarios-2020.pdf
https://www.ren21.net/wp-content/uploads/2019/08/Full-Report-2018.pdf
https://www.ren21.net/wp-content/uploads/2019/08/Full-Report-2018.pdf
https://www.aeeolica.org/
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2018.pdf
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA_Measuring-the-Economics_2016.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2016/IRENA_Measuring-the-Economics_2016.pdf
http://dx.doi.org/10.1080/13501763.2014.984747
https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf
https://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20-%20Europe%202020%20-%20EN%20version.pdf
http://dx.doi.org/10.1016/j.energy.2017.07.037
http://dx.doi.org/10.3390/en12091760
https://www.euronews.com/2019/12/05/eu-still-among-top-3-world-co2-emitters-new-data-shows
https://www.euronews.com/2019/12/05/eu-still-among-top-3-world-co2-emitters-new-data-shows
http://dx.doi.org/10.1016/j.enpol.2012.10.024
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Background 
	Literature Review 
	EU Policy in Terms of RES 

	Materials and Methods 
	Methods 
	Materials 

	Results 
	Results of Grouping the EU Countries According to the Similarity of the Structure of Total Energy Production from Renewable Energy Sources 
	Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production from Renewable Energy Sources Per Their GDP Value 
	Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production from Renewable Energy Sources Per Capita 
	Results of Grouping the EU Countries according to the Similarity of the Structure of Energy Production from Renewable Energy Sources Per Area 

	Discussion 
	Conclusions and Policy Implications 
	References

