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Abstract: Increasing the use of renewable energy sources is one of the strategic objectives of the
European Union. In this regard, it seems necessary to answer the question: which of the member
countries are the most effective in its implementation? Therefore, the main goal was to distinguish
groups of European Union countries, including the Visegrad Group, differing in the use of renewable
energy sources in transport, electricity, heating and cooling (based on cluster analysis). All members
of the EU were determinedly selected for research on 1 February 2020 (27 countries). The research
period embraced the years 2009–2019. The sources of materials were the literature on the topic and
data from Eurostat. Descriptive, tabular, graphical methods and cluster analysis were used in the
presentation and analysis of materials. In 2019 wind and hydro power accounted for two-thirds of
the total electricity generated from renewable sources. In 2019, renewable energy sources made up
34% of gross electricity consumption in the EU-27. Wind and hydro power accounted for two-thirds
of the total electricity generated from renewable sources (35% each). Moreover, it was determined
that there were 5 clusters that differed in their use of renewable energy sources. The highest average
renewable energy consumption in transport, heating and cooling in 2019 was characterized by
a cluster consisting of Sweden and Finland. In contrast, the highest average renewable energy
consumption in electricity was characterized by a cluster consisting of countries such as: Austria,
Croatia, Denmark, Latvia and Portugal. Finally, in a group that included countries such as Belgium,
France, Luxembourg, Malta, the Netherlands and the entire VG (Hungary, Czechia, Slovakia and
Poland), renewable energy consumption rates (in transport, electricity, heating and cooling) were
lower than the EU average (27 countries).

Keywords: sustainability; renewable energy sources; European Union; Visegrad Group; cluster anal-
ysis

1. Introduction

During the last three decades, the fashionable concept in environmental discourse
has been “sustainable development” (SD). “It has spawned a vast literature and has
strengthened the arm of empire builders in many research institutes, Universities, national
and international bureaucracies and statistical offices” [1] (p. 191). SD is also a fundamental
and overarching objective of the European Union (EU), enshrined in Article 3 of the
Treaty on EU. Since 2005 Eurostat has regularly produced biennial monitoring reports of
the EU Sustainable Development Strategy (EU SDS), based on the EU set of Sustainable
Development Indicators (SDIs).

The concept of SD has also been constantly criticized, mostly due to the inconsistency
of mixing economic expansion and natural system preservation in one concept [2]. It was
also mentioned that “there is no agreement on a comprehensive sustainable development
theory, there are different contested theoretical approaches and definitions” [3] (p. 468).
Nonetheless, the scientific community has agreed that SD is governed by a dynamic
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balance between the three pillars of civilization’s progress: (1) economic, (2) social, and
(3) environmental [4].

Nowadays, there is a growing emphasis on the importance of applying the concept of
SD to the energy sector [5]. Therefore, the term sustainable energy development (SED) is
increasingly used in the literature [6]. SED is defined by the International Atomic Energy
Agency (IAEA) as “the provision of adequate energy services at affordable cost in a secure
and environmentally benign manner, in conformity with social and economic development
needs” [7]. Figure 1 depicts the relationship between the three dimensions SD and energy
as illustrated by the IEA/IAEA [7].
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SED is also one of the priorities of the EU. One of the most important initiatives in this
area is the “Clean Energy for All Europeans” [8]. In May 2019, the EU completed the final
legislative acts of this package, thus reaching an important stage towards the completion
of the Energy Union. The package includes “documents on energy efficiency ( . . . ) new
energy and climate laws, consumer rights, energy security, electricity market efficiency,
and cooperation between the EU and Member States to achieve the ambitious energy and
climate goals” [9].

According to the package, the EU is to become a world leader in the use of renewable
energy sources (e.g., biomass energy, hydropower, geothermal power, wind energy, and
solar energy). Thus, it seems necessary to answer the question of which member countries
are the most efficient in the use of renewable energy sources? That is why the main goal
of this article is to distinguish groups of EU countries, including the VG, differing in the
use of renewable energy sources in transport, electricity, heating and cooling based on
cluster analyses. Through its implementation, it will be possible to identify the countries
that are most committed to the use of renewable energy sources and, thus, the countries
that most effectively implement the concept of SED. The following set of research tasks
was adopted for its implementation: conduct a critical review of the literature on SD; show
the changes in the use of renewable energy in transport, electricity heating and cooling
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in EU member states (including VG countries) from 2009 to 2019; show the structure of
utilization of renewable energy sources in EU member states; identify leaders among EU
member states in the development of the renewable energy sector.

The remainder of the article is structured as follows. The next section provides a brief
description of the methodological approach and is followed by the literature review. The
article ends with discussion and some concluding remarks.

2. Materials and Methods

All members of the EU were selected for research on 1 February 2020 (27 countries).
The research period covers the years 2009–2019. In 2009, the European Parliament adopted
the Directive 2009/28/EC [10]. It established a common framework for the use of energy
from renewable sources in order to limit greenhouse gas emissions and to promote cleaner
transport. The last year in which there were complete data needed to carry out the research
using the assumed research methods at the time of the research was 2019. The sources of
materials were the literature on the subject and also data from Eurostat (share of renewable
energy in transport, share of renewable energy sources in electricity, share of renewable
energy sources in heating and cooling). The use of Eurostat data made it possible to
compare all EU countries.

Descriptive, tabular and graphical methods and cluster analysis were used for the
presentation and analysis of materials.

In the first stage of the research, the changes in the use of renewable energy sources in
the EU and VG countries were presented. The analysis includes the shares of renewable
energy in transport, electricity, heating and cooling.

In the second stage, based on 2019 data, the cluster analysis was conducted. The term
“cluster analysis” was coined by Tryon [11] and then further developed by Cattell [12], and
the use of cluster methods has increased significantly over the past 30 years [13]. Cluster
analysis is the set of multivariate techniques whose main aim is to aggregate items, objects
or individuals (here: EU and VG countries) based on their characteristics [14]. The basic
criteria used to group objects is their similarities. In this manner, objects belonging to the
same cluster are similar to each other concerning the variables that were measured in them,
and the elements of distinct clusters are dissimilar for these same variables [15].

Clustering techniques are classified into two types: agglomerative and divisive. In this
research the authors used Ward’s method, which is one of the most frequently employed
agglomerative clustering method. The characteristic feature of this method is the use of
a variance analysis for the purpose of determining the distance between clusters. The
distance between one cluster composed of objects and another one cannot be directly
expressed by way of the distance between the objects belonging to these clusters [16].
Hence, “the method aims to minimize the sum of squared deviations of any two clusters
which can be formed at any stage” [17] (p. 54). Therefore, clusters that “ensure the
minimum sum of squared distances from the centre of mass of a new cluster, which they
create” are merged [18] (p. 74). The literature points out that this kind of agglomerative
method is cognitively effective; however, it yields small and yet most natural clusters. In
this paper, the measure of similarity used was the squared Euclidean distance.

3. Literature Review
3.1. The Concept of Sustainable Development

The concept of SD has been developed in response to serious concerns over the
potential of the Earth’s global ecosystem to sustain the impact of anthropo-pressure. It has
been aimed at the preventive elimination or at least reduction of the imbalance between
economic growth and social development as well as socio-economic development and
the natural environment [19]. The concept of SD was introduced to the globally used
terminology by the United Nations (UN) agencies [20,21]. This term was used extensively
for the first time at the UN Conference on the Human Environment in 1972. It stemmed
from the original concept of sustainable management of natural resources. It was defined
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as a strategy aiming at development based on the rational utilization of local resources and
knowledge gained by farmers to satisfy the needs of remote rural areas in Third World
countries [22].

The concept of SD is defined as an interdisciplinary approach, which covers in its
scope the environmental (the natural capital), social (social capital) and economic spheres
(the economic capital). It is an idea and at the same time a concept of actions leading to
changes in the life of the human population in the 21st century to ensure adequate living
conditions for the present and future generations, as well as the potential to satisfy their
needs [23].

It may be assumed that the idea of SD is a certain compromise between the concepts for
several component capitals of the natural, social and economic development. It needs to be
indicated here that the term SD in terms of economic sciences stems from the development
economics, which comprises both neoclassical theories (theories based on the linear model
of economic growth, based on the two-sector and bipolar character of global economy) and
theories which stress the problem of responsibility in the context of planned and realized
economic development [24,25]

The concept of SD is mainly considered within the framework of three approaches [26]:
(1) the socio-philosophical concept (assuming the need for changes in the system of hu-
man values), (2) a modern direction of economic development (assuming new economic
organization and management methods), (3) a newly developed discipline of science.

Such studies as those by Górka [27,28] have attempted to standardize the terminology
related to the discussed concept. It should be noted that sometimes, wrongly, the term
sustainable is replaced by balanced. However, the state of lasting balance is not consis-
tent with the essence of this concept. This may lead to economic stabilization or even
retrogression [27].

Pirages [29] was of an opinion that SD refers to economic growth, which is sustained
by the natural and social environment. In turn, Goodland and Ledec [30] stressed that SD
is a process of economic transformation consisting in the optimization of current economic
and social benefits without jeopardizing the potential to attain these benefits in the future.
Turner [31] presented an opinion that SD requires maximization of net benefits of economic
growth in order to maintain accessibility of environmental services and the quality of
natural resources over time.

It should be noted that Pearce et al. [32] were of an opinion that SD includes the
formation of the socio-economic system, which sustains the following objectives: growth of
real income, improvement of educational standards, health and the quality of life. In turn,
Górka et al. [33] defined SD as such a course of economic development, which does not
significantly or irreversibly disturb the living environment for humans, while respecting
the laws of nature and economics.

In the opinion of Runowski [34] SD consists in efforts to attain balance between various
goals of socio-economic development, without which sustainability of the system may be
difficult to attain. The primary aim is to ensure lasting development in terms of its stability
and continuity. SD provides guidelines for sustainability as a goal to be reached. In turn,
Giovannini and Linster [35] stated that the concept of SD refers both to the quality and
volume of economic growth and combines three dimensions of welfare: economic, social
and natural. Borys [36] defined SD as an integrated order, i.e., a certain game of limitations
in the use of all capitals.

Holger [37] was of an opinion that SD strives to define such management conditions
which might guarantee sufficiently high ecological, economic and socio-cultural standards
to the entire presently living human population and to the future generations while observ-
ing tolerance of nature and realizing inter- and intragenerational justice. In turn, Stanny
and Czarnecki [38] expressed an opinion that SD is a compromise between environmental,
social and economic goals determining the welfare of future generations. The economic
aspect refers not only to the satisfaction of the present-day needs, but also preservation of
resources required to meet the needs of future generations. The social aspect is connected
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with education and the potential to attain the capacity to solve major social problems and
to participate in development process of the entire system. Finally, the ecological aspect
refers to the identification of absolute limits to human activity.

SD is a concept fully referring to the entire scope of human activity and the resulting
interactions with the environment. It may be considered to be a certain type of socio-
economic development, which in view of the changes occurring on Earth needs to be
constantly monitored and analyzed.

One of the main principles of SD is the use of renewable energy sources. Therefore, it
is to them that the next part of the article will be devoted.

3.2. The Development of Renewable Energy Sources in the Entire EU and the VG Countries

Energy generated from renewable sources constitutes an important element in the
strategy for SD of the EU member countries, including the VG. Public authorities in the
EU have adopted the assumptions of SD for the power industry sector, defining them
as an efficient use of energy, human, economic and natural resources [39]. This results
from the rapid economic development, a continuous increase in energy demand as well as
the awareness that global traditional energy resources are limited [40–42]. The concept of
SD emphasizes the importance of environmental protection and repletion of renewable
resources, which is particularly essential under new conditions observed globally [43]. In
view of the above, SD is such an activity, which sustains the natural environment and
may not be conducted at the expense of future generations [44,45]. The concept of SD
is based on humans as subjects having an impact on the environment, our planet as an
area (object) of human impact and partnership as a method of integrated activity [8]. The
global actions towards SD need to ensure welfare and peace worldwide. Such foundations
were also presented in the UN Resolution “Transforming our world: the 2030 Agenda
for Sustainable Development”, adopted in September 2015 [46]. The global initiative
for SD points to climate change and problems of renewable energy [47]. The 17 global
sustainable development goals (SDGs) include energy issues, e.g., SDG7 indicates access to
cheap, clean, reliable, technologically advanced and sustainable energy for all people by
2030 [8,48]. This is to be attained by [46]:

• Providing common access to cheap, reliable and technologically advanced power
supply services;

• Considerably increasing the share of renewable energy in the total energy balance,
• Doubling the global energy efficiency index;
• Strengthening international cooperation in order to facilitate access to clean energy and

technology, including renewable energy sources, ensuring greater energy efficiency
and state-of-the-art clean fossil fuel technologies as well as supporting investments in
the power engineering infrastructure and clean energy generation technologies;

• Development of the infrastructure and modernization of technologies supplying
advanced and sustainable energy services in all developing countries, particularly the
least economically developed countries.

The EU has also played a significant role in the development of the 2030 Agenda,
which is fully consistent with the European vision and constitutes a global program for
actions for SD on the global scale, based on the SDGs. For many years, the EU has been
undertaking actions for SD in the power sector. Since the beginning, the energy sector has
been the most important aspect of the integration processes in Europe. The establishment
of the European Coal and Steel Community (CSC) and the European Atomic Energy
Community (EAEC) aimed at controlling this sector and ensure the energy security for the
member countries [49,50].

In 1987 the “Single European Act” introduced the environmental protection policy and
a year later the “European Commission Working Document on Internal Energy Market”
presented goals in the energy policy. Since 1992 the EU has been working on the estab-
lishment of the single energy market, which comprises three stages. The next step in the
development of cooperation in the energy sector was connected with the adoption in 2010
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“A strategy for competitive, sustainable and secure energy”, specifying priorities of the EU
in the energy policy by 2020. The EU identified these priorities as ensuring competitiveness
of prices and energy supply security as well as enhancing the technological advantage in
this sector [51]. The assumptions of the “Europe 2020” strategy assumed and increase in
energy efficiency by 20%, an increase in the share of energy from renewable energy sources
to 20% total energy consumption, reduction of greenhouse gas emissions to the level of
20% in 1990 [8,51]. In the next “2030 Energy Strategy” the EU defined the goals for climate
and energy, within which the member countries declared by 2030 to reduce by min. 40%
their greenhouse gas emissions compared to the levels of 1990, to increase the share of
renewable energy sources to 32% energy consumed in the entire EU, to improve energy
efficiency by 30% and to ensure potential transfer of 15% electricity generated in the EU to
other EU countries within the framework of interconnection systems [8,51]. Reduction of
greenhouse gas emissions by 80–90% compared to that in 1990 is another strategic goal of
the EU specified in the “2050 Energy Roadmap” of 2011 [52].

The next step was connected with the adoption of the European Council in 2014 of the
“European Energy Security Strategy”, assuming short-term actions in case of gas supply
stoppages or disruptions in its imports to the EU. The framework for the energy policy
for the years 2020–2030 was updated by the European Commission in 2016 in the “Clean
Energy for all Europeans” package, which indicated the ambitious goal of energy efficiency
increased by 32% [9].

In accordance with the climate strategy assumptions referred to as the European
Green Deal [53], presented at the 2019 Climate Summit in Spain, the EU declared to
reduce greenhouse gas emissions. Initially, it was assumed to reduce it by 80–95% by 2050
compared to the levels of 1990; finally, it was decided that the EU countries are to become
zero-emitters (climate neutral) by 2050. In turn, during the European Council summit on
10–11 December 2020, the UE-27 leaders agreed to increase the CO2 reduction goal to 55%
by 2030 [54].

All the actions undertaken by the EU, including the VG, related to energy and climate
are consistent with the “2030 Agenda” assumptions [46]. These ambitious EU goals to attain
new climate and energy goals focus primarily on the SD of the energy sector. These actions
concentrate, e.g., on increased use of alternative energy sources, including renewable
sources, in the energy balance [55]. A growing body of evidence on the negative effect of
fossil fuels used to produce energy on the natural environment, human life and health are
primary reasons for the growing interest in renewable energy sources [42]. The main goal
of the sustainable energy policy is to limit the consequences of the negative impact of the
energy sector on the atmosphere [56]. Governments worldwide are promoting the use of
renewable energy sources [57,58].

Energy should be produced and consumed solely when generated from clean energy
sources, i.e., mainly renewable energy [59–62]. Renewable energy sources include biomass
energy, solar energy, hydropower, tidal power, wind and geothermal power [63–65]. In
view of the above, SED in individual countries is required for the further existence of the
energy sector, and it is key for the development not only of renewable energy sources, but
also the economy, the environment and society [66]. “Increased importance of renewable
energy in the global fuel and energy balance may contribute to savings in the consumption
of energy raw materials and improve the condition of the natural environment thanks to
reduced air and water pollution levels and decreased amounts of generated waste. For this
reason support for the development of renewable energy sources is rapidly becoming a
major direction in politics, which has to be considered when planning the energy policies
of many countries worldwide” [42].

The use of renewable energy sources has been investigated in many studies and scien-
tific analyses. They concern mainly the development of renewable energy in the context
of SD [67], the potential to use solar energy from photovoltaic systems, their efficiency
and environmental impact [68,69], potential to use wind energy [70,71], hydropower [72],
tidal energy [73], geothermal energy [74] and biomass energy [75]. Many publications



Energies 2021, 14, 5680 7 of 17

are devoted to the economic efficiency of investments in renewable energy sources in the
EU [5,76–78], and the VG [79–81].

The primary indications for the growth and development of the renewable energy
sector include the fact that these sources emit considerable lower amounts of greenhouse
gases and other pollutants [82] and contribute to reduced greenhouse gas emissions [83];
renewable energy has a minimal environmental impact [84]; it does not require a specialized
infrastructure and may contribute to an increase in employment rates [60] and provide
economic benefits, particularly in rural areas, while its production is cheaper compared to
conventional sources [61].

However, there are some barriers hindering rapid implementation of renewable energy
sources. The main barrier is connected with the high initial cost of renewable technologies
(e.g., photovoltaic panels or wind turbines), lack of data and information on resources, lack
of storage facilities, insufficient capacity to construct the systems and monitor efficiency
of renewable energy sources, challenges related to the integration of conventional and
renewable energy technologies, the effect on agricultural land use, lack of potential for
the enforcement of respective policies or design and implementation of renewable energy
programs [85].

Dependencies between sustainable development and renewable energy indicated in
literature on the subject include the role of renewable energy in economic development.
Humanity since the very beginning was based on renewable energy. Biomass, water
energy or solar energy were the only available energy sources. However, in the course
of development, industrial countries started to exploit new energy sources, including
also nuclear energy. At present, in many countries, energy is perceived as a right and
governments are expected to meet this need. Consumers of energy services mainly want
them to be abundant, reliable and accessible. However, many renewable energy sources
are dependent on the nature forces and the environment, as is the case with, e.g., wind or
solar energy. Thus, abundance or reliability of many energy sources varies depending on
the region. Shortages or disruption in energy supply may also be experienced. For small
settlements or remote communities, energy may be sufficient, but when considering large
agglomerations or industrial areas with high energy demand, the use of renewable energy
sources has to be adequately designed. Costs of renewable energy are also crucial. In many
cases, the use of renewable energy is being promoted based on the prospective reduction
in its cost. The EU policy concentrated on the support for policies and enterprises of its
member states to use environmentally friendly energy from renewable sources [56,67].

At present, in the EU, including the VG, it is promoted to use solar energy in house-
holds thanks to subsidies for the purchase of photovoltaic panels, replacement of coal-fired
furnaces and thermal retrofitting of family housing. Incentives are also introduced for the
purchase of electric cars.

An essential aspect discussed in literature is also connected with the energy security as
an aspect of sustainable development [85]. This concerns the reliability and availability of
energy services, particularly in industrialized countries, where energy supply disruptions
generate costs. In turn, the threat of fluctuations in energy prices may influence the
economy and in extreme cases lead to an economic crisis. An important role in this respect
is played by the state and its energy security policy. The EU, to promote energy security,
has formed the single energy market, where a diversification of energy sources is being
implemented. The EU is trying to become independent of external energy supplies; thus,
diversification is observed in the forms of energy generation aiming at the increased use of
renewable energy [9].

In terms of the EU energy policy, including that of the VG, a priority is to maintain a
balance between security, satisfaction of social needs, economic competitiveness and envi-
ronmental protection [67]. The strategy to develop the renewable energy sector indicates
rational use of renewable energy sources, which will contribute to improved efficiency in
the use and conservation of energy material resources and improve the condition of the
natural environment [67].



Energies 2021, 14, 5680 8 of 17

Within the last 30 years the EU countries have recorded a considerable increase in the
production and consumption of energy generated from renewable sources. In the years
1990–2019 greenhouse gas emissions decreased by 24%, while GDP increased by 60% [8].

The EU is the largest world source of public funds allocated to countering climate
change. In 2019 they amounted to 21.9 billion euro. The EU finances sustainable trans-
formation to meet the assumption of the European Green Deal. The countries of the VG
diversified energy supplies, but in each of these countries, the structure of energy sources
was different. Renewable energy sources were also introduced gradually and systematically.
Their level is still low, but an upward trend was visible [79].

One of its goals is to co-finance renewable energy production. Although renewable
energy in the electricity generation sector has been developing rapidly, an accelerated
progress is also needed in transport, heating and cooling [86]. Within the last few years,
globally, access to electricity has increased greatly; the use of renewable energy in the
power engineering sector has increased, and energy efficiently has improved. However,
due to the COVID-19 pandemic, millions of people are losing access to electricity [87].
Progress in the realization of the “2030 Agenda” SDG 7 seems to be too slow to promise the
global energy goals are reached by 2030, with the pandemic additionally slowing it down
or even reversing the progress [86,87].

4. Results and Discussion

Tables 1–3 show the changes in renewable energy consumption in transport, electricity,
heating and cooling from 2009 to 2019. It is easy to see the increase in the use of renewable
energy EU countries. In 2019, countries such as Sweden, Finland and the Netherlands
had the largest share of renewable energy use in transport (30.31%, 21.29%, and 12.51%,
respectively). For renewable energy use in electricity, countries such as Austria, Sweden
and Denmark led the way. When it comes to renewable energy use in heating and cooling,
countries such as Sweden, Latvia and Finland were the leaders: 66.12%, 57.76%, and
57.49%.

In contrast, the lowest renewable energy consumption occurred in countries such as:

• In transport—Cyprus, Lithuania and Greece.
• In electricity—Malta, Cyprus and Hungary.
• In heating and cooling—Ireland, the Netherlands and Belgium.

During the period under review, the biggest changes in renewable energy consumption
took place in countries such as: Malta (in 2009, the shares of renewable energy consumption
especially in transport, electricity were 0.00, while in 2019, they were already close to the EU
average), Estonia (the share of renewable energy consumption in transport has increased
more than tenfold), Cyprus (the share of renewable energy consumption in electricity has
increased more than 16-fold), and Slovakia (the share of renewable energy consumption
in heating and cooling has more than doubled). However, as noted earlier, despite the
significant increase in renewable energy consumption, most of the countries mentioned are
still characterized by the lowest percentage of renewable energy use.

It should be mentioned that in 2019, renewable energy sources made up 34% of gross
electricity consumption in the EU-27, slightly up from 32% in 2018. Wind and hydro power
accounted for two-thirds of the total electricity generated from renewable sources (35%
each). The remaining one-third of electricity generated was from solar power (13%), solid
biofuels (8%) and other renewable sources (9%).

In 2019, hydro power use dominated the renewable energy mix in countries such as:
Austria (76%), Bulgaria (48%), Croatia (74%), Finland (43%), France (53%), Italy (41%),
Latvia (73%), Romania (65%), Slovakia (65%) and Sweden (66%)—Figure 2. Wind energy,
on the other hand, dominated the structure of renewable energy sources in countries
such as: Belgium (48%), Cyprus (45%), Denmark (69%), Germany (50%), Greece (42%),
Ireland (86%), Lithuania (55%), Netherlands (49%), Poland (57%), Portugal (43%) and Spain
(52%)—Figure 2.



Energies 2021, 14, 5680 9 of 17

Table 1. Share of renewable energy in transport in years 2009–2019 (Note: countries were ordered by 2019 index value, from
highest to lowest).

EU Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2009 = 100

Sweden 9.36 9.63 11.94 13.78 15.32 18.83 21.49 26.56 26.84 29.70 30.31 323.95
Finland 4.56 4.41 1.02 1.07 10.68 24.54 24.78 8.89 18.81 17.68 21.29 467.32

Netherlands 4.57 3.40 5.07 5.22 5.34 6.56 5.50 4.92 6.02 9.62 12.51 273.70
Austria 11.18 10.71 10.08 10.04 9.70 10.99 11.41 10.59 9.71 9.95 9.77 87.39
France 6.65 6.58 0.99 7.42 7.60 8.25 8.37 8.41 8.76 8.96 9.25 139.09

Portugal 3.89 5.55 0.70 0.81 0.93 3.67 7.43 7.65 7.91 9.04 9.09 233.95
Italy 4.00 4.92 5.06 6.16 5.41 5.02 6.51 7.41 6.48 7.66 9.05 226.23

Ireland 1.96 2.49 3.84 4.04 4.89 5.20 5.94 5.16 7.44 7.17 8.93 455.25
Malta 0.00 0.00 2.02 3.22 3.48 4.67 4.68 5.27 6.83 8.02 8.69 86.900

Slovakia 5.36 5.29 5.73 5.60 6.21 7.95 8.63 7.77 6.95 6.99 8.31 154.88
Hungary 5.89 6.16 6.17 6.00 6.34 7.00 7.17 7.77 7.73 7.75 8.03 136.44
Slovenia 2.25 3.12 2.48 3.25 3.77 2.88 2.24 1.60 2.57 5.48 7.98 354.64
Bulgaria 1.09 1.50 0.90 0.65 5.89 5.74 6.49 7.20 7.27 8.08 7.89 722.80
Romania 1.30 1.37 2.85 4.96 5.45 4.68 5.49 6.17 6.56 6.34 7.85 604.93
Czechia 4.31 5.22 1.29 6.25 6.45 7.00 6.54 6.50 6.62 6.56 7.83 181.63

Germany 5.88 6.41 6.46 7.32 7.30 6.90 6.57 7.01 7.03 7.92 7.68 130.68
Luxembourg 2.23 2.09 2.36 2.83 4.07 5.55 6.70 5.96 6.47 6.57 7.66 342.81

Spain 3.71 5.02 0.77 0.87 0.95 1.03 1.11 5.19 5.80 6.93 7.61 205.01
Denmark 0.69 1.15 3.61 6.28 6.46 6.56 6.43 6.73 6.94 6.92 7.17 1034.49
Belgium 2.20 4.80 4.79 4.91 5.08 5.84 3.91 6.02 6.62 6.69 6.81 309.88
Poland 5.41 6.64 6.92 6.53 6.67 6.32 5.69 3.97 4.23 5.65 6.12 113.15
Croatia 1.29 1.12 1.03 1.05 2.72 2.65 2.36 1.22 1.17 2.58 5.86 453.52
Estonia 0.44 0.43 0.45 0.45 0.45 0.42 0.41 0.43 0.42 3.30 5.15 1175.34
Latvia 1.89 3.98 4.09 4.00 4.03 4.08 3.64 2.45 2.27 4.73 5.11 270.87
Greece 1.10 1.92 0.60 0.90 0.98 1.33 1.10 1.62 4.00 4.11 4.05 367.42

Lithuania 4.48 3.79 3.83 4.97 4.84 4.36 4.58 3.65 4.30 4.33 4.05 90.36
Cyprus 2.04 1.99 0.00 0.00 1.13 2.68 2.52 2.67 2.56 2.66 3.32 162.87

Minimum 0.00 0.00 0.00 0.00 0.45 0.42 0.41 0.43 0.42 2.58 3.32 33.200
Average 3.62 4.06 3.52 4.39 5.26 6.32 6.58 6.25 6.97 7.83 8.79 242.90

Maximum 11.18 10.71 11.94 13.78 15.32 24.54 24.78 26.56 26.84 29.70 30.31 271.12

Table 2. Share of renewable energy in electricity in years 2009–2019 (Note: countries were ordered by 2019 index value,
from highest to lowest).

EU Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2009 = 100

Austria 68.62 66.36 66.78 67.44 68.91 71.06 71.49 72.52 71.63 74.21 75.14 109.50
Sweden 58.25 55.77 59.62 59.78 61.74 63.21 65.73 64.87 65.91 66.23 71.19 122.21

Denmark 28.26 32.74 35.87 38.72 43.08 48.49 51.29 53.72 59.94 62.40 65.35 231.27
Portugal 37.56 40.61 45.78 47.51 49.10 52.05 52.62 53.99 54.17 52.19 53.77 143.16

Latvia 41.94 42.05 44.69 44.88 48.69 51.04 52.21 51.25 54.35 53.50 53.42 127.37
Croatia 35.88 37.52 37.59 38.76 42.08 45.24 45.41 46.67 46.44 48.14 49.78 138.76

Romania 30.89 30.38 31.13 33.57 37.52 41.68 43.16 42.71 41.97 41.79 41.71 135.01
Germany 17.52 18.24 20.93 23.59 25.28 28.17 30.88 32.27 34.61 37.85 40.82 232.95
Finland 27.35 27.66 29.39 29.50 30.88 31.42 32.47 32.93 35.22 36.77 38.07 139.21
Spain 27.84 29.78 31.56 33.47 36.73 37.78 36.95 36.49 36.29 35.06 36.93 132.67

Ireland 14.06 15.64 18.25 19.84 21.25 23.51 25.53 26.84 30.10 33.26 36.49 259.53
Italy 18.81 20.09 23.55 27.42 31.30 33.42 33.46 34.01 34.10 33.93 34.77 184.87

Slovenia 33.76 32.20 31.05 31.63 33.09 33.94 32.73 32.06 32.43 32.31 32.63 96.67
Greece 11.02 12.31 13.81 16.36 21.24 21.92 22.09 22.66 24.47 26.00 31.30 284.09

Bulgaria 10.91 12.36 12.62 15.82 18.68 18.69 18.98 19.15 19.02 22.36 23.51 215.56
France 15.09 14.82 16.18 16.55 16.97 18.46 18.82 19.21 19.93 21.13 22.38 148.36
Estonia 5.97 10.29 12.20 15.67 12.95 14.02 15.62 15.56 17.03 19.69 22.00 368.72
Slovakia 17.77 17.77 19.31 20.05 20.80 22.87 22.66 22.51 21.34 21.50 21.95 123.53
Belgium 6.17 7.23 9.01 11.34 12.55 13.45 15.61 15.90 17.26 18.90 20.83 337.46

Lithuania 5.87 7.40 9.02 10.88 13.15 13.71 15.54 16.87 18.26 18.41 18.79 320.16
Netherlands 9.07 9.60 9.74 10.35 9.91 9.92 11.04 12.55 13.81 15.19 18.22 200.89

Poland 5.83 6.65 8.16 10.68 10.73 12.40 13.43 13.36 13.09 13.03 14.36 246.18
Czechia 6.38 7.52 10.61 11.67 12.78 13.89 14.07 13.62 13.65 13.71 14.05 220.24

Luxembourg 4.11 3.79 4.08 4.66 5.33 5.96 6.20 6.67 8.06 9.13 10.86 264.48
Hungary 6.96 7.10 6.38 6.06 6.60 7.31 7.34 7.29 7.52 8.31 9.99 143.60
Cyprus 0.59 1.39 3.45 4.93 6.65 7.40 8.45 8.59 8.91 9.36 9.76 1656.37
Malta 0.00 0.03 0.45 1.12 1.57 3.33 4.31 5.71 6.85 7.66 8.04 80.400

Minimum 0.00 0.03 0.45 1.12 1.57 3.33 4.31 5.71 6.85 7.66 8.04 80.400
Average 20.24 21.01 22.64 24.16 25.91 27.57 28.45 28.89 29.86 30.82 32.45 160.32

Maximum 68.62 66.36 66.78 67.44 68.91 71.06 71.49 72.52 71.63 74.21 75.14 109.50
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Table 3. Share of renewable energy in heating and cooling in years 2009–2019 (Note: countries were ordered by 2019 index
value, from highest to lowest).

EU Country 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2009 = 100

Sweden 60.57 58.48 59.95 62.39 63.53 64.46 65.28 65.45 65.77 65.34 66.12 109.16
Latvia 47.89 40.75 44.71 47.27 49.65 52.15 51.74 51.81 54.60 55.43 57.76 120.63

Finland 42.89 43.97 45.76 48.25 50.77 51.95 52.62 53.70 54.59 54.64 57.49 134.04
Estonia 41.78 43.25 43.97 42.99 42.99 44.97 49.33 50.95 51.70 53.68 52.28 125.11

Denmark 29.51 30.45 32.05 33.28 34.80 38.17 40.23 41.59 44.64 45.55 48.02 162.74
Lithuania 33.72 32.54 32.79 34.54 36.88 40.63 46.09 46.57 46.50 46.02 47.36 140.45
Portugal 37.95 33.83 35.20 33.16 34.64 40.46 40.11 41.63 41.03 40.93 41.65 109.74
Croatia 31.30 32.88 33.82 36.55 37.31 36.22 38.62 37.64 36.63 36.65 36.79 117.56
Bulgaria 21.64 24.33 24.77 27.24 29.23 28.52 28.90 29.99 29.88 33.30 35.51 164.09
Cyprus 17.32 18.84 20.02 21.84 22.62 22.26 24.13 24.76 26.48 37.23 35.10 202.69
Austria 29.63 30.96 31.52 33.08 33.22 33.38 33.23 33.48 33.67 34.19 33.80 114.08
Slovenia 28.87 29.54 31.78 33.14 35.11 34.64 36.15 35.56 34.64 32.34 32.16 111.39
Greece 17.25 18.66 20.11 24.12 27.42 27.87 26.56 25.42 28.25 30.29 30.19 175.05

Romania 26.43 27.23 24.31 25.75 26.20 26.74 25.89 26.87 26.58 25.43 25.74 97.37
Malta 2.01 7.28 12.03 13.40 15.40 15.03 14.64 16.86 19.31 23.35 25.70 1277.72

Czechia 14.26 14.10 15.39 16.25 17.70 19.52 19.78 19.87 19.72 20.63 22.65 158.81
France 15.04 16.16 15.37 16.67 17.67 18.19 19.02 20.24 20.73 21.36 22.46 149.36

Slovakia 8.18 7.90 9.26 8.80 7.88 8.87 10.79 9.88 9.84 10.60 19.70 240.84
Italy 16.43 15.64 13.82 16.98 18.09 18.91 19.25 18.88 20.08 19.23 19.67 119.74
Spain 13.32 12.62 13.66 14.16 14.15 15.82 16.98 17.30 17.70 17.57 18.87 141.66

Hungary 17.02 18.08 20.04 23.31 23.70 21.28 21.34 21.03 19.87 18.17 18.12 106.47
Poland 11.61 11.81 13.24 13.50 14.27 14.24 14.80 14.92 14.88 15.14 15.98 137.69

Germany 11.16 12.06 12.57 13.42 13.41 13.42 13.44 13.04 13.38 14.12 14.55 130.47
Luxembourg 4.63 4.70 4.74 4.94 5.35 7.06 6.86 7.05 7.47 8.48 8.71 188.12

Belgium 5.94 6.70 6.65 7.09 7.58 7.74 7.86 8.23 8.14 8.31 8.31 139.88
Netherlands 3.37 3.10 3.69 3.77 4.00 4.93 5.20 5.12 5.67 6.07 7.08 210.12

Ireland 4.19 4.32 4.60 4.81 5.19 6.29 6.19 6.27 6.62 6.35 6.32 150.91
Minimum 2.01 3.10 3.69 3.77 4.00 4.93 5.20 5.12 5.67 6.07 6.32 314.12
Average 22.00 22.23 23.18 24.47 25.51 26.43 27.22 27.56 28.09 28.90 29.93 136.07

Maximum 60.57 58.48 59.95 62.39 63.53 64.46 65.28 65.45 65.77 65.34 66.12 109.16
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Figure 2. Structure of renewable energy use in EU countries in 2019.
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In the next step, a cluster analysis was carried out, but before starting the cluster
analysis, we standardized all three variables. As a first step in the cluster analysis, we
analyzed correlations among the clustering variables (x1: share of renewable energy in
transport in 2019, x2: share of renewable energy sources in electricity in 2019, x3: share
of renewable energy sources in heating and cooling in 2019): strong correlation leads to
an overrepresentation of the variables in the final clustering solution [88]. All bivariate
correlations fell well below the 0.9 threshold, indicating no potential collinearity issues.

The clustering was performed based on the method of Ward. The results are given
in Figures 3 and 4. The tree diagram (Figure 3) is the first and the simplest result of the
cluster analysis, and it is closely related to the second result, the graph of amalgamation
schedule (Figure 4). The algorithm first calculates all the Euclidean distances between the
countries (and puts them in the tree diagram), and only after arranging the distances in an
ascending scale, it shows the amalgamation schedule.
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The key to interpreting a hierarchical cluster analysis is to look at the point at which
any given pair of countries “join together” in the tree diagram. Countries that join together
sooner are more similar to each other than those that join together later. For example, the
pair of countries with the lowest (shortest) distance (Spain and Italy; Slovakia and France,
distance = 0.45) join together first in the tree diagram.

To find the optimal number of clusters, use the graph of amalgamation schedule. One
could observe that at 23rd step, Euclidean distance rises sharply at value 3.9 (indicated by
red line). Determining 2.5 as a cutoff point (as suggested by the amalgamation schedule in
Figure 4) results in five distinct clusters of EU countries (Figure 3).

Based on the cluster analysis results, it is perceived that the first cluster includes:
Lithuania, Estonia, Cyprus, Greece, Slovenia, and Bulgaria. This is the group of countries
that is characterized by the lowest share of renewable energy use in transport compared to
other clusters. The average for these countries is 5.41% (in 2019).
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The next, third cluster includes nine EU countries: Slovakia, France, Malta, Hungary,
Czechia, the Netherlands, Poland, Luxembourg and Belgium. Thus, it is the most diverse
cluster. This group includes for example the entire VG (Poland, Slovakia, Czechia and
Hungary). This is the cluster with the lowest share of renewable energy in electricity,
heating and cooling. In 2019, on average, these shares were: 15.63%, and 16.52%. It is worth
noting that in this group all the indicators used in the analysis were below the average for
the whole European Union (27 countries).

The fourth cluster includes only two EU countries: Sweden and Finland. In 2019,
in these Nordic countries, electricity production was in one half renewable (in average
54.62%). Within it, the largest share was hydro power followed by biomass (from forestry)
and wind power (like it was mentioned before). Importantly, in 2017, Finland adopted a
“National Energy and Climate Strategy” [89]. A specific target for overall renewable energy
share was not defined in this policy, but it had exceeded already in 2014 the 67.5% target
set for 2020 in the NREAP (National Renewable Energy Action Plan) [90]. In turn, Sweden
had an energy commission in place, which submitted its final report in January 2017 [90].
The commission proposed a 100% renewable energy target for 2040.

The last, fifth, cluster includes five countries: Latvia, Denmark, Portugal, Croatia,
and Austria. It is worth noting that this is the group of countries with the largest share of
renewable energy consumption in electricity. In 2019, the average for countries was 59.50%.
For example, Denmark has the highest share of wind power in the world.

Using the hierarchical cluster analysis method, we can group the EU Countries accord-
ing to the characteristics of the analyzed three variables, revealing the existing structures
as well as the way in which the analyzed countries are linked in hierarchical structures.
Thus, by tackling these clusters as a whole, it is possible to improve efficiency and more
effectively focus public policies and financial support instruments for renewable energy
sources, resulting in effects in the countries that are part of the same cluster.

According to the results of the study, there is a serious gap in 2019 regarding the
differences in the use of renewable energy sources in EU countries. In the case of transport,
the gap recorded between the lowest share (Cyprus, 3.32%), and the highest (Sweden,
30.31%) was about 9.2 times larger. In the case of electricity, the gap recorded between
the lowest share (Malta, 8.04%) and the highest (Austria, 75.14%) was about 9.3 times



Energies 2021, 14, 5680 13 of 17

larger. Finally, in the case of heating and cooling, the gap recorded between the lowest
share (Ireland, 6.32%) and the highest (Sweden, 66.12%) was about 10.5 times larger. These
unfavorable differences in the use of renewable energy sources will obviously have an
impact in the medium to long term on the ability of individual countries to achieve their
sustainable development goals.

The results obtained are consistent with those obtained by Włodarczyk et al. [91]. The
cluster analysis conducted by the researchers made it possible to distinguish 5 groups of
EU countries differing in their effectiveness in achieving sustainable development goals.
The group of countries that were characterized by “highest average value of share of
renewable energy in transport (15.97%, exceeding the EU average with 81.7%), highest
average value of share of renewable energy in electricity (57.01%, representing an increase
of 75.7% compared to the EU average), highest average value of share of renewable energy
in heating and cooling (57.35%, exceeding the EU average with a remarkable 91.6%), next
to the lowest average value of greenhouse gas emissions intensity (71.77%, representing a
decrease of 13.4% compared to the EU average)” [91] (p. 10) included: Denmark, Finland,
Latvia and Sweden. In contrast, the group of countries that do not perform as well in these
areas included: Belgium, Cyprus, Lithuania, Luxembourg and Malta [91].

Finally, we want to emphasize that the importance of renewable energy in the energy
mix is increasingly reflected in specific activities and regulations at the international level. In
practice, the environmental benefits of adopting renewable energy sources are undeniable
today, and they are increasingly explored and analyzed in the literature. Research in this
area has been carried out not only at the European Union level [91,92] but also at the level
of individual countries, e.g., Germany [93,94], Hungary [95,96], France [97], Greece [98] or
Spain [99].

5. Conclusions

The use of renewable energy sources is becoming one of the priorities of the EU. This
is a consequence of the growing importance of the concept of SD and SED. Thus, more and
more often biomass energy, solar energy, hydropower, tidal power, wind and geothermal
power are used in cooling, heating, electricity and transport.

Our paper makes several contributions. Firstly, our study contributes to the SD and
SED literature by offering a comprehensive grasp of its underpinnings in light of recent
advances. Secondly, on the basis of the conducted research, the following can be noted:
(1) In 2019, renewable energy sources made up 34% of gross electricity consumption in the
EU-27; wind and hydro power accounted for two-thirds of the total electricity generated
from renewable sources. (2) Between 2009 and 2019 there was an increase in the use of
renewable energy sources in transport, electricity, cooling and heating (the biggest changes
in renewable energy consumption took place in countries such as Malta, Estonia, Cyprus
and Slovakia). (3) Five groups of EU member states have been identified, which differ in
terms of renewable energy consumption. (4) The undisputed leader in the European Union
in terms of the development of the renewable energy sector is Sweden, which had the
largest share of renewable energy consumption in transport, heating and cooling during
the period under review. (5) The entire VG (and also France, Malta, the Netherlands,
Luxembourg and Belgium) in comparison with other EU countries is characterized by the
lowest share of renewable energy in electricity, heating and cooling.

Despite these contributions, our study is not without limitations. Firstly, the literature
review section does not include all possible studies on the discussed concepts. In the
selection of literature, the authors were guided by its diversity, availability and timeliness.
Secondly, cluster analysis was performed on three indicators only. Such indicators were
omitted, e.g., greenhouse gas emissions intensity of energy consumption or final energy
consumption in households per capita. Thirdly, the use of Ward’s method resulted in low
abundance clusters (e.g., one of the clusters includes only two EU countries: Sweden and
Finland).
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The results provide an interesting starting point for future research. The methodology
used in this article can be reproduced with other indicators both quantitative and qual-
itative. Another suggestion would be to perform a cluster analysis based on indicators
showing changes in consumption of renewable energy sources over several years (dynamic
approach). Finally, in cluster analysis, other methods could be used in addition to Ward’s
Method (possibility of comparing results).
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44–61.
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