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Abstract: As a consequence of increasing air pollution, the European Commission has decided to
introduce special directives laying down the measures to achieve climate and energy neutrality.
Renewable energy (RE) sources play an important role in the pursuit of these goals, which has
been taken into account in the 2030 Agenda for Sustainable Development. The aim of this article is
to describe patterns and trends in the achievements of the energy policy of European Union (EU)
countries in the field of renewable energy in sustainable development. The identification of leaders in
this field gives the possibility to analyse actions taken by the governments of these countries and the
possible implementation of the introduced solutions on the ground of individual Member States at
the regional and national levels. At the beginning Main goal of energy policy on the field of renewable
energy sources (RES) is to increase production from environmentally friendly sources that is why
trends were determined in order to assess the rate of achievement of the national target for changes
the share of energy from renewable sources in total gross energy consumption. Groups of similar
countries were then identified on the basis of three indicators corresponding to the targets set in the
climate and energy package. In the group of analysed countries, 14 have achieved the 2020 targets
and 4 have exceeded the 2030 targets. The main renewable energy sources (RES) are biofuels, wind,
and hydropower. In the assessment of the achievement of energy policy targets, the best situation
was observed in the case of Denmark, Ireland, and the United Kingdom. These countries have
significantly increased the share of renewable energy in total energy consumption. Compared to
other EU countries, they have reduced the economy’s energy consumption and greenhouse gas

emissions the most.

Keywords: renewable energy sources; sustainable development; sustainable energy; energy policy

1. Introduction

Sustainable energy management is undoubtedly related to increased use of renewable
energy sources, which ensure energy security, diversify energy supplies, and maintain
and improve the environmental and life quality of local communities. Renewable energy
sources play an important role in the concept of sustainable development and sustain-
able energy.

Most studies in the field of renewable energy sources (RES) deal with the research
on determinants of the development of this type of energy in the EU countries ([1-3].
The subject of numerous articles is the search for a connection between Gross Domestic
Product (GDP) and renewable energy (RE) [4-6]. Among those, who have carried out
research on the grouping of the EU countries in terms of different variables characterising
the development of RES, are the studies by Neizel [7], Smiech and Papiez [8], Kasman
and Duman [9].
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The aim of this study was to show the differences between EU countries in terms of
the implementation of policies for the development of renewable energy sources (RES),
as well as to identify the countries that most effectively implement these policies. The
determination of leaders in this field gives a possibility to analyse actions taken by the
governments of these countries and possible implementation of the introduced solutions on
the ground of individual Member States on regional and national levels. The paper asks the
following research questions: What are the most common types of RES used in the analysed
countries? Will the EU countries achieve their national RES targets? Which countries are
most effective in introducing energy policies to take environmentally friendly measures?

At the preliminary stage, groups of countries similar in terms of the structure of
renewable energy production in 2018 were defined using Czekanowski’s method [10].
The similarity of countries in terms of the structure of renewable energy production (by
source of origin) was presented. The main goal of the energy policy in the field of RES
is to increase the production of energy from environmentally friendly sources. Thus, at
the second stage, the trends assessing the rate of achieving of the national targets by each
of the analysed Member States were determined and the countries which at the current
rate of development will meet the targets provided in the climate and energy packages for
the coming years were identified. Next, a typological division of countries in terms of the
level of achieving of energy policy targets using the model method of linear ordering of
objects (the Technique for Order of Preference by Similarity to Ideal Solution-TOPSIS) was
carried out.

The selection of variables for the assessment was based on the strategic targets of EU
climate and energy policy referred to as “20-20-20”, which should have been achieved
by 2020. The analysis identified homogeneous groups of countries with respect to the
three energy policy-specific variables included in the 2020 climate and energy package.
This allowed us to compare the Member States in terms of the targets listed in the package,
taking into account the effects of changes in the structure of energy production assessed in
terms of three variables: the rate of change in greenhouse gas (GHG) emissions reduction,
changes in the share of renewable energy sources (RES) in gross final energy consumption,
and the modernisation of economies (reduction of energy intensity—EI). Information about
the most successful countries in terms of achieving national targets may be helpful when
formulating energy policy for the next few years in Member States. Research carried out
on new technologies will make it possible in the future to obtain energy from ecological
sources not only more effectively, but also more economically. Observing the solutions
proposed by leaders in this field will make it possible in the future to diversify sources of
environmentally friendly energy.

1.1. The Concept of Sustainable Development

Sustainable development to be regarded as a type of socio-economic development
rejecting egocentric approach to development, but also departing from extreme anthro-
pocentrism, in particular in the short-term perspective. Currently, when analysing this
concept, researchers tend to focus on a new, also supra-environmental, approach emphasis-
ing intergenerational equity, the sustainability of human living environment and the quality
of human life. The Brundtland Report [11], which might be regarded as an important contri-
bution to organising the terminology relating to sustainable development, draws attention
to three important implications of the proposed definition of this type of development,
i.e., environmental obligations towards future generations, intra- and inter-species equity;,
and viewing sustainability not as a state but as a process. However, Haughton [12], when
analysing the aspect of intergenerational equity, mainly focused on natural-environmental-
capital. Hence, he focused in particular on the economic management of natural resources,
the recirculation of resources, maintaining an appropriate relationship between consump-
tion and investment, and ensuring demographic sustainability which is often neglected in
such considerations.
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Kates, Parris, and Leiserowitz [13] propose four alternative methods of defining
sustainable development through goals, indicators, values and economic practice (Table 1).
However, this approach does not take into account the changes in social needs, spatial
components and cultural differences. It focuses on economic aspects, which undoubtedly
perform a decisive role in terms of contributing to human welfare and foster or even
determine the quality of life.

Table 1. Overview of approaches to the definition of sustainable development.

Specification

Sustainable Development Goals (SDG)
Goals Sustainable development goals for people and planet—6 goals
2030 Agenda for Sustainable Development—17 goals

Global SDG Indicators—220 indicators

Indicators EU Sustainable Development Indicators (SDI)-Eurostat 2017—130 indicators
Sustainable Development Indicator—56 indicators
Values The Earth Charter

A program to improve the social determinants of health in Latin America
Practice Sustainable supply chains in production
Eco-innovation

Source: Own study based on: [14-23].

Sustainable development can be defined as economic development that is stimulated
by the societal demands and that is carried out with appropriate economic calculation tak-
ing environmental aspects into account. Among the main goals of sustainable development,
Janka [24] lists:

- Ensuring equal opportunities in terms of access to natural assets (taking future gener-
ations into account);

- Maintaining the sustainability of all natural processes and ecosystems;

- Conservation of non-renewable resources and the possibility for renewable resources
to regenerate;

- Increasing the share of environmentally-friendly projects;

- Using renewable energy sources in global economies while improving the quality
of the environment and human lives. Konstariczak [25] emphasises that the idea
of sustainable development is to improve both the condition of our planet and the
comfort of human life through consistent action in specific areas.

In 2015, the United Nations adopted the 2030 Development Strategy. All UN member
states unanimously adopted the resolution “Transforming our world: the 2030 Agenda
for Sustainable Development” containing 17 Sustainable Development Goals (SDGs) to be
achieved by 2030.

Focusing on the sustainable development strategy, it emphasises the need to pro-
mote a modern way of life taking into account appropriate environmental policies and
philosophies that will counteract past practices of non-prospective exploitation of the
earth’s resources [26].

Public authorities play an important role in the implementation of the Sustainable
Development Goals, as they set the targets for the protection of the environment and its
resources [27]. It should be stressed that in market economy conditions public authorities
do not own most of the factors necessary for the implementation of this strategy, which
is why they have to use the appropriately selected instruments to trigger the activity of
specific entities, and thus contribute to the implementation of environmental policy targets.

The concept of sustainable development includes many references to the management
of resources, including energy resources. In many countries, in particular those with coal,
but also oil and even natural gas, such resources are a factor triggering various environmen-
tal and socio-economic imbalances. Therefore, the concept of sustainable development was
also transferred to the energy sector, which gave rise to the term “sustainable energy devel-
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opment”, the most important rule of which is effective use of energy, human, economic,
and natural resources [28].

Sustainable development in relation to the energy sector (sustainable energy) should
be defined as the conversion of primary energy into secondary energy, i.e., electricity and
heat, and its delivery to the end consumer in such a way as to meet the needs of present
and future generations taking into account the economic, social, and environmental aspects
of human development [29].

Renewable energy sources play an increasingly important role in the concept of sus-
tainable development and sustainable energy. They offer hope for a green transformation
with regard to energy, as well as for satisfying the demand for energy in countries without
their own energy resources.

Promoting and supporting the development of the use of energy from renewable
sources contributes to the compliance with sustainable development principles, such as:

e  The principle of integration of environmental policy with sectoral policy-through the
development of RES, environmental goals are taken into account to the same extent as
economic and social objectives;

e  The principle of equal access to the natural environment-the development of RES
offers equal opportunities in terms of the use of natural resources and human needs;

e  The socialisation principle-through the development of RES, environmental education
is carried out to stimulate ecological sensitivity and to build new environmental ethics;

e  The prevention principle-the development of RES imposes on the investor the obliga-
tion to assess the environmental impact of the planned project and to monitor it after
project completion;

e  The principle of applying best available techniques-solutions for generating energy
from RES allow implementation of the best reasonable and available technologies, e.g.,
in the form of wind farms.

Sustainable energy development in the context of RES occurs when it concerns ac-
tivities integrated on various levels, including global, national, and local, as well as in
individual areas of such development: economic, social, psychological, environmental,
technological, informational, political, and legal [30].

Ensuring the implementation of the above objectives and Sustainable Development
Goals is a necessity resulting from the obligations of each Member State towards the EU.

1.2. Renewable Energy Sources

In the 2030 Agenda for Sustainable Development, one of the goals is to ensure uni-
versal access to “affordable, reliable, sustainable and modern energy”. It is to be achieved
by “increasing substantially the share of renewable energy in the global energy mix” and
“promoting investment in energy infrastructure and clean energy technology” [31].

The measures taken in this respect are intended to increase the effectiveness of the
fight against the progressive degradation of the environment and the increasing green-
house gas emission, which pose a serious threat to humanity in the form of environmental
pollution and adverse climate change [32]. In order to halt these processes, global devel-
oped countries are implementing the United Nations Framework Convention on Climate
Change (UNFCCC). It describes the basic framework for global cooperation in this complex
area. This document was supplemented by the provisions of the 2030 Agenda, the Kyoto
Protocol (1997), and the Copenhagen Accord (2009). These arrangements identify measures
to address the deteriorating quality of the environment [33].

The European Union also developed a strategy aimed at fulfilling international com-
mitments in the fight against climate change as well as introducing the concept of sustain-
able energy [34]. The strategy is being implemented progressively in three major stages
through the achievement of the programme targets set out in each of them [35,36] (Table 2).
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Table 2. Energy policy targets in the European Union.

Specification Target
—  20% cut in greenhouse gas emissions (compared to 1990 levels) in 2020
20-20-20 package —  20% improvement in energy efficiency 20% cut in greenhouse gas emissions (from 1990 levels) in 2020
—  20% share of EU energy from renewables in total energy consumption by 2230
—  40% cut in greenhouse gas emissions (compared to 1990 levels) in 2030
Green Paper . .
—  32% share of EU energy from renewables in total energy consumption by 2030

Low Carbon Economy 2050

—  achieving climate neutrality in the EU by 2050

Source: Own study based on [27,28,37].

A key event for the development of RES in EU Member States was the agreement [38]
reached during the 21st session of the Conference of the Parties held in Paris.

Its aims include combating climate change and supporting economic development to
achieve more sustainable development and lower greenhouse gas emissions. The main
objective of the agreement is to keep the temperature at the level between 1.5 and 2 °C
higher than in the pre-industrial period. The agreement, having entered into force in 2016,
was ratified by 187 countries. Signatories are required to prepare their NDC (National
Determined Contribution), in which they outline methods to reduce GHG emissions, and
methods to monitor the progress of its implementation.

Consequently, the EU adopted a plan under the 2030 Framework for Climate and En-
ergy [39] to create a sustainable energy system. The plan consists of the following components:

Improving energy efficiency;

Providing access to affordable energy for all consumers;

Increasing energy independence, which is important in light of the information that

55% of the energy consumed in the Member States was produced from resources

originating outside the EU;

Introducing a fully integrated common energy market (energy union);

EU Member States becoming world leaders in producing energy from renewable sources.

It was therefore planned that renewable energy sources will play an important role in
the future EU energy system.

The European Union’s actions are important for achieving global energy equilibrium,
as it is composed of countries with a high level of consumption, well-developed economies,
and strong urbanisation.

An important role in the future EU energy system.

In 2018, energy production in the EU was at 634.751 TOE, of which 35.2% came from
fossil fuels, 30.8% from nuclear power plants, and 34% from RES. The value of energy
produced from RES in EU Member States was at 217.388 TOE, of which 40% was from
solid biofuels, 14% from wind and hydropower, and 9% from liquid biofuels. The share of
energy derived from solar and geothermal sources and from biogas was less than 5%.

In the course of strategy implementation, between 2020 and 2050 the energy mix is to
be substantially modified so that by the end of the reference period (2050) 20% of energy
will come from fossil fuels, 25% from nuclear power plants, and 55% from RES.

Renewable energy sources are of key importance due to rising CO, emissions. There-
fore, economists and analysts are focusing on the particular importance of the use of
renewable energy sources instead of conventional resources [40]. In their opinion, the
path to a sustainable environment should lead to a reduced use of traditional energy
sources, which should be replaced by RES, characterised by lower GHG emissions and
environmentally-friendly technological processes [41,42]. In addition, RES support the
implementation of the majority of the energy policy targets adopted by many European
countries, i.e., increased diversification of supplies makes it possible to reduce the demand
for imported energy. The implementation of the energy and climate package through the
reduction of greenhouse gas and dust emissions will support the development of com-
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petitive markets as well as the growth of innovation and entrepreneurship of the human
capital. In addition, the more widespread the sources of distributed generation and the use
of regional resources for its production, the greater the likelihood of ensuring local energy
security and reducing transmission losses. The main energy policy objectives in the area of
RES include:

e  Minimum use of forests for biomass production and maximising the use of agricultural
areas for diversified RES generation;
Significant increase in the share of biofuels in total transport fuels;
Creating an appropriate framework for the sustainable development of distributed
generation sources.

According to sustainable development standards, one of the priorities for politicians
at every level should be to reduce the negative impact of the energy sector on the envi-
ronment. Hence the importance of measures to mitigate the adverse effects of climate and
biotic changes.

In the context of energy sources, the problem of sustainable development can be lim-
ited to the use of sources which are not significantly depleted by continued use, and whose
use does not result in large-scale emissions of pollutants or other substances hazardous to
the environment. It is also important that their use does not perpetuate significant risks to
human life and health, but also social injustice [43].

Prandecki points out that there is no doubt that renewable sources are an example of
the most sustainable energy generation technologies. However, their use must take into
account many factors and conditions at the national and regional level, e.g., generating
capacity, access to energy resources, as well as the demand for energy in a given area
and the size of its distribution [44]. Suska-Szczerbicka emphasises that renewable energy
sources are characterised by a special property, as their use in a given location does not
limit the generally available energy resources; instead, the level of RES remains constant,
and they are not depleted [45]. Non-renewable resources can thus be treated as an energy
reserve of sorts, which can be used in “better times”, i.e., when production and energy
technologies are radically improved.

Therefore, the inexhaustibility, universality, and general availability of renewable
energy resources, combined with an effectively pursued energy policy, encourage the
increasing use of RES in energy production worldwide [46]. In particular, this is due to the
fact that the potential offered by renewable energy sources is considerable and includes
wind energy, solar energy, aerothermal energy, geothermal energy, hydrothermal energy,
hydropower, wave, current and tidal energy, energy from biomass, biogas, agricultural
biogas, and bioliquids. Society is slowly becoming aware of the existence of so many
alternative energy sources in relation to conventional energy sources; however, the necessity
to meet international obligations resulting from the sustainable development strategy, as
well as the United Nations Framework Convention on Climate Change and the 1997 Kyoto
Protocol on the reduction of GHG emissions into the atmosphere, results in intensified
measures to develop the RES sector.

The importance of clean and sustainable energy to which all citizens have universal
access is underscored by the fact that in its Agenda for Sustainable Development, the UN
decided to highlight an area that focuses on energy. The key targets of this goal include:

Substantially increasing the share of renewable energy in the global energy mix.
Ensuring universal access to affordable, reliable and modern energy services, includ-
ing RES.

Among the technologies available on the market, there are solutions that are financially
available only to the largest entities, such as governments or enterprises, but there are also
solutions dedicated to households, corresponding to their financial capacity. These are
state-of-the-art technologies under continuous development, which constantly reduces
their price and improves their reliability.
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2. Materials and Methods

The statistical material used in the study was obtained from the Eurostat [47], World
Bank [48], and International Renewable Energy Agency databases [49]. The time frame
of the study covered the period from 2010 to 2019. Three countries, Cyprus, Malta, and
Luxembourg, were omitted from part of the analyses due to their negligible renewable
energy generation (less than 10P] in 2018). The direction and rate of change of the share of
renewable energy in gross final energy consumption was determined by identifying trend
models on the basis of time series (y¢);_; _ ;- The fitting of the trend line resulted from
the analysis of the increments of the studied characteristic in the studied time. Statistical
verification of trend models was also performed.

Czekanowski’s method, [50-54] was used to indicate the similarities of countries in
terms of the structure of renewable energy production (by source). The following compo-
nents of the structure of renewable generation were selected for the analysis: hydropower,
solar (thermal, photovoltaic-PV), wind, biofuels (solid, liquid), biogas, geothermal, ren-
waste, and other renewable. The Manhattan metric was used as a measure of distance.
Ordering of the diagram (graphical representation of the distance matrix of objects) was
performed with the use of MaCzek software, version 3.3.49 [55]. Jan Czekanowski invented
the original method at the beginning of the 20th century, twenty years ahead of subsequent
works on classification problems. The advantage of a Czekanowski’s diagram is that it
presents the relationships and similarities between the studied objects and at the same time
emphasises all the connections between variables. A Czekanowski’s diagram, being a kind
of a similarity map of objects, unlike dendrograms, also preserves information about the
relationships between all pairs of objects in a series.

In the process of creating a synthetic measure for assessing the level of implementation
of energy policy goals resulting from the National Renewable Energy Action Plans, the
synthetic variable proposed by Hwang was applied [56]. The choice of the country ordering
algorithm was preceded by the Kukuta, Luty [57] procedure supporting the selection of the
linear ordering method. Under the Technique for Order of Preference by Similarity to Ideal
Solution method (TOPSIS), a three-stage algorithm was adopted. Firstly, the characteristics
describing the analysed phenomenon were selected using Sustainable Development Goals
indicators (Table 3). The basis for the selection of variables for the assessment was the
strategic EU climate and energy policy objectives referred to as “20-20-20”, which should
have been achieved by 2020.

Table 3. Variable description.

Variable Full Name
X3 RES The change share of renewable energy in gross final energy consumption in 2019 compared to 2010 (%)
Xy EI The change of energy intensity level of primary energy (MJ/$2011 PPP GDP) Lin 2015 compared to 2010 (%)
X3 GHG The change of greenhouse gas emissions intensity of energy consumption in 2018 compared to 2010 (%)

! Energy intensity level of primary energy is the ratio of energy supply to gross domestic product measured by purchasing power parity.
Source: Own study based on [47-49].

The selected variables indicate the percentage by which the figure increased (share of
renewable energy in gross final energy consumption) or decreased (energy intensity level
of primary energy, greenhouse gas emissions intensity of energy consumption) in the given
year compared to 2010.

In the second step, the features were normalised using the feature standardisation
method according to the following formula:

Xi]' —Xj

S

zij = i=1,...,n,j=12,...,N @

where x;,z;;— the actual and normalised value of the feature X; for the object i, respec-
tively; X;,5;— the arithmetic mean and standard deviation of the feature X;, respectively.
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Then, for each variable, vector coordinates of the pattern (z;r) and the anti-pattern (z]-_) of
development were determined, defined as follows:

z;r = miax{ zjj} or zj = miin{ zjj } )
In the third step, the values of the synthetic variable Q; for each object were determined

aCCOIdiIlg tO the fOllO W il’lg formula:
l i i

where d;, d are the Euclidean distances-between the objects and the pattern and the
anti-pattern of development defined as:

(4)

The highest value Q; indicates the best object.
The value of the synthetic variable made it possible to divide the analysed objects into
groups according to the following principle:

Group1: Q; € <Q + Sq, m,ale}
1

Group2: Q; € (Q, Q+ Sg]
Group3: Q; € (Q — S, Q]

Group4: Q; € {m.inQi,Q - SQ]
1

where Q, S are respectively the arithmetic mean and the standard deviation of the
synthetic variable Q; defined according to Formula (3).

The TOPSIS method has found great recognition in many fields, among others in
economics or management. This method is a counterpart of Hellwig’s taxonomic method
of ordering objects, which takes into account both the best and the worst alternatives for
measuring the adopted diagnostic variables.

3. Results
3.1. Differentiation of the European Union Member States in Terms of Renewable Energy Production

Achieving the long-term targets set in the National Renewable Energy Action Plans re-
quires a shift from conventional resources towards low-carbon energy sources. This implies
the need to invest in an energy infrastructure that generates energy from environmentally-
friendly sources. The disparities in RES energy production between EU Member States
were, and still are, very large (Figure 1; Table 4). In particular, these differences become
visible when the Member States are divided into countries that joined the EU before 2004
(EU-14) and others (EU-11). The clear leader in the EU is Germany, where the amount of
energy generated in 2018 was 1800 PJ. Among the EU-11, Poland produced the most energy
from RES in 2018 (372P]). In 2018, in the case of eight countries (Croatia, Estonia, Czechia,
Hungary, Latvia, Lithuania, Slovakia, Slovenia) RES production did not exceed 100 PJ.
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Poland Germany
400 Ireland 2000 F
Slovenia Romania relan rance
300 1500
Greece Italy
Slovakia 200 Czech Republic 1000
10 Belgium 500 Sweden
Lithuania Hungary Denmark Spain
Estonia Latvia Netherlands United Kingdom
Portugal Finland
Croatia Bulgaria
Austria
(a) (b)

Figure 1. Renewable energy production in EU countries 2018 (PJ]): (a) Countries that joined the EU in 2004 or later,
(b) Countries that joined the EU before 2004. Source: Own study based on [49].

Table 4. Numerical characteristics of renewable energy production by source in EU country groups 2019 (P]).

Specification

Source of Renewable Energy (a) (b)
Min Max MedianMean CV* Min Max MedianMean CV*
Hydropower 0.1 63.6 8.8 149 1169 0.1 236.8  46.3 784  104.6
Wind 0.0 46.1 23 8.2 1649 210 3958 477 90.5 1124
Solar 0.0 94 24 3.0 97.0 0.4 196.8 14.8 420 1318
Biofuels 23.0 2953 69.1 1024 699 11.5 6327 2113 2484 754
Biogas 0.6 253 3.1 55 127.5 2.1 3195 104 454  181.8
Geothermal 0.0 5.9 04 1.2 141.6 0.0 226.9 0.6 195 2963
RenWaste 0.0 4.1 0.8 1.3 107.6 0.0 1305 170 29.7  109.5
Others ! 0.0 72 0.4 1.4 153.1 1.9 108.7 255 36.2 92.8

1 other sources of renewable energy (not already itemised), * CV-Coefficient of Variation, (a) Countries that joined the EU in 2004 or later,
(b) Countries that joined the EU before 2004. Own study based on [49].

Basic characteristics of the volume of renewable energy generation by source also
indicate notable differences between the EU-14 and the EU-11 (Table 4). Biofuels are
definitely an important source of renewable energy in both analysed groups, with the
average production volume in the EU-14 amounting to more than double the production
in the EU-11.

The second major renewable energy source in the EU-11 was hydropower, with the
average national production in 2018 amounting to 14.9 PJ. This figure was 78.4 PJ in the
EU-14, which was lower than the average national production from wind power (90.5 PJ).

The similarity of Member States in terms of the structure of renewable energy produc-
tion (by source) using the Czekanowski method and the Manhattan metric, taking into
account 2018 data, is presented in Figure 2. This figure is a graphic visualisation of the
distance matrix (similar). For pairs of countries with identical structures, the distance is
zero. The increasing structural differences of the compared spatial objects are accompanied
by an increase in the value of the measure of similarity.
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D] 0-50 E 50-60 E 60-71
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Figure 2. Similarity of EU Member States in terms of renewable energy production structure (by source) as of 2018: (a)
Countries that joined the EU in 2004 or later, (b) Countries that joined the EU before 2004. Own study based on [49].

In the EU-11, countries such as Estonia, Hungary, Lithuania, and Latvia form a
homogeneous group. In this group, biofuels are the main source of energy. The structure
of renewable energy generation in Poland also shows significant similarity to the Member
States from this group. Thus, in Estonia as much as 95% of RES is generated from biofuels.
A slightly smaller percentage of energy from this source is generated in Latvia (89%),
Hungary (86%) Lithuania (86%), and Poland (79%). The second largest renewable energy
source in these countries in terms of share is respectively: wind (Poland 12%, Lithuania 6%,
Estonia 3%), water (Latvia 7%), and geothermal (Hungary 5%).

Seventy-two percent of RES production in Czechia comes from biofuels. The second
largest source in this country in terms of share is biogas (13%).

Slovakia, Bulgaria, Croatia, and Romania are another group showing significant simi-
larity of the analysed structure. In Bulgaria and Slovakia, renewable energy is generated
from biofuels (64% and 67%, respectively) and hydropower (17% and 19%, respectively).
In such countries as Croatia and Romania, almost 62% of RES comes from biofuels, and
28% and 26% from hydropower, respectively.

Slovenia stands out among the EU-11 for having the highest share of renewable energy
production from hydropower (38%). The country generates 51% of its renewable energy
from biofuels.

In the EU-14, countries such as Finland, Italy, and Ireland are distinguished by the
structure of RES generation by source. In Finland, this energy is mainly derived from
biofuels (77%) and hydropower (10%). Italy stands out from all EU Member States due to
significant percentage of renewable energy from geothermal sources (20%). Furthermore,
29% of renewable energy in Italy comes from biofuels and 16% from hydropower. Ireland
derives 56% of its energy from wind and 21% from biofuels.

Countries such as Austria, Sweden, France, and Portugal generate about 50% of their
renewable energy from biofuels. The second largest source of this energy is hydropower,
whose share in total production is 33%, 28%, 20%, and 17%, respectively. For Portugal,
energy generated from wind also accounts for 17% of total renewable energy.

Greece and Spain have a renewable energy generation structure similar to Portu-
gal. In these countries, the main sources of renewable energy are biofuels, wind, solar,
and hydropower.
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Another group in the EU-14 are the Netherlands, Belgium, Denmark, Germany, and
the United Kingdom. In these countries, the main RES are biofuels and wind. In Germany
and the UK, 18% and 17% of this energy is derived from biogas, respectively.

3.2. Achieving EU Energy Policy Targets Relating to Renewable Energy Sources

In 2019, the share of RES in gross energy consumption in the EU was 18.9%, which
means that the 2020 target is 1.1 pp. short of being met. Back in 2010, the share in the EU
energy mix was only 13.2%. Between 2010 and 2019, the share of RES in national energy
mixes increased in all EU Member States (Figure 3). The clear EU leader in terms of RES
share in gross energy consumption is Sweden (56.4%), followed by Finland (43.1%), Latvia
(41.0%), and Denmark (37.2%). On the other hand, in 2019 the Member States with the
lowest share of RES were the Netherlands, with a share of only 8.8%, followed by Belgium
(9.9%), Malta (8.5%), and Luxembourg (7.0%).

Sweden
Netherlands 75 Finland
Belgium Latvia
Ireland Denmark
Poland Austria
United Kingdom Estonia
Hungary Portugal
Czech Republic Croatia
Slovakia Lithuania
France Romania
Germany Slovenia Target 2020
Ital . Bulgaria Target 2030
%S pain Greece 8 —— Value in 2019

Figure 3. Share of renewable energy in gross final energy consumption in year 2019 and target 2020
and 2030 (%). Source: Own study based on [47].

In 2019, fourteen EU Member States reached the targets they had committed to achieve
by 2020: Bulgaria, Czechia, Denmark, Estonia, Greece, Croatia, Italy, Latvia, Lithuania,
Finland, Romania, Slovakia, Sweden, and Cyprus. Four countries, Hungary, Austria,
Portugal, and Germany, were close to meeting their 2020 commitment, falling short by
less than 0.7 pp. The widest gap to meet the national 2020 targets was observed for
France (5.8 pp.), the Netherlands (5.2 pp.), Ireland (4.0 pp.), Belgium (3.1 pp.), and Slovenia
(3.0 pp.). Other Member States fall short by 1.6 pp. (Spain) to 2.8 pp. (Poland).

According to the target set by the European Union by 2030 as part of the so-called
“Winter Package”, the share of RES in the EU energy mix should increase to 32%. It is
worth noting that three countries have set national targets for the share of renewable energy
in gross final energy consumption for at least 50%: Sweden (64%), Denmark (55%), and
Finland (50%). The nine countries which have set a target of increasing their share of
energy from renewable sources to no more than 25% include Poland (21%), Bulgaria (25%),
Luxembourg (23%), Czechia (21%), Hungary (20%), Cyprus (19%), Slovakia (18%), Belgium
(18%), and Malta (11%).

For the majority of EU Member States (excluding Hungary and Slovenia), between
2010 and 2019 there were continuous and regular changes in the share of renewable energy
in gross final energy consumption (%), which allowed for the determination of trend
models (Table 5). By extrapolating the fitted linear trends, forecasts for 2020 and 2030 were
developed. The quality of these forecasts will depend on the stability of the economic
regularity of the phenomenon over time, as they are built on the assumption that the trend
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observed so far will not change. In the next step, they were compared with the targets set
in the national plans of respective Member States.

Table 5. Development trend models share of renewable energy in gross final energy consumption (%) and EU country

projections estimated from time series 2010-2019 (y¢);_; 10

9t=a+bt Forecast (F) Target (T) Difference (F-T)
Country

a b 2020 2030 2020 2030 2020 2030

Denmark 20.27 1.72 *** 39.22 56.45 30 55 9.22 1.45

Finland 31.27 1.19 *** 44.39 56.32 38 50 6.39 6.32

Sweden 46.45 0.99 *** 57.32 67.21 49 64 8.32 3.21
United Kingdom 2.15 0.99 *** 12.99 22.85 15 27 —2.01 —4.15

Latvia 31.76 0.95 *** 42.23 51.74 40 45 2.23 6.74
Greece 10.12 0.93 *** 20.30 29.55 18 32 2.30 —245
Portugal 23.34 0.87 *** 3294 41.67 31 47 1.94 —5.33
Estonia 23.22 0.78 *** 31.82 39.63 25 42 6.82 —2.37

Bulgaria 13.61 0.78 *** 22.14 29.89 16 25 6.14 4.89
Lithuania 19.50 0.72 *** 27.47 34.72 23 45 4.47 —10.28
Ireland 5.09 0.66 *** 12.32 18.90 16 31 —3.68 —12.10
France 11.23 0.60 *** 17.78 23.75 23 32 —522 —8.25
Italy 13.19 0.59 ** 19.67 25.55 17 30 2.67 —4.45
Germany 11.37 0.57 *** 17.65 23.37 18 30 —0.35 —6.63

Czech Republic 10.82 0.57 *** 17.07 22.76 13 21 4.07 1.76

Slovakia 8.59 0.56 ** 14.79 20.42 14 18 0.79 2.42
Spain 12.90 0.56 *** 19.09 2471 20 42 —0.91 —17.29
Netherlands 3.19 0.46 *** 8.26 12.86 14 27 —5.74 —14.14
Belgium 5.66 0.43 *** 10.41 14.72 13 18 —2.59 —3.28
Croatia 25.64 0.32* 29.19 3242 20 36 9.19 —3.58
Romania 22.35 0.26 * 25.25 27.88 24 28 1.25 —0.12
Austria 31.53 0.25 ** 34.30 36.83 34 45 0.30 —8.17
Poland 10.03 0.21* 12.32 14.41 15 21 —2.68 —6.59
UE-28 12.65 0.63 *** 19.53 25.78 20 32 —0.47 —6.22

*, %, *** test significant at p < 0.05, 0.01, 0.001, respectively. Source: Own study based on [47].

The rate of changes to date indicates that not all Member States will achieve the target
without adjusting their policies. Bulgaria, Czechia, Denmark, Finland, Latvia, Slovakia,
and Sweden are likely to meet the 2030 targets.

The leaders in the implementation of energy policies in the context of RES are Denmark
and Finland, where the average annual increase in 2010-2019 was 1.72 pp. and 1.19 pp.,
respectively. The least intensive measures among the EU Member States were taken
in Poland, Austria, and Romania, where year-on-year indicators increased by 0.21 pp.,
0.25 pp., and 0.26 pp., respectively.

In Hungary and Slovenia, the trends in renewable energy in gross final energy con-
sumption over the years under study were not stable. The coefficients of the average rate
of change of the phenomenon, which were estimated respectively at the level of 0.999
and 1.005, indicate that the changes of the examined characteristic over the ten years only
slightly. Thus, in the case of Hungary there was a decrease of 0.13 pp and for Slovenia an
increase of 0.89 pp.

3.3. Achievement of EU Energy Policy Targets

The aim of this part of the analysis was to identify similarities between Member
States in terms of taking action to meet the EU energy policy targets set out in the 2020
climate and energy package. Groups were identified by comparing the dynamics of
the three variables: reduction of the energy intensity of the economy (EI), reduction of
greenhouse gas emissions (GHG) and share of energy from renewable sources (RES).
Groups of similar countries were created using a synthetic variable proposed under the
TOPSIS method.
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The final breakdown into four country groups is presented in Table 6. Descriptive
statistics for the variables in the groups are listed in Table 7.

Table 6. Groups of EU Member States similar in terms of achievement of energy policy targets as
of 2019.

Specification Country
Group 1 Denmark, Ireland, United Kingdom
Group 2 Estonia, Finland, Latvia, Lithuania, Netherlands, Slovakia, Sweden
Group 3 Belgium, Bulgaria, Croatia, Czech Republic, France, Germany, Greece, Hungary,

Italy, Poland, Romania, Slovenia
Group 4 Austria, Portugal, Spain

Source: Own study based on [47,48].

Table 7. Numerical characteristics of indicators of the level of achievement of energy policy targets
in groups of Member States.

Specification Group 1 Group 2 Group 3 Group 4
RES! mean 132.23 51.16 37.32 22.41
min 69.97 21.02 —1.00 7.75
max 219.42 123.84 95.27 32.72
EIl mean 25.70 17.84 10.87 4.87
min 19.33 12.22 —4.83 1.55
max 34.03 21.76 19.72 8.60
GHG! mean 15.32 15.11 8.55 3.36
min 8.81 3.39 3.54 -0.71
max 21.58 26.33 15.95 5.76

! designations according to Table 1 Source: Own study based on [47-49].

The first group included Denmark, Ireland, and the United Kingdom. The share of
energy derived from renewable sources in 2019 compared to 2010 increased by 219% in
the UK, by 107% in Ireland and by 69% in Denmark (Table 7). This group also saw the
largest decrease in the energy intensity of the economy, averaging 25.70%. There was also
a significant, although not the largest, reduction in greenhouse gas emissions compared
to 2010.

Countries from the second group increased their share of low-carbon energy sources
on average by 21%, with the largest change in the Netherlands (123%) and Slovakia (86%).
Significant progress in this group could be observed in relation to GHG emission reductions,
as the average result was similar to that of the first group at 15.11%. The leaders in this
respect were Finland (26.33%), Sweden (23.96%), and Lithuania (18.09%).

In the third group, which included the largest number of countries, the share of
energy from renewable sources increased on average by 37% in the analysed period. The
most intensive measures in this respects were taken in Greece (95.27%), Belgium (65%),
Bulgaria (54%), and Czechia, where the share of renewable energy increased by 54%.
Energy intensity reduction measures in certain countries did not bring the desired effects,
in particular in Greece, where the energy intensity of the economy increased in 2015
compared to 2010. The rate of changes in GHG emissions reduction was almost one half
lower compared to the first and the second group.

Austria, Portugal, and Spain formed the fourth group. These were countries where
measures to increase energy generation from environmentally-friendly sources were the
least effective. The energy intensity of the economy was reduced only slightly, on average
by 4.87%. Changes in the reduction of greenhouse gas emissions were also very low in this
group, with the average result of 3.36% in 2018 compared to 2010. It is worth noting that
these Member States did not manage to reduce greenhouse gas emissions by 20%; in fact,
these values increased compared to 1990.

The relationship between energy generation from RES and economic growth assessed
in terms of GDP growth is of great interest to the economists. Authors of numerous
studies [58-61] analyse different countries and use different modelling methods to verify



Energies 2021, 14, 2864

14 of 20

70
60 +
50 +
40 +

hypotheses on the existence of causal connections between energy consumption, including
energy obtained from renewable sources, and GDP growth. Figure 4 presents the descrip-
tive statistics of real GDP in thousands of euro per capita in 2019, and the trend coefficients
of the share of renewable energy in gross final energy consumption (%) presented in Table 5
in the groups of similar countries in terms of the level of achievement of energy targets in
2019 adopted variables to assess the level of achievement of energy policy targets resulting
from the National Renewable Energy Action Plans.

1.8 + max min ¢ median
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Figure 4. Figure characteristics of real GDP in thousands of euro per capita in 2019 (a) and trend coefficients of the share

of renewable energy in gross final energy consumption (%) (b) in groups of similar countries in terms of the level of

achievement of energy targets in 2019, respectively. Own study based on Table 5, [47].

All Group 1 countries had real GDP per capita in 2019 significantly higher than the
EU-wide figure of GBP 27.970. Ireland and the UK have set national targets for the share
of renewable energy in gross final energy consumption for both 2020 and 2030 that are
lower than those indicated in the European Commission Directive. At the current rate of
change, these countries will not meet the policy (Table 5). Denmark, on the other hand,
has set targets significantly higher than those set for the EU, which it consistently fulfils.
In all Group 1 countries the main sources of environmentally friendly energy are biofuels
and wind.

Among the countries classified in the second group, only the Netherlands is predicted
to miss its national target of share of renewable energy in gross final energy consumption
for 2020, although it is one of the lowest in the EU. This indicator for Group 2 countries has
on average increased from 0.46 pp to 1.19 pp year on year. The GDP per capita variation
was 48.4% for the countries in this group. The three countries of this group that joined the
EU in 2004 had GDP per capita significantly lower than the others. The main source of
renewable energy for all countries in this group is biofuels.

The most populous group of similar countries in terms of measures taken to achieve
the EU energy policy objectives set out in the climate and energy package for 2020 is
characterised by the lowest average rate of change of the share of renewable energy in
gross final energy consumption. Countries in this group have generally (except Slovenia,
Romania, France, and Croatia) set this indicator at the level of no more than 18%. Half of
them have a GDP per capita of less than EUR 17000. Among the countries in this group,
thatjoined the EU in 2004 or later, biofuels are the main source of renewable energy. Among
the EU-14 Group 2 countries, other resources are also used to diversify energy sources.

The three countries classified in Group 4 set their national targets for share of renew-
able energy in gross final energy consumption for 2020 and 2030 at a higher than average
for EU level. Portugal, with the lowest GDP per capita in this group, had the highest
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(also in this group) average annual increase of renewable energy in gross final energy
consumption. The opposite was true for Austria. Important sources of renewable energy
in these countries are biofuels, hydropower, and wind.

Increasing requirements, in particular the environmental ones, for the construction of
various renewable energy production plants have and will have a direct impact on RES
development in the coming years. This includes new environmental requirements for the
construction of hydropower plants, as well as various national restrictions on the location
of biogas plants and wind farms. The latter are also accused and sometimes stigmatised for
being harmful to the environment, including bioflora, in an almost hidden yet significant
way. Agriculture, a potentially important producer of resources for renewable energy
generation [62] also seems to be in decline in this respect. Although the issue of supporting
the production of energy resources in agriculture is one of the components of the EU
Common Agricultural Policy, between 2014 and 2020 the “enthusiasm” in this area has
clearly faded [63]. Most of the instruments and mechanisms of financial support for the
production of energy resources have been withdrawn, both on arable land and grassland,
as well as with regard to new energy plantings. Production of these resources is now
carried out on a strictly commercial basis with the EU direct payments applied on a general
basis. Hence, maize processed in biogas plants has become the most important commodity
in many Member States. However, there are still great opportunities for RES production
in rural areas, in particular on farms. This is reflected in the Green New Deal, which
will be implemented between 2021 and 2027 in EU Member States [64]. The Green New
Deal is a new appeal to the Member States to respect the environment in the conditions
of sustaining economic development and raising the standard and quality of life. It thus
meets both the general conditions for sustainable development and for promoting the level
of economic development. It formulates ambitious EU climate targets for 2030 and beyond
to 2050. It also indicates that, on the basis of research and by stimulating innovation, it is
possible to provide clean energy at affordable prices on a much larger scale. It also draws
attention to the need to accelerate the achievement of zero pollution in the operation of
energy equipment (and chemical plants). Rural areas, including agricultural areas, are to
play a greater role in photovoltaic installations, heat pumps [65], biogas plants, and wind
farms. RES production should also have a more local nature, i.e., be based on relatively
small plants generating energy for the needs of local businesses and households of the local
population. The development of prosumer energy, i.e., photovoltaic micro-plants, is also a
great opportunity to increase renewable energy production. It can be assumed at some risk
that the future of RES development lies in the popularisation, even at the massive scale, of
small photovoltaic plants which, by producing energy from sunlight instead from heat, can
be installed in almost all EU Member States. It is an open question how the economies of
EU Member States will react to the upcoming economic changes caused by the COVID-19
pandemic. Its various effects, also those relating to the economy, including energy, will
probably become apparent in its wake. The level of economic development measured by
GDP (per capita) may be reviewed. Changes in the economy caused by the pandemic, their
rate, but also the direction of necessary and possible transformation will be important, also
from the cognitive point of view. In view of the economic slowdown and the threat of
recession, and thus a drop in the demand for energy, will the priorities in the area of RES
support be maintained? It can be expected, however, that the demand for electricity will
increase, which will undoubtedly be strongly influenced by the accelerating conversion
of the European car fleet from liquid fuels to hybrid or purely electric vehicles. Moreover,
countries whose energy production is mainly or significantly based on coal, such as Poland
and Germany, will be encouraged by pro-environmental EU regulations and the system of
financial transfers to restructure their energy portfolios, which will undoubtedly involve
the development of RES.
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4. Conclusions

Renewable energy sources (RES) are playing an increasingly important role in the
energy supply structure, and certain RES technologies have reached the level of competi-
tiveness similar to technologies based on fossil fuels. The process of gradual transformation
from a coal-based economy to an economy using green, low-carbon technologies that meet
social needs and ensure energy security not only locally, but also regionally and in the long
term, is being initiated by the growing number of EU Member States.

Over the past decade or so, the importance of energy from renewable sources in
Europe has significantly increased. EU Member States are highly diversified in terms of
generating energy from these sources. In the group of countries that joined the EU after
2004, the problem of generating energy from renewable sources is related, on the one hand,
to the necessity of fulfilling national obligations in the ratified energy and climate package
and, on the other hand, to the specific nature of the economies of those countries, which
are mainly based on conventional energy.

The low share of renewable energy sources is also due to the fact that investments in
environmentally-friendly energy solutions require corresponding large financial outlays.

Research has confirmed that the share of renewable energy in in gross final energy
consumption in the analysed EU Member States is highly diverse. This is mainly due
to the resources for energy production available in these countries and the existing and
still efficient systems for their acquisition and generation of non-renewable energy. It also
depends on the level of energy demand in the economy, including households. In these
analyses, it is also important to refer the level and structure of the produced energy to
such country characteristics as its area and population. The environmental conditions in a
given country are also important here, in particular climate conditions and those affecting
the productivity of ecosystems, which can produce resources for RES generation. The use
of RES technologies depends largely on natural circumstances. The ongoing research on
modern technologies gives the possibility to use various sources of energy. Some of them,
with the use of modern solutions, are or will be able to be introduced in many countries.
Hence, the presentation of a group of similar countries in terms of the main sources of
energy. This information will give the opportunity to compare a given country with others
of similar environmental and geographical conditions and, if such opportunities arise, to
diversify the sources of energy.

Among the leaders in generating energy from renewable sources are Germany, France,
and Italy. The structure of energy production from different sources is highly dependent on
natural predestination, including in particular hydropower, wind energy, solar energy, and
biomass. The highest share of RES from biofuels is reported in Estonia, Latvia, Lithuania,
and Hungary. With regard to hydropower, Austria, Sweden, Croatia, and Romania are
the leaders among the analysed countries. On the other hand, Ireland, United Kingdom,
Denmark, and Germany have a high share of wind energy production.

In the case of all analysed EU Member States, there is an upward trend in the share
of renewable energy in gross final energy consumption, which is mainly due to the need
to achieve the national targets set out in the national plans which are a direct result of EU
directives. Most countries (14) have met the 2020 target and 4 have exceeded the 2030
target. The most dynamic changes in 2019 compared to 2010 occurred in Denmark, Finland,
and Sweden, which allowed these countries to significantly exceed their 2020 targets by
9.22%, 6.39%, and 8.32%, respectively.

Some Member States made efforts to increase production of (energy from) RES, and
some probably decided to purchase the volumes of energy they require to meet their
national RES target within the so-called Statistical Transfer. Virtual green energy may be
supplied by the countries which have already met their targets.

The leaders in implementing environmentally friendly energy policies are Denmark,
the UK, and Ireland. These countries show the highest rate of change in terms of achieving
the targets set in their National Renewable Energy Action Plans. The decrease in energy
intensity of these economies and efforts to reduce greenhouse gas emissions are also
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positive. In addition to environmental conditions, which Ireland undoubtedly has at its
disposal, solutions for the implementation of new technologies may be implemented in the
countries where the dynamics of changes in the aforementioned areas is lower than the EU
average. This refers to organisational as well as technological solutions.

In the struggle to improve the quality of the climate, it is important to reduce the
energy intensity of the economy and greenhouse gas emissions. The least effective measures
in this respect were introduced by Austria, Portugal, and Spain, where the energy intensity
of the economy was reduced only slightly, by 4.87% on average, and the reduction of
greenhouse gas emissions was very low, at 3.36% on average in 2018 compared to 2010.

Institutional aspects have an impact on the development of the RES market, including
the country’s level of development, its innovativeness, or its openness to change. It should
also be considered that each EU Member State has its own established sources of non-
renewable energy, previously built power plants, as well as financial and human capital
involved in the energy sector. Moreover, important is the political situation in respective
countries where restructuring the energy mix requires large capital outlays, the decline
of part of the old classic power stations and hence a reduction in employment or even
regression in sub-regional development. However, the increase in environmental awareness
of societies and various pro-environmental activities of the state and non-governmental
organisations are strong determinants for the continuation of sustainable development, in
which RES are a very important link. The EU policy has a significant impact on the activities
undertaken in the Member States in the field of introducing technologies that generate
energy from RES. National authorities supervised by the European Commission in many
countries guarantee the implementation of policies favouring positive climate change. It
is also connected with the implementation of the recommendations contained in the EU
Directives regarding the support of RES development. Removal of government subsidies
for the extraction of fossil fuels affects the relative increase in the competitiveness of RES,
which is an example of an effective policy encouraging the use of this technology. The
possibility of implementing RES technologies also depends on natural conditions; however,
the overwhelming majority of countries are able to effectively implement RES. Identifying
the leading countries makes it possible to compare the actions taken by the member states,
both on the legislative and organisational level. Determining the pace of changes in the
implementation of the national goals for 2030 will allow to determine which countries
will be able to achieve the goals regarding the share of renewable energy sources in the
total energy mix. Identifying the similarities will allow countries to implement policies
that have been proven effective, in relation to the introduced EU criteria, in countries with
similar environmental and institutional conditions.
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