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Abstract: The European Union strives to create sustainable, low-carbon economies; therefore, energy
policies of all member states should move towards renewable energy sources (RES). That concerns
also the so-called new EU member states. These countries, on the one hand, are characterized
by significant historical similarities in terms of post-communist legacy and adopted development
strategies linked with the EU membership, and on the other hand, by significant social, economic
and environmental differences resulting from different transformation and development paths and
conditions. The question remains how the selected countries should cope with actions in the field of
national energy transformations to confront the multiple challenges linked to assuring a significant
level of sustainable development. In order to be successful, it is necessary to conduct an effective and
rapid changes in the energy industry, which should be preceded by an analysis of the differentiation
of countries in terms of their potentials. The results of such analyses should be helpful in selecting
the most appropriate strategies for transformation of the described industry. Therefore, the purpose
of the article is to assess the new EU member states for RES diversification and identify similar
subgroups of countries using cluster analysis, taking into account the percentage share of individual
renewable energy sources in total renewable energy production. This was done for the years 2010,
2015 and 2019 which should allow us to demonstrate the differences between them as a group
and also reveal changes recorded over time for a single country. Ward’s method was used for the
analysis. The presented approach to the analysis of energy production enabled the acquisition of
new knowledge in this field and supported the assessment of the current state of RES. The results
obtained can be used in countries of comparable specificity to undertake activities of similar nature
in relation to internal energy production, technological development or common energy policy.

Keywords: renewable energy sources (RES); energy transformation; the new EU member states;
cluster analysis; Ward’s method

1. Introduction

In the currently ongoing processes of globalization, closely related with the dynamics
of socio-economic changes, one of the main problems faced by countries in almost every
region of the world is the growing importance of energy resources [1,2].

The rate of economic growth, unprecedented in history, forces the participants of
the global economy to pay special attention to the uninterrupted satisfaction of energy
needs [3]. The decades-long increase in demand for energy raises a number of challenges
in terms of its acquisition, transmission, processing and distribution [4,5]. This gives a
rise to complex contemporary problem which is based on the issue of energy security
of individual countries and which is the foundation of the policy of most countries in
the world. Such a broad subject matter, in fact, covering an infinite number of issues in
the field of geopolitics, international economic relations, economics or technology, is the
context for the issues discussed in this study related to the use of renewable energy by
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the post-communist countries—the so-called new member states that joined the structures
of the European Union in 2004 (Czechia/Czech Republic, Estonia, Hungary, Lithuania,
Latvia, Poland, Slovakia and Slovenia) and in 2007 (Bulgaria and Romania).

The area of Central and Eastern Europe (CEE) is one of the most important regions
of Eurasia in geopolitical terms. The countries of this region have made a civilization
leap over the past decades, carrying out an impressive political, social and economic
transformation [6,7]. To a large extent, this process was achieved through integration with
the European Union. This study focuses on the new EU member states due to the fact
that these countries, thanks to their accession to the EU, received great impetus for the
energy transformation. Along with the progressive changes in individual countries of
the discussed region, traditional energy sources based on oil, coal, and natural gas are
considered the most popular and effective drivers for economic development, but at the
same time they are also harmful to the environment and to human health [8,9]. In the
era of climate change, environmental degradation, and also growing public awareness of
environmental concerns [10], there is a need to diversify traditional energy sources that rely
on fossil fuels by new ecological sources [11,12]. This condition may be met by renewable
energy sources (RES), that according to glossary used by EUROSTAT are energy sources
that replenish (or renew—that is why they are sometimes called renewables) themselves
naturally, i.e., those generated by natural resources that are not finite (exhaustible). They
include, for example, biofuels (fuels from biomass) and renewable municipal waste (i.e.,
combustible renewables), and non-combustible renewables as wind, solar, hydropower,
and geothermal energy sources, etc. Renewable energy may have some disadvantages
or limitations (high upfront costs, storage capabilities, intermittency, etc.) but it can
serve as a potential way to restore balance between economic growth and environmental
quality [13,14]. In the countries located in the CEE, energy security issues (as ability to
act as a unified bloc) may be still relatively more important compared with the countries
located in the West (especially considering their relations with Russia and having in mind
so called gas crisis in Ukraine in 2006) but with growing concern of climate change, the
issues related with environmental protection and sustainability affect rapidly growing
world economies with increasing energy demand, including economies of the European
Union member states and CEE countries. The situation in individual member states differs
significantly but the EU (treated as one entity) may be seen clearly as one of the largest
greenhouse gas emitters [15], and coordination of climate policy is needed also on the
community level. The basis for the European energy policy was introduced by the Treaty of
Lisbon in Article 194 of the Treaty on the Functioning of the European Union [16]. Pursuing
a green economy, mainly understood as a low-emission economy, means the EU’s climate
policy is largely focused on RES on the way to climate neutrality. Climate neutrality refers
to zeroing greenhouse gas emissions, i.e., reducing their emissions from industry, transport,
and energy sectors as much as possible and offsetting the emissions that could not be
eliminated by increasing their removal. Under the 2015 Paris Agreement (COP21), the EU
promotes an energy union aimed at building energy security and solidarity as well as a
fully integrated internal market, supporting research and competitiveness, accelerating
energy efficiency, and climate-oriented actions for a carbon-neutral EU economy by 2050.
The latter is an objective of the European Green Deal (COM(2019)640 final). This ambitious
package includes not just suggestions, member states have to follow distinctive paths when
it comes to meeting their obligations under the renewable energy directives, including
legally binding 2020 targets. A general target for increasing the share of renewable energy
sources has been set, according to which it should reach at least 32% by 2030 in line with
the EU climate and energy framework (20% in 2020). The main reason for these actions is to
provide EU consumers with safe, sustainable, competitive, and affordable energy. Charles
Michel, the President of the European Council, said that “climate neutrality is no longer a
question of choice, it is beyond doubt a necessity” [17].

To be successful in this field, it is necessary to carry out an effective and fast trans-
formation of the energy industry process. Even though the EU as a whole is on track to
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meet its targets, the question is whether the generation of renewable energy at a given
level is a challenge for selected new member states countries dependent on fossil fuels.
It can be expected that some countries from the research area that generate energy from
nuclear sources (Hungary, Czech Republic), i.e., from sources with zero emission of CO2,
will be less inclined towards the development of RES. Undoubtedly, the new member
states include countries whose share of energy from renewable sources was much more
than 20% already in 2019 (Estonia 32%, Latvia 41%) (Figure 1). Nonetheless, the Central
and Eastern Europe countries also include those for which RES is still not sufficiently
important, with the share of energy from renewable sources remaining low (Poland 12.2%,
Hungary 12.6%) (Figure 1).
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The progressive European integration in the political, economic and social dimensions
is still functioning in isolation from the energy transformation process, which as the
foundation of security is implemented in various ways by individual member states. On
the one hand, the inflow of capital from the EU helps to introduce innovations, new
consumption patterns, diversification of energy sources with an emphasis on the largest
possible share of energy from renewable sources. On the other hand, this process comes
at a huge social cost. This element can be mitigated in the process of globalization, which
affects the exchange of information between countries influencing the increase in public
awareness and international integration of economies. That creates favorable conditions
for more dynamic development, mostly for economic centers, both at national and regional
level [18–22].

To take action for RES development in the examined countries, it is necessary to
analyze their differences in terms of potential. These differences depend on the energy
policies of individual countries as well as the environmental awareness of societies. The
economic aspect is also important. It is undeniable that energy production from RES is
considerably more expensive than from conventional sources. As a result of the high
upfront costs, many new member states countries seem unable to cover them from their
own resources, what limits the potential for renewable energy development in the area.
The potential and availability of individual renewable energy sources are also of great
importance. In order to find the most effective solutions to common problems, analyses
have been carried out to identify similarities between new member states countries in terms
of the structure of RES energy production. They usually include the eight major renewable
energy sources: hydro, geothermal, wind, and solar as well as primary solid biofuels,
biogases, renewable municipal waste, and liquid biofuels. The analysis indicates groups
of the CEE countries with the highest similarly identified. So far, not a lot of analyses
focusing on the new member states countries with these factors have been conducted in
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the literature, there are just single and very recent papers that include analyses of the EU
indicating the specifics of the countries (or their groups) in the region [23]. Therefore, the
approach used can be still be called new and the results of such analyses should support
the implementation of the adopted strategies in the countries of the region. It is known that
one of the main factors affecting the pace of changes is the amount of public spending on
energy transition [24,25]; therefore, the pro-environment policy implemented and required
to be continued by the EU must be adapted to the uniqueness of the new EU member
states. In addition, the awareness of mutual similarities among new member states should
promote cooperation and acceleration of actions towards energy transition.

Due to the exchange of information, the development of the energy system, including
RES, is possible. In order to be able to take a holistic view of the energy transformation
process in the discussed region, it is worth seeing the similarities and differences in RES
production in surveyed countries. The aim of the paper is to analyze the level of diversifi-
cation of renewable energy sources in three selected years for analysis (2010, 2015, 2019)
and to identify groups of similar countries due to the structure of the percentage share
of individual renewable energy sources in the total production of renewable energy. The
implementation of the goal allowed the countries to be organized in terms of the dominant
role of selected energy sources. The assessment of the state of RES in the new member
states countries in these three years also indicated possible directions of the state’s policy
in the field of the ongoing energy transformation. In addition, the obtained research results
can be related to groups of countries where, due to the similarities in the nature of RES,
they can take actions of a similar nature at the EU level with regard to internal energy
production, technological development or common energy policy. The adopted research
approach is proprietary due to the classification of countries in terms of the percentage
share of individual renewable energy sources in the total production of renewable energy.
Most of the research is carried out on the values of energy produced from selected RES (per
capita or per GDP product), which may lead to erroneous conclusions. The paper presents
Figure 1, which shows that selected countries currently differ significantly in terms of
the share of energy production from RES in the total energy production. This means that
the analysis of the similarity of countries in the context of comparing the value of energy
production from selected RES should be performed carefully.

The paper is organized as follows: an overview of the related literature is provided
in Section 2; the description of methods is included in Section 3, data are described in the
Section 4, and results in the Section 5. Two final sections: include discussion (Section 6)
and conclusions (Section 7).

2. Literature Review

The importance of renewable energy in the energy mix is increasingly recognized.
Traditionally, literature reviews of the papers devoted to the issue have been based on
the problem of sustainable development (SD) and strategies or policies of achieving it in
the context of international or national goals [26,27]. SD is today a well-established term
both in all territorial perspectives as it had been introduced already by 1970 by the United
Nations and the most common definition was proposed by the Brundtland Commission of
1987 and the interdisciplinary discussions that followed the publication of Our Common
Future [28–30]. They allowed SD policy to be distinguished from environmental policy as it
can only be achieved by integration of environmental, social, and economic concerns and
objectives, and it has given a fresh impetus for advancing both theoretical and practical
aspects of SD. It became a guiding institutional principle and a policy goal, implemented
also in the EU.

The advantages of renewable energy for the environment are undeniable and widely
discussed in the world literature as RES are usually seen as an element that will contribute
to mitigating climate change and the opportunity to achieve also other sustainability targets
as RES technologies can facilitate social and economic development [31]. Therefore, there
are also analyses concerning issues related to climate change prepared for the EU [32] and
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the CEE countries [33]. In order to address the sustainability challenges the considerations
connected with environmental concerns are not only concentrated on ecosystem complexity
but accompanied by social and economic impacts of RES in territorial [34] or general
perspective [35]. As mentioned, energy policy is often perceived also in the energy security
context [36–38] also as RES has the potential to improve energy security by making the
system more resilient to disruptions.

As the energy sector is often seen as a key to economic development, there are nu-
merous studies on the link between RES and various macroeconomic variables [39,40].
They often focus on the impact of RES on economic growth. In their studies, Ohler and
Fetters [41] identify a two-way relationship between aggregate renewable energy and real
GDP. Simultaneously, they argue that biomass, hydroelectric, and waste electricity genera-
tion have the largest impact on real GDP in the long-run. The findings of Kula [42] also
support the existence of a long-term balanced relationship between renewable electricity
consumption and GDP, while Anwar, Arshed and Kousar [43] argue that the impact of
renewable electricity consumption on economic growth is positive and significant. As for
measuring SD it is necessary to go beyond the quantitative indicators, a set of aggregate
indicators of SD is usually suggested and widely discussed in the literature [31,44,45]. They
have gained a lot of criticism due to the arbitrary character of procedures used in their
construction, but one of the advantages of the development of such indicators is that they
allow international comparability.

An international perspective is important here as issues related to climate change
call for cross-border cooperation. The cooperation in the EU connected with Green Deal
described above is important but in terms of the expansion of renewable energy is also
significant and results in a possible increase in the efficiency of individual countries.
Nevertheless, the studies show that the majority of European countries are yet to pursue
any cooperation and wish to achieve the expansion objective in terms of renewable energy
primarily through expansion within their own national borders [46,47]. On the other hand,
history shows that new member states’ energy security meant the pursuit of the highest
self-sufficiency and independence compared to other entities. For several years, these
countries have been transforming their economies at a different pace, with the aim of
the marketisation of economic processes. Many changes are underway in the industry
area, which is still energy-intensive and dependent on primary energy sources. Although
transition economies are trying to become greener through the reduction of greenhouse
gas emissions, they are doing so at different rates. Some of them, such as Estonia, Latvia or
Lithuania, have undergone a drastic transformation, whereas others, such as Hungary or
Slovenia, are making changes at a slower pace [48]. As noted by others, the large area of
forestry land in Central Europe makes forest biomass and waste from the wood processing
industry (sawdust, chips) or in a processed form (pellet, briquette) suitable for energy
purposes, while the involvement of agriculture in building bioenergy production capacity,
in particular the development and distribution of multiannual crops and their potential in
new member states countries, is crucial for bioenergy in the long term [49].

The development of RES brings about challenges in terms of how to run energy policy
as countries with a diversified level of RES offer incentives to advance RES [31] and obtain
goals set at international, national, regional and local level. It must be more stable and, thus,
more credible and clearer to citizens. This is the EU energy policy that is characterized by a
high degree of social involvement in the ownership, management, and benefits of energy
projects [50,51]. In addition, econometric analysis reveals a positive correlation between
subsidies and the generation of motivated energy as well as installed capacity [24,52].
Bersalli, Menanteau and El-Methni [53] showed that promotional policies have a positive
and statistically significant effect on RES investment.

Papers addressing the issue of renewable energy sources in the context of Europe
mainly focus on the European Union [54–56]. Few of them focus on the uniqueness
of Central and Eastern Europe countries [23], for which, for historical reasons, it is a
challenge to change the regulatory system in order to allow entities not controlled by their
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governments to produce and transmit electricity. Recently, Pakulska [57] proved that for
most of the CEE countries transformation towards a climate-neutral economy is challenging
task. Papers focusing on the new member states countries often address a single country in
terms of renewable energy for the near future [58,59] or a specific renewable energy source
of a selected country [60].

What is proved in the research presented above is that energy transition, aimed at
replacing conventional energy sources with RES, what is more, is a complex process that
depends on many factors, and the reasons for the uneven distribution of energy production
from RES in new member states countries are diverse and include social, economic, and
environmental (like issues connected with climate, hydrology and geology). The results
also support the need to conduct a study that should focus not only on the absolute values
of renewable energy, but also on other factors that may shape the volume and structure of
such RES production in the future. Therefore, such an approach to this analysis appears to
be fully justified.

The analysis of new member states countries in this study fills a gap in the existing
literature and contributes to the discussion on the European Strategy 2020–2030 for the
whole EU and especially for the countries of the region of Central and Eastern Europe—new
member states. The approach adopted in this paper gives a broader view and considers
the uniqueness of each new member states countries.

3. Methods

A wide group of methods that are used in the problems of multivariate comparative
analyses are taxonomic methods, also commonly found under the term “cluster anal-
ysis” [61,62]. They deal with the rules and procedures for the classification of various
types of objects. Taxonomies have many applications that span a variety of fields. For
example, in economics and finance, taxonomies are used to group countries based on sets
of development indicators or to recognize the level of regions development [63,64]. The
most general division allows taxonomic methods to be converted to hierarchical methods
(agglomeration and division) and grouping by the k-means method, where objects are
assigned to k clusters and the number of clusters is determined by the researcher [65].
Among the agglomeration algorithms, Ward’s method is widely used [66–68].

The research method applied in this paper is cluster analysis. Cluster analysis is a
method used in multivariate comparative analyzes that breaks down a large group of
objects into relatively homogeneous groups called clusters. In general, cluster analysis
is used to classify n objects, while these objects are described with k statistical features.
In the analysis of clusters, the similarity or dissimilarity of objects is taken into account,
and on this basis groups of objects (clusters) that are mutually exclusive are distinguished.
The objects assigned to each cluster are similar to each other in terms of the values of all k
variables.

The article uses the method of Ward [69], because it is the most frequently used method
in economic research [61,70,71]. In Ward’s method, the sum of squares within groups is
minimized, where in the first stage of grouping, each object forms an independent cluster.
In the next steps, the standalone clusters are grouped into superior clusters based on the
selected distance measure. In the last step, all statistical objects are combined into one
cluster [61].

The use of cluster analysis has allowed us to separate homogeneous subsets of pop-
ulation objects, which are new member states countries, based on variables describing
the examined countries, i.e., the value of energy produced from RES commonly used in
Eurostat analyses. The main idea behind cluster analysis is to group objects (countries) in
such a way that the objects included in the same group are characterized by a significant
similarity and at the same time they differ from objects from other groups as much as
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possible. To do so, the Euclidean distance was used as a measure of distance, which is
given by:

d(x, y) =

√√√√ p

∑
i=1

(xi − yi)
2, (1)

where x =
(

x1, . . . , xp
)

and y =
(
y1, . . . , yp

)
, and in this case p = 8, which is the number

of variables that characterise a country. The greater the distance between two countries,
the more diverse they are. As a result, a cluster includes countries close to each other and
far away from others that form separate clusters.

Before the determination of distance matrices, the variables were standardized using
the formula:

zi =
xi − x

sx
, (2)

where x and sx refer to the mean and standard deviation of the sample.
The agglomerative hierarchical clustering algorithm was applied in the first step of

analysis. The agglomeration method was Ward’s method, which is used to minimize the
sum of the squares of within-cluster variance. This resulted in a graphical illustration of
the agglomeration pattern in the form of a diagram referred to as a dendrogram and the
suggestion of the number of clusters to which the countries are to be assigned. In the
second step of the analysis k-means non-hierarchical clustering was used. The optimal
number of clusters was determined with the use of the Silhouette index [72–74]:

S(u) =
1
n

n

∑
i=1

b(i)− a(i)
max{a(i), b(i)} , S(u) ∈ [−1, 1], (3)

where u is the number of classes, n is the object (country) number, a(i) is the mean
distance of the country with index i from other countries belonging to class number
r, r = 1, . . . , u. b(i) is the mean distance of the country with index i from other countries
belonging to class number s, s = 1, . . . , u. The criterion based on the Silhouette index
indicates the selection of the number of classes u, for which index S(u) takes the maximum
value.

The results obtained on the basis of Ward’s method are most often presented in
the form of a dendrogram. At the top of the dendrogram, all objects form one shared
cluster. Moving to lower levels, successive clusters with a smaller number of objects are
distinguished, where at the lowest level all objects form separate clusters [71,75,76].

4. Data

Data on the structure of RES energy production for the new member states was taken
from the Eurostat database for 2010 (Table 1), 2015 (Table 2) and 2019 (Table 3).

Table 1. Structure of energy production from renewable energy sources (RES) in the new member states in 2010.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar Total

Gigawatt-Hour

Bulgaria 5692.52 0.00 681.37 19.74 15.50 0.00 0.00 14.87 6423.99
Czechia 3380.58 0.00 335.49 1492.24 634.66 35.59 0.00 615.70 6494.26
Estonia 26.88 0.00 276.99 729.82 10.19 0.00 0.00 0.00 1043.88
Latvia 3520.51 0.00 49.06 8.41 56.69 0.00 0.00 0.00 3634.66

Lithuania 1295.00 0.00 224.00 116.00 31.00 0.00 0.00 0.00 1666.00
Hungary 188.38 0.00 533.79 2034.28 117.32 144.86 0.00 0.85 3019.49
Poland 3488.14 0.00 1664.34 5905.21 398.38 0.00 0.90 0.00 11,456.97

Romania 20,242.98 0.00 306.35 109.84 0.65 0.00 0.00 0.04 20,659.86
Slovenia 4702.96 0.00 0.00 119.53 97.35 0.00 0.00 12.86 4932.69
Slovakia 5649.00 0.00 6.00 606.00 34.00 22.00 0.00 16.94 6333.94
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Table 2. Structure of energy production from RES in the new member states in 2015.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar Total

Gigawatt-Hour

Bulgaria 6146.54 0.00 1451.51 151.08 119.11 0.00 0.00 1383.27 9251.51
Czechia 3070.77 0.00 572.61 2091.50 2610.96 86.65 0.00 2263.85 10,696.34
Estonia 26.60 0.00 715.00 710.00 50.00 58.00 0.00 0.00 1559.60
Latvia 1860.36 0.00 147.14 377.78 391.71 0.00 0.00 0.24 2777.22

Lithuania 1024.00 0.00 810.00 318.00 86.00 42.00 0.00 73.00 2353.00
Hungary 233.71 0.00 693.32 1660.96 292.99 207.29 0.00 141.00 3229.27
Poland 2435.20 0.00 10,858.37 9026.64 906.40 0.00 3.82 56.64 23,287.06

Romania 17,006.55 0.10 7062.93 462.27 60.78 0.00 0.00 1982.00 26,574.63
Slovenia 4090.18 0.00 6.03 131.28 132.30 0.00 0.00 274.23 4634.02
Slovakia 4137.00 0.00 6.00 1099.00 541.00 22.00 0.00 506.00 6311.00

Table 3. Structure of energy production from RES in the new member states in 2019.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar Total

Gigawatt-Hour

Bulgaria 3382.75 0.00 1316.99 1545.79 230.72 44.30 0.00 1442.47 7963.01
Czechia 3174.69 0.00 700.01 2398.73 2528.08 104.85 0.00 2311.57 11,217.94
Estonia 19.00 0.00 687.00 1259.79 38.84 64.07 0.00 73.50 2142.20
Latvia 2107.55 0.00 154.00 575.02 352.40 0.00 0.00 3.14 3192.11

Lithuania 947.70 0.00 1499.40 330.70 154.40 48.10 0.00 91.10 3071.40
Hungary 219.00 18.00 729.00 1769.00 318.00 137.00 0.00 1497.00 4687.00
Poland 2664.88 0.00 15,106.76 6441.15 1135.01 104.83 1.99 710.67 26,165.30

Romania 16,005.70 0.00 6772.81 450.34 53.81 0.00 0.00 1777.62 25,060.27
Slovenia 4682.54 0.00 6.15 151.46 94.36 0.00 5.22 303.04 5242.76
Slovakia 4571.00 0.00 6.00 1130.00 534.00 29.00 0.00 589.00 6859.00

Then, the percentage share of eight individual variables describing the volume of
energy production from selected renewable sources in total renewable energy was calcu-
lated for each year—2010 (Table 4), 2015 (Table 5) and 2019 (Table 6). Initial calculations
pointed to strong differences in the levels of percentage share of individual renewable
energy sources in total renewable energy from selected renewable sources. The significant
differences of the new member states in terms of RES production structure are reflected by
the high coefficient of variation of individual variables. Therefore, the presented average
values for the percentage share of individual renewable energy sources in the total pro-
duction of renewable energy, calculated for all countries, have a low cognitive value and
only the cluster analysis performed in the further part of the article will allow for a proper
comparison of selected countries. In addition, the correlation of the variables describing
the countries was not high, which supported the applicability of the Euclidean distance to
conduct cluster analysis.

Table 4. Percentage share of individual RES in total production in 2010.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar

%

Bulgaria 88.61 0.00 10.61 0.31 0.24 0.00 0.00 0.23
Czechia 52.05 0.00 5.17 22.98 9.77 0.55 0.00 9.48
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Table 4. Cont.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar

%

Estonia 2.58 0.00 26.53 69.91 0.98 0.00 0.00 0.00
Latvia 96.86 0.00 1.35 0.23 1.56 0.00 0.00 0.00

Lithuania 77.73 0.00 13.45 6.96 1.86 0.00 0.00 0.00
Hungary 6.24 0.00 17.68 67.37 3.89 4.80 0.00 0.03
Poland 30.45 0.00 14.53 51.54 3.48 0.00 0.01 0.00

Romania 97.98 0.00 1.48 0.53 0.00 0.00 0.00 0.00
Slovenia 95.34 0.00 0.00 2.42 1.97 0.00 0.00 0.26
Slovakia 89.19 0.00 0.09 9.57 0.54 0.35 0.00 0.27

Table 5. Percentage share of individual RES in total production in 2015.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar

%

Bulgaria 66.44 0.00 15.69 1.63 1.29 0.00 0.00 14.95
Czechia 28.71 0.00 5.35 19.55 24.41 0.81 0.00 21.16
Estonia 1.71 0.00 45.85 45.52 3.21 3.72 0.00 0.00
Latvia 66.99 0.00 5.30 13.6 14.1 0.00 0.00 0.01

Lithuania 43.52 0.00 34.42 13.51 3.65 1.78 0.00 3.10
Hungary 7.24 0.00 21.47 51.43 9.07 6.42 0.00 4.37
Poland 10.46 0.00 46.63 38.6 3.89 0.00 0.02 0.24

Romania 64.00 0.00 26.58 1.74 0.23 0.00 0.00 7.46
Slovenia 88.26 0.00 0.13 2.83 2.86 0.00 0.00 5.92
Slovakia 65.55 0 0.10 17.41 8.57 0.35 0.00 8.02

Table 6. Percentage share of individual RES in total production in 2019.

Countries Hydro Geothermal Wind
Primary

Solid
Biofuels

Biogases
Renewable
Municipal

Waste

Liquid
Biofuels Solar

%

Bulgaria 42.48 0.00 16.54 19.41 2.90 0.56 0.00 18.11
Czechia 28.30 0.00 6.24 21.38 22.54 0.93 0.00 20.61
Estonia 0.89 0.00 32.07 58.81 1.81 2.99 0.00 3.43
Latvia 66.02 0.00 4.82 18.01 11.04 0.00 0.00 0.10

Lithuania 30.86 0.00 48.82 10.77 5.03 1.57 0.00 2.97
Hungary 4.67 0.38 15.55 37.74 6.78 2.92 0.00 31.94
Poland 10.18 0.00 57.74 24.62 4.34 0.40 0.01 2.72

Romania 63.87 0.00 27.03 1.80 0.21 0.00 0.00 7.09
Slovenia 89.31 0.00 0.12 2.89 1.80 0.00 0.10 5.78
Slovakia 66.64 0.00 0.09 16.47 7.79 0.42 0.00 8.59

5. Results

Using the algorithms discussed in the previous section, an analysis was conducted
to select subgroups among the 10 selected countries (the new EU member states) based
on eight variables characterizing percentage share of individual renewable energy sources
in total renewable energy. The number of clusters was determined with the use of the
Silhouette index. The index points to the adoption of two classes, it also seems reasonable
to consider four clusters, because for u = 4, S(u) reaches the second maximum.
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Next, the countries were assigned to four clusters with the use of hierarchical clustering
and Ward’s method for each year—2010 (Figure 2), 2015 (Figure 3) and 2019 (Figure 4).
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In 2010 Poland was the only country assigned to the first group. In Poland the structure
of renewable energy was determined by three sources: primary solid biofuels (51.54%),
hydro energy (30.45%) and wind (14.53%). In the second group were classified Estonia and
Hungary. Their renewable energy sources were based mostly on primary solid biofuels
and wind. The third group consists of Czechia (with 52.02% of hydro energy and 22.98%
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on primary solid biofuels). It is worth noting that in Czechia the share of solar energy was
9.48%, which was the highest value among all analyzed countries in this year. In the fourth
cluster, Bulgaria, Lithuania, Slovakia, Slovenia, Latvia and Romania were classified. In
these countries the hydro energy dominated over other considered energy sources.

The structure of renewable energy sources used in CEE new member states has been
changing over time. This is due to the fact that these countries make new investments into
renewable energy and create own new energetic policies. It is visible in the energy structure
in 2015. According to the diagram presented in Figure 3, Czechia constitutes a separate
group. In comparison to 2010, the renewable energy sources in Czechia are almost equally
distributed among hydro energy, biogases, solar energy and primary solid biofuels. The
first group, i.e., Hungary, Estonia and Poland, based their energy on primary solid biofuels
and wind. Third group consists of Slovenia, Latvia and Slovakia. These countries used
mainly hydro energy and primary solid biofuels and biogases. The last group: Lithuania,
Bulgaria and Romania were primarily using hydro energy and wind.

In 2019 the first cluster included countries with over 60% share of renewable energy
production from hydropower in the total renewable energy production (it must be added
that taking into account the total electricity production from RES, hydropower is very
important for the whole EU—currently it is the second largest RES; the source in this
category that is more important is wind; wind and hydro power accounted for two-thirds
of the total electricity generated from renewable sources in the EU). These countries include:
Romania, Slovenia, Latvia and Slovakia. This group generally is very diversified taking into
account energy from RES in its gross final consumption of energy as it includes Latvia, in
which the share of energy production from RES in total energy production was the highest
in the whole group selected for analysis, i.e., among the new member states countries in
2019. For analyses conducted for the whole EU, Latvia usually is placed among leaders
(only Sweden and Finland could boast with better performance in that field) with its
electricity sector is dominated by large hydropower plants on the Daugava River and
cogeneration plants [77]. Slovakia is below the average in the EU-27 and Slovenia and
Romania just above it, but still exceeding 20% (Figure 1). Lithuania and Poland are the
second cluster with the highest use of wind energy, but at the same time their share of
renewable energy production in total energy production is highly diversified—for Poland
it is the lowest among the new member states countries, while Lithuania is in the top
three in this respect. Treating this part of the analysis as a kind of indicator of climate
awareness, it has been found that Poland still has a lot of catching up to do, because as
the study shows [50] high community involvement in ownership and management of
energy projects can bring many benefits in RES development. The third cluster consisted of
countries with a high percentage of the production of individual renewable energy sources
in the production of total renewable energy, mainly from hydro, primary solid biofuels,
solar and winds. Bulgaria and Czechia were included in this group. When taking into
account the share of energy production from RES in total energy production the situation
of both countries is different as Czechia is below the EU-27 average and Bulgaria exceeded
it and the level of 20% as well (Figure 1). The fourth cluster includes countries where the
percentage share of renewable energy from primary solid biofuels in the total renewable
energy production is the highest among the analyzed countries. These include Estonia and
Hungary. This is consistent with what Koppel and Ots [78] note in their paper claiming
that Estonia has been successful in implementing biofuel programs. In the study [79],
Hungary was treated as the country with the greatest potential among new member states
countries in terms of geothermal development, for which it was projected about 19% share
of geothermal in gross final consumption of RES in 2020. Even though this threshold was
not reached, the successful development of projects in Hungary has shown that the relative
ease of access to geothermal resources in the region means that there are real opportunities
to develop this RES source. At the same time, as in the case of the second cluster, these
countries occupy extremely different positions when it comes to their share of energy
production from RES in total energy production (Figure 1).
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6. Discussion

In the energy production or consumption patterns and especially in the share of energy
from RES one can find significant dissimilarities characterizing the countries of the CEE
that from outside are still very often treated as a quite homogeneous region. Taking into
account historical background of these countries, on the one hand, they are (or rather
were) characterized by significant economic similarities (like significant development
gap towards the EU, reflected in the differences in GDP per capita between most of
‘old’ and ‘new’ member states and its regions; followed by development ambitions and
strategies based on the integration with the EU), and by social, environmental or economic
differences, on the other hand. Undoubtedly, the connecting point for all countries selected
for analysis is their membership in the EU, which results in the need for the adoption of
many regulations in the area of environmental protection and organization of the energy
sector, which has and will clearly translate into the energy sector.

The analysis covered 10 new EU member states, among which Poland and Romania
had the highest absolute values of energy generated from RES in 2019 (Table 1). However,
these values do not mean that these countries had a distinctive large share of RES in final
energy compared to the remaining countries. For example, this share was only 12.2% for
Poland in 2019 (Figure 1). It must be added that the data prove that the situation among the
new members states concerning not only the share of RES is diversified, but the changes
are recorded at a different pace (Table 7). The illustration of the situation for 2019 has been
included in Figure 1.

Table 7. Percentage share of energy from renewable sources in the new member states in 2010, 2015,
2019. Source: data from Eurostat (online data code: NRG_IND_REN__custom_1595802).

Country
Year

2010 2015 2019

Bulgaria 13.93 18.26 21.56
Czechia 10.51 15.07 16.24
Estonia 24.60 28.53 31.89
Latvia 30.38 37.54 40.98

Lithuania 19.64 25.75 25.46
Hungary 12.74 14.50 12.61
Poland 9.30 11.89 12.16

Romania 22.83 24.79 24.29
Slovenia 21.08 22.88 21.97
Slovakia 9.10 12.88 16.89

The leader for the 2010 was Latvia with the share of energy from RES of over 30%
and this country stayed at the first position also in 2019 exceeding 40%, which makes the
change more than 10 p.p. Not a single country from the analyzed group of the new member
stated reached such a result. There was also a country that recorded a decrease in the share
of energy from RES in 2019 compared to 2010 and it was Hungary. The share calculated for
Lithuania, Romania and Slovenia in 2019 was slightly worse for those countries compared
with their performance in 2015. It proves that changes in the analyzed sector in some
countries require a lot of time and effort as generally their pace in quite slow. Lack of
continuous improvement and high variability recorded for some countries proves that
there is a need for a more consistent policy of support for RES in those countries.

To reflect the actual state of renewable energy in new member states more accurately,
the percentage share of individual renewable energy sources in total production from RES
were analyzed in the above study. Such an approach gives a better and more objective
insight into the state of this energy sector and should allow to undertake activities of
similar nature in relation to internal energy production, technological development or
common energy policy (national action plans). Taking into account the percentage share
of individual renewable energy sources, new member states countries were divided into
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four clusters that were characterized by some similarity taking into account share of
individual renewable energy sources in total renewable energy. In other words, countries
of comparable specificity were defined, as the analysis showed those clusters included
diversified countries taking into account the overall performance (understood as share
of energy from RES as % of gross final energy consumption). The results proved that the
group of the new member states was not homogeneous. What is more, the structure of
energy sources from RES is very unstable over time and even small changes were reflected
in cluster analysis. resulting in a different grouping. The most current analysis has been
carried out based on data for the 2019. In this year for Lithuania and Poland almost 50% of
their RES was based on wind. Romania, Slovenia, Latvia and Slovakia use mainly hydro
energy and primary solid biofuels and biogases, although Romania is more widely using
wind energy. Bulgaria and Czechia constitute a separate group, as they rely mainly on
hydro energy, biogases, solar energy and primary solid biofuels. The last group, consisting
of Estonia and Hungary use mainly primary solid biofuels, wind, and additionally Hungary
was using solar energy most intensively (31.94%).

The analyses presented should support this process by considering the needs and
opportunities of the identified clusters of similar countries. This creates the possibility
of a more efficient use of resources than if all countries were treated according to the
same criterion. The problem of the proper energy transformation of the selected countries
is important because many studies show a bidirectional relationship between aggregate
renewable energy and real GDP [41,80,81]. Energy is one of the key factors shaping an
economy’s ability to grow. Therefore, it is important to maintain stability in the operation
of this sector.

It must be stated that the renewable energy policy conducted by the EU takes into
account differences in potentials of its member states. Member states should follow the
obligations set for them in renewable energy directives. Until the end of June 2021 it was
Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on
the promotion of the use of energy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/E that were repealed by Directive (EU)
2018/2001 of the European Parliament and of the Council of 11 December 2018 on the
promotion of the use of energy from renewable sources. Long-term goals were set for
the whole community (a 20% share of its gross final energy consumption from renewable
sources by 2020 and a 32% by 2030) but their ‘distribution’ between EU member states is
based on national actions plans that express the individual pathways to development of
RES in each member state. As shown, individual countries have different resources, their
energy markets also differ in terms of size and characteristics. The performance in the
field recorded by the countries of the CEE is therefore diversified, but it must be stressed
once again that among 14 member states that had reached their national targets, half of the
countries are located in the region of analysis (Bulgaria, Czechia, Estonia, Latvia, Lithuania,
Romania and Slovakia). Hungary was very close to the target, and the countries that are
furthest from meeting their targets belong to the group of old member states—France,
Ireland and the Netherlands [82].

7. Conclusions

Energy production is moving toward renewables. Fossil fuels are gradually taking a
step back giving way to more environmentally friendly resources. The European Union
has chosen to be an active player in this transition, and although there are difficulties along
the way, all member states are moving in the same direction, which is the creation of a
new and efficient energy system. A common feature of the new member states analyzed
in the article is that winter heating still involves heavy use of fossil fuels such as coal or
gas, although it is known that less pollution leads to a healthier atmosphere. The benefits
are positive for both restoring the local ecosystem and improving human health. In this
context, RES offers great opportunities, but requires proper use and support from the
government. This is because CEE countries diverge the most from the most developed
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EU countries [54,83]. Therefore, it is an area that should be of particular interest within
the framework of energy policy, although the implementation of these goals will require
very high investment outlays. However, increasing use of renewable energy will help
economies in transition achieve both economic growth and clean environment goals [84].

It is quite understandable that moving to renewable energy will not be possible in each
country totally or/and at the same pace. The disadvantages of RES (especially high costs
of such technologies upfront and storage compared to traditional energy and geographical
limitations), as well as some other economic, social or political issues (like those connected
with local labor markets). The circumstances of increasing the share of RES in the energy
system are very complex and the evaluation of the energy sector is capital intensive and
includes expensive installations. Their rapid replacement does not pay off until there is a
return on invested capital. This may also explain why of some of the economies studied
are so reluctant to the proposed changes.

The results of the research presented in this article are intended to see the structure
of renewable energy production in new member states in the context of their national
energy transformations. The presented approach to the analysis of energy production,
taking into account the demographic and economic potential of individual countries,
enabled the acquisition of new knowledge in this field and supported the assessment of the
current state of RES. It also showed the diversity of these countries. Countries with similar
problems need to take action of a similar nature in relation to internal energy production,
technological development or community policy. Investments should be made to promote
the purchase and use of RES installations, such as a system of subsidies or regulatory
mechanisms. In addition, commonality across countries in the region may increase the
available potential for RES development in these countries combined, improve their energy
security and consolidate sustainable development. It seems that cooperation in the form of
joint projects or joint support systems should be intensified.

Recently, in the statement for the UN Climate Change Conference in Glasgow (COP26)
President von der Leyen underlined that “there is an encouraging message that shows that
you can cut emissions and prosper” and that a number of new actions will be launched
with other countries worldwide, also in order to develop renewables earlier and faster [85].
This proved that the EU incessantly aims at becoming a role model in the analyzed area.
Some of the CEE countries can indeed boast of being good examples in the field of RES
development.
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