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Abstract: In the conditions of climate change and the scarcity of natural resources, the future of
energy is increasingly associated with the development of the so-called green energy. Its development
is reflected in the European Commission strategic vision to transition to a climate-neutral economy.
This is a challenge that the Central and Eastern European (CEE) countries, members of the EU, are also
trying to meet. In recent years, these countries have seen an increase in the share of renewable energy
and a reduction in greenhouse gas emissions (GGE). On the other hand, basing the energy sector on
unstable energy sources (photovoltaics and wind technologies) may imply new challenges on the
way to sustainable development. These are old problems in a new version (ecology, diversification
of supplies) and new ones related to the features of renewable energy sources (RES; instability,
dispersion). The aim of the article was to classify, on the basis of taxonomic methods, the CEE
countries from the point of view of green energy transformation (original indicator) and to predict
new threats to Romania, Poland, and Bulgaria, the countries representing different groups according
to the applied classification. The issues presented are part of a holistic view of RES and can be useful
in energy policy.

Keywords: renewable energy sources (RES); green energy transformation; sustainable development

1. Introduction

Given the conditions of climate change [1] and the scarcity of natural resources, the
future of power engineering is increasingly associated with the development of the so–
called green, renewable energy. However, the concept of green energy does not always refer
only to the renewable energy sources (RES). Its key feature is the lack of negative impact
on the environment. This is what characterizes not only renewable energy, namely, solar,
wind, hydro, geothermal, biomass, and biofuels, but also nuclear energy [2]. Nevertheless,
in most research studies, green energy is perceived as renewable green energy [3]. It
constitutes a strategic direction for the EU on its path towards sustainable development [4].
In 2009, the EU adopted a broad package of 2020 commitments: a 20% increase in energy
efficiency, a 20% reduction in greenhouse gas emissions (GGE) (compared to 1990 levels),
and a 20% increase in renewable energy [5,6]. The assumption is that in 2050 more than
80% of electricity will come from RES [7]. For some member states, these ambitious targets
may be difficult to meet [8].

Transition to a climate-neutral economy by 2050 is a major challenge overall, but
especially for Central and Eastern European (CEE) countries that show a certain “delay” in
relation to the more developed countries of Western Europe. It has roots in their former
economic system—their energy was largely based on solid fuels, and little importance
was given to the economy’s energy intensity and negative environmental effects. Political
transformation and accession of these CEE states to the EU have brought about some
significant changes in their energy structure and energy intensity. Consequently, they have
been developing solar and wind energy dynamically. This trend has led to a significant GGE
reduction. On the other hand, basing the energy sector on unstable energy sources (such
as the sun and wind) may imply new challenges on the path to sustainable development.
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These are old problems in a new form (i.e., ecology and diversification of supplies) and
new problems related to the very features of RES (such as their instability or dispersion).

This article aims to classify CEE countries by their transformation towards green
energy and to predict new threats (if any) to Romania, Poland, and Bulgaria, countries
representing different groups, according to the applied classification. The issues presented
are part of a holistic view of RES and can be useful in energy policy.

2. Methodology

The research methodology consists of 4 stages. The first stage is the literature review
presenting (1) the specificity of the process of energy transformation in CEE countries;
(2) features of solar and wind energy, i.e., the most dynamically developing sectors of green
renewable energy in CEE countries; (3) new (old) challenges of the energy transformation
of the CEE countries on the way to sustainable development.

Stage 2 presents the energy structure of select CEE countries. The empirical analysis
was limited to the following socio-economically homogeneous countries: Bulgaria, Estonia,
Lithuania, Latvia, Poland, the Czech Republic, Romania, Slovakia, Slovenia, and Hungary.
Having undergone through the process of transformation of their economic and political
systems, these countries are classified, nowadays, as highly developed [9], and have similar
challenges with regards to green energy transformation. The calculations in stage 2 were
carried out on the basis of the International Renewable Energy Agency [10].

Stage 3 is the classification of CEE countries according to the green energy transforma-
tion index. For the classification of countries, we used the distance from the pattern method
and the Ward’s method (cluster analysis). They are included in the group of clustering
methods [11] recognized as important data mining techniques. They are applicable (also in
social sciences) in assessing the similarities and differences between the studied objects
(countries) [12,13]. In both methods used, the classification is based on the Euclidean
distance matrices (EDMs) [14,15]. These methods lead to the determination of clusters
of objects (countries), i.e., obtaining homogeneous classes of objects due to the objects’
features [16]. On this basis, we were able to assess the level of participation of each country
in the studied group, the internal homogeneity of the group, and its cohesion and stability
of development [17]. The method of distance from the pattern, included in the taxonomic
methods of linear ordering, allows us to define the hierarchy of objects. On the other hand,
the Ward’s method (non-linear ordering) allows us to determine the similarity of objects
without establishing their hierarchy [18].

In the construction of the synthetic index of energy transformation (STEP A), we used
an algorithm of the taxonomic method of distance from the pattern [19,20], which provided
the basis for the classification of countries with different levels of energy transformation.
The research algorithm included

1. Selection of partial indicators describing the manifestations of key importance for
this transformation. In the authors’ approach, the partial indicators were (1) energy
productivity (being the reciprocal of the economy’s energy consumption), expressed
in purchasing power standard (PPS) per kilogram of oil equivalent (kgoe); (2) share
of renewable energy in gross final energy consumption; and (3) growth index of GGE
in relation to the year 2000. The selection of indicators was dictated by the policy
pursued in the EU. In the field of energy transformation, great emphasis is also placed
on reduction of GGE [21], energy from renewable sources [22], and improvement
of energy efficiency [23]. This approach is in line with the ambitious goals of the
European Green Deal [24]. The adopted partial indicators reflect only the basic
directions of changes characteristic of the energy transformation of the CEE countries.

An incomplete database (e.g., Eurostat), especially in the long term, constituted a
major limitation in selecting a larger number of indicators for this group of countries.
Using different databases (e.g., national) limited the possibility of full comparisons due to
inconsistent methodology. There are no linear relationships between the partial indicators.
The increase in energy productivity is not synonymous with the increase in the green
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transformation. However, from the point of view of the EU’s priorities, the achievement
of both goals, i.e., both an increase in energy productivity and an increase in the share
of RES in energy consumption, is a desired effect. Increasing the share of RES without
improving energy productivity would be contrary to the EU directive and the European
Green Deal’s assumptions.

The assessment of the level of energy transformation in CEE countries was carried out
at 2 time points, i.e., in 2008 and 2018, and included data averaged over 5 years (2004–2008
and 2014–2018). The aim of such a procedure was to eliminate the impact of random
events [3]. Determination of the degree of independence of selected partial measures
was performed using the Pearson linear correlation coefficient (r) [25,26]. This coefficient
ranges from −1 to +1, where 0 means no relationship between the variables, and the closer
the absolute value of the coefficient is to 1, the greater the relationship. A level below
0.7 was adopted as a determinant of the independence of factors. Coefficient r (greater
than or equal to 0.7) was considered a criterion for the correlation of variables [27,28]. The
correlations of partial indicators are shown in Figure 1.

2. Standardization [29] of variables in order to obtain their comparability, which was
done according to the formula

zik =
xik − xk

Sk
for xk =

1
w ∑ w

i=1xik; Sk =

[
1
w ∑ w

i=1(xik − xk)
2
] 1

2
, (1)

where
w—number of units (countries) i ∈ 〈1 . . . w〉;
k ∈ 〈1 . . . n〉, n—number of features;
xik—value of the k-th variable in the i-th unit;
xk—arithmetic mean of the kth variable;
Sk—standard deviation of kth variable;
zik—standardized value of k-th variable in i-th unit.

3. Separating the stimulant and destimulant subsets from the set of standardized features
(s) in order to determine the development pattern P0 (units combining the best features
of the studied units). Among the partial indicators adopted in the study, 2 indices,
PPS/kgoe and RES, are stimulants. The third indicator, GGE, has a negative impact
on the energy transition. The pattern was constructed on the basis of the normalized
feature matrix (Z) and the vector P0 was used, where

P0 = [z01, z02, . . . z0s, . . . z01] , z0s = max
i

zis ⇒ s ∈ Iz0s = min
i

zis ⇒ s /∈ I, (2)

I—stimulant subset;
z0s—the best value of s-th variable;
zis—standardized value of s-th variable in i-th unit.

4. Calculation of taxonomic distances, using the Euclidean method, between the studied
units and the development pattern (ci0):

ci0 =

[
n

∑
s=1

(zis − z0s)
2

] 1
2

(3)

5. Determining the measure of development (di) on the basis of taxonomic distances:

di =
ci0
c0

, where c0 = c0 + 2S0, c0 =
1
w ∑ w

i=1ci0, S0 =

[
1
w ∑ w

i=1(ci0 − c0)
2
] 1

2
(4)
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Figure 1. Pearson correlation coefficients between partial indicators purchasing power standard (PPS)/kgoe, renewable
energy sources (RES), and greenhouse gas emissions (GGE) in 2018.

The synthetic indicator (di) is within the range 0–1. The more a given unit is at a higher
level of development, the more the measure value approaches zero. The development
pattern method thus enables ranking CEE countries according to the degree of green energy
transformation, on the basis of the calculated taxonomic indicators/synthetic values of
development indicators (di).

STEP B—Classification of CEE countries in terms of energy transformation according
to Ward’s minimum variance clustering method.

Ward’s method belongs to the agglomeration grouping methods. It is considered one
of the most effective in creating homogeneous clusters [30]. The group consists of units
(countries) for which the variance of the studied variable, which is a measure of cluster
diversity, is the smallest. The method minimizes the sum of the squared distances inside
the clusters after the group is created in a given step.

s =
k

∑
s=1

(xi − x)2, (5)

xi—the value of the variable being the segmentation criterion for the i-th object;
k—number of objects in a cluster.
The procedure is repeated many times until the group includes all the elements of the

set subject to the cluster analysis. The results of grouping units using the Ward method
(CEE countries according to the level of energy transformation) are presented in the form
of a dendrogram. Cluster groups of the analyzed countries were determined using the
ward2 procedure of R.

The calculations in stage 3 were performed using the Eurostat statistical database [31]
and IRENA [10].

Stage 4 is an attempt to assess the challenges related to the development of renewable
sources for Bulgaria, Poland, and Romania on selected examples that include (a) an increase
in the use of solar panels, (b) import of components for the development of solar and wind
energy, and (c) connections between Information and Communication Technology (ICT)
and the development of green renewable energy.

First of all, the basis for this assessment was the impact of solar energy development on
the environment through (a) forecasting the amount of waste generated by exhausted solar
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photovoltaic (PV) panels and (b) prediction of the surface of non–recycled waste from solar
photovoltaics panels. Both the forecasting and prediction were carried out in the examined
CEE countries on the basis of (a) trends in the development of solar energy net generation
capacity (electricity production capacities for renewables and wastes) expressed in MW, (b)
e-waste recycling rate [32], (c) technical data of PV cells (used to convert energy production
capacity to the surface of PV panels) [33–35], and (d) forecasted 20-year service life.

The prediction was performed in two cases. The first case is less favorable to the
environment as it assumes the level of PV utilization to be maintained at the level of the
current e-waste disposal capacity of the CEE countries. The year 2018 was the baseline [31].
In the second case, it was assumed that the utilization of e-waste would increase to
68% (growth case)—the level of the best performers in e-waste recycling from Western
Europe [31]. The increase in energy efficiency may contribute to the reduction of waste
generated. However, it does not change the very mechanism of their formation. Due to the
lack of predictions in the literature regarding new technological solutions that bring about
an increase in energy efficiency, we did not address this issue in the study.

The study of the relationship between the increase in solar and wind energy production
capacity and the import of components necessary for their development constitutes another
cross-section of the assessment of the challenges accompanying the development of energy
from RES. The study used data from Trade Map International Trade Statistics concerning
products used to a large extent in the installation of green energy production facilities
(products classified to group 84, i.e., machines, mechanical devices, nuclear reactors, boilers;
their parts) [36].

The assessment of the challenges resulting from the development of green energy
also includes the search for dependencies between the dynamics of its development and
technological needs. The verification of the relationships between the indicated phenomena
was carried out on the basis of the dynamics of changes in their development, i.e., total
renewable energy, solar energy, and wind energy in relation to the expenditure on ICT. It
was only an attempt to capture the dependencies between these phenomena or lack thereof.
The Eurostat data were used in this analysis [31].

3. Results
3.1. Literature Review
3.1.1. Energy Transformation of CEE Countries

Energy is an important part of the life of every person, every country, and the planet,
but the way energy is perceived changes with the development of civilization. In the
industrial era, the focus was on meeting the needs of rapidly industrialized economies and
societies [37]. Little importance was given to social development or public goods such as
environment, security, equality, or sovereignty [38]; in the new paradigm of development,
equated with sustainable development, these goods have been playing a key role [39].
The UN Conference in Stockholm in 1972 confirmed the aforementioned transformations.
Sustainable development was defined then as development that meets the needs of the
present without diminishing the chances of future generations to meet their own needs.

While significant changes in the economic development paradigm were taking place
in the world, the CEE countries pursued a policy of energy-intensive industrialization, and
then underwent political transformation. Historical conditions contributed to a certain
“delay” in the process of energy transformation of the CEE countries compared to the
Western European states. The systemic transformation/liberalization of the economy,
privatization, restructuring of enterprises, and the resulting changes in the structure of
the economy did not proceed in the same way in individual CEE countries and in the
same period [40]. It resulted in a strong decline in the energy intensity of CEE economies
(even higher than the EU average [40]), but it was due to slightly different reasons. For
example, in the years 1992–1998, Bulgaria and Romania experienced a decrease in the
energy intensity of the economy in the conditions of increasing energy intensity of industry.
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In the Baltic states, the decrease in energy intensity of industry was responsible in as much
as 50% for the decrease in energy intensity of their economies in general [41].

Central and Eastern European countries have different potentials for the development
of green energy. These varied conditions determined a different business climate for the
development of renewable energy during the systemic transformation. Bulgaria, Romania,
and Slovakia were considered the most attractive countries for its development [42]. Roma-
nia is especially noteworthy, as it is characterized by high hydropower [43]. Although it
invests in solar and wind energy, water is still the most important resource in Romania’s
group of renewable resources [44]. In Slovakia, Hungary, Bulgaria, and the Czech Republic,
investments in nuclear energy made in the past had an impact on the course of the energy
transformation. It is not a renewable energy, but an energy with a low environmental
impact, enabling the achievement of the assumed climate goals much faster than in Poland
(traditionally dependent on cheap coal).

The membership in the EU structures, in whose policy sustainable and green de-
velopment has had a strategic place [45,46] for many years, has proven to be a factor
intensifying the energy transformation of the CEE countries. In 2019, the European Green
Deal was adopted to deal with numerous climate and social problems [47]. It assumes
that high and growing energy efficiency should be accompanied by energy transformation
(increasing the share of renewable energy in total energy consumption [48,49]. In CEE
countries, government programs actively support the development of green energy and
these actions have already brought some tangible results. Experts predict an above-average
and long-term growth of new investments in RES in this region, mainly in terms of the
sun [50] and wind [51].

3.1.2. Solar and Wind Energy—Pros and Cons

The increase in the share of RES in the production of primary energy leads to a
decrease in the energy consumption of the economy [52,53] and an increase in their use in
electricity production. In the case of CEE countries, this is the result of applying relatively
newer technologies in comparison with those used in traditional power engineering. It is
estimated that as early as 2025, RES will be the largest source of electricity generation in the
world. From this point of view, solar energy has the greatest development potential [54–56].
It can be used in two ways. The first is obtaining heat with the use of solar collectors,
the second is electricity production [57,58]. Solar energy is developing in four sectors:
commercial, utilities, industrial, and residential. Apart from solar energy, the popularity of
wind energy is also growing. Wind farms capture the energy of the wind flow with the help
of turbines and convert it into electricity. The windmills are located on and off land. Due to
the varying power, they can be used in both households and for industrial purposes [59].

Solar and wind energy, which are clean, inexhaustible, and environmentally friendly,
are perceived as excellent sources of energy production [60]. Photovoltaics, together
with new solutions in the field of wind technologies [61], are characterized by a radical
reduction of costs [62] thanks to more efficient technologies and better materials [63].
Moreover, thanks to R&D investments [64] and new patents, the costs of these technologies
are expected to drop even further [65].

Some authors argue that the producers of photovoltaics and wind technologies can
even compete in terms of costs with those who generate power from fossil fuels [66].
Dissemination of solar energy, apart from the decrease in costs, is additionally favored by
its high social acceptance [67,68], which is reflected in loyal initiatives promoting the use
of this energy source [69]. Contrary to solar energy, wind energy is sometimes negatively
perceived from the environmental point of view, in terms of disturbance of ecosystems,
noise, and unfavorable landscape. Wind energy also poses some technological challenges
aimed at eliminating the limitations of the technology used thus far, e.g., the emission of
harmonic currents [70].

Solar and wind energy as energy sources are not faultless. First, they are heavily
dependent on weather and climate change. However, as technology advances, their
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limitations can be minimized. An example is the forecasting of sun exposure using satellite
data [71]. Second, unlike fossil fuel power generation, most renewable energies (except
hydro, geothermal, concentrated solar, and biomass) are intermittent. This means that
technologies such as PV and wind turbines cannot generate electricity on demand [72].

The above features of unstable energy sources are new challenges in the field of
energy storage [73–75] and in the integration of green renewable energy with shaped
energy systems [76–78]. Energy systems need to be more flexible. This applies in the first
place to systems where the combined share of wind and photovoltaic energy accounts
for over 30% of total energy, and the share of PV in the mix of RES is between 20 and
30% [79]. Integration problems (technical and political [80]) are noticed in the EU. The way
to meet them is to adopt a green energy strategy based on a concentrated intelligent energy
network, enabling the flow of information and the use of various energy sources [81,82].
High expectations in solving the above problems are associated with technological progress
and digital solutions [83,84]. Digital energy platforms that coordinate and manage energy
demand and supply in real time are rapidly developing in the European energy system. In
the group of CEE countries, two platforms are located in Lithuania and single platforms
are in Bulgaria, Estonia, and Hungary [85].

3.1.3. New (Old) Challenges of the Energy Transformation

The development of green renewable energy means climate benefits and greater
productivity in energy and other economic sectors, especially construction, industry, and
transport [86]. From the perspective of achieving the goals of green energy transformation,
a relatively new research approach has emerged recently—its aim is to identify the threats
resulting from a rapid transition to RES [87]. In the conditions of climate change and scarcity
of natural resources, the international community undertakes numerous activities aimed
at limiting energy consumption and reduction of GGE [88–90]. The aim of the new EU
growth strategy is to transform the European Union (EU) into a modern, resource-efficient,
and competitive economy [89,91].

However, new environmental challenges emerge with the dynamic development
of green renewable energy. One of them is a dynamic increase in waste from PV cells
expected in the coming years [92]. There is a need for supervision over the course of the
management of used PV [93]. Technological and institutional support in the recovery of
used raw materials is also necessary [94,95].

The development of renewable energy is associated with the independence of indi-
vidual national economies from external supplies, which is part of a wider issue of energy
security [96–98]. Political factors have always played an important role in the geographical
diversification of energy supplies [99–102]. It is reflected in CEE countries by their striving
to become independent of raw materials from Russia [78].

In 2019, the global production of solar panels was estimated at approximately EUR
57.8 billion, of which only 12.8% was in the EU. Among the 10 largest producers of photo-
voltaic cells and modules, the vast majority are located in Asia. Among the wind technology
producers, it gets better—while there are no large companies from CEE countries among
them, there are three from Germany (Siemens, Senvion, Gamesa Renewable Energy—with
Spanish participation) [87]. In light of the above facts, there is a risk of replacing the
dependence on oil and natural gas from Russia with products from China and highly
developed European countries.

Green energy transformation, in line with the European Green Deal, is supposed to
generate an increase in the competitiveness of EU countries in the future [103]. The digitiza-
tion of the energy sector and the dissemination of digital technologies and communications
will help with this goal’s realization [104]. It brings about new challenges in terms of
supporting the development of green energy. They are expressed in the transition in energy
policy from focusing on the energy sector in the strict sense to approaching it broadly,
taking into account universal digital connectivity and the development of new digital
tools. Digital energy systems also need digital security [105,106]. Big new opportunities
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are related to Internet of Things (IoT) and blockchain technology. However, the market of
equipment for sensors and IoT monitoring devices is dominated by global companies (e.g.,
Hitachi ABB 193, IBM) [79], and there are no CEE companies in this group.

3.2. Energy Structure of CEE Countries

Central and Eastern European countries, due to the large differentiation of their socio-
economic potential, show significant differences in terms of the size and structure of energy
production. The leaders in terms of the volume of total primary energy supply include
Poland, the Czech Republic, Romania, and Hungary (respectively, from 4374.3 thousand TJ
to 1115.6 thousand TJ in 2017). The lowest values have been recorded in the Baltic states
and Slovenia (below 300.1 thousand TJ). These states also have the lowest economic and
demographic potential among the CEE countries.

Non-RES still play an important role in the energy structure of many CEE countries,
especially Poland, Slovakia, the Czech Republic, Bulgaria, and Hungary. Latvia and
Lithuania have been found to be the countries with the highest share of renewable energy.

The use of RES for the production of electricity is of great importance in the EU and its
CEE member states. In 2019, the RES had the largest share in the total electricity capacity in
Latvia (approximately 62% of the total), Romania (48.5%) and Bulgaria (39.4%) [107–109].
It is worth noting that the highest potential of electricity obtained from RES is characteristic
of Romania (11.2 thousand MW), Poland, and Bulgaria (approximately 4.5 thousand MW)
10]. There is some kind of specialization among CEE countries in the structure of electricity
generated from RES. In Latvia, Slovenia, Slovakia, Romania, and Bulgaria, hydropower is
of great importance (from 87% to 56%) [10]. In the case of wind energy, such an observation
can be applied to Lithuania and Poland (64 and 63%). Hungary and the Czech Republic
stand out in terms of the power generated from solar energy (59% and 48%, respectively;
Figure 2).
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Figure 2. Electricity capacity structure obtained from RES (in %) in 2019.

3.3. Classification of CEE Countries According to the Green Energy Transformation Index

In 2018, according to the taxonomic method of linear ordering (distance from the
pattern), Latvia and Romania achieved the highest level of energy transformation (Figure 3).
These countries, including Slovenia, are included to the first group in terms of the level of
the energy transformation index in 2008. However, the level of energy transformation in
these countries, except Romania, has slightly deteriorated in the studied period (there is a
slightly greater distance from the pattern).
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Figure 3. Classification of Central and Eastern European (CEE) countries according to energy
transformation based on the synthetic index (di) in 2008 and 2018.

The most numerous group—group II—was formed by countries with an average level
of energy transformation. In 2018, it included Lithuania, Hungary, the Czech Republic,
Slovakia, and Slovenia.

On the other hand, Bulgaria showed the lowest advancement of the energy transfor-
mation in 2018, while Estonia and Poland performed slightly better than Bulgaria.

In 2008–2018, there was a decrease in the distance from the development pattern in
Romania and Bulgaria, i.e., countries belonging to different groups in terms of energy
transformation. On the other hand, the greatest increase took place in Lithuania, Latvia,
and Slovenia, i.e., countries with relatively high advancement in energy transformation.
The processes related to the introduction of new solutions in the energy sector are not yet
fully stable.

Using Ward’s method, these countries can be divided into three groups (of two, five,
and three countries) from the point of view of energy transformation (Figure 4). The
two-element group is made up of Bulgaria and Estonia, classified in terms of the green
transformation, measured by the distance from the pattern to the third group—the lowest
group (variant II).

The three-element group is composed of Lithuania and Romania and joined in the
next iteration by Latvia. Finally, the five-element group comprises Hungary and Slovakia,
joined next by the Czech Republic, and then Poland and Slovenia. It is noteworthy that the
clusters at the lowest iteration level were made up of countries that were included in the
same group in terms of energy transformation measured by the distance from the pattern
method, regardless of the adopted variant of the synthetic indicator (variants I and II).
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Figure 4. Classification of CEE countries in 2018 in terms of the level of energy transformation according to Ward’s method.

From the point of view of energy transformation, the CEE countries showed both
certain similarities and differences. They resulted from different trends in the development
of green energy that were visible in the size of the partial indicators adopted for the
construction of the synthetic indicator of energy transformation, i.e.,

1. Energy productivity, which increased in 2008–2018 in all countries. The undisputed
leaders in 2018 included Romania (10.4 PPS/kgoe) and Lithuania (8.3). The low-
est level of productivity was characteristic of Bulgaria and Estonia, i.e., countries
representing a relatively low level of energy transformation (Figure 5).

2. Percentage share of RES in total energy consumption (the increase of RES in the
total energy consumption was recorded in all countries). The group with the greatest
importance of green energy in consumption included both the countries that represent
the most and the least advanced energy transformation (Latvia at 38.5% and Estonia
at 28.4%) (Figure 6). Renewable energy consumption was found to still play a minor
role in Poland, Slovakia, and Hungary (from 11.4 to 13.9%).

3. GGE intensity from energy consumption (100 = emissions in the year 2000). The worst
situation in this respect in 2018 was recorded in Bulgaria and Lithuania, where GGE
exceeded the level recorded in the year 2000 (107 and 105, respectively) (Figure 7). In
Lithuania, an increase in emissions was also recorded in comparison to 2008. In 2009,
the last reactor of the Ignalina Nuclear Power Plant was closed in Lithuania. This
resulted in an increase in the energy sector based on solid fuels (natural gas and oil)
and the accompanying increase in CO2 emissions. In addition, taxes on transport are
among the lowest in the EU, which is not conducive to reducing CO2 emissions [110].
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Figure 7. GGE from energy consumption (100 = emissions in 2000) in CEE countries in 2008 and 2018.

In other CEE countries, a positive, downward trend in GGE was recorded. It was
significant, exceeding 10 percentage points, in the Czech Republic, Slovakia, and Hungary.

3.4. RES and New Challenges on the Path to Sustainable Development—Examples of Bulgaria,
Poland, and Romania

Countries representing various groups of energy transformation are Romania (I),
Poland (II), and Bulgaria (III). This is connected with slightly different challenges of the
energy transformation and the intensions to achieve the goals of energy policy.

3.4.1. Environmental Challenges

The dynamic development of solar energy prompts reflection on PV panels’ utilization
and reuse (the principles of closed economy). According to the prediction of the growth of
PV panels (on the basis of the dynamics of the increase in solar energy production capacity),
it is possible to attempt to measure their impact on the environment and the degree of
their utilization, and, consequently, to assess the environmental impact after their use is
completed [111–116].

In accordance with the method adopted in the forecast, their surface area in 2020–
2030 will be the highest in Poland (15,980,000 to 17,954,000 m2), lower in Romania (6580–
7,393,000 m2), and the lowest in Bulgaria (5,170,000 to 5,919,000 m2) [115]. The 20-year
average lifetime of PV cells means that the disposal of panels from 2010 will start in 2030.

In each subsequent year (in the study below in the next 5-year period), this will cover
collectors that will have completed their 20-year life cycle (e.g., the expected number of
panels installed Poland by 2025 will amount to 16,779,000 m2, and disposal in 2045 will
cover 799,000 m2, according to power gained from PV s installed in 2025). This means that
the largest number of panels for disposal in Poland will be in 2040 (15,472,000 m2), and in
Bulgaria and Romania in 2035 (4,705,000 and 6,228,000 m2, respectively). Maintaining the
existing production capacity requires the expenditure on panels at a level that compensates
for those intended for disposal, or even a higher expenditure depending on the policy for
the development of photovoltaic energy.

The following observations result from the scenarios of solar energy development and
utilization of PV panels adopted in the study:

1. The baseline scenario assumes that recycling in the countries in the study will be main-
tained at the 2018 level, i.e., 68% for Bulgaria, 36% for Poland, and 26% for Romania
(Eurostat online data code: CEI_WM050) [116]. The assumptions made (an increase
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in production capacity and the related prediction of an increase in the PV surface area,
the life cycle of PV panels) lead to a conclusion that the area of recycled panels in the
period 2030–2050 will be the highest in Bulgaria and Romania in 2035 (approximately
3,200,000 and 1,620,000 m2 respectively) and in Poland in 2040 (5,570,000 m2). As
a consequence, the area of non-recycled panels in cumulative terms will reach the
highest level in Poland in 2050 (approximately 11,500,000 m2). A twofold lower level
of non-recycled waste is expected in Romania (approximately 5,470,000 m2), and the
lowest level will be achieved in Bulgaria (less than 1,900,000 m2).

2. Growth scenario in which it was assumed that recycling would reach the level typical
in this regard for the best Western European countries (at 68%, which also means no
change in Bulgaria’s case). In this scenario, the largest panel area will be utilized in
Poland in 2040 (approximately 10,520,000 m2), Bulgaria (approximately 3,200,000 m2),
and Romania in 2035 (4,235,000 m2). The negative impact of PV on the environment
will decrease significantly if a higher recycling level was adopted and is related to the
base case. The area of non-recycled panels by 2050 (increasing approach) in Poland
will decrease to approximately 5,750,000 m2 (the highest among the countries in the
study), and in Romania to approximately 2,370,000 m2 (Figure 8).
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3.4.2. Supply Diversification

Among the countries studied, Poland is the largest recipient of the components
necessary for the development of green energy; its imports amounted to approximately
USD 33.1 million in 2018 [36]. The main supplier of these components to Poland is Germany,
which, in 2018, was responsible for approximately 28% of Poland’s total imports (and in
2015–2018, more than a quarter of the total, with an upward trend). China is also a large
supplier (18.2% of total supplies). Together, these two countries account for almost half of
Poland’s supplies of components for green energy production. Significantly lower than in
Poland (approximately three times), the supply of components for green energy production
was recorded in Romania (in 2018, approximately USD 11.6 million), and even lower in
Bulgaria (USD 3.9 million). The different degrees of dependence on suppliers in these
countries is a symptom of differences in the structure of renewable energy production and
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the directions of its development. It is reflected in the different dynamics of growth of solar
and wind energy production capacity.

In the case of solar energy growth, it is very high in Poland (in 2015–2018 by 421%)
compared to a slight growth rate in Romania (approximately 4.5%), and even more marginal
rate in Bulgaria (by 0.4%). This very dynamic growth in Poland is undoubtedly the effect of
its lower level in the base year of 2015 (approximately 10 times lower production capacity
than in Bulgaria and approximately 12 times less than in Romania). A similarly high
growth dynamics was recorded in wind energy in Poland—it amounted to approximately
420% in 2010–2018.

A higher growth was recorded in Romania (approximately 680%), while in Bulgaria it
amounted to approximately 43%. It is worth noting that this high increase in wind energy
in Poland took place despite the high level of production capacity in the base year 2010.
At the same time, the growth dynamics of the import of components necessary for green
energy production is similar in the countries in the study, i.e., it reached about 33% in
Poland and Bulgaria and about 32% in Romania between 2015 and 2018.

3.4.3. Technology in Energy Transformation

New digital solutions offer great opportunities for the integration of energy from
renewable sources with other energy sources. Their development determines the de-
velopment of the ICT sector. ICT expenditure in Poland in 2010–2018 increased from
approximately EUR 11.5 billion to approximately EUR 17.8 billion, reaching the highest
level among the CEE countries in this study (Eurostat –TIN00074) [31]. In 2018, in Romania,
these expenditures amounted to approximately EUR 7.65 billion and in Bulgaria they were
more than twice as low (approximately 3.4 billion EUR). Their particularly high growth dy-
namics were recorded in Romania (approximately 95% increase), while the lowest growth
happened in Poland (approximately 55%). When the changes in the volume of expendi-
tures were compared to the dynamics of the development of renewable energy production
capacities (including solar and wind), we found that in each of the analyzed countries there
were positive relationships between them (confirmed by Pearson’s correlation), ranging
from 0.81 (Romania) to 0.86 (in Poland) to 0.89 (Bulgaria). At the same time, the growth
rate of ICT expenditure was found to be disproportionately low in relation to the dynamic
growth of solar and wind energy, especially in Poland and Romania.

4. Conclusions and Perspectives for Further Research

The energy structure formed in the past, country’s own energy resources, political
decisions, and technological possibilities lead to different paths of CEE countries, moving
towards the assumed climate goals. Non-RES still play an important role in many of
the countries, namely, Poland, Slovakia, the Czech Republic, Bulgaria, and Hungary.
However, all of these countries are undergoing a green energy transition. Its most visible
manifestation is the increase in the use of RES for the production of electricity. In 2019,
electricity capacity from RES in Latvia, for example, exceeded 60%. There are different
models in the structure of power generated by RES in the CEE group of countries. In Latvia,
Slovenia, Slovakia, Romania, and Bulgaria, hydropower plays a dominant role, while wind
energy is dominant in Lithuania and Poland. In Hungary and the Czech Republic, on
the other hand, it is the solar energy that makes them stand out in terms of the power
generated from RES.

The constructed energy transformation indicator shows the analyzed phenomenon
in a slightly wider perspective than that of the energy structure or electricity production.
Its three main components, i.e., energy productivity, the share of RES in total energy
consumption, and the intensity of GGE, fit in with the answer to the following question:
Does the increase in energy consumption from RES lead to an increase in total energy
productivity in the conditions of lower GGE?

From this point of view, the synthetic index of energy transformation allows us to
divide the CEE countries into three groups of different sizes. The first group includes
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leaders—Latvia and Romania. Bulgaria is an unequivocal outsider creating the third group,
and to a lesser extent Estonia and Poland. The remaining countries form the second group.

The energy transition to a zero-emission economy is not a simple transition, both
from social and technical point of view. It is a challenge in terms of social costs and risk.
The latter can be seen through the characteristics of RES. In this case, the greatest risk of
changes is associated with unstable sources, i.e., solar and wind energy. Countries with an
advanced energy transformation process, in which the sun and wind play a very important
role, will have to face them first of all. These problems concern technology, finances, and
integration with energy distribution networks.

The second group of issues regards the goals of green transformation, i.e., the en-
vironmental benefits of raw material independence as well as the improvement of the
competitiveness of the energy sector and the economy related to it. There is e–waste
instead of GGE and dependence on imports of solar and wind energy components in lieu
of oil and gas imports. The perception of energy efficiency and the competitiveness of
the economy is also changing. The relations between them must be supported by digital
solutions, i.e., Artificial Intelligence (AI), IoT, and big data. Unfortunately, the growth rate
of ICT expenditure is disproportionately low in relation to the dynamic growth of solar
and wind energy, especially in Poland and Romania.

A European Green Deal strategy requires a new, holistic view. Limiting the economy
to strictly technological conditions may lead to economic disturbances in the long run. It
is a challenge to the economic policy of the CEE countries—energy policy is its integral
part. New investments are necessary for creating national energy technologies, building
production lines for renewable energy, and development of ICT. They should be accompa-
nied by investments in e-waste disposal, in line with the increase in the share of RES in
the energy structure. These tasks are particularly important for the CEE countries, which
develop their renewable energy based on imported products, and in terms of e-waste, they
rank at the bottom of the EU.
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20. Suchecki, B. Ekonometria Przestrzenna: Metody i Modele Analizy Danych Przestrzennych; C.H. Beck: Warszawa, Poland, 2010.
21. European Parliament. Regulation (Eu) 2018/842 of the European Parliament and of The Council. On Binding Annual Greenhouse

Gas Emission Reductions by Member States from 2021 to 2030 Contributing to Climate Action to Meet Commitments Under the
Paris Agreement and Amending Regulation (EU) No 525/2013. Available online: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A32018R0842 (accessed on 10 November 2020).

22. European Parliament. Directive 2018/2001 of the European Parliament and of the Council on the Promotion of the Use of
Energy from Renewable Sources. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
32018L2001&from=fr (accessed on 10 November 2020).

23. European Parliament. Directive (EU) 2018/2002 of the European Parliament and of the Council Amending Directive 2012/27/EU
on Energy Efficiency. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0210.
01.ENG&toc=OJ:L:2018:328:TOC (accessed on 10 November 2020).

24. Kulovesi, K.; Oberthür, S. Assessing the EU’s 2030 Climate and Energy Policy Framework: Incremental change toward radical
transformation? Rev. Eur. Community Int. Environ. Law 2020, 151–166. [CrossRef]

25. Kuzma, J.W. Basic Statistics for the Health Sciences, 3rd ed.; Mayfield Publishing Company: Mountain View, CA, USA, 1998.
26. Milligan, G.; Cooper, M. An examination of procedures for determining the number of clusters in a data set. Psychometrika 1985,

50, 159–179. [CrossRef]
27. Taylor, R. Interpretation of the Correlation Coefficient: A Basic Review. J. Diagn. Med. Sonogr. 1990, 6, 35–39. [CrossRef]
28. Schober, P.; Boer, C.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation. Anesth. Analg. 2018, 1763–1768.

[CrossRef] [PubMed]
29. Milligan, G.W.; Cooper, M.C. A study of standardization of variables in cluster analysis. J. Classif. 1998, 5, 181–204. [CrossRef]
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83. Franki, V.; Višković, A. Energy security, policy and technology in South East Europe: Presenting and applying an energy security
index to Croatia. Energy 2015, 90, 494–507. [CrossRef]

84. Shum, K.L. Renewable Energy Technology—Is it a Manufactured Technology or an Information Technology? Sustainability 2010,
2, 2382–2402. [CrossRef]

85. Duch-Brown, N.; Rossetti, F. Digital platforms across the European regional energy markets. Energy Policy 2020, 144, 111612.
[CrossRef]

86. Kaygusuz, K. Renewable Energy Sources: The Key to a Better Future. Energy Sources 2002, 24, 787–799. [CrossRef]
87. European Parliament. Report from The Commission to The European Parliament and The Council on Progress of Clean Energy

Competitiveness. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1602695747015&uri=COM:2020:
953:FIN (accessed on 10 January 2021).

88. Ulli-Beer, S.; Bosshardt, M.; Dietrich, P.; Wokaun, A. What Alternative Drive-train Technologies and Policies are Needed to Meet a
50% CO2 Reduction Target? The Case of the EU-Fleet. SAE Tech. Pap. 2009. [CrossRef]

89. Niederhafner, S.; Chan Song, L. Different Paths Towards the Same Goal? Comparing the Implementation and Performance of
CO2 Emissions Reduction Regulations in the EU and South Korea. SSRN Electron. J. 2013. [CrossRef]

90. European Commission. A New Industrial Strategy for Europe. Available online: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX:52020DC0102 (accessed on 24 November 2020).

91. Asafu-Adjaye, J.; Mahadevan, R. Implications of CO2 reduction policies for a high carbon emitting economy. Energy Econ. 2013,
38, 32–41. [CrossRef]
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