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Abstract: The decarbonization of European economies is an established reality that has been ac-
celerating in recent years. The focus of EU policy is on the dynamic transformation of the energy
balances of Member States, which most significantly impacts economies reliant on coal. In the context
of emerging megatrends, this study sets out to determine the extent of changes occurring in the
economies of European Union countries in relation to the Green Deal paradigm. The objective of this
article is to introduce a comprehensive method developed by the authors for assessing the dynamics
of energy transformation in the European Union countries under study. This method is divided into
two phases. Initially, countries are classified according to the energy transformation dynamics matrix.
Subsequently, the actual assessment of energy transformation dynamics is conducted using a novel
composite indicator, the ETPI (Energy Transition Progress Index), based on analyses for 2022 and
2013 using Eurostat data. The results identify leaders in energy transformation, such as Sweden,
Germany, Denmark, France, Italy, Spain, Austria, Finland, and the Netherlands, while highlighting
significant challenges facing Poland and Bulgaria.
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1. Introduction

In the 1970s, the world experienced the first energy crisis, which had serious conse-
quences for the world economy. This crisis was mainly caused by several factors, including
restrictions on oil supplies by OPEC (the Organization of the Petroleum Exporting Countries),
as well as problems related to energy policy and geopolitical changes. The Club of Rome
published the report “The Limits to Growth” in 1972. It was a report that had a huge impact
on the debate on sustainable development and the limits to growth. The report’s authors,
including Donella Meadows, Dennis Meadows and Jergen Randers [1], developed a com-
puter model that analyzed the effects of long-term economic growth, natural resources and
the environment. The Limits to Growth report warned that if humanity continues to exploit
natural resources at the current rate, it will lead to a crisis in which economic growth will
be halted by a lack of available resources. This report has become an important point of
reference for discussions on sustainable development and the need to change the economic
growth model to a more sustainable one.

The concepts of socio-economic development and environmental protection are inter-
related, and in scientific publications, it is stated that they function under many synonymes,
such as ecological development [2], development without destruction [3], or environ-
mentally friendly development [4]. However, currently, the most widely used concept is
sustainable development, which was introduced in 1987 by the United Nations Commission
on Environment and Development (also known as the Brundtland Commission). A report
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published by this committee, “Our Common Future” [5], defined sustainable development
as “development that meets the needs of the present without compromising the ability
of future generations to meet their own needs”. This report has had a huge impact on
the debate on social, economic and environmental development, becoming a reference
point for sustainable development activities around the world. The term “sustainable
development” has become a key element of the political, economic and social agenda, and
its importance continues to grow in the face of increasingly obvious challenges related
to environmental degradation and climate change. This report raised the issue of the
threat of global warming and environmental acidification with the increasing use of natural
resources for electricity production. It was pointed out that each new era of economic
growth must, therefore, be less energy-intensive than economic growth. Energy efficiency
policies must be at the forefront of national sustainable energy strategies. It was pointed
out that there are many opportunities for improvement in this direction through modern
devices that can be redesigned to provide the same amount of energy services and use up to
half of the original energy needed to power traditional devices. Energy efficiency solutions
are, therefore, cost-effective. Energy efficiency can only give the world time to develop
“low energy pathways” based on it. Renewable sources, which should form the basis of
the global energy structure, could provide a significant amount of the necessary energy.
The substantial changes required in the present global energy mix will not be achieved by
market pressures alone, given the dominant role of governments as producers of energy
and their importance as consumers. If the recent momentum behind annual gains in energy
efficiency is to be maintained and extended, governments need to make it an explicit goal
of their policies for energy pricing to consumers, prices needed to encourage the adoption
of energy-saving.

Additionally, the instability of the geopolitical situation of European Union countries
and the disruption of the stability of energy raw materials supplies have led to a reori-
entation of strategic actions in the field of energy security. In 2022, the European Union
introduced the REPowerEU plan, whose main premise is the diversification of supplies and
acceleration of the green transformation process to increase energy security. This argument
was a major contribution to the analyses presented in this article, considering the aspect of
dependency on imported energy raw materials in assessing energy transformations [6].

The article presents a new method for assessing the dynamics of the energy transfor-
mation process, filling a gap identified in the literature. The comprehensive assessment
method was conducted in two stages of research. The first stage involved a preliminary
diagnosis of the dynamics of change based on a matrix that classifies European Union
countries according to the dynamics of changes occurring in their energy systems in 2022 in
relation to the base year 2013. The preliminary diagnosis stage was based on the use of the
two most popular indicators describing energy systems, namely the level of greenhouse
gas emissions and the energy efficiency index. In the second stage of the research, the
development of our own aggregated index, the ETPI (Energy Transition Progress Index),
was presented, which allows for a synthetic assessment of countries in terms of energy
transformation. The comprehensive method of assessing the dynamics of the energy trans-
formation process presented in the study represents a new approach in the studied area
and makes a significant contribution to the chosen topic.

The structure of the article is as follows: It begins with an introduction that contextual-
izes the study within the global and European Union’s energy landscape, focusing on the
historical shift towards sustainable development and the imperative of decarbonization.
The literature review section then examines various methodologies for assessing energy
transformation, analyzing existing indices and advocating for a novel approach that incor-
porates energy import dependency. The materials and method section provides a detailed
explanation of the two-stage research process, which includes the initial classification of
EU countries based on energy and emission metrics, followed by the development of the
Energy Transition Progress Index (ETPI) for a comprehensive assessment. The results sec-
tion presents the outcomes of applying this methodology, highlighting the diverse energy
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transformation dynamics across EU countries and the specific challenges faced by those
heavily reliant on coal. The discussion interprets these findings within the broader context
of EU energy policy and sustainability goals, exploring their implications for policymaking
and the broader transition to a decarbonized energy system. Finally, the article concludes
by summarizing the key contributions of the study to the understanding of energy trans-
formation in the EU, emphasizing the utility of the ETPI in assessing progress and calling
for targeted innovation, policy support, and investment to overcome the decarbonization
challenges ahead.

2. Literature Review

Energy transformation, defined as the process of transitioning from fossil fuels to
renewable energy sources, is a key component of global efforts towards sustainable devel-
opment and combating climate change [7-9]. This process encompasses a wide range of
activities aimed at reducing greenhouse gas emissions [10], improving energy efficiency,
increasing the share of renewable energy, and reducing dependency on fossil fuels [11].
Assessing progress in energy transformation requires the use of indicators and metrics that
help monitor and evaluate changes in the energy system [12,13].

The literature presents various methodologies for assessing energy transformation,
the most popular of which are based on quantitative indicators. These methods rely on
numerical data, including monitoring progress in terms of energy efficiency, the share of
energy from renewable sources, and the reduction of greenhouse gas emissions [14,15].
Aggregated indexes, such as the Energy Transition Index (ETI) and the World Energy
Trilemma Index (WETI), are widely used to assess progress in energy transformation,
focusing on energy supply security, availability, and environmentally friendly energy
production [16-18].

When measuring the energy transition, it is important to take into account various
aspects, such as social, economic and environmental, and to adapt the indicators to the
specific conditions of the country or region. Furthermore, monitoring progress in the energy
transition should be regular and include long-term trends to enable effective assessment of
changes in the energy system. One of the most popular composite indicators is the Energy
Transition Index. The Energy Transition Index has been published since 2018 by the World
Economic Forum to comprehensively monitor the global energy transition. The ETI is
an analytical framework measuring progress in the evolution of energy systems toward
supporting sustainability, security and availability. The authors of ETI assume that the
energy transformation should lead to economic and social development while maintaining
a balance between the three categories forming the so-called energy triangle, which includes
the following aspects: economic development and growth, universal access to safe and
reliable supplies, and environmental sustainability. The ETI composite index is the sum of
two sub-indexes (with equal weights), which are system performance and transition readi-
ness. System performance assesses countries’ energy systems in three categories: ability
to support economic development and growth; security, reliability and universal avail-
ability of energy; and environmental sustainability throughout the chain of energy values.
Transformation readiness assesses the quality of the environment conducive to energy trans-
formation. The pace of progress in the country’s energy transformation depends directly on
the extent to which it is successful. ETI builds such an environment. This sub-index includes
the following categories: regulations and political will, institutions and governance, capital
and investments, infrastructure and innovative business environments, human capital
and consumer participation, and the structure of the energy system. Sub-index scores are
obtained through the (arbitrary) aggregation of data from categories. In 2021, the ETI index
will be aggregated from 38 indices. The ranking results for 2023 show the following classifi-
cation for the top five places: Sweden (78.5), Denmark (76.1), Norway (73.7), Finland (72.8),
and Switzerland (72.4). Next were Germany (67.5), Portugal (65.8), Spain (65), Greece (60.9),
Italy (60.6), and Poland (59.7) [16].
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The second most popular indicator is the World Energy Trilemma Index. The Index is
presented annually by the World Energy Council in cooperation with consulting companies
Oliver Wyman and Marsh & McLennan Insights. WETI is a quantification of the “Energy
Trilemma”, which the World Energy Council defines as the need to provide energy that is
safe, widely available and manufactured in an environmentally friendly way. The WETI
index is an annual assessment that evaluates the energy sustainability of countries around
the world. It ranks the energy performance of 127 countries on the three dimensions
based on global and national data and includes recommended areas for improvements
in policy coherence and integrated policy innovation, helping to develop well-calibrated
energy systems. It measures each country’s performance based on three core dimensions:
1. Energy Security—evaluates a country’s ability to meet its energy needs reliably and
affordably. It considers factors such as the diversity of energy sources, energy infrastructure
resilience, and geopolitical stability; 2. Energy Equity—assesses the accessibility and
affordability of energy services for all segments of society within a country. It looks
at metrics such as energy access, energy poverty rates, and the affordability of energy
relative to income levels; 3. Environmental Sustainability—examines the environmental
impact of a country’s energy system, including its greenhouse gas emissions, air and water
pollution levels, and overall environmental policies and initiatives. The index serves as a
valuable tool for policymakers, energy industry stakeholders, and researchers to identify
best practices, track progress over time, and inform strategic decision-making in the pursuit
of a more sustainable energy future [17]. The highest positions in the ranking in 2022 were
occupied by the following countries: Sweden (84.3), Switzerland (83.4), Denmark (83.3),
Finland (82.7), the UK (82.4), Canada (82.3), Austria (82.2), France (81.1), Norway (81), and
Germany (80.6) [18]. The construction of both indexes in key aspects is not consistent with
the OECD and JRC recommendations of the European Commission in the field of building
indicators composites. Members of the WEF team working on the ETI2022 ranking are
aware of these problems. They emphasize that proposed by the distribution of weights
used in the process of creating the index in the ETI is only illustrative and does not take into
account many statistical problems arising in the case of arbitrary applications (in particular
equal) weights [19]. The WETT index has also been subjected to analyses, which show the
need to refine the methodology at the selection level of variables (indicators) and index
construction composite, especially weight determination at the levels of categories and
dimensions [20]. As it has been shown, the issue of assessing the energy transformation
process is a multidimensional phenomenon [21], requiring the assessment of various
variables for many studied objects, which include different countries. Each method will,
therefore, provide some synthetic information, but one should be aware of the imperfections
of synthetic measures.

However, both in the ETT and WETI, there is a lack of consideration for a key aspect,
which is dependency on energy imports. This limitation indicates a significant research
gap, as dependency on imported energy resources is a fundamental dimension in assessing
energy security and sustainable development [19,20]. Therefore, it is essential to develop a
new, integrated approach that fully reflects the complexity of energy transformation, taking
into account both energy policy objectives and challenges related to energy security and
reducing import dependency.

In response to the identified research gap, the development of the Energy Transition
Progress Index (ETPI) is proposed, which includes dependency on imports as one of the
dimensions for assessing progress in energy transformation. Such a composite indicator
offers a new perspective on the progress of countries in achieving goals related to emission
reduction, energy security, and sustainable development [21].

Diversification of energy sources, investments in renewable technologies, and energy
efficiency are crucial for reducing dependency on fossil fuel imports and achieving energy
transformation goals. Recognizing import dependency can also stimulate the development
of local renewable energy sectors and technological innovations aimed at increasing energy
self-sufficiency [22].
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The developed methodology consists of two main stages. The first stage involves
the preliminary classification of countries in a dynamics change matrix, which allows for
identifying initial trends and differences between states. The second stage focuses on the
development of the ETPI indicator.

This different approach to studying the energy transition process represents an ex-
ample of using the TOPSIS analysis (Technique for Order of Preference by Similarity to
Ideal Solution), which is a multi-criteria decision analysis method used to choose the best
solution from a set of alternatives. This process involves comparing alternatives regarding
their similarity to the “ideal” and “anti-ideal” solutions. Meanwhile, aggregated indexes,
such as synthetic indicators, aggregate various indicators or variables into one value, which
allows for assessing the overall situation or results in the researched area.

Research on the directions of green transformation in the EU countries was conducted
by Cheba and others. Using the described TOPSIS analysis, a ranking of EU countries is
presented according to the developed aggregated GG indicator. To construct the taxonomic
measure of the green economy GG, four areas defined by the OECD [23] were used,
which include environmental and resource productivity, natural asset base, environmental
dimensions of quality of life, economic opportunities, and policy responses. The ranking
results indicated that the best situation in terms of the green economy in 2005 occurred in
three Northern European countries: Ireland, Sweden, and Finland. However, the correlation
analysis showed that the natural asset base has the most significant impact on the value of
the aggregated GG indicator of the green economy.

Given the main limitations of synthetic indicators, as in the mentioned example,
where the synthetic indicator consisted of several dozen partial indicators, the final result
might overly reduce the complexity of the researched phenomenon and may lead to the
loss of essential information contained in individual component variables. Considering
the above arguments, the authors of this study chose one main research area, which is
energy transformation.

The assessment of progress in energy transformation was also conducted by Pawet
Ziemba and Abdullah Zair using a temporal analysis of the energy transformation process
towards the transition to RES and limiting the use of fossil fuels in energy production. For
this purpose, a new Temporal/Dynamic Multi-Criteria Decision Making (T/DMCDM)
method named Temporal PROSA, based on the families of PROMETHEE and PROSA
methods, was developed. The Temporal PROSA method allows for aggregating data from
multiple periods into one final assessment and directly transferring information from the
studied periods to the overall result. In this study, 11 criteria related to energy productivity,
energy consumption, the share of RES in the energy mix, and energy prices were used.
As a result of these studies, EU countries that dominated in terms of progress in energy
transformation towards RES in the years 20042021 were identified as Sweden and Portugal,
as well as Denmark and Finland. On the other hand, countries such as Belgium, Bulgaria,
Cyprus, Luxembourg, and Poland made the least progress in the years 2004-2021 [24].

The topic of assessing energy transformation in the European Union was also taken
up by Pietrzak and others. The authors conducted research on two aspects related to
transformation, namely in terms of categories—smart and efficient energy systems- and
macroeconomic uniformity categories. The analysis based on taxonomic methods allowed
for the identification of clusters of European countries according to their ability to achieve
goals related to energy transformation. The analysis showed that Estonia, Denmark,
Finland, and Sweden are countries where the energy transformation should proceed
smoothly and simultaneously translate into further economic growth. Countries were
also identified where there is a risk of not meeting the conditions provided for in the
applicable EU legal acts. These are Bulgaria, Croatia, Greece, Latvia, Lithuania, Romania,
and Portugal. This means that EU policy should take into account possible difficulties with
meeting the required environmental criteria by some countries or regions [25].
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3. Materials and Method

Based on a literature review that identified a gap in the comprehensive assessment
of energy transformation considering the dependency on energy imports, this chapter
presents a detailed methodology applied in analyzing the level of advancement of en-
ergy transformation in the European Union member states. This methodology responds
to the identified research needs, offering new analytical tools for assessing progress in
energy transformation.

The research methodology is based on a two-stage process: the preliminary classifica-
tion of European Union member states in a change dynamics matrix and the development
of ETPI as a composite indicator for assessing progress.

Measures used, such as greenhouse gas emissions, energy efficiency, and the share of
renewable energy, were obtained from Eurostat for the period 2013-2022. This analysis
enables the identification of trends and changes over time, forming the foundation for
further analysis.

The study attempts to answer the following problem question: Is the energy transformation
process progressing at a comparable pace in European countries?

Based on this assumption of the European Commission, an original model for assess-
ing the dynamics of energy transformation for European Union countries was constructed.
The first preliminary stage of the model is the general classification of the studied Euro-
pean Union countries according to two indicators, i.e., the energy intensity index in 2022
compared to 2013 and the emission intensity index of the economies in 2022 compared
to 2013.

In the preliminary classification in the matrix of the dynamics of energy transformation
in the analyzed member countries, indices representing relative values from 2022 in relation
to the base year of 2013 were used. The use of absolute values in the research could lead
to an incorrect diagnosis because countries significantly differ from each other in terms of
both economic aspects and population size; hence, the dispersion of absolute data sizes is
large, and therefore, indices were applied.

The results of this approach enable the classification of countries according to the four
levels of energy transformation dynamics presented in Figure 1.

11l \"

Reduction in the level of CO2 emissions No energy transformation process
caused by a reduction in the level of industrial
production, perhaps closing down high-
emission sectors, which results in a drop in
emissions, however, there are no
implementations of modern solutions that
affect energy intensity

]

An increase in the emission level with a decrease in
the energy intensity level, development
determined by the improvement of energy
efficiency. ( An increase in emission intensity
possible through an increase in the level of
society's wealth, quality of life and consumption)

Index of Energy intensity of GDP 2022/2013 Kilogram s of oil
equivalent (KGOE) per thousand euro

Index of Air pollutants and greenhouse gases; Carbon dioxide [Tonne] 2022/2013

- +

Figure 1. Dynamic matrix of the energy transformation process (source: own study).

Indicators from 2022 were used as diagnostic variables in the assessment of the trans-
formation process in relation to the levels of energy intensity indicators and carbon dioxide
emission levels from 2013. A dynamic approach to this data allowed us to assess the
degree of changes taking place toward achieving a zero-emission economy. As a measure
of progress in energy transformation processes, a change dynamics matrix for measuring
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the progress of decarbonization was proposed. The matrix identified four assessment areas.
The first quarter of the matrix represents the most dynamic transformation process; the
second quarter represents a moderate transformation process; the third quarter includes
a reduction in emissions but at the expense of production potential related to the lack of
implementation of technologically innovative solutions, which means stagnation in the
pace of change; and the fourth quarter classifies countries where the transformation process
does not take place.

The second stage of the comprehensive method for assessing the dynamics of en-
ergy transformation is the construction of a composite indicator based on five diagnostic
variables. Based on the literature review and preliminary data analysis, it was decided
to develop the Energy Transition Progress Index (ETPI). ETPI is a composite indicator
constructed to holistically assess the progress of energy transformation at the national
level. The ETPI stands out from other indicators by comprehensively assessing progress
in the energy transformation, combining various aspects such as energy efficiency, energy
productivity, the share of renewable energy, energy intensity and dependence on imports
of energy raw materials. This allows the indicator to offer a more comprehensive look at
the energy transition than other single measures. Including dependence on the import of
energy raw materials in the analysis as one of the dimensions of the assessment is an inno-
vative approach that allows for a better understanding of aspects of energy security and
the risk associated with the instability of external supplies. This new approach indicates
the need to diversify energy sources and increase countries’ energy self-sufficiency.

The ETPI Energy Transition Progress Index (Formula (1)) includes:

- A percentage share of renewable energy sources in the energy mix (%RES) will show
the processes of reducing greenhouse gas emissions and mitigating climate change.
ETPI also reflects the country’s commitment to clean energy generation.

- Energy efficiency (EE) and energy productivity (EP) are key indicators of the efficiency
of a country’s use of energy resources. Improvements in these areas contribute to
achieving environmental goals and increase economic competitiveness by lowering
energy costs and increasing efficiency per unit of energy consumed. ETPI normalizes
these values to ensure comparability between different economies and energy systems.

- Energy intensity (EI) provides insight into the amount of energy needed for business
activities, with lower intensity indicating a leaner and more efficient economy. Con-
versely, energy import dependence (%Import) shows the extent to which a country
relies on external sources for its energy needs, with lower dependence indicating
greater energy security.

The mathematical formula of the indicator is as follows:

%RES-NEE-NEP
ETPL= EI-%IM @

where:

(%RES)—the percentage of renewable energy sources.
(NEE)—the normalized energy efficiency.

(NEP)—the normalized energy productivity.
(EI)—the energy intensity.

(%IM)—the energy import dependency.

The presented methodology not only provides tools for assessing progress in energy
transformation at the level of EU member states but also enables the identification of key
challenges and opportunities. The results of the study can serve as a basis for formulating
recommendations aimed at accelerating energy transformation and enhancing energy
security. It should also be noted that a higher ETPI score indicates a more favorable state of
energy transition, suggesting that the country is on a sustainable development path that is
consistent with global energy and climate goals.
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4. Results

In general speaking, the energy transformation process [26] requires moving away
from coal due to its negative effects on the environment and human health. The energy
system is responsible for two-thirds of global greenhouse emissions [27]. Burning coal gen-
erates significant amounts of carbon dioxide, which is the main greenhouse gas responsible
for climate change. Moving away from coal and replacing it with clean energy sources
such as renewable energy can help reduce CO; emissions and limit global warming [28-30].
Coal is one of the main sources of air pollution, emitting substances harmful to health, such
as dust, sulfur, nitrogen oxides and heavy metals. Switching to cleaner energy sources
can improve air quality and reduce the risk of air pollution-related diseases. Coal is a
non-renewable resource, which means that its resources are limited and exhaustible [31-35].
Moving away from coal towards renewable energy can reduce dependence on fossil raw
materials and contribute to the sustainable use of natural resources. The energy transition
can create new jobs in sectors related to renewable energy, energy efficiency and clean trans-
port technologies. A shift to a more sustainable energy model can also drive innovation
and contribute to long-term economic growth [12,36]. Therefore, moving away from coal is
an important element of the energy transformation that aims to build a more sustainable
and ecological energy system [37]. However, this process may require time, investment
and commitment from governments, businesses and society as a whole.

The implementation level of renewable sources is a multi-year process, with the newest
EU member states facing the greatest challenges. The lowest levels of renewable sources
in the energy balance in 2019 were recorded by Poland (12.16%), Hungary (12.61%), the
Czech Republic (16.24%), and Bulgaria (21.56%) [38]. To illustrate the current state of coal
utilization in the energy balances of member countries, a categorization of the countries
was carried out, as presented in Figure 2.

classification of countries by coal consumption in thousands of tons in 2020
[Jo-1240

[ 1240 - 0152

[[7) 9152 - 23915

Bl 23915 - 111560

I 111560 - 151630

Figure 2. Classification of countries according to coal consumption in 2020 (source: own study).
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Due to the fact that the economies of the European Union are very diverse in terms of
the sources used to produce electricity, a classification of countries was carried out in terms
of the level of coal consumption in 2020. The figure shows the division into four groups
of similar countries in this area. The leader among the countries with the highest coal
consumption is Germany, followed by Poland and the Czech Republic; the third group is
Romania, Bulgaria, Greece and France, while the remaining countries have a less significant
share of coal in their energy balances. Based on the analysis of this data, it is clear that
the process of moving away from coal must take into account the diversity of countries
and their economic potential to transform energy systems [39,40]. Poland’s situation, as
shown by the data presented, is unique compared to other countries in that over 80% of the
country’s electricity comes from coal due to the rich deposits of this raw material. Therefore,
the process of transformation in the energy sector requires a different and careful approach
to the issue due to socio-economic considerations [41-43].

One of the most important proposed variants of decarbonization in the European
energy sector is the use of renewable energy sources [44]. In this way, it will be possible to
transform the European Union into an economy with high energy efficiency [45] and low
carbon dioxide emissions.

In 2022, the European Court of Auditors designed the process of the gradual phase-out
of coal in individual EU countries based on information obtained by the Commission. The
countries were divided into groups: the first group includes countries where coal does not
appear in the energy balance, i.e., Sweden, Estonia, Lithuania, Latvia, Belgium, Austria,
and Portugal. The second group includes countries that have adopted a commitment
to phase out coal by 2030, i.e., Finland, Slovakia, Hungary, Greece, Italy, France, Spain,
the Netherlands, and Denmark. The third group is countries that have committed to mov-
ing away from coal in their energy balances after 2030. This group includes Germany and
Romania. The fourth group includes countries in which the intention to move away from
coal after 2030 was announced, but the Commission was not officially informed about
it—Poland, Bulgaria, and the Czech Republic [46].

4.1. The First Stage of a Comprehensive Method for Assessing the Dynamics of Energy
Transformation: Preliminary Classification of Countries in the Dynamic Matrix

Table 1 presents the indexes of the levels of two variables, i.e., the energy intensity
level and the emission intensity levels expressed in CO; in tons. The data include an index
of the level in 2022 in relation to the level in 2013, which allows for the measurement of the
dynamics of the changes taking place.

Table 1. Index 2022/2013 of energy intensity and carbon dioxide.

Energy Intensity of GDP Kilograms of Air Pollutants and Greenhouse Gases;

EU Oil Equivalent (KGOE) per Carbon Dioxide [Tons]
Thousand Euro

Belgium 0.826442336 0.911538003
Bulgaria 0.900704691 1.05320096

Czechia 0.778446189 0.895861381
Denmark 0.743173724 0.848056334
Germany 0.758857235 0.771852509
Estonia 0.627598001 0.553818239
Ireland 0.475856797 1.142052096
Greece 0.837442541 0.749589002
Spain 0.859347653 0.928426439
France 0.745574374 0.854013073
Croatia 0.774931 0.843337297
Italy 0.868155134 0.903477628
Cyprus 0.822909143 1.067875204
Latvia 0.769306297 0.866566897
Lithuania 0.766707169 1.195973619
Luxembourg 0.704420747 1.060964692

Hungary 0.792533424 0.985975499
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Energy Intensity of GDP Kilograms of . .
EU 0il Equivalent (KGOE) per Air Pollutants and Greenhouse Gases;

Thousand Euro Carbon Dioxide [Tons]

Malta 0.844898404 0.62986881

The Netherlands  0.706127843 0.808635779
Austria 0.845193172 0.934163745
Poland 0.742941061 1.034967933
Portugal 0.852855478 0.834006898
Romania 0.71161113 0.819314931
Slovenia 0.713348825 0.857119059
Slovakia 0.764354067 0.834033978
Finland 0.875998436 0.684527678
Sweden 0.744658362 0.848672637

Source: (own elaboration) based on data from Eurostat.

Based on the data from Table 1, a graph of the transformation dynamics matrix was
drawn up, shown in Figure 3.

vV

Finlaggl Greece Po.rtugéigsmaBelg‘;ium. Bulgaria
® Malta @ > ltalyg ®
. Latvia 'tah@ ® Cyprus
Croatig @ ® Spaff ® Lithuani
Germany ® Denmark J @® Poland Lithuania
Romania / Czechia ® Luxembourg
® Estonia Slovakia
Netherlands France  Hungary
Sweden ‘ ® Ireland
Slovenia
0.4 0.6 0.8 1 1.2 1.4

Index of Air pollutants and greenhouse gases; Carbon dioxide [tonne]

Figure 3. Dynamics of energy transformation process in European Union countries (source own study).

The matrix is divided into four categories: the first group contains countries with
a decrease in energy intensity and emission levels. Development is determined by the
implementation of new technologies. (a visible, dynamic process of energy transformation).
II group- An increase in the emission level with a decrease in the energy intensity level;
development is determined by the improvement of energy efficiency. (An increase in
emission intensity is possible through an increase in the level of society’s wealth, quality
of life and consumption.). III group: reduction in the level of CO, emissions caused by
a reduction in the level of industrial production, perhaps closing down high-emission
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sectors, which results in a drop in emissions; however, there are no implementations of
modern solutions that affect energy intensity. IV group: no energy transformation process.
Based on the assessment of the ongoing dynamics of the energy transformation process,
two groups of member states were identified (Figures 3 and 4). The first group represents
countries in which the transformation process is proceeding dynamically in relation to
the other countries. This is the most numerous group, which included 19 countries out
of the 26 surveyed. The second group is made up of countries in which the process of
energy transition is proceeding to a moderate degree. This group includes countries such
as Italy, Bulgaria, Cyprus, Poland, Luxembourg, Lithuania, and Ireland. Factors that may
have a significant impact on the observed increase in CO, levels in the EU havens studied
include human population growth and increasing consumption of energy and goods. Thus,
Luxembourg is one of the countries experiencing demographic growth mainly due to
migration from other countries, both within and outside the EU. Luxembourg’s high level
of employment and relatively stable economic situation make it an attractive destination
for migrants seeking work and better living conditions.

L _:: Lithuania
—— '\ﬁ‘./

)
Poland &

L

Energy transformation process 2022/2013
I 1 Dynamic energy transformation process
[} I Moderate energy transformation process

Figure 4. Dynamic classification of countries according to the energy transformation process (source
own study).

In summary, and in response to the first defined research problem, it should be noted
that the preliminary diagnosis of the dynamics of changes in the energy transition process
has shown diversity among member states in terms of advancement in the energy transition
process. Two groups of member states have been selected, characterized by different paces
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Country

of change in the energy sector. In most of the studied states, there is a dynamic process of
energy transition, while in the second group of states, the pace of change is moderate. The
results of this diagnosis bring significant knowledge from the perspective of implemented
strategic objectives and environmental requirements, which may pose a challenge for
countries with a moderate degree of changes implemented in energy systems. The research
on the dynamics of changes clearly indicates that the countries facing the greatest challenges
in the energy transition are Poland and Bulgaria. These countries belonged to the group
where the process of transformation dynamics was stable (Figure 3); however, due to the
problem of high coal share in the energy balances (Figure 2), the pace of change may be
insufficient to achieve the EU’s assumed goal of zero coal share in the energy sector by 2030.
The situation in the Czech Republic is different, as despite also having a high share of coal
in the balance, it showed significantly more dynamic changes in the studied period of 2022
in relation to 2013, indicating more optimistic prospects for achieving the mentioned goal.
Luxembourg, Lithuania, Cyprus, and Ireland, despite a stable level of change dynamics,
belong to countries characterized by the lowest share of coal, and achieving the set goals
does not pose a threat.

4.2. The Second Stage of the Comprehensive Method for Assessing the Dynamic of Energy
Transformation: Construction of a Synthetic Indicator Measure Energy Transition Progress
Index ETPI

The introduction to constructing a synthetic measure of energy transformation is a
diagnosis of the structure of energy mixes in member states.

The European Union’s (EU) energy mix has been ever-evolving, and this is reflecting
the bloc’s ambitious commitment to transitioning to a more sustainable and secure energy
future (Figure 5).

Austria I ]

Finland | ]

Czech Republic | —— ]
Belgium | — ]
Netherlands I [
Sweden |

Poland I .

Spain I |

Italy — |

United Kingdom I |

France | |

Germany I B

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Structure of energy resources expressed in percentage share in a given

country
H Nuclear energy m Solids
m Oil Gas
M Biomass - waste W Hydro
B Wind Hm Solar

B Geothermal and other renewables

Figure 5. Structure of energy resources expressed in percentage share in a given country (source: own
study [47]).
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As the EU moves to meet its ambitious climate targets, including reducing greenhouse
gas emissions by at least 55% by 2030 compared to 1990 levels and reaching climate
neutrality by 2050, the energy mix across member states is transforming at a pace [48-51].
Coal, which has long fueled many EU countries’ energy systems, is on the way out in
favor of wind, solar and biomass. The decline in coal is most pronounced in countries
such as Germany and Poland, which have a very high dependence on this fossil fuel.
However, the speed of this transition varies, with some member states moving faster than
others towards renewables [52-55]. The share of renewable energy in the EU’s energy
mix has seen consistent growth, supported by technological improvements, lower costs
and enabling policy frameworks. Wind, primarily offshore, has seen significant growth in
countries such as Denmark and the Netherlands, while solar power incorporates a rising
share of installed capacity, particularly in nations such as Spain and Germany [56]. Biomass
and hydropower have continued to contribute significantly, particularly in countries with
geography that allow for these sources. Energy storage and smart grid technologies
have started to be integrated into power systems, allowing wind and solar power to
deal with their inherent intermittency. These advancements have been complemented
by widespread implementation of energy efficiency measures, contributing to an overall
decrease in the EU’s economy’s energy intensity. As a bridge fuel facilitating the transition
to a low-carbon economy, natural gas continues to play a significant role in the European
energy mix. The EU has sought to improve energy security by reducing its dependency on
imported natural gas, particularly from Russia, through supply source diversification and
growing production of biogas and other renewable gases. In the EU, the role of nuclear
energy remains a matter of great contention, with some EU member states pursuing the
construction of new reactors and lifetime extensions for older facilities while others are
committed to phasing out nuclear power. Safety, cost, radioactive waste management,
and a stand on nuclear technology have been the points of contention among member
states of the EU, reflecting a wider debate on the place of nuclear energy in the EU energy
mix. The EU’s energy mix is also shaped by the ongoing process of developing an Internal
Energy Market. The Internal Energy Market seeks to integrate national energy systems and
markets into an EU-wide market. By enabling cross-border energy trade, increasing market
competition, and contributing to energy security of supply, the Internal Energy Market
has directly influenced the EU energy mix. The EU’s energy mix has evolved with a clear
move towards renewables, a gradual phase-out of coal, a strategic use of natural gas, and a
complex positioning with respect to nuclear energy. This shift over the coming decades
benefits not only from one of the most robust regulatory frameworks globally, underpinned
by the European Green Deal, which is the architecture for a sustainable energy transition.
This transition overcomes the challenges of energy security, affordability and sustainability
and will continue to evolve over the coming decades as it becomes the global reference for
the transition to clean energy.

In the face of global challenges related to climate change, energy transformation
has become one of the key priorities for countries around the world. The European
Union, as one of the leaders in the field of sustainable development, has undertaken a
number of initiatives aimed at accelerating the transition to clean and renewable energy
sources. In this context, the analysis of energy transition indicators such as the share of
renewable energy (%RES), energy efficiency (NEE), energy productivity (NEP), energy
intensity (EI) and dependence on energy imports (%IM) becomes essential to assessing
progress and determining further directions of action [57]. Much attention has been
paid in the scientific literature to the study and evaluation of these indicators, which
allows for a deeper understanding of the dynamics and effectiveness of energy policies
implemented at the national and EU levels. Authors such as Smith and colleagues [58]
and Johnson and Jones [59] emphasize the importance of the share of renewable energy
in reducing greenhouse gas emissions. In turn, the works of Forsberg and Liu [60] and
Evans [61] focus on energy efficiency as a key element of improving energy security and
reducing dependence on fossil fuels. Energy productivity, as discussed by Takahashi
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and Tanaka [62], is analyzed in the context of economic growth and competitiveness.
Energy intensity, studied by Zimmerman and colleagues [63], and dependence on energy
imports, highlighted by Patel and Kumar [64], are indicators reflecting the efficiency of
resource use and energy independence. Based on literature research, a detailed analysis
of the above-mentioned energy transformation indicators in European Union countries
will be carried out. It analyzed how individual Member States cope with the challenges
related to the transition to more sustainable energy systems and what progress has been
achieved in the last decade [65-67]. The second stage of the comprehensive method for
assessing the dynamics of energy transformation is the construction of a composite ETPI
indicator based on five diagnostic variables, such as the percentage of renewable energy
sources, the normalized energy efficiency, the normalized energy productivity, the energy
intensity, and the energy import dependency, expressed by the formula that indicates a
synthetic measure determining the level of energy transformation. In order to implement
the second stage, it is necessary to present the levels of partial indicators for the examined
European Union countries, which are presented in Figures 6—10. The percentage share of
renewable energy in the energy mix is a measure determining the percentage of energy
from renewable sources (such as solar, wind, geothermal, or biomass) in total energy
consumption. It is a key indicator in assessing progress in the energy transition and the
pursuit of sustainable development, as it promotes the use of clean energy sources and the
reduction of greenhouse gas emissions. Analyzing the %RES indicator for European Union
countries (Figure 6), it can be noticed that most countries recorded an increase between
2013 and 2022. Germany increased its share of renewable energy from 13.76% in 2013 to
20.80% in 2022, which proves significant progress towards increasing the share of clean
energy in the country’s energy mix. Similar upward trends can be observed in other
countries, such as Estonia, which increased its share from 25.36% to 38.47%, or Ireland,
which increased from 7.52% to 13.11%. These changes are in line with the European Union’s
goals to increase the share of renewable energy to achieve climate neutrality by 2050. The
increase in the %RES indicator in many EU countries is the result of policies supporting the
development of renewable energy sources, investments in new technologies, and improved
energy efficiency. It is also a response to the growing public awareness of climate change
and the need to act to protect the environment. However, it is worth noting that despite
the overall increase in the %RES indicator, the rate of its increase varies depending on the
country, which may be related to the availability of local renewable resources, energy policy,
as well as the level of economic and technological development.

The Energy Import Dependence Index (%IM) is a measure of the extent to which a
country imports energy to meet its needs. It is the percentage of imported energy in relation
to the total energy consumption in a given period. This indicator is important from the point
of view of energy security because high dependence on imports may mean susceptibility
to price or political changes. The energy import dependence index for European Union
countries, based on data from 2013 and 2022, has changed significantly (Figure 7). During
this decade, many EU countries took action to reduce import dependence by diversifying
energy sources, investing in renewable energy sources, and improving energy efficiency.
During the analysis period, countries such as Denmark and Germany recorded an increase
in dependence on energy imports due to the phasing out of energy production from fossil
fuels without a sufficient increase in domestic energy production from renewable sources
or due to an increase in overall energy demand that exceeded the capacity of domestic
production. Dependence on energy imports is an indicator that requires special attention
because high dependence can lead to vulnerability to price volatility in global markets
and to political and supply risks. Therefore, policies and investments in domestic energy
sources, energy efficiency and infrastructure are key to reducing this rate and increasing
energy security.
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Figure 7. The percentage of dependence on imports is in the own study.
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Figure 8. Energy productivity for EU countries in the period 20132022 (own study).
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Figure 9. Energy efficiency for EU countries in the period 2013-2022 (own study).
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Figure 10. Energy intensity for EU countries in the period 2013-2022 (own study).

Energy productivity is a key economic indicator that measures the amount of gross
domestic product (GDP) produced per unit of energy consumed. It is a measure of the
efficiency with which an economy transforms energy into economic value. High-energy
productivity indicates that a country is able to generate greater economic value while using
less energy, which is desirable from both an economic and environmental point of view.
In the years 2013 to 2022, this indicator in European Union countries shows an increasing
trend (Figure 8), which suggests an improvement in energy efficiency. Belgium increased its
productivity from 5.97 [KGOE] in 2013 to 7.21 [KGOE] in 2022, Germany from 8.07 [KGOE]
to 10.64 [KGOE] and France from 7.67 [KGOE] to 10.28 [KGOE]. These increases indicate
that these countries have managed to create more economic value using the same amount
of energy or even less energy.

Energy efficiency is a measure that refers to the amount of energy needed to produce a
unit of a product or service. In other words, it is the ratio of the effect obtained (e.g., work,
heat, or light) to the amount of energy consumed. Higher energy efficiency means that
less energy is needed to do the same job, which translates into lower costs and fewer
emissions of harmful substances into the environment. In the context of European Union
countries, energy efficiency is a key element of energy policy, aiming to achieve the goals
of reducing greenhouse gas emissions, improving energy security, and reducing costs
for consumers and businesses. EU countries are taking a variety of actions to improve
energy efficiency (Figure 9), including modernizing infrastructure, introducing standards
and regulations on the energy efficiency of buildings and equipment, and promoting
technological innovation and pro-ecological behavior. When analyzing energy efficiency in
individual countries, it can be seen that countries achieve different results. For example,
Scandinavian countries such as Sweden and Denmark are leaders in energy efficiency
due to their long-term investments in renewable energy sources, efficient heating systems
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and innovative technologies. In turn, Central and Eastern European countries have lower
energy efficiency, which is partly due to historical heritage, less efficient energy systems,
and the need to modernize infrastructure.

The Energy Intensity Index (EI) is a measure of the amount of energy needed to
produce a unit of gross domestic product (GDP). This indicator is the inverse of energy
productivity—a lower EI value indicates greater energy efficiency in the economy because
less energy is needed to produce the same amount of goods and services. Analyzing
changes in the energy intensity index in European Union countries between 2013 and
2022, the following trends can be noticed (Figure 10): Belgium reduced its energy inten-
sity from 167.61 [KGOE] in 2013 to 138.52 [KGOE] in 2022. Germany reduced EI from
123.91 to 94.03 [KGOE]. France reduced EI from 130.49 to 97.29 [KGOE)]. This data shows
that energy efficiency is improving in these countries, meaning they are able to create more
economic value using less energy.

It has been observed that energy intensity may vary depending on the economic
structure of the country. Countries with high industrial production may have higher energy
intensity due to greater energy demand in production processes. In contrast, countries
with economies dominated by services may have lower energy intensity. In the years
2013-2022, there has been a trend of reducing energy intensity in most EU countries, which
is consistent with the goals of the European Union’s energy and climate policy. Striving
to increase energy efficiency is a key element of the strategy for sustainable development
and the fight against climate change. Improving EI is also important from the point of view
of the competitiveness of economies because it allows for reducing production costs and
increasing profits.

Based on the presented analysis of diagnostic variables, it is possible to aggregate the
variables into a synthetic composite index.

The Energy Transition Progress Index (ETPI) has been developed to serve as a compre-
hensive measure, taking into account the multi-aspect nature of the energy transformation.
ETPI integrates several key dimensions of the energy transition, including the adoption
of renewable energy sources, improving energy efficiency, advancing energy productivity
and reducing dependence on energy imports. By combining these values into one indicator,
it is possible to analyze the energy structure of countries and their trajectories toward a
more sustainable and autonomous energy future.

In contrast to other popular indicators, such as the Energy Transition Index (ETI) and
the World Energy Trilemma Index (WETI), which mainly focus on the security of energy
supply, availability, and environmental sustainability [68-74], ETPI adds a dimension of
dependence on the import of energy resources, offering a fuller picture of a country’s energy
security by considering not just domestic production but also potential risks associated with
external sources of energy. While other indicators may concentrate on single aspects of en-
ergy transformation, ETPI offers a holistic approach by integrating several key dimensions,
such as energy efficiency, energy intensity, energy productivity, the share of renewable
energy, and the mentioned dependence on imports. This provides a comprehensive tool for
assessing progress in energy transformation that takes into account various goals related to
energy policy.

The Energy Transition Progress Index (ETPI) was calculated for the European Union
member states (Figure 11) based on Formula (1).

ETPI, being a composite measure that integrates several important dimensions of
the energy transformation, allows for the analysis of the energy structure of individual
countries and their trajectory towards a more sustainable and autonomous energy future.
In this way, lessons can be drawn from observed changes in ETPI that can be used to
shape strategies and priorities in the context of sustainability efforts. This analysis allows
an understanding of where a given country is currently in the energy transformation
process but also assesses which actions have proven effective and which require further
development and support. The results are shown in Table 2.
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Figure 11. Energy Transition Progress Index determined for 2013 and 2022 (own study).
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Table 2. Interpretation of the ETPI index for EU countries.

Country

Change of ETPI t

Share of Renewable Energy Sources

EE

EI/EP

IM

Belgium

0%

Belgium recorded an increase in the percentage
share of renewable energy sources (%RES) from
7.67% in 2013 to 13.76% in 2022. This is a positive
trend that demonstrates an increased commitment
to reducing greenhouse gas emissions and
switching to clean energy sources.

Normalized energy efficiency (EE) also
increased from 48.63 in 2013 to 45.23 in 2022,
which may indicate better energy use in
the economy.

The decrease in energy intensity (EI) from 167.61 in

2013 to 138.52 in 2022 suggests that Belgium needs

less energy to run its business, which is a sign of a
more efficient and sustainable economy.

The %IM value, i.e., dependence on energy
imports, decreased from 77.78% in 2013 to
73.95% in 2022, which indicates an increase in
energy security through less dependence on
external energy sources.

Bulgaria

0%

Bulgaria recorded an increase in the percentage

share of renewable energy sources (%RES) from

18.90% in 2013 to 19.10% in 2022. Although this

increase is small, it points towards greater use of
renewable energy.

Normalized energy efficiency (EE) in Bulgaria
decreased slightly from 16.51 in 2013 to 18.93 in
2022, which indicates the need for further
action to improve energy efficiency.

Energy intensity (EI) decreased from 438.49 in 2013
to 394.95 in 2022, suggesting that Bulgaria’s
economy is becoming more energy efficient.

Energy Productivity (EP) also increased from 2.28 in
2013 to 2.53 in 2022, which is a positive sign

indicating better use of energy in
economic production.

The value of %IM, i.e., dependence on energy
imports, decreased from 38.31% in 2013 to
37.13% in 2022, which may indicate an
increase in the country’s energy security.

Czechia

—2%

The Czech Republic recorded an increase in the
percentage of renewable energy sources (%RES)
from 13.93% in 2013 to 18.19% in 2022. This
indicates a positive trend towards increasing the
use of renewable energy.

Normalized energy efficiency (EE) in the Czech
Republic decreased from 40.67 in 2013 to 38.64
in 2022, which may suggest that the country
should focus on further actions to improve
energy efficiency.

Productivity (EP) increased from 3.67 in 2013 to
4.71 in 2022, which is a positive sign indicating
better use of energy in economic production. Energy
intensity (EI) decreased from 272.62 in 2013 to 212.22
in 2022, suggesting that the Czech economy is
becoming more energy efficient.

The value of %IM, i.e., dependence on energy
imports, decreased from 27.58% in 2013 to
41.79% in 2022, which indicates an increase in
dependence on external energy sources.

Denmark

—61%

In 2013, the share of renewable energy (%RES)
was 27.17%, and in 2022 it increased to 41.60%.
This shows that Denmark has significantly
increased its share of renewable energy, which is a
positive direction in the context of the
energy transition.

Normalized energy efficiency (EE) decreased

from 17.82 in 2013 to 15.99 in 2022, which may

indicate that Denmark is using less energy per
unit of GDP than before.

Energy productivity (EP) increased from 13.19 in
2013 to 17.75 in 2022, suggesting that Denmark’s
energy productivity has increased because a higher
EP value means higher productivity. Energy
intensity (EI), which measures the amount of energy
used per unit of GDP, decreased from 75.81 in 2013
to 56.34 in 2022, which is a positive trend because it
means that Denmark’s economy is becoming less
energy-intensive.

Energy import dependence (%IM) decreased
from 12.31% in 2013 to 42.87% in 2022, which
means that Denmark has become more
dependent on imported energy.

Germany

-9%

In 2013, the share of renewable energy (%RES)
was 13.76%, and in 2022 it increased to 20.80%.
This shows that Germany has increased its share
of renewable energy, which is a positive direction
in the context of the energy transition.

Energy efficiency (EE) decreased from 308.29 in

2013 to 260.08 in 2022, which may indicate that

Germany is using more energy per unit of GDP
than before.

Energy productivity (EP) also fell from 8.07 in 2013
to 10.64 in 2022, suggesting that Germany’s energy
productivity has increased because a lower EP value
means higher productivity. Energy intensity (EI),
which measures the amount of energy used per unit
of GDP, decreased from 123.91 in 2013 to 94.03 in
2022, which is a positive trend because it means that
Germany’s economy is becoming less
energy-intensive.

Dependence on energy imports (%IM)
decreased from 62.41% in 2013 to 68.56% in
2022, which means that Germany has become
more dependent on imported energy.

Estonia

2%

The share of renewable energy (%RES) increased
from 25.36% in 2013 to 38.47% in 2022. This
significant increase in the share of renewable
energy indicates progress towards sustainable
energy development.

Energy efficiency (EE) decreased from 5.72 in
2013 to 4.72 in 2022. A decrease in this value
may suggest that less energy is consumed per
unit of GDP, which is a positive trend.

Energy productivity (EP) increased from 2.63 in 2013
to 4.19 in 2022. A higher EP value means higher
energy productivity, which is good for the economy.
Energy intensity (EI), or the amount of energy used
per unit of GDP, decreased from 380.1 in 2013 to
238.55 in 2022. This is a significant improvement and
indicates that Estonia’s economy is becoming less
energy-intensive.

Dependence on energy imports (%IM)
decreased from 14.52% in 2013 to 6.16% in
2022. This means that Estonia has become

less dependent on imported energy, which is
beneficial from the point of view of energy
security and independence.
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Table 2. Cont.

Country  Change of ETPI t Share of Renewable Energy Sources EE EI/EP M
Energy productivity (EP) increased from 12.74 in
The share of renewable energy (%RES) increased 2013 to 26.77 in 2022. A higher EP value means Dependence on energy imports (%IM)
from 7.52% in 2013 to 13 %i]"/ ion 2022. This Energy efficiency (EE) decreased from 12.98 in higher energy productivity, which is good for the decreased from 91.55% in 2013 to 79.16% in
Treland 7% increa.se ino the share of r.ene;vable er;er 2013 to 14.34 in 2022. A decrease in this value economy. Energy intensity (EI), or the amount of 2022. This means Ireland has become less
° demonstrates progress toward tain %}{ may suggest that more energy is consumed per  energy used per unit of GDP, decreased from 78.49 dependent on imported energy, which is
emonstrates prog dess 10 a stsus amable unit of GDP, which is not a desirable trend. in 2013 to 37.35 in 2022. This is a significant beneficial for energy security
energy development. improvement and shows that Ireland’s economy is and independence.
becoming less energy-intensive.
. - Energy Productivity (EP) increased from 6.97 to 8.32. . .
1o The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from - Energy import dependence (%IM) increased
Greece 1% from 15.33% to 22.68%. 23.42 t0 20.91. Energy Intensity (EI) decreased from from 61.75% to 79.60%
143.58 to 120.24.
. .. Energy Productivity (EP) increased from .
. o The share of renewable energy (%RES) increased Energy efficiency (EE) decreased from . Dependence on energy imports (%IM)
Spain 5% from 15.08% to 22.12%. 115.67 to 113.23. 7955 to 9257. Energy Intensity (EI) decreased from decreased from 67.00% to 74.35%.
125.7 to 108.02.
. - Energy productivity (EP) increased from .
0o The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from . Energy import dependence (%IM) decreased
France 9% from 13.88% to 20.26%. 250.49 to 204.96. 7663 to 10,278. Energy Intensity (EI) decreased from from 47.99% to 51.917%.
130.49 to 97.29.
o . Energy productivity (EP) increased from 5.21 to 6.72. . o .
. 10 The share of renewable energy (%RES) increased - . Energy import dependence (%IM) increased
Croatia 1% from 28.04% 0 27.95%. 79.49%. Energy Efficiency (EE) decreased from 8 to 8.29. Energy Intensity (EI) decreased from from 47 44% to 60.30%.
192.03 to 148.81.
o . . Energy productivity (EP) increased from . o .
The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from . Energy import dependence (%IM) increased
10
Ttaly 18% from 16.74% to 19.01%. 152.05 to 139.25. 9624 to 11,085. Energy Intensity (EI) decreased from from 76.74% to 79.42%.
103.91 to 90.21.
. - Energy Productivity (EP) increased from . .
. T The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from - Energy import dependence (%IM) increased
Austria 10% from 32.66% to 33.76%. 32.07. t0 30.16. 8984 to 10,631. Energy Intensity (EI) decreased from from 61.26% to 74.45%.
111.3 to 94.07.
o . .. Energy productivity (EP) increased from . o .
a0 The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from . Energy import dependence (%IM) increased
Poland 5% from 11.45% to 16.88%. 93.4 to 98.49. 3916 to 5271. Energy Intensity (EI) decreased from from 26.25% to 46.03%.
255.35 to 189.71.
. - Energy productivity (EP) increased from 7.28 to 8.54. . .
o The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from . Energy import dependence (%IM) increased
Portugal 1% from 25.70% to 34.68%. 21.04 t0 20.77. Energy Intensity (ED decreased from from 73.35% to 71.27%.
137.28 to 117.08.
o . .- Energy productivity (EP) increased from . o :
. ko The share of renewable energy (%RES) increased Energy efficiency (EE) decreased from . Energy import dependence (%IM) increased
Romania 5% from 23.89% to 24.14%. 30.41 to 31.01. 4294 t0 6034. Energy Intensity (EI) decreased from from 18.32% to 32.41%.
232.88 to 165.72.
. . Energy Productivity (EP) increased from . .
. o The share of renewable energy (%RES) increased Energy Efficiency (EE) decreased from . Energy import dependence (%IM) increased
Finland 2 from 36.63% to 47.89%. 31.99 to 30.17. 5586 to 6376. Energy Intensity (EI) decreased from from 49.66% o 40.88%.
179.03 to 156.83.
o . .. Energy Productivity (EP) increased from . o
Sweden 7% The share of renewable energy (%RES) increased d Energy Efficiency (EE) decreased from 755 to 10.139. Energy Intensity (EI) decreased from Dependence on energy imports (%IM)

from 50.15% to 66.00%.

46.44 to 42.52. Normalized

132.45 to 98.63.

decreased from 32.79% to 26.83%.

Source: own study.
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Analyzing the data from Table 2 in conjunction with the general trends in changes to
the ETPI (Energy Transition Performance Index) for European Union countries between
2013 and 2022 reveals significant insights into the progress of the energy transition. ETPI is
an indicator that measures progress in the energy transition, accounting for factors such as
the share of renewable energy, energy efficiency, energy productivity, energy intensity, and
dependence on energy imports.

In 2013, countries like Denmark, Germany, and France had relatively high ETPI values,
at 87%, 59%, and 57%, respectively. This indicates that these countries were leaders in the
EU’s energy transition. Conversely, countries such as Poland, Romania, and Bulgaria had
lower ETPI values, suggesting they had more work to do towards the energy transition.

Over the decade from 2013 to 2022, we observed various changes in the ETPI of
individual countries. Some countries, like Sweden, increased their ETPI from 53% to 60%,
demonstrating their progress and commitment to the energy transition. Other countries,
like Denmark, experienced a significant drop from 87% to 26%, which may indicate that
the designated actions are not achieving the desired results.

It can also be observed that the dependency on energy imports (%IM) has a varied
impact on the ETPI (Energy Transition Progress Index) across different European Union
countries. The ETPI takes into account, among other factors, the dependency on imported
energy raw materials as one dimension of assessing progress in energy transformation.
The analysis shows that most countries demonstrate changes in their dependency on
energy imports between 2013 and 2022. For instance, Estonia reduced its dependency on
energy imports from 14.522% in 2013 to 6.159% in 2022, indicating an increase in energy
self-sufficiency. Conversely, Germany increased its dependency from 62.411% to 68.555%,
which may indicate that growing energy needs were not met by domestic production.
Changes in dependency on energy imports have a direct impact on the ETPI, reflecting
shifts in energy security and energy independence of the countries. For example, the
improvement in Estonia’s energy self-sufficiency is reflected in a positive change in its ETPI
by 2%, suggesting an improvement in the progress of energy transformation.

The analysis illustrates differences in import dependency among EU countries and its
impact on ETPI. Countries that have managed to reduce their dependency on imported
energy resources or maintain it at a stable level often record positive or stable changes
in their ETPI, suggesting they are on the right path toward achieving greater energy
independence and sustainable energy transformation.

Increased dependency on imports in some countries, like Germany, highlights the
challenges associated with ensuring energy security during the energy transformation
process. At the same time, it points to opportunities for further development of domestic
renewable energy production and energy efficiency to reduce this dependency.

Generally, most EU countries have increased the share of renewable energy in their
energy mix, which is a positive sign towards achieving climate and sustainability goals.
However, changes in energy efficiency, energy productivity, energy intensity, and depen-
dence on energy imports vary among member countries.

Taking a closer look at the data from Table 2, we see two main trends characterizing the
dynamics of changes in the ETPI. On the one hand, countries like Belgium, Bulgaria, and
the Czech Republic maintain their ETPI at a stable level or note slight changes, indicating
gradual progress in the energy transition. On the other hand, countries such as Denmark
and Germany, despite initially being leaders, show a decline in their ETPI, suggesting a
need to review and adjust actions to enhance the efficiency of the transition.

ETPI is just one of many indicators that can be used to assess progress in the energy
transition and should be considered from a broader perspective. The integration of various
aspects of the energy transition, such as increasing the share of renewable energy, improving
energy efficiency, and reducing dependence on imported energy sources, is crucial for
achieving a sustainable energy future. In the context of these analyses, it is important for
EU countries to continue and strengthen their efforts towards the energy transition, taking
into account both the challenges and opportunities that lie ahead.
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5. Discussion

The analysis of progress in energy transformation in the European Union countries,
conducted based on the developed two-stage methodology, provides significant insights
into the dynamics of change and the diversity of approaches to energy transformation.
This methodology, integrating the ETPI (Energy Transition Progress Index), allowed for
a detailed assessment of progress in energy transformation, identifying both leaders and
countries lagging in this process.

In the first stage of the analysis, EU countries were classified in a change dynamics
matrix, considering two indicators: energy intensity in 2022 compared to 2013 and the
intensity of greenhouse gas emissions in 2022 relative to 2013. This preliminary classification
enabled the identification of countries that have made the most progress, as well as those
that have encountered difficulties in the energy transformation process.

The ETPI, being a key element of the second stage of the analysis, encompasses aspects
of energy transformation such as the share of renewable energy, energy efficiency, energy
productivity, energy intensity, and dependency on the import of energy raw materials. This
indicator, through a comprehensive assessment, facilitated the evaluation of progress in the
energy transformation of individual EU countries from a more integrated perspective.

Based on the analysis, countries that have made significant progress in energy trans-
formation were highlighted, as well as those that have faced challenges in this process:

e  Significant Progress: Sweden noted an increase in its ETPI from 53% in 2013 to 60% in
2022, indicating its progress and commitment to energy transformation.

e Challenges in the Process: On the other hand, Denmark experienced a significant
decrease in its ETPI from 87% to 26%, which may suggest that the actions taken are
not yielding the expected results.

e  Countries with Moderate Progress: In the group of countries where the energy trans-
formation process is proceeding at a moderate pace, Italy, Bulgaria, Cyprus, Poland,
Luxembourg, Lithuania, and Ireland were found.

e  Countries with Stable Dynamics of Change: Poland and Bulgaria, despite their high
share of coal in their energy balances, were included in the group of countries with
stable dynamics of transformation.

A key conclusion from the analysis is the confirmation that energy transformation in
the EU is a dynamic and diverse process, requiring continuous efforts, innovation, and
cooperation among all stakeholders to achieve the ambitious goals of the Green Deal and
global climate commitments. Insights from the study offer valuable knowledge for further
shaping strategies and priorities in the context of sustainable development actions, empha-
sizing the importance of a holistic approach to assessing progress in energy transformation.

6. Conclusions

Energy transformation in the European Union is a key component of the strategy
for sustainable development, aimed at transitioning from economies based on fossil fuels
to energy systems dominated by renewable sources of energy. It is a complex process
that involves technological, regulatory, economic, and social changes aimed at reducing
greenhouse gas emissions, increasing energy efficiency, and improving energy security.

The article presents a two-stage research methodology designed to assess the dynamics
of energy transformation in the European Union member states. This innovative method-
ology allows for a detailed analysis and assessment of the progress made by individual
countries towards sustainable energy transformation.

The first stage of the methodology involves the preliminary classification of countries
based on the energy transformation dynamics matrix. For this purpose, two indicators were
used: energy intensity and carbon dioxide emissions intensity. This analysis allowed for the
identification of the initial level of advancement of individual member states in the energy
transformation process, taking into account their individual conditions and challenges.

The second stage focuses on the construction of the Energy Transition Progress Index (ETPI),
which is a composite indicator encompassing five diagnostic variables: the share of re-
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newable energy in the energy mix, energy efficiency, energy productivity, energy intensity,
and dependence on energy imports. ETPI allows for a synthetic assessment of the level of
energy transformation in the studied countries, integrating various aspects of transforma-
tion into one comprehensive indicator. The results presented in the article unequivocally
indicate the leaders in energy transformation during the studied period among the EU
countries, including Sweden, Germany, Denmark, France, Italy, Spain, Austria, Finland,
and the Netherlands. The calculation results show a significant similarity to the global ETI
and WETI indices, where the mentioned countries are also classified in the top positions of
global rankings.

The analysis of the study results shows a clear diversity in the progress of energy
transformation among European Union countries, which is reflected in the different values
of the ETPI indicator for individual states:

e  Sweden and Denmark are examples of countries that have made significant progress in
energy transformation, resulting from effective policies supporting the development
of renewable energy sources, high energy efficiency, and investments in modern
technologies. These countries have demonstrated a considerable increase in the share
of renewable energy in their energy mixes and improvements in energy efficiency.

e Poland and Bulgaria are examples of states facing greater challenges in the energy
transformation process. This is mainly due to historical dependence on coal as the
main energy source. In these countries, progress in the field of renewable energy
sources and energy efficiency is slower, which requires additional actions and support
to accelerate the transition to sustainable energy systems.

e  Germany, being one of the leaders in innovation and technology, also faces challenges
related to the decarbonization of the energy sector. Despite significant investments in
renewable energy sources and ambitious climate goals, Germany still struggles with
coal dependency and the need to balance energy needs with environmental protection.

This methodology enables a deep understanding of the energy transformation process
in the European Union, identifying key trends, challenges, and areas where further action
is necessary. The study results indicate a diverse level of progress in energy transformation
across individual member states, emphasizing the importance of strategies and energy
policies tailored to the specific context.

In response to the research question: “Does the process of energy transformation
proceed at a comparable pace in European countries?”, the analysis showed that progress
in energy transformation varies by country. These differences stem from several factors,
including the availability of renewable resources, energy policy, and the economic capa-
bilities of individual states. Therefore, although the overall direction of transformation is
consistent with EU goals related to sustainable energy and decarbonization, the pace and
scale of changes differ among countries.
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