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Abstract: This article addresses one of the contemporary economy’s most challenging endeavors:
the energy transition. Specifically, the aim of the study was to assess the effectiveness of Poland’s
energy transition process between 2004 and 2021. A comprehensive approach is employed to analyze
Poland’s energy transition process, focusing on the effectiveness of implementation through the
Energy Transition Effectiveness Index. This methodology incorporates four dimensions, namely
energy security, economic considerations, climate impact, and social aspects, each characterized by
22 sub-indices. The research methodology employs a two-tiered approach based on the multi-criteria
decision making methodology. The EDAS method is utilized to determine the indices’ values, while
the CRITIC, equal weights, and statistical variance methods and Laplace’s criterion are employed to
ascertain sub-indices values and dimension weights, particularly useful for decision making under
uncertainty. Moreover, the relationship between these indices, the Energy Transition Effectiveness
Index, and Poland’s Gross Domestic Product is explored. By evaluating Poland’s energy transition
effectiveness from 2004 to 2021 and comparing the results with other European Union countries,
it becomes evident that the effectiveness varies over time. Despite encountering economic and
social challenges during the energy sector’s transformation, Poland exhibits positive progress in its
energy transition efforts, outperforming certain European Union counterparts. However, there is
a pressing need to intensify efforts to curtail emissions and enhance renewable energy utilization.
The European Union’s support and coordination are deemed crucial in facilitating these endeavors,
alongside fostering the wider adoption of best practices among member states. The developed
methodology stands as a valuable tool for ongoing evaluation of transformation processes across
European Union nations.

Keywords: energy transition; energy security; Poland; European Union energy policy; multidimensional
assessment

1. Introduction

The energy sector stands as a cornerstone in shaping the economic trajectory of nations
and regions. Its vitality profoundly influences economic security, stability, and social ad-
vancement [1–3]. With escalating energy demands, recurrent energy crises, and the looming
specter of climate change, ensuring energy security emerges as a formidable challenge for
governing bodies. This challenge is further compounded by the increasing public con-
sciousness surrounding climate protection, which often mandates environmentally friendly
measures [4]. Considering these circumstances, it is imperative for contemporary energy
policies to encompass a spectrum of economic, environmental, and social considerations to
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be truly effective. Such policies, conceived as a comprehensive framework of initiatives
aimed at fostering the development and efficient functioning of the energy sector, should
be attuned to these identified dimensions and responsive to the dynamic shifts in the global
socio-economic landscape.

The European Union has a profound understanding of the intricate challenges within
the energy sector. Over the years, EU energy policy has been dedicated to transforming this
sector, focusing on enhancing energy efficiency and progressively substituting fossil fuels
with zero-carbon alternatives. This transformation, guided by EU policy, encompasses all
member countries. Despite significant disparities in wealth and industrial development
among these nations, they are expected to align with the common energy policy’s require-
ments. For EU member states, transitioning the energy system is a strategic imperative in
the fight against climate change, leading to enhanced energy security, competitiveness, and
overall economic appeal of the EU. Article 2 of the Lisbon Treaty, concerning the sustainable
development of EU countries, underscores this commitment [5]. A pivotal objective of
the EU’s sustainable development is to ensure universal access to stable, sustainable, and
contemporary energy sources at affordable rates. Sustainable and modern energy entails
maximizing the utilization of renewable sources (as zero-emission sources), crucial for miti-
gating greenhouse gas emissions, including carbon dioxide. The roots of the EU’s energy
policy, focused on transforming the energy sector and curbing greenhouse gas emissions,
trace back to the 1999 Kyoto Protocol [6]. This protocol aimed for an 8% reduction in green-
house gas emissions between 2008 and 2012 compared to 1990 levels. Subsequently, the
20-20-20 Climate Package set ambitious targets, including a 20% reduction in greenhouse
gas emissions, a 20% increase in the share of renewable energy sources in the EU’s energy
mix, and a 20% enhancement in energy efficiency [7]. Building upon these endeavors,
the 2021–2030 package aims to elevate previous targets. It envisages a minimum 40%
reduction in carbon dioxide emissions by 2030 compared to 1990 levels. This shift should
entail ramping up the utilization of energy derived from renewable sources to 32% and
improving energy efficiency by at least 32.5% [8].

Hence, it is evident that the European Union’s stance on energy sector transformations
leans heavily towards environmental preservation. To realize its pronounced and ambitious
objectives, it becomes imperative to enforce these policies across all member states.

One such member state bound by the Community’s directives is Poland, classified
among the “new EU-13 countries”. Poland’s integration into the European Union in 2004
entailed, among other obligations, the adoption of climate policy mandates. For Poland,
meeting these requirements presents a significant challenge due to its reliance on hard
coal and lignite reserves for energy production. This reliance has shaped Poland’s energy
landscape, making it predominantly dependent on these fossil fuels. Consequently, aligning
with EU directives in the energy sector poses substantial economic and social hurdles [9].

Indeed, Poland is one of the largest coal producers in the EU, which makes it dominant
in the electricity and heat generation sector [10,11]. It should be noted, however, that the
share of this raw material in the country’s energy system has been declining in recent years.
The energy transition in Poland is therefore becoming a great confession, both economically
and socially. Indeed, entire regions in the country are dependent on mining operations and
coal-fired power generation [12,13]. On the other hand, the transformation process itself
requires huge financial outlays in the economy and for minimizing the social consequences
associated with it.

Growing public awareness, in terms of the huge environmental threat of conventional
energy, and the EU’s policies related to the energy transition process provide opportunities
for success in this process in Poland as well.

Therefore, considering the intricacy and prolonged nature of the energy transition
process, it is rational to evaluate the progress made on this front in EU countries, with a
particular focus on Poland, which is actively engaged in this endeavor. The distinctiveness
of Poland’s energy sector and its pivotal role in the energy transition process stem from
its status as one of the larger EU nations. Consequently, its success in this transition
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holds significant promise for positively influencing other member states and advancing
the EU towards its climate policy objectives. Hence, undertaking research to gauge the
effectiveness of this process in Poland is entirely warranted.

To conduct such an assessment, it is imperative to employ a research methodology
tailored to the complexities inherent in the energy transition process. However, finding a
comprehensive methodology in the literature that adequately addresses the crucial facets
of evaluating this process presents a challenge. It is essential for such a methodology to
encompass the ability to assess changes over the designated time frame while considering
diverse aspects of the transition. These aspects include energy-related factors, economic
indicators, climate considerations, social dimensions, and alignment with sustainable
development objectives.

Considering the outlined conditions, this paper introduces a novel methodology for
assessing the efficacy of the energy transition process at the national level. This method-
ology is intricately linked to the implementation of EU energy policy and Sustainable
Development Goals, as it concurrently addresses economic, environmental, and social
considerations, along with those pertaining to energy security.

Therefore, the primary aim of this research was to evaluate the effectiveness of Poland’s
energy sector transformation process in alignment with EU policy objectives and Sustain-
able Development Goals during the period from 2004 to 2021, utilizing the newly devised
research methodology. Additionally, a pivotal aspect of this study was to address the
following research inquiries:

RQ1: How did the energy transition process unfold in Poland from 2004 to 2021, taking into account
economic, environmental, and social factors, as well as those related to ensuring energy security?

RQ2: Is Poland’s energy transition process linked to its economic development, as measured
by GDP?

RQ3: How did Poland’s position among EU member states change in terms of energy transition
during the period under review (2004–2021)?

The adoption of the study period (2004–2021) is due to the fact that Poland joined the
EU in 2004, and the evaluation of the energy transition process, as it requires a lot of time,
should cover as long a period as possible.

The evaluation encompassed a comprehensive set of 22 indicators representing the
dimensions of energy security, economic, social, and climate aspects mentioned earlier.
The primary assessment utilized the EDAS method. Subsequently, the weights assigned to
the sub-indicators and dimensions were determined through analytical approaches such
as CRITIC, equal weights, and statistical variance, along with Laplace’s criterion, which
were employed for decision making amidst uncertainty. The evaluation process involved a
two-tiered approach, described in detail in Section 4 of this paper.

The uniqueness of the research and the discussions outlined in this paper stem from
the following actions:

– Developing a unique, proprietary, two-tiered, and multi-criteria approach for evaluat-
ing the effectiveness of energy transition implementation across different countries
and regions, aligning with priorities set forth by EU policies.

– Addressing a research gap by providing a comprehensive evaluation of energy policy
effectiveness for individual countries (Poland), which was previously lacking in
the literature.

– Incorporating various dimensions of state policies aimed at achieving energy efficiency
(including energy security, economic, environmental, and social aspects), all relevant
to sustainable development goals.

– Conducting a long-term assessment of energy policy implementation, providing
insights into its effectiveness over time.
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– Establishing a correlation between the efficiency of energy transition and the economic
development of the country under study, thereby shedding light on the interplay
between these two critical aspects.

The following sections of the manuscript present the policy background and literature
review (2), a description of the research methodology developed and applied (3), the results
of the empirical analysis (4), and a discussion of the research findings (5). Conclusions, pol-
icy implications, and limitations of the conducted research, along with possible directions
for future work, are included in Section 6.

2. Literature Review
2.1. Political Background of the Research
2.1.1. European Union Energy Policy

The European Union’s energy policy is centered around several pivotal areas, notably
sustainable energy sources, energy efficiency, and energy security, which encompasses
reducing energy poverty and exclusion, and combatting climate change.

Currently, the focus of debate within the EU revolves around energy security and min-
imizing the adverse environmental impacts of the energy sector while fostering sustained
economic growth. Article 4 of the Treaty on the Functioning of the European Union (TFEU)
stipulates that the formulation of policies related to energy and environmental protection
falls under the category of shared competences. This implies that the authority to shape
these policies is vested both in EU institutions based on the treaty and in EU member states
according to their national legislation.

According to Article 194 of the Treaty on the Functioning of the European Union
(TFEU) [5], the objectives of EU energy policy encompass ensuring the functionality of the
energy market, securing energy supply to EU countries, promoting the efficient develop-
ment of new and renewable energy forms, and facilitating the interconnection of energy
networks. Conversely, Article 191 TFEU outlines the objectives of EU environmental policy,
which include preserving, protecting, and enhancing environmental quality, safeguard-
ing human life, and prudently utilizing natural resources, with a particular emphasis on
combating climate change.

Under the Lisbon Treaty, the fundamental energy policy objectives of the EU entail
ensuring the proper functioning of the energy market, guaranteeing energy supply se-
curity, fostering energy efficiency and conservation, promoting the development of new
and renewable energy sources, and advancing the interconnection of energy networks.
Consequently, the overarching framework of energy and climate policy within the EU is
geared toward addressing issues related to energy security and climate protection.

In 2007, the European Council adopted the Climate Change Package I, committing
to achieve specific goals by 2020. These objectives included reducing greenhouse gas
emissions by at least 20% compared to 1990 levels, increasing the share of renewable energy
in total energy consumption by up to 20%, and improving energy efficiency by 20% [7].

In 2014, the EU introduced the Energy Package, aimed at attaining ambitious targets
by 2030. These targets include reducing greenhouse gas emissions by at least 40% compared
to 1990 levels, enhancing energy efficiency by 32.5%, and increasing the share of renewable
energy to 32% of final energy consumption [8].

In 2019, the European Union unveiled the European Green Deal, a strategic roadmap
aimed at achieving climate neutrality across the EU by 2050 [14]. This comprehensive
plan outlines a series of initiatives designed to expedite the energy transition, which
includes augmenting the share of renewable energy sources, enhancing energy efficiency,
and eliminating CO2 emissions. Notably, the European Green Deal proposes elevating
emission reduction targets for 2030, aiming for a reduction of at least 55% compared to
1990 levels. Additionally, the plan emphasizes the establishment of a fair social dimension
to the transition, encompassing support for regions and communities impacted by these
changes, as well as fostering public participation and dialog.
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Subsequently, as part of the European Green Deal, the European Commission intro-
duced the Fit for 55 legislative package in July 2023. This package proposes an update and
reinforcement of the EU’s climate targets for 2030, including a ramping up of greenhouse
gas emission reductions to at least 55% from 1990 levels and an escalation of renewable
energy mandates to at least 40% by 2030. Collectively, these initiatives signify a concerted
effort to accelerate climate action and attain ambitious climate neutrality objectives by 2050.

2.1.2. Backgrounds of the Polish Energy Policy

The Polish government is mandated by law, as stipulated in Articles 12–15b of the
Energy Law of 2019, to develop an energy policy consistent with the EU strategy. Article
13 of this law outlines the objectives of Poland’s energy policy, which include ensuring
the country’s energy security, enhancing the competitiveness of the economy and energy
efficiency, and safeguarding the environment, including climate protection [15].

In line with these provisions, in 2021, the Council of Ministers endorsed the “Energy
Policy of Poland until 2040”, which outlines the country’s energy transition strategy [16].
This policy document replaces the previous “Energy Policy of Poland until 2030”. The
overarching goal of the Energy Policy of Poland until 2040 is to achieve a dynamic transfor-
mation of the energy sector, primarily through decarbonization efforts and investments in
new technologies.

The document establishes the following objectives to be accomplished by 2040:

– Increase installed photovoltaic capacity to approximately 10–16 GW by 2040.
– Increase installed wind power capacity, primarily offshore, to about 11 GW by 2040.
– Raise the share of renewable energy sources (RESs) in all sectors and technologies to

at least 23% by 2030.
– Achieve a level where approximately 73% of electricity is generated from renewable

sources and nuclear power, including the implementation of nuclear power by 2033.
– Ensure that coal’s share in electricity generation is less than 56%.
– Enhance energy efficiency by reducing primary energy consumption by 23%.
– Mitigate energy poverty to a maximum of 6% of households.
– Decrease greenhouse gas (GHG) emissions by about 30% compared to 1990 levels and

increase the number of efficient district heating systems four-fold by 2030.
– Transition away from coal combustion in urban households by 2030 and in rural areas

by 2040.

When analyzing these ambitious plans, it becomes evident that their implementation
and subsequent achievement of the set goals should significantly impact energy indepen-
dence, stabilize energy prices, and thereby improve the economic landscape of the country
and the overall welfare of society [17].

It is apparent that realizing these objectives will necessitate substantial investments
and garnering public acceptance for these transformative changes. Poland cannot accom-
plish these goals independently and will require assistance from the EU. Therefore, it is
imperative to assess the current state of progress in the transformation processes and eval-
uate the developments thus far. The findings from the presented research should inform
the development of the country’s energy strategy and be integrated into the execution of
specific initiatives pertaining to its implementation. Without such a strategy, building a
modern and sustainable knowledge-based economy will prove challenging.

2.2. Literature Studies

The literature on energy transition is extensive and encompasses various facets related
to this phenomenon. However, the review provided here concentrates solely on works
pertaining to the concept of energy transition and methodologies for evaluating it.

2.2.1. Concept of Energy Transition

The literature offers numerous definitions of the energy transition, portraying it as one
of the foremost challenges facing the global economy today. Consequently, many countries
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are endeavoring to implement solutions associated with this process, anticipating that
the outcomes of these measures will address various socio-climatic and economic issues
prevalent at present [18–21].

The significance and relevance of the energy transition topic, coupled with its multidi-
mensional nature, contribute to the diversity of its definitions. P.A. O’Connor characterizes
the energy transition process as a crucial sequence of transformations in how society utilizes
energy, potentially impacting its sources, distribution channels, processing methods, and
associated services [22]. According to Melosi, the concept of energy transition revolves
around the idea that a particular energy source or group of sources dominates the market
during a specific period, only to be eventually supplanted by another leading energy source
or sources [23]. Additionally, the work [24] suggests that energy transition entails the shift
from an economic system reliant on specific energy sources and technologies to another
system. Similarly, another source [25] characterizes energy transition as the process of
transitioning between fuels and associated technologies. This perspective is echoed by the
authors of another paper [26], who view energy transition as alterations in the fuel struc-
ture used in energy production and the technologies employed. Another publication [27]
simplifies the definition, framing energy transition as changes associated with transitioning
from one energy system to another.

In contemporary discourse, energy transition is increasingly recognized as a pro-
foundly political process, involving substantial changes in technology, economics, environ-
mental considerations, and societal aspects [28,29].

Considering the various approaches presented and drawing from our own understand-
ing, it can be inferred that the energy transition process, within the context of sustainable
development, entails a shift from an energy system reliant on conventional sources to one
centered on zero-carbon, particularly renewable energy sources. This transition should not
impede economic progress and must be socially acceptable, avoiding adverse impacts on
the livelihoods of citizens.

2.2.2. Evaluation of the Energy Transition Process

Previous publications devoted to assessing the transformation of the energy sector
have mainly focused on comparing these processes in different countries. These studies
have focused on EU [21,30], OECD [31], Baltic [32], and Central and Eastern European
member countries [33], as well as countries belonging to the Visegrad Group [34–36],
those forming the Trilateral Initiative [3], African [37] and Asian countries [38], and those
located on different continents [39,40]. These studies included economically developed
countries [41], as well as emerging and developing economies [42]. The studies focused
on various aspects of energy transition, including the development of renewable energy
sources [30], sustainable energy development [33,37], and energy security in the context of
climate policy [34–36] and energy transition readiness [40].

Occasionally, studies have been conducted on the energy transition process, including
assessments for individual countries within specific timeframes. An exception to this is
the study referenced in [43], where the authors evaluated the sustainability of the German
energy transition from 2010 to 2015. This assessment was conducted based on 45 indicators
characterizing the transition process, employing a method that combines linear extrapola-
tion and a distance-to-target approach. Similarly, the issue was addressed in [44], where
the authors presented a novel approach to assessing the sustainability of energy system
transformation paths, using Germany as an example. This approach was grounded in multi-
criteria decision analysis (MCDA) methods, focusing not directly on assessing the efficiency
of energy transformation, but rather on evaluating various transformation strategies.

Much of the literature extensively covers studies focusing on specific aspects of the
transformation process in reconciling countries, such as the expansion of renewable energy
sources [45–48]. These studies often underscore the pivotal role of renewable energy
development within the energy transition paradigm, as evidenced by research conducted
in Poland [49,50].
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However, there remains a notable absence of comprehensive works that provide a
broad and multidimensional perspective on individual countries, such as Poland, un-
dergoing energy transition and implementing specific energy policies within the EU
framework. Furthermore, there is a scarcity of methodologies tailored to studying such
intricate processes.

In contrast, the prevailing approach to assessing the transformation of the energy
sector commonly employs various types of indicators that delineate different facets of the
sector. As early as 2005, one of the pioneering sets of energy indicators was introduced
to evaluate countries’ energy systems and monitor their progress in attaining nationally
defined sustainable development objectives [51]. Furthermore, several composite indices
have been devised to assess the energy transition process. For instance, the Climate Change
Performance Index (CCPI), elucidated in [52], was developed to monitor countries’ advance-
ments in climate protection and energy transition. This index encompasses 14 indicators
encompassing greenhouse gas emissions, renewable energy deployment, and energy con-
sumption, among others. Another notable index is the Climate Action Network Europe [53],
utilized to assess EU member states. This index facilitated the creation of a ranking system
for these countries based on their performance in energy efficiency, renewable energy
integration, and greenhouse gas emission reduction, with benchmarks set for achievement
by 2020.

Another noteworthy composite index used to assess energy transition is The World
Economic Forum’s Energy Transitions Index (ETI), introduced in [54]. This index builds
upon the Energy Architecture Performance Index (EAPI) [55], previously published by the
World Economic Forum from 2013 to 2017. While the EAPI primarily benchmarked coun-
tries based on their energy system performance, the ETI incorporates a forward-looking
dimension termed “transition readiness”. The ETI integrates various indicators normal-
ized across economic (growth and development, capital and investment), environmental
(sustainability), energy (security of energy supply, composition of energy mix), political
(commitment and regulation), institutional (governance, infrastructure, innovation), and
human (capital and engagement) domains. Additionally, Neofytou et al. [40] devised
the Sustainable Energy Transition Readiness Index, which assigns varying weights to the
indicators included in the assessment. The weighting of indicators was determined using
the Analytic Hierarchy Process (AHP) method, while the assessment index was established
using the PROMETHEE II method.

Various multi-criteria decision making (MCDM) methods such as Combinative
Distance-Based Assessment (CODAS) [56], Evaluation Based on Distance from Average
Solution (EDAS) [56], Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) [57–59], VlseKriterijuska Optimizacija I Komoromisno Resenje (VIKOR) [56,59,60],
Weighted Aggregated Sum Product Assessment (WASPAS) [56], MULTIMOORA [32,33,57,61],
and COPRAS [33] have been utilized in studies assessing the implementation of specific
energy and climate goals across groups of countries.

The review presented here suggests that the approaches employed to evaluate energy
transition processes have primarily focused on comparing the situations within groups
of countries and potentially ranking them. However, there remains a noticeable dearth of
studies enabling the tracking of multidimensional changes in the implementation of this
process within individual countries over specific timeframes.

2.3. Research Gap

The literature review clearly identifies a research gap in the multidimensional as-
sessment of sustainable energy transition effectiveness, particularly for countries with
developing economies like Poland. Such research necessitates the use of a consistent set of
evaluation criteria that encompasses dimensions such as energy, economic, environmental,
and social factors, as identified in the existing literature. Given the current geopoliti-
cal context in Europe, it is crucial to incorporate energy security as a pivotal element in
this assessment.
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Addressing these considerations underscores the need for the development of a novel
research methodology. From a methodological standpoint, this study aims to bridge the
gap in evaluating energy transition efficiency. Of particular significance is the proposed
adoption of a two-level multi-criteria approach rooted in MCDM methods to assess the
energy transition efficiency of the country over the defined time horizon. To date, such an
approach has not been applied in this domain.

Therefore, it can be inferred that the developed research methodology and ensuing
study are pertinent and tackle a significant contemporary issue in the global economy—the
evaluation of energy transition efficiency. The application of this methodology to assess
the energy transition process in Poland represents a novel and highly relevant approach to
studying this critical issue.

3. Research Methodology

The methodology section delineates the procedural framework developed to accom-
plish the study objectives and address the research questions posed. It outlines the data
utilized in the research and expounds upon the research methods deployed.

3.1. Assumptions of Research Methodology

The main rationale for the study was the need for an empirical assessment of the
progress made to date in the transformation of Poland’s energy sector between 2004 and
2021 in the context of the implementation of the European Union’s energy and climate
policy. Figure 1 shows a schematic of the developed methodology of the research procedure.

Energies 2024, 17, x FOR PEER REVIEW 8 of 37 
 

 

that encompasses dimensions such as energy, economic, environmental, and social factors, as 
identified in the existing literature. Given the current geopolitical context in Europe, it is cru-
cial to incorporate energy security as a pivotal element in this assessment. 

Addressing these considerations underscores the need for the development of a 
novel research methodology. From a methodological standpoint, this study aims to bridge 
the gap in evaluating energy transition efficiency. Of particular significance is the pro-
posed adoption of a two-level multi-criteria approach rooted in MCDM methods to assess 
the energy transition efficiency of the country over the defined time horizon. To date, such 
an approach has not been applied in this domain. 

Therefore, it can be inferred that the developed research methodology and ensuing 
study are pertinent and tackle a significant contemporary issue in the global economy—
the evaluation of energy transition efficiency. The application of this methodology to as-
sess the energy transition process in Poland represents a novel and highly relevant ap-
proach to studying this critical issue. 

3. Research Methodology 
The methodology section delineates the procedural framework developed to accom-

plish the study objectives and address the research questions posed. It outlines the data 
utilized in the research and expounds upon the research methods deployed. 

3.1. Assumptions of Research Methodology 
The main rationale for the study was the need for an empirical assessment of the pro-

gress made to date in the transformation of Poland’s energy sector between 2004 and 2021 
in the context of the implementation of the European Union’s energy and climate policy. 
Figure 1 shows a schematic of the developed methodology of the research procedure. 

 
Figure 1. Framework of the research procedure. Figure 1. Framework of the research procedure.



Energies 2024, 17, 2689 9 of 36

The methodology devised encompasses two primary components. The first part
entails the calculation of energy transformation efficiency indices across various dimensions
employed to evaluate the overall energy efficiency of the country under examination. The
second part of the research entails computing the value of the Energy Transformation
Efficiency Index (ETEI) for the country under study, evaluating it, and drawing inferences
based on the obtained results.

3.2. Research Data

The research drew upon data sourced from the European Statistical Office [62] and
the National Bank of Local Data [63] spanning the period from 2004 to 2021. The year
2021 marks the endpoint, as it represents the latest available data for all indicators utilized
in the research. The selection of indicators for the study was guided by the need for
adequacy to the research objectives, as well as criteria such as measurability, comparability,
representativeness, data availability, source reliability, and interpretational simplicity.

A comprehensive set of 22 indicators (criteria) was employed in the study to capture
the essential facets of the energy transition under examination (refer to Table 1). These
indicators were organized into four evaluation dimensions, namely energy security, eco-
nomic, climate, and social dimensions. Table 1 presents a summary of the indicators and
dimensions considered in the study.

Table 1. Criteria information.

Dimension Indicator

Energy security

Total primary energy supply (TPES), tonnes of oil equivalent (TOE) per capita
Energy use intensity, tonnes of oil equivalent (TOE) per capita
Energy imports dependency, %
Diversification of energy mix—HHI
Energy self-sufficiency ratio
Non-renewable source share of energy mix, %
Renewable energy source (RES) share of energy mix, %
Energy transmission and distribution losses, % of primary energy

Economical

Gross domestic product (GDP) per capita, EUR
Research and Development (R&D) expenditures, EUR per inhabitant
Energy productivity, EUR per kilogram of oil equivalent
Energy intensity, Kilograms of oil equivalent per thousand EUR
Electricity prices for non-household consumers: consumption from 500 MWh to 1999 MWh—all
taxes and levies included, EUR/kilowatt
Electricity prices for household consumers: consumption from 2500 kWh to 4999 kWh—all taxes and
levies included, EUR/kilowatt
Energy taxes, % of GDP

Climate

Total greenhouse gas (GHG) emissions, t CO2 eq.
GHG emissions per unit of energy produced (kg CO2 eq./toe)
GHG emissions per unit of GDP, (tons CO2 eq./M EUR‘15)
RES share in gross final energy consumption, %

Social
Household disposable income per capita, EUR
Energy poverty, % of population
Unemployment, %

The incorporation of the adopted dimensions and indicators in the research frame-
work enables a comprehensive assessment of the effectiveness of the energy transition in
Poland, coupled with an analysis of temporal changes over the studied years. To accom-
plish this objective, an original two-stage and multi-criteria research methodology was
devised. This methodology hinges on the identified partial indicators that characterize the
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adopted dimensions. Equally pivotal are the analytical methods employed and the overall
procedural approach.

A crucial component of this methodology is the stage involving the determination of
weights for the indicators corresponding to each dimension, as well as for the dimensions
themselves, in computing the Energy Transformation Efficiency Index (ETEI). For each
dimension, dimensional indices were computed based on the values of the indicators and
their respective weights, serving as input data for subsequent analyses in the second stage
of computations. In this phase, the value of the Energy Transformation Efficiency Index
(ETEI) is ascertained, necessitating the determination of weights for the dimensional indices
as well.

A multi-criteria analysis based on the EDAS method from the MCDM group of meth-
ods was employed to determine the indicated values of dimensional indices and the Energy
Transformation Efficiency Index (ETEI). Through this method, the criteria involved in the
assessment were aggregated, enabling their combination into a single objective function,
which in this case represents the energy sector transformation efficiency of Poland.

A critical stage of the research entails determining weights for the criteria utilized.
In this instance, the values of these weights were derived using three objective analytical
methods, namely CRITIC, equal weights, and statistical variance, along with the Laplace
criterion. Figure 2 illustrates a comprehensive diagram detailing the activities conducted in
the two stages of the study to ascertain the value of the Energy Transformation Efficiency
Index (ETEI).
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The methodology developed and applied makes it possible to determine the efficiency
of the energy transition process in any country over a given period. By employing a
multi-criteria approach that considers various important aspects of the energy transition,
it is possible to monitor both the entire process and its individual dimensions. This, in
turn, provides an opportunity to identify the best-performing areas and those that may
need improvement. This is important due to the specific characteristics of individual
countries in the dimensions studied. Identifying the impact of various factors (dimensions)
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on the effectiveness of the process is crucial, for example, when building energy strategies
and policies.

The originality of the developed methodology lies in the use of MCDM-type methods
to assess the energy transition of a single country, considering the impact of numerous
important factors. This approach differs from previous studies, which most often used
these methods to compare countries with one another. The novelty of this research is
also demonstrated by the two-level assessment of efficiency. This provides opportunities
to link and evaluate the overall efficiency with the individual dimensions considered in
the research.

3.3. Characteristics of the Research Methods

An approach based on MCDM methods was used to evaluate the efficiency of Poland’s
energy transition process. Multi-criteria decision-making (MCDM) methods, also known
as multi-attribute decision-making (MADM) and multi-criteria decision-analysis (MCDA)
methods, are considered effective and reliable tools for supporting the decision-making
process. Their undeniable advantage, repeatedly proven in various studies, is their ability
to address complex and multifaceted problems across different areas [64]. Generally, the
research approach based on MCDM methods allows for the comparative evaluation of
several decision alternatives with respect to an infinite number of decision criteria, selecting
the alternative that achieves the best results according to the chosen evaluation criteria.
MCDM-type methods are most often used to evaluate alternatives based on a finite number
of criteria, but there are also situations in which these methods determine the importance
of evaluation criteria [65].

3.3.1. Evaluation Based on Distance from Average Solution (EDAS) Method

The Evaluation based on Distance from Average Solution (EDAS) method is a multi-
criteria decision-making (MCDM) technique used to evaluate and rank alternatives based
on their proximity to the average solution [66]. The method was developed by Keshavarz
Ghorabaee et al. in 2015 as a ranking method aimed at solving complex decision-making
problems where the best alternative must be selected based on a set number of evaluation
criteria. This contrasts with traditional methods such as TOPSIS and VIKOR, which
aim to determine the best alternative according to ideal and anti-ideal solutions. In the
EDAS method, the best alternative is determined using a normalization technique based
on the average (mean) solution. Its purpose is to analyze a multi-criteria problem and
determine the evaluation index (objective function) by determining the differences between
all alternatives included in the evaluation and the average solution (AV). The method is
based on two distance measures: Positive Distance from Average (PDA) and Negative
Distance from Average (NDA). The best alternative is the one that has the greatest possible
favorable deviation, i.e., positive distance from the mean (PDA), compared to unfavorable
deviation, i.e., negative distance from the mean (NDA). The individual steps of calculating
the evaluation index in the EDAS method include [66,67]:

(1) Creating an initial decision-making matrix:

X =


x11
x21

...
xm1

x12
x22

...
xm2

x13
x23

...
xm3

. . .

. . .
...

. . .

x1n
x2n

...
xmn

 (1)

(2) Identifying the value of the average solution based on all evaluation criteria:

AV =
[
AV j

]
1×m (2)

AV j =
∑n

i=1 xij

n
(3)
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(3) Calculating the positive and negative distances from the average solution:

PDA =
[
PDAij

]
n×m (4)

NDA =
[
NDAij

]
n×m (5)

where the stimulants are:

PDAij =
max

(
0,
(
xij − AV j

))
AV j

(6)

NDAij =
max

(
0,
(

AV j − xij
))

AV j
(7)

where the destimulants are:

PDAij =
max

(
0,
(

AV j − xij
))

AV j
(8)

NDAij =
max

(
0,
(

xij − AV j
))

AV j
(9)

(4) Calculating the weighted values of SPi and SNi, which represent the weighted sum of
PDA and NDA values:

SPi =
m

∑
j=1

wjPDAij (10)

SNi =
m

∑
j=1

wjNDAij (11)

where wj is a weight of the j-th criterion.

(5) Calculating the weighted normalized PDA and NDA values:

NSPi =
SPi

maxi(SPi)
(12)

NSNi = 1 − SNi
maxi(SNi)

(13)

(6) Determining the Appraisal Score (ASi) for all alternatives:

ASi =
1
2
(NSPi + NSNi), 0 ≤ ASi ≥ 1 (14)

(7) Ranking the alternatives (cities) based on ASi value in the descending direction.

The alternative that has the highest value ASi is the best alternative.

3.3.2. Weighting Methods

The weights of the evaluation criteria in the presented research were determined based
on three analytical methods (CRITIC, equal weights, and statistical variance) and Laplace’s
criterion. These methods make it possible to determine the values of the weights when the
evaluation criteria take negative or zero values (such a possibility is not provided by the
Entropy method, for example).

The Criteria Importance through Intercriteria Correlation (CRITIC) Method

The Criteria Importance Through Intercriteria Correlation (CRITIC) method is tech-
nique used to assess the importance of criteria in decision-making processes. It focuses
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on determining the relative significance of criteria by analyzing their interrelationships.
The contrast is determined by the standard deviation, and the conflict is determined by the
correlation coefficient between the evaluation criteria. Expert knowledge is not required
in the process of determining weights by this method. The weight values are obtained
by quantifying the inside information for each evaluation criterion. Larger weights are
assigned to those evaluation criteria that have high values of standard deviation and, at the
same time, low correlation with other criteria [3,68–70].

The steps for determining indicator weights in this method are as follows [3,68–70]:

(1) Create an initial decision-making matrix (according to Equation (1)).
(2) Create a normalized decision matrix.

The normalization of criteria that are stimulants follows this equation:

X∗
ij =

Xij − min
(
Xij,i = 1, 2, . . . ., m

)
max

(
Xij, i = 1, 2, . . . , m

)
− min

(
Xij, i = 1, 2, . . . , m

)
f or i = 1, 2 . . . ., m and j = 1, 2 . . . ., n

(15)

The normalization of criteria that are destimulants follows this equation:

X∗
ij =

max
(
Xij,i = 1, 2, . . . ., m

)
− Xij

max
(
Xij, i = 1, 2, . . . , m

)
− min

(
Xij, i = 1, 2, . . . , m

)
f or i = 1, 2 . . . ., m and j = 1, 2 . . . ., n

(16)

(3) Calculate the standard deviation values for evaluation criteria in the normalized
decision matrix:

σj =

√
∑n

i=1(xi − x)
n − 1

(17)

(4) Calculate the correlation coefficients between evaluation criteria in the normalized
decision matrix:

rjk =
∑n

i=1
(
xij − xj

)
(xik − xk)√

∑n
i=1

(
xij − xj

)2
∑n

i=1(xik − xk)
2

(18)

(5) Determine the weight values for the evaluation criteria:

wij =
Cj

∑n
i=1 Cj

(19)

where Cj is the amount of information contained in the j-th criterion.

Therefore,

Cj = σj

n

∑
i=1

(
1 − rjk

)
(20)

where Cj is a measure of the information capacity of the j-th criterion.

The Equal Weights Method

The equal weights method is a straightforward approach used in multi-criteria decision
making where each criterion is assigned the same level of importance or weight. The equal
weights method provides a simple and intuitive approach to decision making when there
is no clear basis for assigning different weights to criteria or when decision-makers believe
that all criteria should be treated equally [69,70]. The values of the weights in this method
are determined based on the equation:

wj =
1
n

; j ∈ (1, 2, . . . , n) (21)

where n is the number of criteria (indicators) taken into account.
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The Statistical Variance Method

This method makes it possible to objectively determine the values of the weights using
the mathematical-statistical variance, which describes the scatter of the variables from their
mean value. The determination of the values of the weights is performed according to the
following procedure [69,70].

(1) Create an initial decision-making matrix (according to Equation (1)).
(2) Determine the statistical variance:

Vj =

(
1
n

) n

∑
i=1

(
X∗

ij − X∗
ij

)
(22)

(3) Determine the weights of the evaluation criteria:

wj =
Vj

∑m
i=1 Vj

(23)

3.3.3. Non-Parametric Test: The Spearman Rank Coefficient Test

One non-parametric test, i.e., the Spearman rank coefficient test, was used to determine
the relationship between the value of Poland’s energy transition efficiency index and
dimensional indices and economic growth as measured by GDP per capita. The non-
parametric Spearman rank test is a statistical tool used to assess the strength and direction
of the relationship between two rank variables. It is an alternative to the classical Pearson
correlation test, which assumes the normality of the distribution of the variables. The
Spearman test does not require this assumption to be met. The value of Spearman’s rank
correlation coefficient can range from −1 to 1. A coefficient equal to −1 means a perfect
negative relationship between the variables, 0 means no relationship, and 1 means a perfect
positive relationship. The closer the value of Spearman’s rank correlation coefficient is to 1
(or −1), the stronger the relationship between the variables. The value of the Spearman
rank correlation coefficient is determined from Equation (24) [67]:

ρ(x, y) = 1 − 6
n(n2 − 1)

×
n

∑
i=1

(xi − yi)
2 (24)

where ρs is the Spearman rank correlation coefficient of the variables x and y; xi is the i-th
row of variable x from small to large, i ≤ n; yi is the i-th row of variable y from small to
large, i ≤ n; and n is the number of sampless.

In order to test the relationship between the energy transition index and the eco-
nomic growth of the country under study (Poland), the following statistical hypotheses
were defined:

• H0: δ = 0;
• H0: δ ̸= 0.

Statistical testing relied on a Student’s t-distribution with k = n − 2 degrees of freedom.
The value of the test statistic was determined by comparing the p-value (obtained

from a Student’s t-distribution) with the previously assumed significance level of α = 0.05.

4. Results

This section presents the research results obtained through the application of the
developed research methodology. The results are presented in individual subsections
corresponding to the implemented research stages. The first part of the research pertains to
the evaluation of the energy transition process in Poland across the various dimensions
adopted for the study (Section 4.1). Subsequently, the value of the Energy Transition
Efficiency Index for Poland was determined (Section 4.2).
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4.1. Results of Assessing the Effectiveness of the Energy Transition in Each Dimension

This section presents the results of the study on the efficiency of Poland’s energy
transition from 2004 to 2021 for individual dimensions, representing the first level of the
study. It considers the dependence of the determined dimensional indices on the value of
Poland’s GDP per capita.

4.1.1. Assessing the Effectiveness of the Energy Transition in the Energy
Security Dimension

This section presents the results of the effectiveness of the energy transition in the
dimension of energy security in Poland from 2004 to 2021. This dimension was included
in the study because energy security is closely linked to the energy transition. In Poland,
the main raw materials used in the energy sector are hard coal, lignite, natural gas, and
oil, all of which are non-renewable sources. Natural gas and oil are imported, while
coal is domestically sourced, making it a primary component of Poland’s energy security.
Currently, as part of decarbonization efforts, energy derived from coal is gradually being
replaced by renewable sources. However, the transition process is slow due to its high cost
and social implications.

In the initial stage of the study, the weights of the criteria for assessing this dimension
were established, which are shown in Appendix A of this paper (in Figure A1). The indica-
tors with the highest weights for this dimension were final energy consumption per capita
and energy self-sufficiency, while energy losses and total primary energy supply per capita
had the smallest weights. These weights were utilized in the EDAS method to calculate the
energy security index for the energy transition. The changes in its values from 2004 to 2021
are depicted in Figure 3.
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The analysis of the results reveals variations in the energy security index for Poland
from 2004 to 2021. Initially, between 2004 and 2007, there was a noticeable decrease in its
value from 0.469 to 0.264. This decline was primarily attributed to a significant increase in
Poland’s dependence on imported energy sources, coupled with a simultaneous decrease
in the country’s energy self-sufficiency. Additionally, there was a relatively high final
energy consumption per capita during this period. The share of non-renewable sources
in the energy mix decreased slowly, while the increase in the share of renewable energy
sources was almost imperceptible (refer to Appendix A). From 2007 to 2008, Poland’s
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energy security situation remained stable, with the index value changing marginally from
0.264 to 0.265. This stability was due to a slight decrease in dependence on imported
energy sources and an increase in the share of renewable energy sources in the energy mix.
Moreover, there was a slight increase in total primary energy supply per capita.

From 2008 to 2013, there was a consistent increase in this index, with a slightly more
pronounced rise between 2011 and 2012. This trend was heavily influenced by a slight
uptick in dependence on imported energy sources, a decrease in the concentration of
conventional energy sources in the energy mix, and most notably, an increase in the share
of renewable energy sources (RESs) in the mix. Additionally, there was an increase in
final energy consumption per capita and total primary energy supply per capita during
this period.

Between 2013 and 2016, there were minor fluctuations in the value of this index, with
a significant decrease observed between 2015 and 2017 (from a value of 0.634 to 0.352).
This decline was attributed to a nearly 9% year-on-year increase in energy dependence on
imported energy sources, a substantial decrease in the country’s energy self-sufficiency,
and a stagnation in the growth of the share of energy from renewable sources in the energy
mix. It is noteworthy that in 2015, there was a shift in Polish legislation, resulting in a
broader promotion of domestic conventional energy sources. This highlights the significant
influence of political factors on the transition process.

Since 2018, there has been an improvement in the energy security situation, as reflected
in the upward trend of the Energy Security Index until 2020, the onset of the coronavirus
pandemic. During this period, Poland increased the share of renewable energy sources
(RESs) in the energy mix by nearly 4% and reduced the share of fossil fuels by 4% as well.
Energy losses in the transmission and distribution process also decreased. However, in
2021, there was a decrease in the value of the energy security index compared to 2020.
This was caused, among other factors, by an increase in final energy consumption per
capita compared to the previous (pandemic) year and a decrease in RESs in the energy mix.
Nonetheless, the country’s dependence on imported energy sources decreased.

The determined values of the energy security index for the energy transition process
were then used to analyze its relationship with the value of Poland’s GDP. The results
obtained are summarized in Table 2.

Table 2. Spearman correlation coefficient values (for p = 0.05).

Index Value and GDP Spearman Coefficient Value p

Energy Security Index and GDP 0.411 0.067

The results show that there is no correlation between energy security and a country’s
GDP. The result, therefore, shows differences from one study [68,69], which concluded that
there is a relationship between energy security and a country’s GDP.

4.1.2. Assessing the Effectiveness of the Energy Transition in Economic Terms

The economic dimension of the energy transition process encompasses several critical
aspects that directly impact the efficiency and success of the transition. This dimension
was analyzed in the study through indicators such as GDP, research and development
(R&D) spending, energy prices, energy tax, and economic productivity. GDP serves as
a fundamental indicator reflecting the overall economic performance and growth of a
country, and its inclusion in the analysis facilitates an understanding of the relationship
between economic growth and the energy transition process. Moreover, R&D spending
plays a crucial role in fostering innovation within the energy sector, which is essential for
advancing renewable energy technologies and enhancing energy efficiency. Energy prices
are also a significant factor, as they influence consumer behavior, investment decisions, and
overall market dynamics within the energy sector. Additionally, energy taxes can serve as
policy instruments to incentivize energy efficiency, promote renewable energy adoption,
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and contribute to environmental objectives. By considering these economic indicators, the
study aims to evaluate how the energy transition process interacts with and impacts the
broader economic landscape of the country. It also provides insights into the effectiveness
of policy measures and investments aimed at driving sustainable economic growth while
transitioning towards a more sustainable energy system. In the first stage of the research,
the weights of the criteria for evaluating this dimension were determined. The values of the
weights are shown in Appendix A (Figure A2). The highest weight was given to the GDP
per capita index, while the lowest was given to the energy intensity index. The determined
weights were used to determine the economic index for the energy transition, the values of
which are shown in Figure 4.
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The analysis reveals a significant upward trend in the economic dimension of the
energy transition process throughout the studied period. From 2004 to 2021, the economic
index increased substantially, rising from 0.171 in 2004 to 0.853 in 2021. However, it is
worth noting two notable declines in this index: in 2007 compared to 2006, and in 2020
compared to 2019. These downturns coincided with two global crises: the economic crisis
of 2007 and the SARS-CoV-2 coronavirus pandemic in 2020.

Over the analyzed period, Poland’s GDP per capita nearly tripled, increasing from
EUR 5400 to EUR 15100, while R&D spending per capita surged over seven-fold, rising from
EUR 29.82 to EUR 218.1. These substantial increases in GDP and R&D expenditures con-
tributed to accelerated economic growth and the emergence of the “greening the economy”
phenomenon. Indeed, the development of renewable energy sources is closely intertwined
with innovation and the competitiveness of the economy, which are increasingly associated
with enhancing resource efficiency and mitigating the adverse impacts of human activities
on the environment.

The analysis also highlights notable improvements in energy productivity and energy
intensity during the studied period. Energy productivity, a measure of economic output per
unit of energy consumed, increased from EUR 3017 to 4779 per kilogram of oil equivalent,
representing a 1.58-fold increase. Conversely, energy intensity, reflecting the energy ineffi-
ciency of the economy, declined from 331.41 to 209.25 kg of oil equivalent per thousand
euros, marking a decrease of approximately 37%.

These advancements in energy productivity and reductions in energy intensity are
highly favorable outcomes of the energy transition process. They signify enhanced effi-
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ciency in resource utilization, indicating that the economy is generating more output with
less energy consumption.

Moreover, energy prices for businesses experienced a moderate increase of over 65%
per kWh during the review period. Despite this rise, it did not significantly disrupt the pace
of economic growth or contribute significantly to increased energy poverty, suggesting that
the economy was resilient to these changes.

4.1.3. Assessing the Effectiveness of the Energy Transition in the Environmental Dimension

Another dimension that was included in the research was the environmental dimen-
sion. This is an extremely important dimension related to the energy transition process and
the development of a sustainable economy. Environmental and climate issues are currently
one of the most important problems of the global economy. Formally, the beginning of
action on this issue is determined by the obligations arising from the signing of the Kyoto
Protocol [6]. Its goal was to combat climate change through the implementation of policies
and measures to decarbonize the economy.

Based on the determined values of the weights (Appendix A Figure A3), it can be
concluded that the most important evaluation criteria for this dimension were the indicators
of total GHG per capita and RES share in gross final energy consumption.

The values of these weights were used to determine a climate index for the energy
transition, the values of which for each year studied are shown in Figure 5.
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The fluctuations in this index stem from alterations in the composition of energy
production, marked by a decline in fossil fuel usage and a rise in renewable energy source
(RES) utilization. Consequently, this shift has led to a reduction in overall greenhouse gas
(GHG) emissions, alongside a steady uptick in the RES portion of the gross final energy
consumption. Simultaneously, the GHG intensity of energy and total GHG–GDP intensity
have seen declines.

The trajectory of this index generally aligns with the identified trend, showing an
upward trajectory from 2004 to 2015 and again from 2017 to 2020. However, there were
short-lived setbacks during 2015–2017 and 2020–2021, marked by a temporary rise in total
GHG emissions attributed to a decrease in the share of renewable energy sources (RESs)
in the gross final energy consumption. Consequently, it can be inferred that there was
no significant reduction in GHG emissions during the review period; rather, emissions
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experienced a slight increase. This can be attributed to Poland’s rapid development post-EU
accession, where climate protection held relatively less prominence. Conversely, during
the period analyzed, the share of energy derived from RESs more than doubled, from 7%
to 16%.

The climate index values for the energy transition were used to determine their
relationship with the value of Poland’s GDP. Table 3 shows the results of this analysis,
which indicate that there is a very strong, positive statistical relationship between the
climate index and the country’s GDP. As the value of GDP increases, so does the value of
the index.

Table 3. Spearman correlation coefficient values (for p = 0.05).

Index Value and GDP Spearman Coefficient Value p

Climate Index and GDP 0.969 0.000

4.1.4. Assessing the Effectiveness of the Energy Transition in the Social Dimension

Including the social dimension in the assessment is essential because the effectiveness
of any transformational measures should not adversely affect society, which may bear
the costs of the process. Therefore, it is crucial to consider indicators such as energy
poverty (Table 1). Energy poverty is not necessarily synonymous with economic poverty.
While these phenomena often overlap, they do not always align perfectly. In Polish
legislation, energy poverty is not explicitly defined. However, it is generally understood
that a household is considered energy poor if it spends more than 10% of its disposable
income on meeting energy needs [71].

Energy poverty causes many adverse effects, and among them are also negative
environmental impacts and a generally negative attitude towards any transformational
change. Indeed, the consumption of large amounts of energy for heating old, energy-
intensive houses carries serious environmental consequences and contributes to climate
change [72–74]. Thus, it can be assumed that the social dimension is very much related to
the other dimensions considered in the study.

The impact of energy transition on the labor market is substantial and ongoing. There-
fore, in addition to indicators such as adjusted gross disposable income of households
per capita and the population unable to adequately heat their homes due to poverty, an
indicator reflecting the unemployment rate is included in this dimension (Table 1). The
inclusion of the unemployment rate indicator is important because certain regions in
Poland, particularly mining areas, rely heavily on employment in mining and related
industries. For instance, in the Belchatow region, nearly 80% of residents are concerned
that the energy transition will lead to increased unemployment [75,76]. However, the
transition also presents an opportunity to reallocate labor resources from inefficient and
low-innovation industries. Nonetheless, the process sparks significant debate and emotion
regarding its legitimacy.

The results obtained (Appendix A Figure A4) reveal that the indicator with the highest
weight was the one representing the unemployment rate, while the lowest weight was
assigned to the indicator reflecting the population unable to adequately heat their homes
due to poverty. Additionally, it is noteworthy that the disparity between the weights of the
indicators representing the population unable to keep their homes adequately warm due to
poverty and the adjusted gross disposable income of households per capita was minimal,
amounting to only 0.004 (Appendix A Figure A4).

The determined weights were used to determine a social index for assessing the
effectiveness of the energy transition, the values of which are shown in Figure 6.
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When analyzing the results obtained, it can be observed that there is an increasing
trend in this index over the period under study. This trend is directly influenced by the
steady growth in the adjusted gross disposable income of households per capita, along
with a decrease in the population at risk of energy poverty and unemployment.

The most significant increase in the value of this index occurred in 2005–2006, imme-
diately after Poland’s accession to the EU. During the first two years of EU membership,
unemployment in Poland declined by 4.2%, and energy poverty decreased by 5.2%. More-
over, the adjusted gross disposable income of households per capita also experienced a
notable increase of 15% during this period (Appendix A Table A1).

These results suggest that the effects of the energy transition have not negatively
impacted social aspects in Poland. On the contrary, there is evidence of a positive impact.
A decreasing percentage of the population is experiencing difficulties in covering the
costs of basic energy services such as lighting, heating, cooling, mobility, and electricity.
Additionally, there has been an increase in disposable income despite the steady, albeit
slow, rise in energy prices.

Based on the determined values of the social index, its relationship with the value
of Poland’s GDP was assessed. The obtained result (Table 4) indicates a very strong and
significant positive relationship between these variables. This confirms that the country’s
economic growth contributes to improving the living conditions of its citizens (Figure 6).

Table 4. Spearman correlation coefficient values (for p = 0.05).

Index Value and GDP Spearman Coefficient Value p

Social Index and GDP 0.994 0.000

4.2. Results of the Evaluation of the Effectiveness of Poland’s Energy Transition

After determining the individual dimensional indices for the period under study,
which characterize the transformation process in Poland, the study was conducted for level
II of the assessment (Figure 2). As for the first stage, the analyses began by determining the
weights for the dimensions included in the assessment (i.e., determining their importance).
The results obtained from this part of the study are summarized in Table 5.
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Table 5. Values of weights for dimensions characterizing the energy transition process in Poland
from 2004 to 2021.

Dimension
Method

CRITIC Statistical Variance Equal Weight Laplace Criterion (Adopted for
Calculations)

Energetic 0.401 0.259 0.25 0.303
Economical 0.188 0.252 0.25 0.230

Climate 0.242 0.248 0.25 0.247
Social 0.169 0.241 0.25 0.220

Using these weight values, the values of Poland’s Energy Transformation Efficiency
Index (ETEI) for 2004–2021 were determined (using the EDAS method) (Figure 7).
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The findings reveal that the energy security dimension carried the greatest weight,
while the social dimension held the lowest weight. The environmental dimension ranked as
the second most significant. The computed values of the Energy Transformation Efficiency
Index (ETEI) suggest that Poland has effectively executed its energy sector transformation
policy during the examined timeframe. The index escalated from 0.0087 in 2004 to 0.9771
in 2021, with its pinnacle recorded in 2020. Particularly rapid advancement was observed
between 2007 and 2015. However, a deceleration in this progression was evident between
2015 and 2017, attributed to policy interventions resulting in, among other factors, a
reduction in renewable energy source (RES) production and utilization. This slowdown
was notably reflected in the increase in total greenhouse gas (GHG) emissions per capita.

This part of the study also determined the relationship of the determined Energy Trans-
formation Efficiency Index (ETEI) with the value of Poland’s GDP (Table 6). Again, a strong,
statistically significant positive relationship was found between these studied quantities.

Table 6. Spearman correlation coefficient values (for p = 0.05).

Index Value and GDP Spearman Coefficient Value p

Energy Transformation Index and GDP 0.968 0.000
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4.3. Results of the Evaluation of the Efficiency of Poland’s Energy Transition in Comparison with
Other EU Countries

In the subsequent stage of the research (Stage IX in Figure 1), Poland’s position regard-
ing energy transition was evaluated relative to other EU member states. To accomplish this,
calculations were conducted for EU countries for the years 2004 and 2021, employing the
established research methodology outlined in Section 3. The evaluation criteria utilized
were consistent with those employed for Poland’s assessment. Figure 8 shows the index
values of the dimensions adopted for the EU countries.

Upon analyzing the results, it is evident that Poland ranked 10th in terms of energy
security among EU countries in 2004, whereas by 2021, it had fallen to 16th place. Over
this period, Poland’s security index declined from 0.606 to 0.520. In 2004, Denmark, Latvia,
Sweden, and Finland exhibited the most favorable situation in this dimension, while Greece,
Luxembourg, Malta, and Cyprus had the least favorable conditions. By 2021, Sweden had
risen to the top position, with Denmark and Latvia dropping to second and third place,
respectively. Conversely, Ireland, Luxembourg, Malta, and Cyprus consistently remained
at the bottom. Estonia notably climbed from 13th place in 2004 to 8th in 2021, marking a
significant promotion of five positions. Estonia’s index value surged from 0.590 in 2004
to 0.670 in 2021. This is attributed to Estonia’s reliance on indigenous oil shale, deemed a
stimulating factor in the study, which renders the country virtually energy self-sufficient.
Furthermore, Estonia imports negligible amounts of energy, with imports accounting for
only 1.4% in 2021, compared to over 22% for Sweden, the second-lowest energy importer.
During the same period, the EU-27 average import dependency stood at 55%. Notably,
Estonia’s dependence on imported energy sources exceeded 30% in 2004. Moreover, Estonia
exhibited lower-than-average final energy consumption per capita in both periods analyzed,
alongside significant total primary energy supply per capita. Estonia’s high rating in 2021
is also attributed to its 30% share of renewable energy sources in the energy mix.

In terms of the economic dimension included in the study, Poland ranked 23rd among
other EU countries in 2004, and by 2021, it had moved up slightly to 22nd place. The
economic index value increased from 0.239 to 0.285 over this period. This modest promotion
can be attributed to the overall dynamic development observed across all EU countries
during this time. Additionally, it is worth noting that the emerging and developing
economies within the EU experienced more rapid growth compared to the “old” EU
countries. However, the gap between these groups of countries remained substantial and
practically insurmountable during the research period. In 2004, countries such as Lithuania,
Romania, Slovakia, and Belgium ranked lower than Poland, while in 2021, Slovakia, Latvia,
Romania, Malta, and Belgium were positioned below Poland, respectively.
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Figure 8. Values of indices characterizing the energy transition process in the EU-27 in 2004 and
2021 in the dimensions: energy security in 2004 (a), energy security in 2021 (b), economics in 2004
(c), economics in 2021 (d), environment in 2004 (e), environment in 2021 (f), social in 2004 (g), and
social in 2021 (h); BE—Belgium, BG—Bulgaria, CZ—Czech Republic, DK—Denmark, DE—Germany,
EE—Estonia, IE—Ireland, EL—Greece, ES—Spain, FR—France, HR—Croatia, IT—Italy, CY—Cyprus,
LV—Latvia, LT—Lithuania, LU—Luxembourg, HU—Hungary, MT—Malta, NL—The Netherlands,
AT—Austria, PL—Poland, PT—Portugal, RO—Romania, SI—Slovenia, SK—Slovakia, FI—Finland,
and SE—Sweden).

In economic terms, Luxembourg continues to lead as the EU’s most prosperous country,
boasting the highest GDP per capita among EU nations and one of the highest in the world.
This achievement is influenced not only by its GDP per capita but also by its remarkably
favorable energy productivity index, which ranks among the highest in the entire EU,
along with substantial revenues from energy taxes. Conversely, Bulgaria consistently ranks
lowest among EU countries in terms of economic indicators, remaining the poorest nation
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in the community in both years compared. This economic disparity undoubtedly poses
challenges for Bulgaria’s energy sector transformation efforts.

After examining the outcomes of the climate dimension ranking, it is evident that
Poland’s performance in this aspect is notably poor in both 2004 and 2021, securing the 26th
position. Only Bulgaria fares worse in this regard. Conversely, Estonia surpasses Poland,
despite predominantly utilizing high-emission oil shale for energy production. Estonia
exhibits lower greenhouse gas emissions per capita, resulting in reduced GHG intensity of
energy and total GHG–GDP intensity.

Sweden emerged as the frontrunner in this dimension during the analyzed years. De-
spite being an industrialized nation, Sweden maintains notably low greenhouse gas emis-
sions, not only compared to EU countries but also on a global scale [77]. This achievement
can be attributed, in part, to the composition of its energy production and consumption,
with renewable energy sources (RESs) comprising the largest share of total consumption.
Moreover, Sweden’s extensive tree planting initiatives contribute significantly to diminish-
ing carbon dioxide emissions into the atmosphere [78]. Furthermore, the country has set
forth ambitious objectives aimed at achieving complete climate neutrality by 2045 [79].

In the social dimension, which addresses concerns such as energy poverty among
EU residents, average disposable income per capita, and unemployment rates, Poland
experienced significant advancement in 2021 compared to the base year of 2004, rising from
the 26th position to the 7th position. Over this period, the Social Energy Transformation
Index surged from 0.154 to 0.848. This notable progress is primarily attributed to effective
measures aimed at alleviating energy poverty and the country’s economic development,
which led to a more than ten-fold reduction in energy poverty levels (refer to Appendix A).
In 2004, Poland had the highest unemployment rate, nearly 19%, which decreased to one of
the lowest rates in the entire EU by 2021. Similarly, in both 2004 and 2021, Luxembourg
emerged as the leader in this dimension, boasting the highest per capita disposable income
and the lowest percentage of the population experiencing energy poverty. However,
Luxembourg witnessed a nearly three-fold increase in the issue of energy poverty over the
study period, rising from 0.9% to 2.5%.

Based on the determined values of the dimensional indices, the Energy Transformation
Efficiency Index (ETEI) was computed for every EU country in both 2004 (baseline) and
2021. This index served as the cornerstone for ranking these countries from the most
efficient to the least efficient regarding their energy transformation processes (Figure 9).
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Sweden remained the undisputed leader in the rankings for both 2004 and 2021, while
Bulgaria consistently held the last position in this ranking. Estonia experienced the most
significant advancement during the period under review, climbing from the 18th to the
12th position. Conversely, Spain suffered the most substantial decline, plummeting from
the 11th to the 21st position. Denmark, Finland, Austria, and Slovenia maintained their
positions unchanged in the rankings, alongside Sweden and Bulgaria.

Between 2004 and 2021, Poland progressed from the 26th position, with an index value
of 0.123, to the 23rd position, with an index value of 0.291. This signifies a modest yet
noteworthy advancement compared to other EU countries that are also vigorously pursuing
energy transition and climate neutrality. Considering Poland’s circumstances, including its
heavy reliance on conventional energy sources like indigenous fossil fuels (such as hard
coal and lignite), an outdated energy system leading to significant transformational and
transmission energy losses, as well as a gradual transition from fossil fuels to renewable
energy sources (RESs) and relatively modest expenditures on energy transformation, the
three-position advancement should be regarded positively. Undoubtedly, Poland possesses
greater potential in this domain, and ongoing political changes should foster greater
determination in constructing an innovative and environmentally friendly economy, with
energy playing a pivotal role in this transformative process.

During the period under review, Sweden emerged as the leading EU nation, owing
to its extensive history of transformative change. Sweden embarked on the decarboniza-
tion of its economy as early as the 1970s, establishing itself as a pioneer in this field and
demonstrating the efficacy of its climate policies. Notably, only two countries, Luxembourg
and Finland, consume more primary energy per capita than Sweden. However, Sweden
boasts the lowest greenhouse gas (GHG) emissions per capita among the EU-27 countries,
primarily attributed to its remarkably green energy mix, characterized by a significant
portion of zero-emission energy sources, including renewable energy sources (RESs). Be-
tween 2004 and 2021, Sweden achieved substantial reductions in the share of fossil fuels by
nearly 20% while simultaneously increasing the share of RESs in its energy mix by over
46%. Remarkably, this energy transition did not adversely impact the country’s economic
growth, as evidenced by a GDP per capita increase of more than 50% during the study
period. Furthermore, Sweden’s success in this regard has positively influenced the issue
of energy poverty, which remains at a very low level in the country. However, there was
a slight deterioration in the situation by 2021, with an increase from 1.4% in 2004 to 1.7%
in 2021.

5. Discussion

The energy transition is a global phenomenon that has been underway since the
1990s, spurred by growing awareness of the environmental and social costs associated with
relying on fossil fuels for energy generation [24,80].

This paper introduces a developed methodology aimed at assessing the efficiency of
the energy transition process within a single country over a specific research period. This
approach adopts a multidimensional perspective, considering various aspects pertinent
to the transition process. The methodology is applied practically to evaluate the energy
transition in Poland from 2004 to 2021.

The findings indicate that Poland implemented several economic reforms between
2004 and 2021, leading to enhancements in the national energy sector. Importantly, these
reforms did not have detrimental effects on economic development, despite concerns raised
by some research suggesting that energy transition efforts might temporarily impact these
aspects negatively [81–83]. The energy transition process can indeed result in a temporary
reduction in energy security, as evidenced in this paper, reflecting the energy security
dimension index for Poland. Transitioning from a system reliant on conventional energy
sources to one centered on renewable energy sources necessitates time for infrastructure
development and adaptation of the power grid. However, examples from various countries,
such as Denmark and Sweden, demonstrate that energy security tends to improve in the
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long term. Ensuring the stability of the energy supply during the transition period should
thus be a paramount priority for the European Union, emphasizing the importance of
strategic planning and coordinated efforts to mitigate potential disruptions and safeguard
energy security throughout the transition process.

Although Poland’s energy transition is advancing at a relatively gradual pace, the
positive outcomes of this process are discernible within the studied timeframe. While
Poland’s economic achievements in the energy sector could have been more remarkable, its
reliance on conventional energy sources, driven by their availability and low prices, hin-
dered significant progress. Despite EU pressure to reduce greenhouse gas (GHG) emissions
and diversify energy sources, coal and other fossil fuels continue to dominate Poland’s
energy production landscape [10,11,84]. However, since 2004, Poland has demonstrated ad-
vancements in diversifying its energy mix by expanding renewable energy sources (RESs),
particularly wind and photovoltaic energy. Although the proportion of RESs in Poland’s
energy mix remains relatively low presently, there is a growing public awareness and
preference for zero-emission solutions, indicating the potential for improvement. Notably,
there is an increasing recognition among both the public and policymakers that the energy
transition yields new innovative job opportunities, enhances economic competitiveness,
and protects the environment, making it beneficial for all stakeholders. Furthermore, the
RES sector in Poland contributes significantly to job creation, particularly in fields related
to the production and operation of photovoltaic panels, wind turbine installation, and the
implementation of other modern solutions. This process can help mitigate the issue of
rising unemployment and stimulate local economies, especially in light of the decline of
coal mining in Poland [85–87].

Investments in RESs facilitates the broadening of the energy portfolio, diminishing
the reliance on conventional fossil fuels like coal, natural gas, and oil. This shift decreases
susceptibility to fluctuations in energy commodity prices on the global stage, particularly
those reliant on imports. Therefore, advocating for the advancement of modern and clean
energy serves as another rationale for fortifying energy independence and resilience [88].
The example of Sweden shows that a country heavily reliant on renewable energy sources
(RESs), while having the highest final energy consumption per capita, can still ensure a
secure energy supply and achieve the lowest greenhouse gas (GHG) emissions in the EU.
Consequently, the promotion of RES development in Poland will not only enhance energy
security but also mitigate environmental degradation by curbing GHG emissions. This
effort contributes significantly to combatting climate change while averting potential rises
in energy costs associated with coal-based production.

The escalating expenses associated with coal-fired energy pose challenges not only
for consumers but also for the overall economy and its competitiveness. Drawing on the
example of Germany [89], the advancement of renewable energy sources (RESs) and related
technologies as part of the energy transition can spur innovation within the technology
sector. This, in turn, can yield positive ripple effects across various sectors of the economy,
bolstering overall economic growth. Investments in research and development (R&D) per-
tinent to the energy transition have the potential to foster the creation of novel technologies
and solutions applicable across multiple sectors. As highlighted by Shabalov et al. [90], the
integration of digital and information technologies offers myriad benefits for enhancing the
development and oversight of efficient energy consumption practices. Improved energy
efficiency presents a significant challenge for Poland, particularly given the ongoing growth
in the country’s final energy consumption per capita. Therefore, leveraging advancements
in digital and information technologies alongside investments in R&D can play a pivotal
role in addressing this challenge while promoting sustainable economic growth. Actions
targeting energy transition require research and development initiatives and significant
investments in new technologies and infrastructure [91]. In Poland, these endeavors entail
the modernization of outdated transmission networks, upgrading the heating sector, and
fostering integration with European power grids. Moreover, additional efforts are needed
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to increase investment in renewable energy sources, alongside modernizing the coal sector
and developing smart energy infrastructure.

It is crucial to acknowledge that the energy transition process can entail significant
social consequences, particularly for regions historically tied to the coal industry [92].
As highlighted [93], it is imperative to provide support for workers and communities
affected by these changes, while also fostering public participation and dialog in the
decision-making process. Similarly to the approach taken in Germany, Poland’s transition
away from coal should incorporate a mix of policies aimed at mitigating unemployment
and attracting new investments. Additionally, allocating funds to enhance infrastructure,
education, research facilities, and other pertinent factors is essential to facilitate a smooth
transition and mitigate the socio-economic impacts on affected regions and communities.

Germany’s experience demonstrates the necessity of phasing out declining heavy
industries, including mining, in a sustainable manner [93,94] rather than prolonging their
existence. While acknowledging the difficulty of these processes in Poland, the successful
examples of other countries facing similar situations suggest that the benefits of such
transitions outweigh the challenges.

An undeniable argument in favor of moving away from fossil fuels to RESs is the
reduction in the social costs of conventional energy in the form of improved public health
by reducing emissions of harmful substances into the environment [95] and reduced envi-
ronmental costs [96,97]. These arguments seem very logical and universally understood,
which gives a chance for acceptance of pro-environmental solutions.

Ensuring a balance between the economic, social, and environmental aspects of the
energy transition is a crucial challenge, and Poland has shown signs of success in this regard,
as demonstrated by the research findings presented here. Despite numerous challenges, the
transformative changes present numerous opportunities for the country’s environmental
and economic development and modernization. Therefore, it is essential to undertake
deliberate and coordinated action to accelerate this process and ensure sustainable and
balanced energy development. Addressing the complexity of energy transition challenges
in Poland requires collaboration among government, regional, and municipal authorities
in a polycentric approach.

The exemplary practices of other nations play a vital role in advancing this process.
Countries like Sweden, Denmark, and Austria serve as inspiring models that can encour-
age and motivate change. For instance, Denmark’s success in harnessing wind energy,
particularly through offshore installations, stands out as a notable achievement. Poland can
draw upon this model, considering its access to the Baltic Sea, which offers opportunities
for implementing similar offshore wind projects [97]. Leveraging the experiences of these
countries can offer valuable guidance and inspiration as Poland endeavors to accelerate its
transition towards a more sustainable energy future.

In contrast, Sweden relies significantly on biomass for heat and electricity generation
while also advancing district heating systems for consumer delivery [98]. These strategies
have proven effective in Sweden and could be replicated in Poland. To emulate these
practices, there is a need to augment the proportion of biomass in the energy mix and
enhance the efficiency of urban district heating systems. In the process of transitioning away
from coal power generation, it is worth taking advantage of the solutions of Germany and
other countries, including those outside the European Union (e.g., the United Kingdom).
In particular, this applies to restructuring programs and support for regions affected by
the energy transition. Providing financial assistance, retraining workers, and investing
in the development of alternative sources should stimulate local markets and improve
infrastructure. It is therefore worth following the example of Germany’s support programs
for coal regions to mitigate the social and economic effects of the transition. Germany
is also investing in research and development of new technologies in renewable energy,
energy storage, and electro mobility [99]. Poland can also follow this path by supporting
technological innovation and the development of the high-tech sector in the field of energy.
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The failure to leverage the experiences and solutions of other countries in Poland’s
energy transition process could lead to several negative consequences. This, in turn, could
delay the implementation of the energy transition and hinder the achievement of energy
policy goals. Such a scenario would negatively impact the country’s economic competitive-
ness. A major threat to realizing these goals is the outdated energy infrastructure, including
transmission networks. The lack of adequate investment and development strategies in
this sector may impede progress. Although Poland is gradually increasing its share of
renewable energy sources, the lack of modern infrastructure, including energy storage
systems, limits the speed and effectiveness of this transformation. Social issues also pose
a significant threat to these changes, particularly the resistance from beneficiaries of the
traditional energy sector. Therefore, it is crucial to educate and raise public awareness about
the benefits of the transformation. Public support for these changes is key to achieving
success. To address this, it is crucial to implement the Fair Transition Mechanism, which
includes the Fair Transition Fund and the Sustainable Europe Investment Plan. These
initiatives are designed to mitigate the social and economic impacts of the energy transition,
ensuring that the transition is fair and inclusive for all members of society [100].

The European Union offers models from which developing countries, including
Poland, can and should draw inspiration in their pursuit of building an efficient, modern,
and environmentally clean energy sector. However, achieving this goal necessitates the
development of appropriate strategies, political visions, stable regulatory frameworks, and
effective support mechanisms for renewable energy. Additionally, promoting innovation
and fostering cross-sector cooperation are essential components of this endeavor. Further-
more, being receptive to solutions from other countries and regions is vital for fostering
continuous improvement and adaptation in the energy transition process.

6. Conclusions and Policy Implications

A study was conducted based on a developed methodology to evaluate the effective-
ness of Poland’s energy transition process from 2004 to 2021. The results of this study
enabled an assessment of key aspects associated with this transition, including energy
security, economic impact, climate considerations, and social implications.

The undertaken subject matter holds significant economic, political, and social rele-
vance, making it a crucial area of study from both scientific and practical standpoints. This
is primarily because it addresses fundamental issues pertaining to the implementation of
the European Union’s energy policy and the pursuit of sustainable development goals.
Energy transition serves as a pivotal component in the evolution of modern economies,
emphasizing the adoption of innovative and environmentally sustainable solutions. Within
the European Union’s framework, where ambitions include attaining climate neutrality and
fostering the growth of an eco-friendly and competitive knowledge-based economy, the
modernization of the energy sector is pivotal. Consequently, the development of a suitable
research methodology for assessing and evaluating the efficacy of the energy transition
process becomes imperative. Recognizing the multifaceted nature of transformation en-
deavors, an original research methodology was devised, utilizing a multi-criteria approach
to address this complex issue effectively.

The methodology employed in the study utilized the EDAS method for multi-criteria
decision support, alongside techniques for determining indicator and dimension weights
such as CRITIC, statistical variance, and equal weights. Additionally, the Laplace criterion
was incorporated to address decision making amidst uncertainty.

Recognizing the intricate nature of the energy transition process, it was acknowledged
that studying it solely from an energy perspective would be inadequate. This is because the
process encompasses not only the substitution of one energy source for another and con-
cerns regarding energy security, but also entails the fulfillment of sustainable development
objectives and considerations of social, economic, climate, and environmental factors.
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In light of this complexity, this research emphasized the importance of evaluating the
energy transition process holistically by considering indicators that span across all these
areas. By including four dimensions pertaining to energy sector activities and 22 corre-
sponding indicators, the study facilitated a comprehensive analysis of diverse factors and
their influence on the transition process.

The devised methodology was employed to gauge the effectiveness of Poland’s energy
transition journey from 2004 to 2021, encapsulating its entire EU membership period. This
methodology boasts versatility, enabling its adaptation to assess similar energy transition
processes in other nations. With its multifaceted and two-tiered approach, it provides a
robust framework to evaluate the significance of various factors under scrutiny. Further-
more, it facilitates comparisons between the transformation levels of the country under
examination and others, allowing for insights into the relationship between these levels
and factors like national wealth.

This paper therefore presents the outcomes of applying this methodology practically
to assess the efficiency of Poland’s energy transition process. In doing so, the research
conducted and the results obtained revealed the following insights:

– Poland is witnessing positive impacts from the energy transition process, although
the rate of change is deemed too sluggish.

– The energy security index, a fundamental dimension in the study, has visibly im-
proved over the assessment period, from 0.470 in 2004 to 0.520 in 2021, indicating
a positive trajectory. This improvement occurred despite increased energy depen-
dence and decreased self-sufficiency, attributed to enhanced diversification of the
energy mix, an increased share of renewable sources, and reduced energy losses in
transmission networks.

– The energy transition has not adversely affected Poland’s economic development. The
economic index rose from 0.171 in 2004 to 0.853 in 2021, affirming positive growth.

– Despite this progress, Poland still faces challenges in reducing greenhouse gas emis-
sions. The observed improvement in the climate dimension primarily stems from
increased consumption of renewable energy sources (RESs) and reductions in GHG
emissions from the energy sector, rather than an overall reduction in GHGs.

– Transitioning did not incur social costs, as indicated by the steady rise in the social
index. This increase was fueled by a decrease in social poverty and unemployment
and an increase in average per capita disposable income.

– The study revealed a strong positive correlation between Poland’s energy transition
and its economic development, measured by GDP. This suggests that transformation
efforts have not adversely impacted the economy, with similar positive correlations
observed in climate and social dimensions. However, such a relationship was not
observed solely in energy security and GDP.

– Poland’s progress in the energy transition process stands out compared to other EU
countries. Moving from 26th to 23rd position between 2004 and 2021 signifies notable
advancement, albeit small, given progress across the EU.

– Poland excelled in energy security among EU-27 countries, despite a significant decline
from 10th to 16th position compared to 2004. In terms of the climate dimension,
Poland ranked near the bottom in both 2004 and 2021. However, substantial progress
was noted in the social dimension, advancing from 26th to 7th position within the
EU countries.

In summary, the research indicates that while Poland has made noticeable strides in im-
plementing energy transition since 2004, significant challenges and areas for improvement
remain. There is a pressing need to engage all stakeholders, including political dissi-
dents, in order to accelerate the transformation of the energy sector towards sustainability
and efficiency.

Improving the efficiency of Poland’s energy transition requires decisive actions, many
of which have already proven successful in other countries but have been underutilized by
Polish authorities. Key measures should include the following:
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– Continuously monitoring the energy transition’s effectiveness, considering its multidi-
mensional nature.

– Reducing barriers hindering the development of a sustainable economy, including
green energy production.

– Developing a new legal and regulatory framework to support the energy transition,
promoting innovation and investment in renewable energy sources; addressing over-
due submissions of National Energy and Climate Plans (NERPs) to Brussels, and
establishing a long-term low-carbon strategy until 2050.

– Increasing investment in renewable energy, such as wind, solar, and biomass, to reduce
greenhouse gas emissions and fossil fuel dependence.

– Targeting investments in modern energy infrastructure, like transmission grids and
energy storage, to facilitate the efficient use of renewable energy sources (RESs).

– Accelerating energy efficiency improvements, which will reduce CO2 emissions.
– Expanding electricity grids to increase energy transmission capacity and improve

energy efficiency, which is essential for the implementation of climate and economic
goals in the energy transition.

– Accelerating the decarbonization of the economy, including managing the inefficient
coal mining sector and reallocating funds to invest in new energy sources and educa-
tional activities. For effective decarbonization, a clear and more ambitious timetable
for phasing out coal is necessary.

– Strengthening international cooperation to exchange knowledge, experiences, and
best practices in energy transition with countries like Denmark, Sweden, and Austria,
to improve efficiency and accelerate sustainable economic development.

Enhancing public awareness through education to communicate the advantages and
benefits of the energy transition.

Developing and implementing a coherent, long-term energy policy that aligns with EU
climate and energy policies and considers the interests of social and economic stakeholders
in the transition process.

The implementation of these proposed measures is expected to enhance the efficiency
of Poland’s energy transition process, especially considering their alignment with the
European Union’s strategic programs for achieving a zero-carbon economy. Given the
multidimensional nature and comprehensiveness of these proposals, the involvement of
all stakeholders—including the government, the private sector, and society as a whole—is
crucial. Long-term action planning, taking into account various social, economic, and
environmental needs and priorities, is imperative. An updated Polish energy strategy,
grounded in knowledge and science and incorporating elements of EU climate policy,
should serve as the foundation for these activities. This strategy should also aim to
reduce barriers to the development of clean energy. The findings from the conducted
research and the obtained results should be utilized to inform the development and effective
implementation of this strategy. Additionally, the developed methodology should facilitate
the diagnosis and evaluation of the implemented changes, aiding in ongoing assessment
and refinement of the energy transition process.

In the context of the research conducted, it is reasonable to point out the limitations of
the work, which may provide directions for further research. The study did not include a
forecast of the efficiency of Poland’s energy transition process until 2040, the target year for
the country’s energy policy. Such an analysis would be important for assessing the current
pace of the energy transition in relation to the likelihood of achieving the set goals. Future
research should also cover the various dimensions adopted in this study. The results should
inform the preparation of energy strategies and policies for the coming years. Identifying
potential challenges and barriers during the energy transition process would be particularly
important, as this should form the basis for improvement actions.

It would also be useful to examine the most important economic sectors to determine
how well they are implementing EU energy policy. Such results could be even more helpful
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for effectively targeting transformation efforts. For individual industries and groups of
companies, these measures should definitely aid the transformation process.
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