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Introduction

National security, independence, and economic sovereignty rely heavily on access to natural
resources and energy sources. Reliable energy supply is believed to continue as the primary driver of
sustainable development in the future. The global energy sector will shift from non-renewable
sources, such as fossil fuels, to renewable sources in the coming years (Elie et al., 2019). The transi-
tion is founded on the conviction that advances in renewable energy sources should ameliorate con-
cerns about climate change (Ferrer et al., 2018), which is considered equally important as addressing
such global existential challenges as the elimination of poverty, health improvement, environmental
protection, and development. The detrimental impact of non-renewable energy sources (such as
coal-fired power stations) on the natural environment prompts the shift to renewable energy sources
(RES) and a change in how energy is produced, which should be from cleaner sources (Chu, 2023).
The energy transition towards RES will improve energy efficiency, which should, in turn, boost the
international competitive position of the countries involved (Firlej & Stanuch, 2023a). Renewable
energy sources improve local energy security and can be used to secure power in areas with subpar
energy infrastructure (Uddin et al,, 2023). Energy system transformation founded on RES should
contribute to energy supply security and enhance energy independence of the participating econo-
mies (Firlej et al., 2023b).

The European Union’s energy and climate policy puts emphasis on the development of RES in
member states. This goal was furthered with several targeted directives in the last 30 years. The first
pivotal directive is Directive 2001/77/EC from 2001. It obliged every member state to make efforts
to increase the consumption of RES electricity (Directive 2001/77/EC). The next one was Directive
2003/30/EC of 2003. This piece of legislation provided for promoting biofuels in transport and
reaching a 5.75% consumption of biofuels in the transport fuel structure (Directive 2003/30/EC).
Directive 2009/28/EC of the European Parliament and of the Council of 2009 concerned the promo-
tion of the use of energy from renewable sources in general energy consumption, transport, heating,
and cooling (Directive 2009/28/EC). Directive 2018/2001 provided for at least 32% of renewable
energy in the mix in 2030 (Directive (EU) 2018/2001). The direction set by the directives is furthered
in the European Union Green Deal strategy (2019), which aims for energy independence and a
zero-emission economy by 2050 (The European Green Deal, 2019). The next critical step towards
RES development and reduced environmental impact was the Fit for 55 package. It provides for
greenhouse gas emissions cuts of 55% by 2030 and increases the consumption of renewable energy
(Fit for 55, 2021). However, RES capabilities vary across European Union member states due to dif-
ferences in economies. These may be influenced by geographical factors (Firlej & Stanuch, 2022).

Advancing climate change and environmental degradation require increased spending, especially
in developing countries. A grand capital reallocation is needed if the current economies are to shift to
RES (Belaid et al,, 2023). The share of renewable energy in the total global energy generated is
expected to reach 60% by 2030 and nearly 90% by 2050 (Bouckaert et al., 2021). Global investment
in the energy transition in 2021 was estimated at $ 755 billion. To achieve a global net zero by 2050,
humanity should have spent 2.1 trillion dollars a year from 2022 to 2025. In 2026-2030, the amount
will have to double to 4.2 trillion dollars on average (BloombergNEF, 2022). In its Green Deal, the
European Union plans to spend 503 billion euros on green energy over the next decade (European
Commission). This amount is 17 times higher than the spending in a two-year stimulation plan of 30
billion euros for 2008 and 2009 (European Parliament, 2020). Other forecasts estimate that fossil
fuels will still provide most of the global energy in 2050 (EIA, 2015). Non-fossil fuels are important
for the European Union to decarbonise the economy by 2050 (European Council, 2019). This goal
comes from ‘Fit for 55”: delivering the EU’s 2030 Climate Target on the way to climate neutrality,
which has been designed to make Europe the first climate-neutral continent by 2050 (Fit for 55,
2021).

Several factors confirm the relevance of the present research and its results. The first, central one
is that the study covers an extensive geographical area (the European Union). Through this study, the
multidimensional political structure can be investigated in terms of diversity and its bold plans for
reducing the detrimental impact of fossil fuels on the environment and continuing the growth of
renewable energy sources.
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The methods employed also contribute to the materiality of the research. The authors use multi-
ple analytical techniques to determine the effect RES have on the energy security of individual Euro-
pean Union member states and then identify similarities between clusters of comparable states. The
research objective of this study is to identify clusters of European Union member states that exhibit
similarities in terms of electricity generation from renewable energy sources between 2004 and
2023. The supplementary objective is to provide a synthetic overview of renewable energy issues in
the economies qualified for the cluster with the highest level of development.

Drawing on the multidimensional approaches employed by other researchers, the authors attain
an all-inclusive framework for studying the European Union using properly selected metrics. This
facilitates an objective and rigorous evaluation of renewable energy generation levels in the investi-
gated countries. The study improves the state of the art regarding the classification and clustering of
member states regarding electricity generation from renewable energy sources over the two decades
following the most significant enlargement. The novelty lies in the new, two-decade time framework,
which covers all years from 2004 to 2023. The results can support decision-making in energy policy,
particularly setting development goals for renewable energy sources in European Union member
states. The diversification of renewable energy sources across the European Union member states
was evaluated and juxtaposed dynamically using multivariate comparative analysis methodology.
The study period ranges from 2004 to 2023. The diagnostic variables concern energy generation
from selected renewable energy sources.

The remainder of the article is organised as follows. Section 2 offers a literature review and past
empirical research on the development of RES in the European Union over different periods. It also
presents the research hypothesis. Section 3 characterises the dataset and research methods (includ-
ing data selection criteria and analytical techniques). Section 4 presents and describes the results.
They are then discussed and compared with previous results in Section 5. The last section, Section 6,
offers general conclusions, policy recommendations, and further research proposals.

An overview of the literature

The literature review on European Union member state clustering in terms of the growth of
energy consumption and production from renewable sources revealed a diversity of research
approaches, types of variables, study periods, and research methods. Depending on the specific pur-
poses, the analyses involved the demand side, supply side, or a dual perspective. The investigations
yielded clusters of countries that exhibit similarities in certain aspects. The number of clusters varied
from two to five across the publications due to such factors as the research perspective (Table 1).

Review of studies on selected aspects of production and consumption of energy from renewable
sources in European Union member states

Sﬁ;“i;seznd year Years Variables* Selected results fnt:tt:gg;al
Pacesila M., 2012 renewable energy sources share, renewable energy | Clusters in 2012 K-means
Burcea S. G., sources for electricity share, renewable energy Cluster 1: SE, DK, RO, EE, CZ clustering
Colesca S. E. (2016) sources for heating and cooling, renewables in the Cluster 2: AT, LV, FI, SI, FR, DE, HR, BG, GR, PL,

transport sector, energy dependence (%) SK, HU, NL, UK

Cluster 3: PT, LT, IT, ES, IE, BE, CY, MT, LU

Simionescu M., 2007, share of renewable energy in electricity Clusters in 2017 Panel models
Bilan 'Y, 2017 Cluster 1: DK, AT, HR, PT, LV, RO, SE
Krajidkova E., Cluster 2: BE, BG, HU, IT, CY, IE, NL, GR, LT, EE,
Streimikiene D, IE, DE, FI, FR, LU, SK, PL, SI, MT, UK
Gedek S. (2019)
Simionescu M., 2007, share of renewable energy in final electricity Clusters in 2017 Panel models
Strielkowski W., 2017 consumption Cluster 1: AT, DK, EE, PT, RO, HR, LV, SE, LT
Tvaronaviciené M. Cluster 2: BG, BE, CY, EE, FI, GR, HU, FR, DE, IE,
(2020) IT, LU, MT, NL,, PL, SK, SI, ES, UK
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Authors and year
published

Brodny J., Tutak M.,
Bindzar P. (2021)

Kacperska E.,
tukasiewicz K.,
Pietrzak P (2021)

Stec M., Grzebyk M.
(2022)

Tutak M. and
Brodny J. (2022)

Years

2008,
2013,
2018

2009,
2019

2017,
2020

2000,
2019

Variables*

final renewable and biofuel energy consumption per
capita (mtoe), final renewable and biofuel energy
consumption per GDP (mtoe/million euro), renew-
able energy and hiofuel production per capita
(mtoe), renewable energy and biofuel production per
capita (mtoe/million euro), renewable energy and
biofuels production per area (mtoe/km?), overall
renewable share (with aviation cap) (%), renewable
energy in transport (%), renewable electricity genera-
tion (%), renewable heating and cooling (%), gross
electricity generation (RES) (%), gross inland con-
sumption by product (RES) (%)

share of renewable energy in transport (2019 index
value), share of renewable energy in electricity (2019
index value), share of renewable energy in heating
and cooling (2019 index value)

share of energy from renewable sources (% of gross
final energy consumption), energy production from
renewable sources (wind energy in megawatts per
100,000 population), energy production from renew-
able sources (hydro energy in megawatts per
100,000 population), energy production from renew-
able sources (solar energy in megawatts per
100,000 population), energy production from renew-
able sources (solid biofuels energy in megawatts per
100,000 population), share of energy from renew-
able sources for heating and cooling (% of gross
final energy consumption), share of energy from
renewable sources in transport (% of gross final
energy consumption).

Renewable energy sources per capita

Renewable energy sources per GDP

* Names of variables quoted from the cited publications
AT: Austria, BE: Belgium, BG: Bulgaria, CY: Cyprus, CZ: Czechia, DE: Germany, DK: Denmark, EE: Estonia, ES: Spain, FI: Finland, FR:
France, GR: Greece, HR: Croatia, HU: Hungary, IE: Ireland, IT: Italy, LT: Lithuania, LU: Luxembourg, LV: Latvia, MT: Malta, NL: Netherlands,
PL: Poland, PT: Portugal, RO: Romania, SE: Sweden, SI: Slovenia, SK: Slovakia, UK: United Kingdom.

Statistical
Selected results methods
Clusters in 2018 Principal
Cluster 1: LV, AT, FI, SE components
Cluster 2: DK, EE, HR, LT, PT analysis (PCA)
Cluster 3: BE, BG, CZ, DE, GR, ES, FR, IT, LU, HU,
MT, NL, RO, S|,
Cluster 4: IE, CY, PL, SK,
Classification in 2018 Technique

1.SE, 2. FI, 3. LV, 4. AT 5. EE, 6. DK, 7. HR, 8. PT, ' for Order
9.1T,10.BG, 11. RO, 12. DE, 13. 81, 14. 1T, 15. LU,  Preference by
16.NL, 17.CZ,18. ES, 19. BE, 20. MT, 21. GR, Similarity to

22.FR, 23. HU, 24. SK, 25. CY, 26. PL, 27. IE Ideal Solution
(TOPSIS)
Clusters in 2019 Ward's method

Cluster 1: LT, EE, CY, GR, SI, BG

Cluster 2: IE, RO, ES, IT, DE

Cluster 3: SK, FR, MT, HU, CZ, NL, PL, LU, BE
Cluster 4: SE, FI

Cluster 5: LV, DK, PT, HR, AT

Clusters in 2020 Total ordering
Cluster 1: SE, FI, DK

Cluster 2: AT, DE, EE, PT, LU, LV

Cluster 3: NL, ES, GR, BE, IT, LT, SI, BG, HR, FR,

CY, IE, RO, CZ, MT, HU, SK

Clusters in 2019 Self-organising
Cluster 1: BE, BG, DE, IE, GR, ES, IT, CY, MT,PT | maps

Cluster 2: LV, AT, FI

Cluster 3: CZ, DK, EE, FR, HR, LT, HU, RO, SI, SK

Cluster 4: LU, NL, PL, SE

Clusters in 2019 Self-organising
Cluster 1: DK, DE, IE, ES, FR, IT, LU, MT, NL maps

Cluster 2: BG, CZ, EE, HR, LV, LT, RO, SI

Cluster 3: PL, FI, SE

Cluster 4: GR, CY, HU, AT, PT, SK

The above compilation of studies on selected aspects of the production and consumption of
energy from renewable sources in European Union member states shows that most clusters found in
the literature include both ‘old’ (EU14) and ‘new’ (EU13) member states. The study by Pacesila (et al.,
2016) on renewable energy production found differences between the ‘old’ and ‘new’ EU countries in
all clusters formed in 2012. In their research on the same problem in 2017, Simionescu (et al.,, 2019)
focused on a single variable, ‘diversification’, and also identified a dividing line between the two
groups of countries. The image is slightly different in a study on renewable energy production and
consumption in European Union member states. Although all clusters identified by Brodny (et al,,
2021) covered both selected EU14 and EU13 countries in 2018, the work by Stec and Grzebyk (2022)
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had both types of countries in only two of the three clusters for 2020. In a study on renewable energy
consumption, ‘old’ and ‘new’ European Union member states were differentiated in all clusters in
studies by Simionescu (et al., 2020) in 2017 and Tutak and Brodny (2022) in 2019. The latter addi-
tionally covered renewable energy sources per capita. The opposite was true for a study by Kacper-
ska (et al,, 2021), where the composition of four out of five clusters for 2019 differentiated between
EU14 and EU13. Similarly, only three out of four 2019 clusters in the study by Tutak and Brodny
(2022) covering renewable energy sources per GDP included the ‘old’ and ‘new’ European Union
member states.

The literature suggests a research hypothesis that most clusters of European Union member
states similar in terms of electricity generation from renewable energy sources after their accession
include countries that joined the organisation before and after 2004. Therefore, the authors pose a
research question about which European Union member states exhibit similarities in the production
of electricity from renewable energy sources and to what clusters they belong in the context of the
2004 enlargement.

Research methods

Today, the European Union comprises 27 member states that joined it in various years. There
were three expansions in the period of interest (2004-2023): 2004 (ten countries), 2007 (two coun-
tries), and 2013 (one country) (Bélanger & Schimmelfennig, 2021). The United Kingdom left the
European Union in January 2020, reducing the count to 27 from 28. Consequently, it was excluded
from the analyses. The analysis of electricity production from RES is based on selected metrics pre-
sented in Table 2.

Selected variables for the analysis

Metrics

X1 Share of electricity generation from wind

X2 Share of electricity generation from solar

X3 Share of electricity generation from hydropower

X4 Share of electricity generation from other renewable sources, including bioenergy
X5 Share of electricity generation from renewable sources

The statistical data for the project were sourced from Our World in Data (2024) (except for
Cyprus, Malta, and Luxembourg due to missing data). The study period was 2004 to 2023. Apart from
subject-matter analysis, the authors were also guided by statistical analysis when selecting the diag-
nostic characteristics for the RES electricity production index (coefficient of variation not lower than
0.10 and ratio of extreme values of at least 2). The statistical data for the analysis in a single year
make up matrices:

¢ ¢ ¢
X11 X12 .o Xim

t X5 X5 x5 1

[xij]i=1,2 ..... n =["21 22 am ( ]
j=1,2,.m t t ane l:
Xni Xpz - Xnm

where x{;is value X; for country inyeart(t=12,..,5).

The RES electricity production index for country over period T (T = 1,2, .., r; r < s) is defined as:

1
DliTzz j=12£=1thiTt' (2)

in which:
t

= Tezril (3)

Ut
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r_ xl-tj—rril}nxitj

Zie = maxxt.—minxt.
o YTy

(4)

where DI/ is the RES electricity production index value for country i over period T; Z%;is the normalised

value of X; in year ¢ for country 7 over period T; V," is the weight X; in year t over period T; and / is the

number of years in period T (I < s).

The RES electricity production index for European Union member states was built based on the
literature review (Hellwig, 1974; Tarczynski, 1994; Mtodak, 2006; Panek, 2009; Walesiak, 2014;
Kukuta & Luty, 2015; Nermend, 2017; Prus & Krél, 2017; Lisek & Luty, 2019).

The authors used the RES electricity production index for country i over periods T to rank and
discuss the investigated countries. The highest value of DI, identifies the best item in period T. Fur-
thermore, the index was used to classify the countries according to the following criteria:

group I (very high level): DI € (W + Sp75 quxDIiT],
group II (high level): DI € (W,W + SD,T],

group Il (average level): DI € (W = SpTs W],
group IV (low level): DIT € [miinDI-T; DIT — SDIT],

4

T
where: PI's SpiT are the arithmetic mean and standard deviation of DI, respectively, as defined in
Equation (2).

Results of the research

The research design outlined in the previous section has yielded a classification of European
Union member states by the RES electricity production index for 2004-2023 (Figure 1). The authors
identified four groups of countries with similar index values (Table 4) and provided the values of the
constituent metrics (Table 5). Table 3 offers characteristics of the metrics of renewable energy pro-
duction growth.

Basic characteristics of the metrics of renewable energy production growth

Year
Specification
2004 2023
min. 0.00 0.03
max. 16.38 57172
X1
mean 1.58 17.41
Cv* 214.89 81.43
min. 0.00 0.64
max. 0.09 19.02
X3
mean 0.01 8.17
cv 272.26 70.24
min. 0.07 0.03
max. 66.31 60.80
X3
mean 16.43 16.64
cv 119.11 111.30
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Specification

min.

max.
X4

mean

cv

min.

max.
X5

mean

cv

* Coefficient of Variation

Czechia
Poland

Hungary

Bulgaria

France

Slovakia

Estonia

Belgium

Ireland

Slovenia
Greece

2004
0.00
12.16
2.03
135.96
0.58
68.23
20.10
97.66

Austria
0.6

04

0,2

0,0

Romania

Year

2023

0.82

20.58

7.6

72.28

14.87

92.11

51.23

43.20
Denmark

Croatia

Portugal
Sweden
Latvia
Lithuania
Spain
Italy
Netherlands

Finland

Germany

European Union member states ranked according to the RES electricity production index (DIT) for

2004-2023

Austria, Denmark, and Croatia are the highest-classified European Union member states in terms
of electricity production from renewable energy sources between 2004 and 2023. Czechia, Poland,
and Hungary fell in the bottom tier. The Scandinavian countries, Denmark and Sweden, ranked rela-
tively high, in second and fifth places.
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Groups of countries similar in terms of the RES electricity production index (D) for 2004-2023

Group Country

Group | Austria, Denmark, Croatia, Portugal, Sweden, Latvia

Group Il Lithuania, Spain, Italy, Netherlands, Finland, Germany, Romania, Greece
Group Il Slovenia, Ireland, Belgium, Estonia, Slovakia

Group IV France, Bulgaria, Hungary, Poland, Czechia

Characteristics of the metrics for groups of countries similar in terms of the RES electricity production
index (DI) for 2004-2023

Specification
x1 X2 x3 x4 x5
2004 2023 2004 2023 2004 2023 2004 2023 2004 2023

Group I: Austria, Denmark, Croatia, Portugal, Sweden, Latvia

min. 0.00 416 0.00 0.64 0.07 0.03 0.00 5.33 23.68 68.99
max. 16.38 57.72 0.03 10.18 66.31 60.80 723 20.58 68.23 87.60
mean 341 23.19 0.01 5.07 40.43 38.49 3.26 9.87 4725 76.62

Group II: Lithuania, Spain, Italy, Netherlands, Finland, Germany, Romania, Greece

min. 0.00 8.95 0.00 0.81 0.09 0.05 0.00 0.82 2.29 43.72
max. 5.68 45.50 0.09 19.02 29.24 32.52 12.16 13.87 29.86 92.11
mean 1.81 22.87 0.02 11.66 10.77 11.67 2.75 6.68 15.39 568.40

Group IlI: Slovenia, Ireland, Belgium, Estonia, Slovakia

min. 0.00 0.03 0.00 1.72 0.19 0.31 0.07 1.58 0.58 22.92
max. 2.58 3576 0.00 11.88 26.78 32.59 1.25 20.52 27157 4429
mean 0.56 13.19 0.00 5.90 8.67 10.40 0.57 7.06 9.81 36.54

Group IV: France, Bulgaria, Hungary, Poland, Czechia

min. 0.00 0.95 0.00 4.00 0.59 0.61 0.00 1.96 2.10 14.87
max. 0.10 13.67 0.00 18.44 10.25 10.35 217 6.85 11.02 2715
mean 0.05 5.94 0.00 8.60 4.44 4.64 0.86 479 5.35 23.98

The first group comprises six countries (Table 5). It had the best mean values of x1, x3, x4, and x5
compared to the other countries in 2004 and 2023. Particularly interesting is the mean value of x3. It
was over twice as high as the aggregate value for the European Union in both years. The greatest
increase in percentage points between 2004 and 2023 was identified for x5, and the only decline was
found for x3.

The second group includes eight countries (Table 5). This group achieved better mean x2 results
than any other country between 2004 and 2023. It also had the second-best means for x1, x3, and x5.
Note that the mean values of x1, x2, x3, x4, and x5 increased over the study period, and x1 and x2 in
this group were above the European Union average. The greatest percentage point increase over the
study period was identified for x5, and the lowest, for x3.

The third group consists of five countries (Table 5). The mean values of x1, x3, and x5 for this
group in 2004 and 2023 were better only compared to the fourth group. Note that in 2004, the mean
value of x4 was the lowest for this group, only for it to rank right behind the first group in 2023.
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Although the mean values of all variables x1, x2, x3, x4, and x5 grew between 2004 and 2023, it was
not enough for any of them to breach the European Union average. The greatest increase in percent-
age points in the study period was identified for x5, and the lowest growth for x3.

The fourth group includes five countries (Table 5). The mean values of x1, x3, and x5 in this
group were the lowest compared to the other groups in both 2004 and 2023. All mean values of x1,
x2,x3, x4, and x5 grew over the study period. Still, apart from x2 in 2023, none of the metrics breached
the European Union average. This value was second only to the result for the second group. A com-
parison of 2023 and 2004 metrics revealed that the greatest increase in percentage points was for x5,
and the lowest, for x3.

Discussion

The comparison of the results of European Union member states clustering regarding renewable
energy production with other results revealed certain similarities and differences. All the clusters
built in the present study contain both ‘old’ and ‘new’ European Union member states: EU14 and
EU13. This outcome is consistent with the works of Pacesila (et al., 2016), Simionescu (et al., 2019),
Simionescu (et al., 2020), Brodny (et al., 2021), or Tutak and Brodny (2022), which cover renewable
energy sources per capita. The situation is slightly different regarding the results by Kacperska (et al,,
2021), Stec and Grzebyk (2022), or a part of the work by Tutak and Brodny (2022) that includes
renewable energy sources per GDP. Each of these studies had one cluster containing only selected
EU14 or EU13 countries. The number of clusters in the present analysis (4) is identical to that in
Brodny (et al., 2021) and Tutak and Brodny (2022). The count of clusters varies significantly in the
other reviewed publications, from two in Simionescu (et al., 2019) and Simionescu (et al., 2020), to
three in Pacesila (et al., 2016) and Stec and Grzebyk (2022), and five in Kacperska (et al., 2021). The
reasons for the differences between the present results and those in the literature are worth investi-
gating. This article covers the 20 years after the largest expansion of the European Union in 2004. The
other publications covered selected individual years. Additionally, they vary in the number and type
of variables and research methods.

Considering our findings and the literature review, we have confirmed the hypothesis posed in
the introduction that most clusters of the European Union member states that are similar in terms of
electricity generation from renewable energy sources after their accession include countries that
joined the organisation both before and after 2004. The results of the empirical study suggest that
similarities regarding energy production from renewable energy sources are not determined solely
by the time the country joined the European Union. Instead, they concern a broad range of member
states. This, in turn, may indicate the growing importance of shared international structural and reg-
ulatory aspects that guide the development of the renewable energy sector in the European Union.

Due to the limited scope of the study and the supplementary objective established in the intro-
duction, our analysis focuses exclusively on the development of renewable energy sources in the
countries of the first cluster, which includes Austria, Denmark, Croatia, Portugal, Sweden, and Latvia.
The conditions for renewable energy production vary across clusters identified here. The first cluster
consists of Austria, Denmark, Croatia, Portugal, Sweden, and Latvia.

Austria’s climate policy focuses on decarbonisation. Its RES efforts involve research on biometh-
ane for heating and cooling houses (International Trade Administration, 2024a). In 2011, Austria
adopted RES regulations, Okostromgesetz 2012 (Wutte, 2018), to provide a transparent and stable
framework for renewable energy expansion (International Energy Agency Wind, 2015). The coun-
try’s policy aims at reducing greenhouse gas emissions by 36% between 2005 and 2030. This initia-
tive aligns with Austria’s engagement in global environmental sustainability and decarbonisation
plans (Komendantova et al,, 2021).

Denmark is the global leader in RES growth and use for energy production (Statista, 2025). More-
over, it is also the leader in economic decarbonisation. The Danish government announced a 2045
zero net emissions goal in 2022, which means reducing emissions by 110% before 2050 (Interna-
tional Energy Agency, 2025). It also seeks to phase out fossil fuels by 2050 (Shah et al,, 2021). The
aggravating climate change and pursuit of energy security make RES a priority for Denmark. Offshore
wind farms, biomethane, and district heating systems dominate its RES structure. The country’s loca-
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tion and topography provide a significant wind energy supply to be harnessed. In 2022, Denmark
generated 68.5 petajoules of wind energy (Renewable energy in Denmark). On the other hand, the
growth of RES in the country is susceptible to crises, such as the COVID-19 pandemic. Its overdepend-
ence on wind energy can also be considered a weak spot (Olagnier & Mogensen, 2020). Unfortunately,
the highly developed RES sector does not contribute to energy equality in Denmark. Consumers
must pay high energy prices there, sometimes even three times the European average (Kuzemko et
al., 2020).

Croatia founded its energy autarky on vast RES. In 2020, the Croatian government adopted a new
Energy Strategy 2030 with an outlook to 2050 (Hrvatski Sabor, 2020). It aims at achieving European
Union energy security goals, enhancing energy efficiency, increasing the share of renewable energy,
reducing dependence on fossil fuels, and mitigating greenhouse gas emissions. The strategy sets the
RES energy goal at 36.4% of the total consumption in 2030 and up to 65.6% in 2050. The Croatian
government intends to invest about USD 1.4 billion to upgrade the grid so that more RES can be con-
nected, reaching not less than 800 MW in 2026 and 2,500 MW by 2030 (International Trade Admin-
istration, 2025).

In 2022, RES provided 49% of Portugal’s electricity, while in 2023, this increased to 61%. It was
thanks to heavy rains, strong winds, and significant solar irradiation. Portugal seeks to generate 85%
of its energy from RES by 2030. Wind farms cover one-fourth of the country’s energy consumption.
The other sources are hydropower (23%), solar (7%), and biomass (6%) (Reuters, 2024). The carbon
neutrality Portugal intends to reach by 2050 involves about 80% of the energy being generated from
RES (Portugal - Energy). Additionally, the country seeks to cut down greenhouse gas emissions by
85-95% by 2050 (Carvalho et al., 2022). Its progress towards emission reduction embodies Portu-
gal’s engagement in the transition to a low-carbon economy (Majidi et al., 2024).

Sweden was the first country to enact and implement an Environmental Protection Act in
1967 (Khan et al., 2022). It also hosted the 1972 UN conference on global environmental sustainabil-
ity (Santosh, 2021). It has been consistently decarbonising its growing economy in line with its pri-
mary goal of becoming the most sustainable economy in the world by 2050 and reaching net zero
carbon emissions (Adebayo et al., 2022). The continued expansion of hydropower and nuclear power
stations in the northern and southern regions of the country, combined with RES, allowed it to open
the first electrified road in 2016 (Mutter & Rohracher, 2022).

Latvia still produces most of its electricity and heat from imported natural gas. The government
and businesses seek to diversify the energy mix with wind farms and biomass power stations. In
addition to RES, Latvia still intends to build an LNG terminal (International Trade Administration,
2024b). The European Union climate and energy policy requires Latvia to increase the share of
renewable energy in its gross final consumption to 60% by 2030. The share of RES in the total energy
consumption is estimated to reach 70% (Valsts kanceleja, 2023). Moreover, the NECP2030 plan pro-
vides for the production of 6.47 TWh of electricity from RES by 2030. It is currently (2022-2023)
estimated at 3.97 TWh (Kudrenickis et al., 2024).

Increasing the share of RES in the energy mix has become the central goal in climate and energy
policies of all European Union member states in the last two decades. It is also directly linked to stew-
arding energy independence and security of the Community because energy independence is a criti-
cal component of the European Union’s foreign policy as a consequential factor for ensuring energy
security to promote economic growth. The European Union’s energy security strategies are aresponse
to political instability and concerns about energy shortages, aimed at stabilising energy supply to the
Community’s economies. The European Union directives and policies of the individual member states
mentioned in the article all aim at increasing RES investments and paving the way for the sustainable
development of the energy sector. The European Union’s climate policy has ambitious goals regard-
ing the share of renewable energy, decarbonisation of the economy, and reduction of greenhouse gas
emissions by at least 80% by 2050. These goals necessitate adjustments to the renewable energy
production system and the implementation of new technologies.
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Conclusions

The problems and research presented in the article are relevant for European Union member
states as a critical component of the analysis of RES growth in the Community. The challenge of a cli-
mate-neutral economy by 2050 that the European Union faces is of high global relevance. If the cli-
mate goals are attained, the European Union will be an example to other international institutions
that an efficient economy can be environmentally neutral thanks to renewable energy. The insights
from the results reported in the article may be used to evaluate actions taken by European Union
member states and develop a more effective energy policy for the entire Community. It could be par-
ticularly useful regarding the countries that struggle with the goals the most (such as those in the
fourth group). Additional incentives should be implemented for countries that fail to meet their RES
and low greenhouse gas emissions targets, such as loans or funding for renewable energy. European
Union governments should focus even more on producing renewable energy (electricity included)
and promoting energy efficiency initiatives. Another worthwhile point is the use of RES outside the
power sector as part of green technology and innovation in transport and water management, for
example, especially in countries with favourable conditions. Moreover, international and regional
energy partnerships should be developed to build the infrastructure that will secure the future of
RES.

Although the hypothesis has been confirmed, the study has certain methodological limitations.
First, the choice of the diagnostic variables was based on selected renewable energy production
ratios. Second, thanks to the dynamics of the 20-year analysis, the problem could be investigated over
along horizon. Still, short-lived changes due to diverse factors, such as fluctuating weather or tempo-
rary energy policy changes affecting renewable energy sources, could remain uncovered. Third, the
study is purely quantitative and disregards qualitative factors.

The present study focuses solely on European Union member states (except for three countries
for which the data were missing). However, future research should cover a broader continental or
even global scale. While the focus on RES in the European Union is valuable, the analysis could also
include other innovative approaches, such as energy storage solutions or hybrid energy systems.
Moreover, the research is cumulative. A dedicated analysis of RES in each country would offer a more
detailed insight into their profiles. Finally, it would be reasonable to repeat the study in the future
after Agenda 2030 is completed, for example, to analyse the degree to which its objectives have been
met in relation to individual Sustainable Development Goals (particularly SDG7).
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KLASYFIKACJA PANSTW CZtONKOWSKICH UNII EUROPEJSKIEJ
WEDLUG PRODUKCJI ENERGII ODNAWIALNEJ. OBSERWACJE Z DWOCH DEKAD

STRESZCZENIE: Celem badawczym pracy jest okreslenie klastrow krajéow cztonkowskich Unii Europejskiej podobnych pod
katem produkcji energii elektrycznej z odnawialnych Zrodet energii w latach 2004-2023. W badaniach zastosowano wielowymia-
rowg analize poréwnawczg w celu oceny i poréwnania poziomu dywersyfikacji odnawialnych Zrédet energii krajéw UE w ujeciu
dynamicznym. Wyodrebniono cztery grupy obejmujace kraje charakteryzujace sie podobiefstwem. Pozytywnie zweryfiko-
wano hipoteze badawcza gtoszaca, ze wiekszos¢ klastréw krajéw cztonkowskich Unii Europejskiej podobnych pod katem pro-
dukcji energii elektrycznej z odnawialnych Zrédet energii w okresie poakcesyjnym obejmuije kraje nalezace do niej zaréwno przed
jak i po 2004 r. Badanie zwieksza zaséb wiedzy na temat klasyfikacji i grupowania krajéw cztonkowskich pod katem produkcji
energii elektrycznej z odnawialnych Zrédet energii w perspektywie 20 lat po najwiekszym rozszerzeniu Unii Europejskiej. Nowo-
$cig w zestawieniu z dotychczasowymi badaniami jest analiza nowych ram czasowych z uwzglednieniem wszystkich lat
z okresu 2004-2023.
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