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Abstract: Over the past few years, considerable emphasis has been put on decarbonization, which,
in the context of the recent events in Europe, proves that mixing energy sources is the best strategy.
This article discusses ways in which individual EU member states manage their energy source
diversification, while comparing their levels of fossil fuels and renewable energy sources (RESs)
usage. The research data was acquired from the Eurostat website and comprises of 15 indicators
describing the use of energy both from conventional and renewable sources in the European Union, in
2019. The study employs taxonomical methods, such as ranking and cluster analysis. The authors put
forward a hypothesis that EU member states approach the use of energy resources in several ways.
There are countries which take advantage of both traditional and renewable sources (Netherlands,
Germany, Austria, and Italy). However, there is a group of states that relies on a single energy source
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1. Introduction

Renewable energy sources, including wind, solar, hydroelectric, ocean thermal, geother-

Academic Editors: Surender
Reddy Salkuti and Behnam Zakeri

Received: 1 September 2022
Accepted: 4 October 2022
Published: 7 October 2022

mal, biomass, and biofuels, constitute an alternative to fossil fuels and contribute to re-
ductions in greenhouse gas emissions, energy source diversification, and the decreasing
dependency on volatile and unstable fossil fuel markets, especially the oil and gas markets.
The EU legislation concerning the promotion of renewable energy sources has significantly
evolved over the past fifteen years. Moreover, the issue has, considering the recent war in

Ukraine, become even more evident owing to certain EU member states’” overwhelming
reliance on Russian gas and coal supplies.

The European Green Deal sets out guidelines on how to make Europe the first climate-
neutral continent by 2050 and provides the most comprehensive package of measures
enabling Europe’s inhabitants and businesses to benefit from a sustainable ecological
transformation. The use of renewable sources based energy offers many potential rewards,
including lower greenhouse gas emissions, diversified energy supplies, and the reduced
dependency on fossil fuel markets (especially the oil and gas markets). The growth of
renewable energy sources in the EU can also stimulate increases in employment by creating
jobs in the green technology sector. The share of energy from renewable sources in the
EU has nearly doubled from 2004 to 2018, rising from 9.6% in 2004 to 18.9% by 2018.
EU member states were obliged to set national energy targets and draw up their 10-year
Attribution (CC BY) license (https:// ~ national energy and climate plans (NECPs) as part of the “Horizon 2030” programme. In
creativecommons.org/ licenses /by / 2018, Sweden was the European leader in sourcing renewable energy, with more than half
40/). (54.6%) of its energy coming from renewable sources. Consequently, Sweden was markedly
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ahead of Finland (41.2%), Latvia (40.3%), Denmark (36.1%), and Austria (33.4%). At the
bottom of the ranking were countries with the lowest share of renewable energy, namely
the Netherlands (7.4%), Malta (8.0%), Luxembourg (9.1%), and Belgium (9.4%).

Analyses of consumption patterns of electricity generated from fossil fuels, renewables,
and nuclear sources over the 16 years of the enlarged EU (2005-2020), sheds more light on
the issue. Figure 1 presents the percentage shares of electricity consumption in EU member
states in 2020, by source.

Electricity consumption in EU28 countries (2020)
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Figure 1. Electricity consumption in the EU countries from major energy sources in 2020. Source:
https:/ /ourworldindata.org/grapher/elecmizbar?time=2020&country=AUT~CYP~CZE~DNK~
BGR~LUX~HRV~EST~FIN~FRA~DEU~GRC~HUN~ITA~LVA~LTU~GBR~SWE~SVK~SVN~
POL~NLD~MLT~PRT~ESP~IRL~BEL~ROU (accessed on 2 July 2022).

While a clear trend for the majority of EU countries to grow their share of electricity
consumed from renewable sources is noticeable, a distinctive drop in the share of electric-
ity consumed from conventional fossil fuel sources and nuclear power plants has been
witnessed, over the period.

In 2005, the mean annual percentage consumption of electricity from fossil sources
(coal, oil, gas) in the EU countries was 61%, dropping to 42% in 2020. As many as 17 member
states were, as of that time, still using 50% or more electricity from conventional fossil
sources, of which 11 (Malta, Cyprus, Estonia, Poland, United Kingdom, Luxembourg,
Ireland, the Netherlands, Greece, Italy, Portugal) consumed 75% or more non-renewable
energy. The leaders, Malta and Cyprus, which obtained 100% of their electrical power from
conventional sources, as well as Estonia and Poland, in which 99% and 98% of their energy
use, respectively, was based on conventional fuels. In 2020, there were only eight countries
with a 50% or higher share of electricity consumed from fossil sources, while barely three
countries (Malta 90%, Cyprus 88%, Poland 82%) had a share of 75% or higher. The greatest
decrease in the share of electricity consumption sourced from fossil sources over the 16-year
period was reported in countries such as Luxembourg (by 74%, from 94% to 20%), Denmark
(by 55%, from 73% to 18%), and Estonia and Portugal (by 47% and 41%, respectively). Two
countries reported a rise in the share of electricity from such sources, namely Lithuania
(a 19% increase from 24% in 2005 to 43% in 2020) and Latvia (a 6% increase from 30% to
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36%). Other EU member states rolled back their share of fossil fuels in power generation by
between 2% and 35%.

A similar downward trend was observed for the electricity generated from nuclear
sources in the EU. The tendency reveals a gradual departure from electrical power from
nuclear power plants for internal consumption needs. The mean annual percentage share
of electricity consumed, in 2005, from nuclear sources in the EU was 21% (highest-ranking
countries included France (79%), Lithuania, whose nuclear energy production was aban-
doned altogether in 2020, (73%), and Slovakia and Belgium (57%)). A distinctive decrease
in the aforementioned share consumption is observable over the 16-year period in the vast
majority of EU countries. The share percentage was, in 2020, only 16% (a 5% drop) for the
EU member states. The share decline was observed in 10 countries that relied more on
nuclear energy. The greatest rollbacks were reported in Lithuania (73%), Belgium (17%),
Sweden (16%), Germany (15%), and France (12%). However, there were also five countries,
who were beneficiaries of electricity from nuclear power plants, where their share had
increased, namely Romania (11%), the Czech Republic and Hungary (7%), Spain (2%), and
Finland (1%).

The EU has, for over a decade, been gradually moving away from conventional fossil
fuel-based energy and nuclear power (in line with the Green Energy strategy), thus resulting
in an increased share participation of renewables in the structure of electricity consumption
from various sources. In 2005, the mean share of renewable sources-based electricity in
the overall electricity consumption in EU countries, was merely 18%, while in 2020, it had
grown to as much as 42% (an increase of 24%, i.e., the doubling of its share participation).
In early 2005, there were only eight countries with the share of renewable sources-based
electricity consumption that was 20% or higher, but with only four countries (Latvia,
Austria, Croatia, and Sweden) where the share was 50% or more. The highest percentages
were reported for Latvia (70%) and Austria (63%). By 2020, there were 22 countries in which
the share of electricity generated from such sources was at least 20%, but as many as nine
countries (Denmark, Austria, Luxembourg, Sweden, Croatia, Latvia, Portugal, Lithuania,
and Finland) where the share was at least 50%. The share participation was exceptionally
high (over 80%) in three countries, namely Denmark (82%), Austria, and Luxembourg
(80%). An increase in the share of renewable sources-based electricity consumed can be
observed in all countries except for Lithuania, where the share dropped by 6%, from
70% to 64%. The increase was considerably high—more than 50%—in such countries as
Luxembourg (by 74%, from 6% to 80%), Denmark (by 55%, from 27% to 82%), and Lithuania
(by 54%, from 3% to 57%). In nine other countries, Estonia, Portugal, the United Kingdom,
Ireland, Germany, Spain, Italy, Greece, and Belgium, the share rose by about 20% to 50%.
However, the expansion was much more limited despite being noticeable (by 9% to 20%
in 15 countries. Member states, in which the share of renewable sources-based electricity
was still very low (less than 20%) included Malta (only 10%), Cyprus, the Czech Republic,
Hungary, Poland, and Bulgaria, with shares of 12%, 13%, 16%, 18%, and 19%, respectively.

The detailed shares of the individual energy sources in total electricity generated in
EU countries in 2020 are shown in Figure 2. A detailed analysis of the share participation
of the energy sources discussed in this study reveals that countries whose dominant (at
least 50% participation) source of electricity is from conventional fossil sources. These
countries include Poland and the Czech Republic, where coal contributes 68% and 39%,
respectively, of the energy production, Cyprus and Estonia with 88% and 51%, respectively,
and which was attributed to oil, Malta, 87%, the Netherlands, 59%, Ireland, 51%, Italy, 48%,
and Greece, 40%, who relied on natural gas.

Countries in which a significant (at least 50%) electricity generation is based on
renewable sources include Denmark (57% of renewable energy generated from wind
power, and 20% from other less common renewable sources), Austria (61% of renewable
energy from hydrological sources, and a 10% significant share of energy from wind power),
Luxembourg (30% from other renewable sources, 29% from wind energy, and 13% from
solar energy, the highest generation in the entire EU). Other countries worthy of note in this
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group of countries are Sweden with 44% and 17% of renewable energy from hydrological
and wind sources, respectively, Croatia with a considerable share of renewable energy
from hydrological (43%) and wind sources (13%), Latvia with a significant share of its
renewable energy from hydrological (46%) and other renewable sources (15%), Portugal
with a sizeable share of renewable energy generated from wind (24%) and hydrological
sources (23%), Lithuania with 34% of renewable energy from wind and 13% from other, less
common renewable energy sources, as well as Finland with a 23% share of renewable energy
generated from hydrological sources, 15% from wind, and 17% from other renewables.

Share of electricity production by source (2020)

wind Solar mHydro mOther (Renewables) m Coal Natural Gas m Oil ® Nuclear

Figure 2. Share of the electricity production in the EU countries by energy source in 2020. Source:
https:/ /ourworldindata.org/grapher/share-elec-by-source (accessed on 2 July 2022).

The Table 1 presents a brief history of the EU’s activities in promoting and managing
the transition from fossil fuels to renewable energy as sources of electricity.

Table 1. Measures intended to boost the share of renewable energy sources in the EU countries.

Date Activity

It was decided that by 2020, 20% of the overall energy consumed in the EU must
be sourced from renewable sources. As for the transport sector, member states
agreed to attain a 10% share of fuels from renewable sources. Mechanisms to be
applied by countries to reach the set targets were also specified, including support
systems, common projects, and cooperation between the member states, as well as

April 2009  sustainable growth criteria with regard to biofuels. National renewable energy
targets for individual countries to be reached by 2020, were also set, taking into
account their starting points and overall renewable energy source potential (from a
10% share of renewables in Malta to 49% in Sweden). Each EU country stated how
it intended to attain the individual targets and had to draw up a general action
plan [1].

November  The European Commission published the “Clean Energy for All Europeans”
2016 package [2].
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Table 1. Cont.

Date Activity

An amended directive on renewable energy sources [3], as part of the “Clean
Energy for All Europeans” package was enacted. The package was aimed at
maintaining the EU’s position of the global leader in renewable energy sources
and assisting the EU in the fulfilment of its emission reduction obligations under

December  the Paris Agreement [4]. The directive has been effective since 2018. A legally

2018 binding goal was set, according to which, by 2030 at least 32% of the final energy

consumed in the EU should come from renewable sources. In addition, a clause
was included allowing the goal to be increased by 2023. EU member states were
required to put forward their national energy goals and develop 10-year national
energy and climate plans under the “Horizon 2030” programme.

The Commission issued the European Green Deal communication [5]. It detailed
methods for making Europe a climate-neutral continent by 2050 through the
supply of affordable and secure energy.

December
2019

In the package detailing the implementation of the European Green Deal, the
European Commission proposed an amendment to the directive on renewable
December  energy sources [6], in order to align its renewable energy target with the new

2021 climate goals. The Commission suggested raising the renewable energy source
target to 40%. Talks on the energy policy framework for the period after 2030 are
under way.

The Commission published a new agenda entitled: “Fit for 55: delivering the EU’s

July 2030 Climate Target on the way to climate neutrality” [7]. The review of the

2021 renewable energy sources directive proposed an increase in the binding renewable

energy share target in the EU’s energy basket by up to 40%.

Source: Study based on published EU documents.

Figure 3 shows the national renewable energy targets which the member states agreed
to achieve by 2020. However, not all countries were successful in reaching their goals.

Energy consumption Energy consumption
. Target
Country from renewable sources [%] from renewable sources [%] Difference achieved
(2020) - Target (2020) - Realized
United Kingdom 15.0% 43.0% 28.0% over
Sweden 49.0% 60.1% 11.1% over
Croatia 20.0% 31.0% 11.0% over
Bulgaria 16.0% 23.3% 7.3% over
Finland 38.0% 43.8% 5.8% over
Estonia 25.0% 30.2% 5.2% over
Czechia 13.0% 17.3% 4.3% over
Cyprus 13.0% 16.9% 3.9% over
Lithuania 23.0% 26.8% 3.8% over
Greece 18.0% 21.7% 3.7% over
Italy 17.0% 20.4% 3.4% over
Slovakia 14.0% 17.3% 3.3% over
Portugal 31.0% 34.0% 3.0% over
Austria 34.0% 36.5% 2.5% over
Latvia 40.0% 42.1% 2.1% over
Denmark 30.0% 31.6% 1.6% over
Germany 18.0% 19.3% 1.3% over
Spain 20.0% 21.2% 1.2% over
Poland 15.0% 16.1% 1.1% over
Hungary 13.0% 13.9% 0.9% over
Luxembourg 11.0% 11.7% 0.7% over
Malta 10.0% 10.7% 0.7% over
Romania 24.0% 24.5% 0.5% over
Ireland 16.0% 16.2% 0.2% over
Belgium 13.0% 13.0% 0% achieved
Netherlands 14.0% 14.0% 0% achieved
Slovenia 25.0% 25.0% 0% achieved
France 23.0% 19.1% -3.9% under

. - over target . - target achieved . - under target

Figure 3. Renewable energy share in the total energy consumption in 2020 vs. the targets set. Source:
Eurostat [8,9].

The European Green Deal focuses on three main objectives with regard to the transition
to clean energy. To this end, seven main goals were set by the Commission (Table 2).
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Table 2. “Green Deal” objectives and goals.

Objectives Main Goals
1.  Building interrelated energy systems and
better integrated networks supporting

1. Providing affordable and secure renewable energy sources.
energy supplies in the EU. 2. Promoting innovative technology and

2. Creating a fully integrated, modern infrastructure.
interconnected digitalised EU 3. Increasing energy efficiency and promoting
energy market. eco-projects.

3. Prioritizing energy efficiency, 4. Cutting emissions in the gas sector and
improving energy performance of promoting intelligent integration of all sectors.
buildings, and developing an 5. Empowering consumers and aiding EU
energy sector based largely on countries in counteracting energy poverty.
renewable sources. 6. Promoting EU standards and energy

technologies globally.

7. Using the entire potential of the European
offshore wind power.

Source: Authors” own research.

Having analysed the above objectives and goals, as well as the share of the use of
conventional resources and renewables, we formulated the following hypotheses:

Hypothesis 1 (H1). There is a noticeable tendency towards the sustainable development of national
energy systems in the EU countries, based on two pillars: a power industry using conventional
fossil fuels and one relying on green renewable energy sources.

Hypothesis 2 (H2). There is a group of member states which continues to produce energy predom-
inately from conventional fossil sources and a group of countries which exclusively supports the
growth of renewables.

2. Literature Review

Table 3 presents a detailed review of the literature discussing various aspects of
energy sourcing and the potential for its use in various areas of the global economy. The
literature we analysed pertained to the period from 2006 to 2021 and discussed the use
of energy, both from conventional sources (i.e., fossil fuels) and renewable energy, which
was generated from new green renewable energy sources that were neutral for people and
the environment.

Relatively few publications are dedicated exclusively to sourcing and using energy
from conventional fossil fuels. The study [10] analyses global perspectives and forecasts
for hard coal production used in the power industry by means of a logistic forecasting
model. The article [11] examines the economic and social aspects of the Polish coal mining
industry restructuring in the context of requirements arising from Poland’s membership in
the EU. Its analysis of the hard coal sales forecast (suitable for use in future energy studies)
employs an econometric model of time series developed by the authors. The study [12]
forecasts the hard coal consumption for Poland’s energy demands. The forecasts are based
on an ensemble class model developed by the authors involving a combination of several
component models, including adaptive boosting, simulated annealing, and the relevance
vector machine (RVM). The main question addressed by the authors is whether Poland is
able to fulfil its carbon obligations by 2030. Next, the article [13] analyses the consumption
of energy from fossil fuels and the impact of sourcing methods on the natural environment
in EU countries.

The second group of publications analysed, focused on discussing mostly or exclu-
sively the production and consumption of energy from renewable sources (the so-called
“green energy”). The study [14] addresses the question of whether renewable energy could
become the driving force behind a sustainable multifaceted economic development of EU
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countries. Its analyses employ multivariate comparative methods, in particular the panel
vector error correction model (PVEC). The article [15] ranks 11 countries from the so-called
EU eastern bloc, according to their renewable energy development levels. To this end, the
authors designed a development index for ranking purposes, called the index of renewable
energy development (IRED). It also [16] analyses the possible development scenarios and
evaluates the function of the EU’s common integrated energy system in the context of
its sustainable energy development and energy transformation, as well as in terms of its
transition to renewable energy. This is of special importance in the event of renewable
energy shortages in individual member states (as a consequence of the difference in the
green energy development potential and the obvious climatic differences across the EU
countries) and the resulting necessity to transfer energy over the integrated power system
to other member states across borders. The authors analysed scenarios and applied the
correlation analysis using Finland and Italy as examples. Similar issues are discussed
in [17], which analyses the possible scenarios for Germany’s energy system transformation
and decarbonization. The study makes use of a technique for generating simulation sce-
narios (scenario generation), by applying the GENeSYS-MOD energy modelling system.
The publication [18] presents an analysis of the energy efficiency in EU countries in terms
of sourcing energy from waste recoveries, i.e., the functioning of the circular economy.
Our research method was based on a data envelopment analysis (DEA). Many extant
studies focused mainly on broadly defined analyses, for example, of the similarities in the
development of potential of energy from renewables across countries (mainly of the EU),
examining the similarities between those countries in terms of production, consumption,
and the use of renewable energy in various sectors of the national economy. This appears
highly significant in the context of energy transformation which is under way in many
countries globally and the increasing share of renewables in such countries’ energy mix.
The research employs simple descriptive analysis methods, straightforward data analysis
based on tabular and graphic presentations, dynamics indexes, as well as more advanced
statistical methods, such as the comparative cluster analysis, various ranking methods, or
simulations designed for generating future development scenarios. We may categorise
studies [19-34] as belonging to this group. Several other publications discuss slightly differ-
ent problems concerning green renewable energy. Study [35] forecasts, among other things,
the structure of renewable energy production from various sources and biofuels in Poland,
with artificial neural networks being applied in the forecast. As part of study [36], surveys
were performed, and opinions were collected from Polish and German citizens, relating
to the efficiency and effectiveness of the green energy development management in their
countries in terms of the EU’s implementation of directives related to the current energy
transformation and departure from fossil fuels. A similar subject is discussed in [37], in
which surveys were carried out to evaluate the development of solar (photovoltaic) energy
in Poland in the ongoing process of energy sources decarbonization. In [38], an evaluation
is carried out on the potential of hybrid wind/solar power and a forecast is made about its
development in the context of an industry decarbonization strategy worldwide. The fore-
cast employs econometric modelling based on the autoregressive distributed Lag (ARDL)
model. In [39], analyses are made for the possible development directions for hydrogen
as an eco-friendly fuel (where “eco” stands both for the economy and the environment),
which may be successfully used as a source of energy, in transport, for instance.

The third group of publications includes studies discussing the development of energy
from fossil fuels and renewable sources. Such publications focus primarily on the compar-
isons between energy potentials of the countries which rely on conventional fossil fuels
and modern renewables. Diverse development perspectives have been analysed for energy
systems of the member states, based on two pillars of energy stability. Opportunities,
obstacles, and threats to modern energy strategies adopted in various countries worldwide
have been discussed. A study [40] is devoted to the forecasts regarding energy demand in
Turkey, with the sources analysed in the work using the ARIMA method and it includes
various traditional fossil fuels as well as renewables. Another study [41] investigates the
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main challenges (security of energy supply must be underpinned in the long term, efficient
actions must be taken to prevent climate change and investment in replacement, new gen-
eration plant and grid installations must be made) and barriers (Emission Trading Scheme
(ETS), status of CO, capture and storage (CCS)) for EU countries in the implementation
of the modern energy mix, based on fossil fuels and renewable sources in the process of
supplying energy. Possible scenarios for diverse energy development in EU countries, by
2045, are also analysed and assessed. In [42] the authors offer a critical analysis of the
directional changes in the Polish power industry, planned by the government from the
perspective of the energy package being implemented in the EU. A study [43] included an
analysis of the possible scenarios for the transition to a zero-emissions energy system in
seven countries in the Nordic-Baltic region. It creates development scenarios with the use
of the Balmorel energy system model for the simulation of the positioning of the energy
market in consecutive decades, namely 2020, 2030, 2040, and 2050. Another study [44] con-
tains a compelling, comprehensive historical review of the methods of energy generation,
an analysis of global demand, and the use of energy from various (non-renewable and
renewable) sources worldwide. It also presents future energy demand forecasts (until 2040)
by means of dynamics indexes. Several studies analyse scenarios and possible pathways
for the planned energy transformation, as well as problems with the decarbonization of
the power industry and the transition to green renewable energy, in search of the optimum
energy mix. These subjects are discussed in publications [45-47]. A study [48] contains a
comparative analysis of the effectiveness of the energy systems based on varied (fossil and
renewable) energy sources. The study compares the efficiency of energy systems in the
“new” and “old” EU, using the DEA method. Finally, several other studies [49-53] pertain
to highly significant and current problems concerning the detailed comparative analysis
of the development levels of energy systems in individual countries and their ranking.
Such studies employ various statistical analysis methods, including the taxonomic, cluster
analysis (in particular the Hellwig method and the k-means method), as well as various
ranking methods (TOPSIS, MULTIMOORA, and the green economy index (GEI)).

Table 3. A review of the literature on energy production and the global energy transformation.

Region, Country (Temporal

Energy Sources

Scope of Data) Fossil Fuel Energy Renevsg;b;lreg(yGreen) Research Methods Applied References
Turkey Ix] ARIMA, SARIMA [40]
(1950-2004) forecasting methods
27 EU countries Scenario analysis
(2000-2006) [x] Basic statistical descriptive [41]
(Strategic forecasts until 2045) (Tabular and graph analysis)
World Ix] Forecasting methods [10]
(1950-2008) (logistic model)
28 EU countries Ix] Multivariate econometric analysis [14]
(2003-2014) (Panel vector error correction model)
Poland x] Forecasting methods [11]
(1995-2014) (econometric model)
11 countries from Ranking methods
the EU’s eastern bloc [x] Index of Renewable energy [15]
(2005-2015) development (IRED)
Finland, Italy Ix] Scenario analysis [16]
(2013) Correlation analysis
Germany Scenario generation
(scenario simulations until 2050) [x] (GENESYS._MOD (17]
energy modelling system)
Poland Ix] Basic statistical descriptive [42]
(2010-2018) (table and graph analysis)
EU countries [x] Data envelopment analysis (DEA) [18]

(2008, 2010, 2012, 2014, 2016)
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Region, Country (Temporal

Energy Sources

Scope of Data) Fossil Fuel Energy Renew}lzz:)elreg;Green) Research Methods Applied References
Norzi;c-Baltic re;gion y
countries cenario generation
(2016, 2017) [x] Balmorel energy system model for [43]
(scenario simulations energy market simulations
for: 2020, 2030, 2040, 2050)
European Union Kruskal-Wallis
EU 28 [x] istical i [13]
(2016) statistical independence test
EU countries Scenario simulation
[x] Synchronous grids” dynamic [19]
(2016-2017) . .
Simulink model
World Basic statistical descriptive
(1990-2017) [x] (table and graph analysis) [44]
(forecasts until 2040) Indexes of dynamics
Scenario generation
Poland Ix] MOEM (model of optimal [45]
(2015-2050) energy mix)
FCM (fuzzy cognitive maps)
Poland x] Forecasting methods [35]
(1990-2018) (ANN artificial neural networks) N
EU countries Ix] Cluster analysis [20]
(2017) (k-means method, Ward method)
Germany Scenario generation
EU countries [x] (dynELMOD— [46]
(scenario simulations until 2050) dynamic electricity model)
Ensemble time series prediction
Poland models
[x] (combined adaptive boosting, [12]
(1965-2018) . j
simulated annealing and
relevance vector machine (RVM))
28 EU countries Ix] Panel-data econometric model [21]
(2007-2017) X Cluster analysis (k-means method)
Czech Republic
(with regard to the European Ix] Basic analysis of statistical data [22]
Union) (visual presentation of data)
(1995-2017)
EU countries Ix] Ranking methods: TOPSIS method 23]
(2008-2018) Principal components analysis (PCA) i
Commonwealth
of Independent States Ix] Index of dynamics [24]
(12 countries) (average change index)
(2015-2019)
Western ].EU Basic statistical analysis
(6 countries) [x] (tabular analysis, charts) [25]
(2011, 2018, 2020 targets) abular analysts, charts
28 EU countries Rar}krmg methods
[x] (Hellwig’s measure of the [49]
(2017-2019)
development)
Visegrad Group
(4 countries, compared to Ix] Cluster analysis (k-means method) [50]
28 EU countries) Indexes of dynamics
(1990-2018)
28 EU countries Ix] Cluster analysis (k-means method) 51]
(2000-2018) Visualization tools (maps, charts) -
Cluster analysis
28 EU countries Ix] (Hellwig’s taxonomic measure of [26]
(2004-2019) development)
Panel econometric model
Poland, Germany
(2018-2020) [x] Survey research [36]
EU countries . . .
(especially Poland and Germany) x] Basis analysis of statistical data (27]

(2011-2021)

(visual presentation of data)
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Table 3. Cont.

Region, Country (Temporal

Energy Sources

Research Methods Applied Ref
Scope of Data) Fossil Fuel Energy Renev;e:);:gglcreen) pPp eferences
28 EU countries
(in comparison to the Visegrad [x] Cluster analysis (Ward’s method) [28]
Group)
(2009-2019)
. Ranking methods
28(]255{ 5 ozuorit;)les [x] Cluster analysis [52]
! (GEI—Green Economy Index)
World Econometric modelling
(1990-2020) [x] Autoregressive distributed lag [38]
(ARDL) model
. Indexes of dynamics
27(]255 53;0113)1 es [x] (simple individual rankings) [29]
Correlation coefficients
Poland Survey research
2011-2020 [x] Basic statistical analysis [37]
y
(forecast estimates for 2021-2025) (tabular analysis, charts)
28 EU countries .
(2005-2019) [x] Cluster analysis (k-means) [30]
Ranking analysis
28 EU countries Ix] (TOPSIS method) [31]
(2010-2019) Cluster analysis
(Czekanowski’s method)
(CEE) Central and Eastern
EU countries . ,
(10 countries) [x] Cluster analysis (Ward’s method) [32]
(2008, 2018)
Spain Ix] Basic statistical analysis [47]
(2015-2019) (tabular analysis, charts)
Scenario analysis
( Iﬁ?ggm) [x] Basic statistical descriptive [39]
. (table and graph analysis)
28 EU countries :
(2010-2018) [x] DEA (data envelopment analysis) [48]
. Ranking methods
28(]255 ; ozuor;tgr)les [x] Multicriteria decision making [53]
’ (MULTIMOORA method)
‘New’ EU member states
(10 countries) [x] Cluster analysis (Ward method) [33]
(2010, 2015, 2019)
EU countries Cluster analysis (Ward method) [34]

(2019)

i Analysis of variance (ANOVA)

Source: Authors” own research.

3. Materials and Methods

Well-known and commonly applied linear ordering methods for evaluating multi-
feature objects were used in order to compile a ranking of the EU countries with regard
to the consumption of energy from conventional fossil-based sources and novel methods
of generating the so-called green (environment- and climate-friendly) energy. The anal-
yses relied on the TOPSIS method (technique for order preference by similarity to ideal
solution) [54], which implemented the generalized distance measure (GDM) [55,56].

The method assumes the known input diagnostic variable matrix Xiji=1,...,m;
j =1,...,n, where n—the number of the diagnostic variables characterising the investi-
gated objects, m—the number of the ranked (ordered) objects (EU countries) and a set
weight vector for the diagnostic variables w; € (0,1); Z?:l w; = n. Our calculations applied
identical weights to each diagnostic variable w; = 1.

The algorithm ranking the EU member states by the type of the energy sources used
in generating power includes the following steps:
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1. Itis expected that all diagnostic variables X; will be treated as stimulants or destim-
ulants. Features characterised as nominants will be converted to the corresponding
stimulant values by the following transformation:

min{nomj; Xf}f}
Xl']' =

@

max{nomj; XII;’} '
where: XYY—the value of the j-th nominant observed for the j-th object, nom j—the
nominal value of the j-th variable.

2. A normalised data matrix is created by means of the standardisation procedure
according to the formula:

Zij = -, )

where: X;—the mean value of the j-th primary variable, whereas S;—the standard
deviation of the j-th variable.

3. Coordinates for the pattern vector a™ (ideal solution) for the optimum values of the
diagnostic variables and the anti-pattern vector 2~ (anti-ideal solution) for the worst
values of the diagnostic variables are determined according to the formulas:

i) (minzich)p.  ©

a = (af,a;,. . .,Iln):z{ (l_niuan” j€ Is>, (l_nilaXle] jE ]D) }, (4)

where: Js—set of stimulants, while [p—set of destimulants.
4. Calculation of the distance and the i-th object from the pattern GDM;" and the anti-
pattern GDM;". The calculations used the GDM (generalized distance measure):

(ot o+ o .
at = (al,az,...,un)._{ <i_rr11ameU

GOy = % B Yt ) (Zij - ”f) (”f - Zij) + o X i, wj(Zij — Zij) (”f - le)

, ©)

[SE

2 2
2 {27:1 Yt w;j (Z,’j - le) ~Zj’.‘:1 Y wj (a;“ — Z]j) }

cou: =1 - T (2 =) (o =) + B Sl =20 (0 = 2)

1
9 _ 2
2 |:Z;‘1:1 YL wj(Z,'j - sz) .Z]Y'ZI YL, w; <aj — Z1j> }

NI

where: i —pattern object index (number), whereas i_—anti-pattern object index (number).

5. An aggregate measure (ranking index) corresponding to the degree of similarity of
the investigated objects to the ideal solution, is determined according to the formula:
GDM;”

TOPSIS (GDM)R; = - -,
GDM; + GDM,;

@)

Fori=1,...,m; where: 0 < R; < 1.

6.  The objects are placed in a decreasing order depending on the value of measure R;
and the final ranking is generated for the objects (European Union countries). The
greater the values of the calculated synthetic index for the country, the higher the
country’s position in the ranking.

In addition, the analysis made use of an agglomerative clustering—Ward’s method—which
employs the analysis of variance approach in its procedures [57]. It seeks to minimize the sums
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of the squared deviations in any pair of clusters which may be formed at any test stag and
is one of the most effective clustering methods. The sequence of steps in Ward’s method
resembles other agglomerative approaches. Significant differences occur in the parameters
used in the formula. The sequence is as follows: first, a matrix of taxonomic distances of
the dimensions n x n is created, containing the distance between each pair of objects. The
matrix is symmetrical in relation to the core diagonal, which is composed of zeros only.
Next, the procedure involves searching for pairs of objects (and then clusters) for which

“u_ 1 “_n

the mutual distance is the shortest. The objects are labelled “p” and “q”, with p < q. Then,

“_ 1 " _rr

p” and “q” are combined into a single cluster, which occupies the position labelled with
number “p”. At the same time, object “q” (cluster) is removed, and the numbers of clusters
higher than the “q” object are incremented by one. In this way, the dimension of the matrix
is decreased by 1. Next, the distance of the new cluster to each remaining one is calculated
according to the formula:

Dpr = al'dpr + a2'dqr + bdpq, (8)
where: D,,—distance from the new cluster to cluster “r”, d,—distance of original cluster
“p” to cluster “r”, dy—distance to original cluster “q” from cluster “r”, dy;—relative
distance between the original clusters “p” and “q”, a;, a, b—parameters calculated in
Ward’s method by formulas:

“"_ 17
T

ny+n ng+n —n
ap = P : , A = d ’ 7 b= d . (9)
np +ng+ny np +ng+ny np +ng+ny

np,ng, n—means the quantity of single objects in each group.

The group means method was used to describe the newly formed clusters. An analysis
of the group means was performed for the resulting clusters, with the aim of obtaining
indicators (diagnostic features) dominant in a given group. For the numerical data matrix,
the overall arithmetic means of indicators (without grouping) were calculated and labelled
by W;. Next, the group arithmetic means of the indicators in resulting clusters were
calculated and labelled as w;. The structural index of each cluster is the quotient %‘1 High

values of the structural index of the means offer information about the dominance of a
specific feature in the resulting group. If the mean level of a phenomenon in the group
is identical to its mean level across the entire population of objects, then the quotient of
means equals 1 (or 100%). Values in excess of 1 (>100%) demonstrate that the mean level
of the factor in the group is significantly above its overall mean, while values lower than
1 (<100%) indicate that the mean level of the factor is lower in the investigated group,
comparatively to the entire analysed population.

4. Results

An analysis was performed based on the selected indicators, allowing us to create two
rankings pertaining to the use of fossil fuels and renewables.

4.1. Data Characteristics

The taxonomic analyses relied on information from the databases kept by Eurostat—the
European Statistical Office. The statistical data processed in the study were related to the
generation, use, and consumption of energy from various sources (traditional fossil fuels
and green renewables), resource levels, as well as the consumption of various types of fuel
for power generation purposes in the process of electricity production. The analyses were
performed for 2019 (latest available Eurostat data at the time of drafting this article).

Original statistical data retrieved mainly from the Eurostat database (https://ec.
europa.eu/eurostat/web/energy/data/database (accessed on 9 July 2022)) were used in
the statistical analyses.

Certain data in the statistical-taxonomic analyses were pre-processed on the basis of
the original data values and expressed as intensity indicators for the primary diagnostic
variables, representing their values converted per 1 million inhabitants of a given country.


https://ec.europa.eu/eurostat/web/energy/data/database
https://ec.europa.eu/eurostat/web/energy/data/database

Energies 2022, 15, 7369

13 of 23

A total of 15 indicators characterising the use of fossil fuels and renewables in 28 EU
countries, in 2019, were selected for the purpose of this study. The indicators selected for
further analysis were labelled (X; to Xj5), with the following meaning and interpretation:

X1—Stock levels for oil products (fuel oil) [thousand tonnes] /1 [million inhabitants] [58,59];

Xp—Share of fossil fuels in gross available energy [%] [60];

Xs—Final consumption—energy use (hard coal) [thousand tonnes]/1 [million inhabi-
tants] [59,61];

X4—Gross electricity production (fossil fuels) [thousand tonnes of oil equivalent]/1
[million inhabitants] [59,62];

Xs5—Stock levels for natural gas [million cubic meters]/1 [million inhabitants] [59,63];

X¢—Share of fuels in final energy consumption—energy use (natural gas) [%] [64];

Xy—Gross electricity production (natural gas) [thousand tonnes of oil equivalent]/1
[million inhabitants] [59,62];

Xg—Energy available for final consumption (oil and petroleum products excluding
biofuels) [thousand tonnes of oil equivalent]/1 [million inhabitants] [59,65];

Xo9—Solar thermal collector surface [square meters]/1 [million inhabitants] [59,66];

X10—Share of fuels in final energy consumption—energy use (renewables and biofuels)
[%] [64];

Xj1—Liquid biofuels production capacities (pure biodiesels) [thousand tonnes per
year]/1 [million inhabitants] [59,67];

Xip—Electricity production capacities for renewables and wastes (hydro) [megawatt]/1
[million inhabitants] [59,68];

Xi13—Total energy supply (geothermal) [thousand tonnes of oil equivalent]/1 [million
inhabitants] [59,69];

X14—Total energy supply (wind) [thousand tonnes of oil equivalent]/1 [million inhab-
itants] [59,69];

X15—Total energy supply (solar—photovoltaic) [thousand tonnes of oil equivalent]/1
[million inhabitants] [59,69].

Table 4 lists the indicators analysed in the study and their basic descriptive statistics.

Table 4. Descriptive statistics of selected variables.

Variable Mean Min Max o V, S
Variables used in the country ranking for the development of a fossil fuel-based energy industry.
Xq 35.5 0 152.8 394 110.9 1.3
Xs 72.3 31.8 96.7 14.7 20.3 —0.8
X3 45.6 0 400.5 75.1 164.7 4.2
Xy 62.5 0 301.4 85.9 137.5 1.7
X5 184.1 0 959.3 260.4 141.5 1.7
Xe 16.4 0 37.3 10.2 62.3 0.2
Xz 100.5 0 350.7 96.5 96.0 1.2
Xs 1025.1 475.8 3825.2 611.4 59.6 3.8
Variables used in the country ranking for the development of a green renewable energy industry.
X9 146.6 0 1237.7 253.5 172.9 34
X10 12.5 4.3 27.4 6.4 50.8 0.9
X11 39.2 0 122.9 35.9 914 0.7
X12 449.1 0 2167.3 542.3 120.8 1.9
X13 6.4 0 90.2 17.2 267.7 4.6
Xia 61.6 0 239.2 59.5 96.7 14
Xis 15.8 0.1 48.0 12.5 79.2 0.8

o—standard deviation, V,—coefficient of variation, S—skewness. Source: Authors’ own research.

The table splits the data into two categories: the features which were used to rank
the countries by the use of fossil fuel energy sources (X;—Xg), and the features which were
applied to rank the countries by the use of renewables (X9—Xi5). Meanwhile, the full set of
indicators (X1—X15) was used for the classification by means of Ward’s method.
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All indicators selected for the purpose of the present study are highly variable, as demon-
strated by the standard deviation and the coefficient of variation. The highest variability across
countries was reported for three indicators: X;3—Total energy supply (geothermal), Xo—Solar
thermal collector surface, and X3—Final consumption—energy use (hard coal).

The coefficient of variation for X;3 was 267.7%. As many as eight countries (Estonia, Ireland,
Latvia, Lithuania, Luxembourg, Malta, Finland, and Sweden) lack any supply of geothermal
energy. In contrast, in Italy, the index reaches the highest value of 90.2 [thousand tonnes of oil
equivalent] per 1 [million people].

The use of solar collectors 7 (variable Xo) also reveals major differences across the EU,
with a coefficient of variation of 172.9%. In Estonia, Lithuania, and Slovakia, the index has
a value of 0. In contrast, it is the highest for Cyprus—specifically 1237.7 [square meters]
per 1 [million inhabitants].

In the fossil fuel group, index X3 is characterised by the highest variability, as its
coefficient of variation equals 164.7%. The lowest value (0) of the index is reported for Malta,
and the highest is in Poland, namely 400.5 [thousand tonnes] per 1 [million inhabitants].

All indicators except for one reveal a right-hand skewness, i.e., for most countries the
values of the indicators are below the mean level for the specific feature. The only index which
stands out in this respect is: X,—Share of fossil fuels in gross available energy. It displays a
left-hand skewness, which means that in most of the countries analysed in this study, the share
of fossil fuels in gross available energy is higher than the calculated mean value.

4.2. EU Countries” Rankings Depending on the Energy Sources Used

Two rankings were compiled (Figure 4) on the basis of the variables investigated in
this study: one with regard to the use of fossil fuels and another with regard to the use
of renewables. The results reveal that the consumption of fossil fuels and renewables
is strongly varied across the analysed member states. Poland proves to be the most
controversial case, with the second position in the fossil fuel ranking and the last position
in the renewable sources ranking.

Netherlands m 1 Austria m 1
Poland mm 2 Sweden W 2
Belgium mmm 3 Greece mm 3
Germany mmmm 4 Portugal mmm 4
Czechia wmmmm 5 Finland mm 5
Italy = 6 Germany WS 6
Austria ——— 7 Italy M 7
Malta me——— 8 Latvia M 8
Ireland E—— 9 Netherlands m——— 9
Hungary = 10 Spain N 10
Luxembourg m——— 11 Denmark mmmm————— 11
United Kingdom me—— 12 Cyprus s 12
Slovakia m————— 13 Luxembourg Immm—— 13

Cyprus
Greece

EEEe——— 14
I 15

Belgium
Lithuania

I 14
I 15

Denmark mEEEE———— 16 Bulgaria IS 16
Spain I 17 Malta I 17

Bulgaria mEE———— 18 Czechia IES—— 18

Romania meee—— 19 Ireland EE———— 19

Portugal EEEEE———————— 20 Croatia I 20

Slovenia 21 France I 21
Croatia 22 Romania I——— 22
Estonia 23 Slovenia IS 23

Lithuania 24 Estonia S——— 24
France 25 United Kingdom I 25
Latvia 26 Slovakia I 26
Finland 27 Hungary . 27
Swed: 28 Poland IS 28

0 5 10 15 20 25 30

Ranking position

(a)

0 5 10 15 20 25 30
Ranking position

(b)

Figure 4. EU countries’ ranking in terms of: (a) fossil fuels; (b) renewables. Source: authors” own research.
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The best situation is observed for countries with an optimal mixed approach to the
use of conventional fossil fuels and green renewables.

The largest share in the consumption of fossil fuels is observed for the Netherlands (1st
position), Poland (2nd position), and Belgium (3rd position). In contrast, the smallest share
of fossil fuels is reported for Lithuania (26th position), Finland (27th position), and Sweden
(28th position). As for the renewable energy sources, Austria leads the ranking (1st position),
followed by Sweden (2nd position), and Greece (3rd position). At the bottom of the ranking
are Slovakia (26th position), Hungary (27th position), and Poland (28th position).

4.3. Analysis of the Similarities in Obtaining Energy from Various Sources in EU Countries with
the Use of Cluster Analysis Methods

Based on features selected for the purpose of this study, the countries were grouped
according to their use of both fossil and renewable fuels in order to facilitate the ranking
analysis. The study made use of the taxonomic grouping method (Ward’s method), which
enabled a more detailed analysis of the country groups identified, thus characterising them
in terms of the utilisation of various energy sources. Based on the scree plot (Figure 5a),
a decision was made to split the Ward’s diagram at the linkage distance of 8.4, as at that
point on the scree plot, a marked surge in the linkage distance is clearly visible. There is
also a significant value on level 4 of the linkage distance, although a split at that length
would generate too many clusters (multiple single-element clusters), and as such would
prove far from helpful in drawing conclusions. For this reason, a split into five clusters
was preferred.

Plot of linkage distance vs bonding steps WARD Dendrogram

{Euclidean distance)
Greece

Germany

Malta
Netherlands

14 + United Kingdom
Belgium

Ireland
Denmark
127 Cyprus
| Slovakia
Hungary
10+ 1 Austria
taly

B Spain
Latvia
B r Lithuania
France
| Romania
al Croatia
Estonia
| Slovenia
2 Czechia

o T T T T T T T 1
14 12 10 8 6 4 2 0

Linkage distance

. - cluster "a" . - cluster "b" l:l - cluster "c" . - cluster "d" [l - cluster "e"
(b)

Figure 5. Results of the cluster analysis using Ward’s method: (a) scree plot; (b) dendrogram—Ward’s
method (Euclidean distance). Source: Authors’ own research.

The first cluster, labelled “a”, included nine countries: Belgium, United Kingdom,
Ireland, Denmark, Germany, Greece, Malta, the Netherlands, and Cyprus. These countries
had relatively solid positions in the rankings due to the use of renewables but ranked
highly also in terms of their use of fossil fuels. A conclusion which can be drawn from
the analysis of the quotient of the group mean indicators (Figure 6) is that the cluster is
characterized by high values for X;—Stock levels for oil products (fuel oil) and X;—Gross
electricity production (natural gas), as well as elevated use of thermal energy, with the
more-than-average values of index Xo—Solar thermal collector surface. The solar energy
indicator Xj5 also reaches above-average values (the highest of all clusters). The same
holds true for the wind energy index, although not to such a considerable extent as in the
countries from cluster “e”.
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Labelled “b”, the second cluster groups together four countries, namely Austria,
Hungary, Slovakia, and Italy. Austria and Italy rank high in terms of the exploitation
of both fossil and renewable energy sources, whereas Hungary and Slovakia also have
high positions in fossil fuels, yet also extremely low positions with regard to the use of
renewables. An analysis of the quotient of the group mean indicators indicates that the use
of geothermal energy reaches radically elevated levels (above-average values of indicator
Xi3). Remarkably high values are also reached by indicators X5 and Xg, which correspond
to energy production from natural gas. What is more, the countries in the cluster also show
a considerable consumption of solar (photovoltaic) and water power (hydropower), as
demonstrated by the above-average mean quotients for the diagnostic variables Xg, Xis,
and X12-

The third cluster, named “c”, included two countries: Luxembourg and Poland. This
pair appears quite peculiar, although this study is concerned with the use of energy
sources rather than economic development. Consequently, the fact that the two coun-
tries were placed in the same cluster should be seen as perfectly natural. Indicator X3,
Final consumption—energy use (hard coal), has definitely the highest quotient of means
in the group. The feature corresponds to the consumption of energy from fossil fuels,
particularly hard coal. High values of the quotient of means were also found for indicators
such as: X4—Gross electricity production (fossil fuels) and Xg—Energy available for final
consumption (oil and petroleum products excluding biofuels).

The fourth cluster, coded “d”, contains the largest number of objects (11 countries),
namely Bulgaria, Slovenia, the Czech Republic, Croatia, Romania, Estonia, France, Lithua-
nia, Latvia, Portugal, and Spain. These are mostly countries which ranked last in terms of
the use of renewables or non-renewables. The Czech Republic is the only member state
with a high (5th) position in the fossil fuel ranking in this group, while Portugal and Latvia
perform quite well in terms of the exploitation of renewable energy sources. Although
they are countries with an average consumption of both types of sources, they generate a
considerable portion of energy from fossil fuels.

The last cluster, labelled “e”, consists of two countries: Sweden and Finland. They
have high (2nd and 5th) positions in the renewables ranking. In addition, they are at the
bottom of the list of countries which use fossil fuels (27th and 28th position). However,
the group mean quotient analysis reveals that these countries are characterised by an
above-average level of indicators corresponding to the use of renewables. Specifically,
variables with a remarkably high share include Xj,—Electricity production capacities for
renewables and wastes (hydro), X;4,—Total energy supply (wind) and X;p—Share of fuels
in final energy consumption—energy use (renewables and biofuels), as well as X;;—Liquid
biofuels production capacities (pure biodiesels).

Figure 7 presents countries plotted at coordinates corresponding to the computed
ranking positions and divided into four groups. The EU countries may be categorised as:
(1) countries with a very high position in both energy sources rankings, (2) those with the
lowest position in both rankings, (3) and (4) those with only one well-developed area of
power industry, i.e., relying either on fossil fuels or renewables.

From Figure 7, we may conclude that the countries which occupy the top positions in
both rankings include the Netherlands, Germany, Austria, and Italy. They are leaders in
both areas, with high fossil fuels” and renewables’ consumption levels. Countries at the
bottom of both rankings include France, Estonia, Slovenia, and Croatia.
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Figure 6. Percentage share of the group means comparatively to the overall mean for the selected
diagnostic variables in the clusters obtained by Ward’s method. Source: Authors” own research.
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5. Discussion

With global energy demand on a constant increase, ensuring current production levels
and creating favourable conditions for future economic growth means that energy must
be easily available and inexpensive, and the supply system must be resistant to various
disruptions. Power outages may lead to substantial financial losses and wreak havoc in
its functioning. Equally important are the energy availability and the ability to purchase
it at reasonable and acceptable prices. Energy security, understood as guaranteed energy
supply, is usually defined in terms of the energy system’s resistance to exceptional and
unpredictable events which may threaten the physical integrity of energy flow or cause
an uncontrollable price surge, regardless of its economic rationale [70]. Energy security
ensures that consumers’ current and future demands for fuels and energy are met in a
technically and economically justified way, with a minimum negative effect of the energy
sector, on the environment and living conditions.

The predicted increase in the demand for energy necessitates its supply from multiple
sources. A diversified energy mix guarantees security for the energy system thanks to its
elasticity in meeting the requirements of a given country. Most renewable energy sources
are intermittent [71], which opens spatial and temporal gaps between their availability and
consumption by end users. To tackle this issue, the employment of large-scale energy stor-
age systems may greatly improve the utilisation rate and stability of the use of renewable
energy. The pumped hydro energy storage technology, for example, can quickly balance
the load and adjust the frequency to meet the requirements of the power system [72], as
well as the redox flow batteries being a representative of electrochemical energy storage
technique [73].

Energy supply security depends on many factors, amongst which, several key deter-
minants can be highlighted:

e  diversity (diversification) of capabilities—sustainable and well-balanced energy pro-
duction systems including various power generation technologies, together with
suitable production capabilities help to make maximum use of advantages offered by
a specific technology;

e interchangeability of fuels—diversity in the consumption of fuels may be a crucial
factor to enhancing energy security. Conversion of fuels such as coal into gas, gas into
liquid fuel, and coal gasification facilitate meeting the demand even if conventional
fuel supplies are disrupted;

e  political threats—the energy supply system may be exposed to threats and disorgani-
sation due to various, often conflicting political interests of different countries, or due
to terrorist attacks

The invasion of Ukraine forced the European countries to look for immediate responses
involving the replacement of raw materials which had been imported from the East barely
some months before. At present, Europe is amidst the decarbonization process with gas as
a transition fuel—ironically, a fuel imported from Russia.

There are many signs that a domestic mining industry and access to coal deposits will
remain a diversifying factor relevant for the energy security. From the power industry’s
standpoint, an ideal solution would be to rely on many diverse sources to enhance security
and guarantee a continuous energy supply—a sine qua non of the existence and constant
growth of a modern society.

The analysis performed in this article demonstrated that EU countries use conventional
and renewable sources to a varying degrees. The choice of the strategy depends on the
state’s resources, geographical and climate factors, sea access, sunlight, wind intensity, and
the presence of fossil fuel deposits.

The research results presented in the article, despite being obtained only for the
15 indicators (determinants of energy use based fossil and renewable sources) selected for
the study are comparable with the findings of other publications dealing with renewable
energy sources’ development in EU countries. However, a full comparison with such
findings is not possible due to the use of various sets of diagnostic indicators and different
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research methods by the authors. It is worthy of note that much of the aforementioned
studies dealt with the use of renewable energy only, while a few others dealt with energy
use from both energy sources (fossil and renewable). Our study covers both approaches
and also indicates which approaches are dominant in a given EU country.

Similar synthetic measures confirming the more favourable situation in terms of
renewable sources based (solar, wind, hydro, and bio) electricity production in the rich old
EU members, while highlighting problems with the greening of electricity production in
the large group of new EU member states were presented in article [26]. The observations
contained in the article corroborate our findings, rankings in development of renewable
energy development in highly developed old EU countries, including Austria, Sweden,
Finland, Portugal, and Germany and also the relatively poorer use of renewable sources
based energy in poorer Eastern European countries despite observable changes.

In [20], the authors showed an elaborate variety of sources from which renewable
energy is obtained in some EU countries. This is attributable to their geographical locations,
financial capabilities, traditions, as well as economic potentials and social awareness.
Consequently, there are great opportunities for cooperation and exchange of experience in
this area between individual countries, which should result in a more comprehensive and
effective use of countries’ individual renewable energy sources.

Similarly, in [23] the results of the author’s study showed that EU countries are
characterized by significant differences in the development of renewable energy sources, in
2018. The unquestionable leaders in this respect are Sweden, Austria, Finland, and Latvia,
which is also confirmed by study findings.

A group of member states, including Germany, Italy, Austria, and the Netherlands,
have a highly diversified strategy for their power industry, as they take advantage of
both conventional and renewable energy sources. Greece, Portugal, Finland, and Sweden
currently rely mostly on renewables, while the power industries of Poland, Belgium, the
Czech Republic, and Malta, are based largely around fossil fuels. Countries with the lowest
level of energy security make limited use of both types of energy sources, and these include
Estonia, France, Slovenia, and Croatia.

The European Union has, for long, been applying strategies and actions, aimed at
motivating member states to increase their share in obtaining renewable sources based
energy. Such strategies and actions by the EU have already brought tangible effects,
currently visible even in countries such as Poland that traditionally base their energy
industry on fossil sources. The data analysis, presented in Figures 1 and 2 in the introduction
section, provides such a conclusion.

However, these measures seem insufficient in the context of the observed climate
changes. Therefore, the EU ought to further stimulate more intense country involvement in
renewable energy sources development through actions such as:

financing development investments in wind, solar, hydro, geothermal, and bio-energy,
applying tax breaks for companies in the renewable energy sector,
introducing higher restrictions on the required share of renewable energy in the total
value of energy obtained,

e increasing country and energy consumers’ awareness that renewable energy is an
unavoidable and important source of energy.

Taking cognizance of the fact that obtaining renewable energy at similar levels due
to factors earlier mentioned and the previously signalled discontinuities in the renewable
energy sources supply is impossible in all countries, the European Union should also
reinforce support for initiatives in co-financing investments in ecological energy production
from fossil sources. Basing a country’s energy sector solely on one pillar, such as renewable
energy, or on any other source, such as gas, is very risky and adversely affects the country’s
energy stability as has recently been confirmed by the current war in Ukraine.
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6. Conclusions

The analyses were based on quantitative indicators, describing energy derived from
both fossil and renewable sources, which is rarely undertaken in previous similar studies,
where predominant analytical approaches were solely based on the developments in
countries’ green energy sector and the use of energy from renewable sources.

Our study used methods of multivariate comparative analysis, such as Ward’s cluster analysis
method and the ranking method based on the synthetic measure of the TOPSIS development.

The findings of this study corroborate our research hypotheses formulated at the
beginning, namely that EU countries display a tendency to foster sustainable development
of their energy systems based on two pillars (both energy from conventional fossil fuels,
and green renewable energy sources). Such countries include Austria, Germany, Italy, and
the Netherlands. On the other hand, there is a group of member states which continue to
produce energy predominately from conventional fossil sources (Poland and the Czech
Republic), as well as a group of those which exclusively support the growth of their power
industry based on renewables, such as Finland and Sweden.

The research was carried out relying on statistical data from 2019. Hence, it is planned
that future long-term (2022-2030) studies should be undertaken in order to compare future
results with current findings.

Given the present uncertainties in terms of energy supply, emphasis must be put on
the diversification of energy sources to ensure the highest possible level of energy security,
a guarantor of further socio-economic development.

The conclusions drawn from this study can serve as recommendations for decision
makers in developing energy strategies and can help identify countries which require
assistance in choosing appropriate development paths in terms of their energy strategy.

The research on the use of hydrogen as a clean energy source seems hopeful in
the pursuit for improving EU countries” energy balance. In terms of accelerating the
development of renewable energy, the EU hopes to achieve its goal by producing 10 million
tons of green hydrogen, while importing another 10 million tons by 2030. The current
energy prices in Europe are relatively high globally, and the use of renewable energy will
further increase the cost of green hydrogen production in Europe, although large-scale
long-distance transportation technology of hydrogen is yet to mature.

In addition, European Commission decision makers have proposed to double the
solar PV capacity by 2025 and install 600 GW by 2030. In order to support the solar energy
industry in Europe and retain and regain its technological and industrial leading position
in the field of solar energy, the European Union has decided to set up the “EU Solar
Energy Industry Alliance”, hoping that in the process of energy transformation, European
enterprises can assail their desired market position.
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