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Abstract: In this paper, a cluster analysis was conducted to group the European Union
member states according to energy, environmental and economic indicators for 2023.
The selected variables are GDP per capita, the share of renewable energy sources in
total energy consumption and CO: emissions per capita. The aim of cluster analysis
is to group the European Union member states based on economic, energy and envi-
ronmental indicators in order to identify their mutual similarities and differences. The
analysis begins with a hierarchical clustering method using the Ward method with
squared Euclidean distance. The dendrogram indicated several potential solutions,
and particular attention was paid to solutions with three and five clusters. The ob-
served clusters reflect differences in the level of development and approach to energy
policy. Countries with higher levels of economic development are characterized by a
lower degree of sustainability due to a lower share of renewable energy sources and
high greenhouse gas emissions. Conversely, less developed countries achieve better
results according to environmental sustainability indicators, but at the same time have
limited economic growth potential. To confirm the stability of the clusters, the K-means
method, i.e. a non-hierarchical method, was also applied, which further refined the
grouping. The results of the discriminant analysis showed high classification accuracy,
confirming the reliability of the model. In conclusion, the cluster analysis provided a
deeper insight into energy and environmental patterns within the EU, highlighting the
need for harmonization of sustainable policies among members with different levels
of economic development. The results obtained can serve as a basis for designing tar-
geted and differentiated policies within the EU that take into account the specificities
of each group of countries, with a particularly important balance between economic
growth and environmental sustainability.

Keywords: European Union, GDP per capita, renewable energy sources, CO: emis-
sions, cluster analysis
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INTRODUCTION

In the context of current global trends, assessing the sustainability of countries
represents a key challenge in achieving sustainable development goals . Economic
and environmental indicators are increasingly taking center stage in analyses of sus-
tainable development within the European Union. In the context of global challenges
related to climate change and energy transition, differences between member states in
terms of economic development, use of renewable energy sources and greenhouse gas
emissions are becoming increasingly pronounced. According to an analysis by , 51%
of EU regions show increased economic prosperity thanks to the transition to renew-
able energy sources, with less developed regions being particularly represented in this
group. Although some Central and Eastern European countries had a GDP per capita of
only about half the EU average in 2004 ; , data from 2023 show visible progress. For
example, Bulgaria, which still has the lowest level, reaches 64% of the EU average .
According to greenhouse gas emissions in the EU decreased by 19% in the period from
2013 to 2023, but there are large differences between EU member states. While Esto-
nia, Ireland, and Slovenia have achieved reductions in the intensity of CO2 emissions
by more than 40%, other countries have recorded much smaller improvements. This
further confirms the unevenness of environmental and economic effects within the EU.
The results of the research by indicate diversity among the new EU member states re-
garding the structure of renewable energy production, which is related to their specific
demographic and economic potential. The authors also emphasize the existence of a
significant development gap in relation to the old EU members, which is visible in the
significant deviations of GDP per capita. Therefore, this further confirms the need to
analyze groups of countries with comparable development characteristics. GDP per
capita, the share of renewable sources in total energy consumption, and CO2 emissions
per capita are key variables that provide insight into the interrelationships between
economic growth, energy policy, and environmental impact. Given the heterogeneity
of the European Union member states in the above aspects, cluster analysis is increas-
ingly used as an effective tool for segmenting countries into groups with similar char-
acteristics in order to enable a better understanding of existing sustainability patterns
and the design of targeted policies . Such analysis allows the identification of groups
of countries that have comparable energy and environmental characteristics and can
serve as a basis for the adoption of differentiated and targeted policies at the European
Union level. The aim of the research is to identify groups of EU member states that
share similar levels of economic development and sustainability in order to determine
patterns in energy efficiency and ecological footprint and to enable a better understand-
ing of differences and similarities between EU countries in the context of common
sustainable development goals. The specific objectives of the research are as follows:

* To determine whether there are groups of countries that share similar eco-

nomic and environmental characteristics.
* To analyze which variable contributes most to the formation of clusters.
» To compare the resulting clusters and interpret them in the context of energy
policy and sustainability in the EU.
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* To provide suggestions for improving policies and research approaches
based on the identified groups of countries.

RESEARCH METHODOLOGY

This paper used a quantitative research approach with the aim of grouping the
European Union member states according to economic, energy, and environmental
indicators. Official statistical data taken from the Eurostat database were used. These
are secondary data sources that are reliable and verified. The sample includes all 27
European Union member states, ensuring complete coverage of the population and
representativeness of the results. In order to enable comparability between the vari-
ables in the analysis, the data were standardized. The methodological framework of
the research includes the application of hierarchical and non-hierarchical cluster anal-
ysis. Before conducting the cluster analysis, the correlation between the variables was
examined to determine whether there was multiple collinearity that could negatively
affect the reliability and interpretation of the analysis results. If the VIF value is in the
range between 1 and 5, this indicates a moderate correlation between the variables .
Since all VIF values in this study are below the threshold value (VIF < 5), it can be
concluded that there is no significant multicollinearity between the variables, thus en-
suring the reliability of the cluster analysis results. After carrying out the cluster anal-
ysis, discrimination analysis was also used to determine the reliability and accuracy of
the classification of countries into clusters. Data processing was carried out with the
help of Statistica statistical software.

HIERARHICAL CLUSTER ANALYSIS

Cluster analysis encompasses a range of multivariate methods aimed at group-
ing objects into groups based on their shared characteristics . The two basic methods of
cluster analysis are hierarchical and non-hierarchical analysis . Hierarchical clustering,
also known as hierarchical cluster analysis, is a statistical clustering method that aims
to create a hierarchy of clusters . According to , various linkage methods are applied
in hierarchical cluster analysis, including the single linkage method, complete linkage
method, average linkage method, Ward’s method and centroid method. The result of
hierarchical cluster analysis is usually presented as a dendrogram . A dendrogram is
a graphic representation of the gradual joining of objects into clusters, where the dis-
tances between them are read on the horizontal axis, while individual observations
are shown on the vertical axis . Furthermore, different methods of hierarchical clus-
ter analysis were performed with the application of different distance measures. The
clearest cluster structure is given by the application of Ward’s method with the squared
Euclidean distance. The dendrogram shown in Figure 1 shows the separation of five
clusters, which confirms the choice of that solution as the most suitable for further
interpretation.
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Figure 1. Dendrogram cluster analysis for 27 EU member states

Source: authors'work, result of processing in Statistica

At the initial levels of hierarchical clustering, i.e. below level 3, the expect-
ed similarities between EU member states are observed, as shown in Figure 2 be-
low. For example, Hungary and Slovakia merge in one of the first iterations (distance
0.0088559), indicating a high degree of similarity in development and environmental
factors. This early consolidation is likely a result of their similar economic structure,
energy policies and level of adaptation to sustainable standards. Malta joins this cluster
later (distance 0.8076450), which may indicate specific common patterns in individual
indicators, despite the geographical distance. A similar pattern is visible in Spain and
Slovenia, which form an early cluster at a low distance (0.0429791). Later, France
and Italy gradually join them at a distance of 0.5145351 and Hungary at a distance
of 1.250602, thus forming a group of countries with similar development indicators
and energy priorities. Belgium and the Netherlands cluster early (distance 0.1828188),
indicating a high degree of concordance in terms of economic development and en-
vironmental policies. Later, Germany joins them (distance 0.4013445), thus forming
a cluster of highly developed economies with an active approach to reducing CO:
emissions and increasing the share of renewable energy sources. At intermediate lev-
els of distance (approximately between 3 and 10), larger and more complex groups of
countries begin to form, and clustering patterns become increasingly diverse. The Den-
mark-Austria-Finland cluster is joined by Estonia and Latvia at a distance of 3.937898.
Furthermore, Lithuania and Portugal join the Bulgaria—Greece—Croatia cluster at in-
termediate levels of convergence at a distance of 3.652641, which indicates their high
similarity in economic and environmental indicators. The cluster consisting of Bel-
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gium-Netherlands-Germany extends to the Czech Republic and Cyprus at a distance of
3.438881. This group of countries shares comparable levels of CO: emissions, indicat-
ing a similar degree of environmental burden. At the highest levels of distance (above
10), the already formed clusters finally merge into a single set of all countries. At these
levels of distance, previously defined clusters such as Belgium-Netherlands-Germa-
ny-Czech Republic-Cyprus and Denmark-Austria-Finland-Estonia-Latvia merge.

Amalgamation Schedule

Ward s method

Squared Euclidean distances
linkage Clbj.1Nn. ij.ENn. ij.SNn. ij.4Nn. ijENn.
distance
0088559 Hungary Slovakiz
0429791 Spain Sloveniz
0781959 Czechia Cyprus
08a7239 Lithuaniz Partugal
1478279 France [taly
1828188 Belgiumn Metherlands
2243782 Bulgaria Greece
2218806 Bulgaria Greece Croatiz
3454772 Czechia Cyprus Poland
4013445 Belgium Metherlands Germany
5145351 Spain Sloveniz France [taly
5841753 Estoniz Latvia
8076450 Hungary Slovakiz Malta
8332978 Austria Finland
1,091508 Ireland Luxembourg
1,206819 Lithuaniz FPaortugal Romani:
1,250602 Spain Sloveniz France [taly Hungary
1,665941 Denmark Austria Finland
2150418 Bulgaria Greece Croatiz Lithuaniz Portugal
34388381 Belgium Metherlands Germany Czechia Cyprus
3652641 Bulgaria Greece Croatiz Lithuaniz Portugal
3837398 Denmark Austria Finland Estoniz Latvia
1918329 Denmark Austria Finland Estoniz Latvia
22 T6E50 Belgiumn Metherlands Germany Czechia Cyprus
39 92009 Belgiumn Metherlands Germany Czechia Cyprus
51,14328 Belgium Metherlands Germany Czechia Cyprus

Figure 2. Initial cluster merging iterations

Source: authors’' work, result of processing in Statistica
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NON-HIERARCHICAL CLUSTER ANALYSIS

Unlike hierarchical methods, non-hierarchical cluster analysis methods require
that the number of clusters be defined in advance . Among the most commonly used
non-hierarchical methods, the K-means method stands out, which is often applied after
hierarchical analysis to confirm the cluster structure and reduce the impact of possible
errors in the initial classification

SOLUTION ANALYSIS WITH THREE CLUSTERS

Using non-hierarchical cluster analysis with three clusters, an analysis of vari-
ance was conducted, the results of which are shown in Figure 3. The obtained F-values
show to what extent each of the variables contributes to the formation of differences
between the formed clusters. The results of the analysis of variance show that the share
of renewable energy sources is the variable that contributes the most to the differenti-
ation between clusters, with the highest F-value (F=41.4), which makes this variable a
key factor in the clustering process. This is followed by CO: emissions with an F-value
of 12.2, which also indicates a significant role in the differentiation between clusters,
although it is less pronounced than for renewable energy sources. In contrast, GDP per
capita shows the lowest F-value (F=8.6), which suggests that economic differences be-
tween clusters are not as pronounced as environmental ones. In other words, the share
of renewable energy sources and CO- emissions played a crucial role in the formation
of clusters, while the role of GDP was secondary. The results obtained from the non-hi-
erarchical analysis confirm the patterns observed with the hierarchical method but also
more clearly delimit them into three groups. The first group consists of countries with
the highest GDP per capita, the lowest shares in renewable energy sources, and the
highest level of CO2 emissions per capita. The second group consists of countries with
moderately high GDP per capita, the highest shares in renewable energy sources, and
the highest level of CO. emissions per capita. The third group consists of countries
with the lowest values of GDP per capita and CO- emissions per capita and low shares
in renewable energy sources.
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Figure 3. Analysis of variance in non-hierarchical analysis of three selected clusters
Source: authors' work, result of processing in Statistica

According to Figure 4, the first group of countries consists of Belgium, the
Czech Republic, Germany, Ireland, Cyprus, Luxembourg, and the Netherlands. These
countries are characterized by a relatively high level of economic development, shar-
ing medium to high values of GDP per capita and elevated levels of CO. emissions per
capita. The cluster reflects a group of countries with developed industrial infrastructure
and strong economic activity, which is also reflected in a higher emission burden. Al-
though all members of the group are in line with expectations, Luxembourg stands out
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as the country with the greatest deviation from the center of the cluster, which indicates
its specific and extremely high economic indicators that surpass other developed mem-
bers. The Netherlands, on the other hand, shows the least deviation within the group,
making it a typical representative of this cluster.

Members of Cluster Number 1
and Distances from Respective Cluster Cenfer
Cluster contains 7 cases
Distance

Belgium 0,384117

Czechia 0,795309

Germany 0,3716862

Ireland 0,908028

Cyprus 0,736251

Luxembourg 1424188

Metherlands 0,259156

Figure 4. Members of the first cluster and distance from the center of the cluster for each EU member state
Source: authors’ work, result of processing in Statistica

It can be seen from Figure 5 that the second group of countries consists of Esto-
nia, Denmark, Latvia, Austria, Finland, and Sweden. These countries are characterized
by a strong orientation towards sustainable energy solutions, which is reflected in the
highest share of renewable energy sources in total consumption among all clusters. At
the same time, they record similar, relatively moderate levels of CO2 emissions, which
indicates successful policies of energy transition and ecological efficiency. These are
developed countries with high GDP per capita. Within the cluster, Sweden stands out
as the furthest from the center of the group, which results from the highest value of
the share of renewable energy sources and the lowest CO:2 emissions in the entire EU.
Austria, on the other hand, shows the smallest deviation, which positions it as a bal-
anced representative of the group.

Members of Cluster Number 2
and Distances from Respective Cluster Center
Cluster contains 6 cases

Distance

Denmark
Estonia
Latvia
Austria
Finland
Sweden

Figure 5. Members of the second cluster and distance from the center of the cluster for each EU member
state

Source: authors' work, result of processing in Statistica
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Figure 6 below shows the third group, which consists of 14 countries, mainly
from Central, Eastern, and Southern Europe: Bulgaria, Greece, Spain, France, Croatia,
Italy, Lithuania, Hungary, Malta, Poland, Portugal, Romania, Slovenia, and Slovakia.
This group shows moderate values of the share of renewable energy sources and lower
levels of CO2 emissions compared to the other clusters. The ecological profile of these
countries indicates a balanced, but still transitional, energy structure. This group is
characterized by a lower to medium-high GDP per capita, which places them in the
less developed group in the context of the European Union. The economic level, al-
though diverse, is on average below the level of the first and second clusters. Within
the group, Slovenia is very close to the center of the cluster, which suggests that its
profile most accurately reflects the average characteristics of this group. In contrast,
Poland shows the largest deviation, which may indicate specific energy or economic
characteristics that make it a less typical representative of the group.

Members of Cluster Number 3
and Distances from Respective Cluster Center
Cluster contains 14 cases
[ Distance
Bulgaria
Greece
Spain 0,213459
France 0,369434
Croatia 00,2553
Italy 0,307235
Lithuania 0425675
Hungary 0,302348
Malta 0518910
Poland 0 BET7E38
Portugal 0,534344
Romania 0,568229
___________ 0,134883
0,290310

Figure 6. Members of the third cluster and distance from the center of the cluster for each EU member state
Source: authors' work, result of processing in Statistica

Furthermore, Figure 7 shows the mean values of the three clusters according to
three variables: GDP per capita, share of renewable energy sources in total consump-
tion, and CO- emissions per capita. Each cluster shows a recognizable profile, which is
clearly reflected in the differences shown by the lines in the graph.

* Cluster 1 (blue line)

This cluster is characterized by high GDP per capita, the lowest share of renew-
able energy sources, and high levels of CO: emissions. This cluster suggests a group
of economically developed countries with a pronounced industrial infrastructure that
still rely on conventional energy sources, resulting in higher greenhouse gas emissions
despite high GDP.
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*  Cluster 2 (red line)

This cluster shows the highest share of renewable energy sources, with GDP
per capita and CO: emissions around zero (average). This cluster indicates countries
that have successfully integrated renewable energy sources into their energy system
while maintaining a moderately high level of economic development and a balanced
ecological-economic approach.

* Cluster 3 (green line)

Cluster 3 is characterized by low GDP per capita, low share of renewable energy
sources, and low CO: emissions. This cluster reflects less developed countries in the
energy transition phase, where lower economic activity and less developed industry
result in lower total CO2 emissions but also limited capacity to invest in renewable
energy sources.
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Figure 7. Graphical representation of the means of each cluster for the three selected clusters
Source: author’s work, result of processing in Statistica

SOLUTION ANALYSIS WITH FIVE CLUSTERS

The results of the analysis of variance obtained by applying non-hierarchical
cluster analysis with 5 clusters are shown in Figure 8 below. The obtained F-values
show to what extent each of the variables contributes to the formation of differences
between the formed clusters. The results of the analysis of variance show that the share
of renewable energy sources is the variable that contributes the most to the differenti-
ation between clusters, with the highest F-value (F=30.7), which makes this variable a
key factor in the clustering process. It is followed by GDP per capita with an F-value
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of 19.9, which also indicates a significant role in the differentiation between clusters,
although it is less pronounced than for renewable energy sources. In contrast, CO:
emissions per capita show the lowest F-value (F=9.3). In other words, the share of
renewable energy sources and GDP per capita played a crucial role in the formation
of clusters, while the role of CO: emissions per capita was secondary. The results
obtained by the non-hierarchical analysis confirm the patterns observed by the hier-
archical method but also more clearly delimit them into three groups. The first group
consists of countries with lower GDP per capita and low levels of CO2 emissions per
capita and renewable energy sources. The second group consists of countries with low
shares in renewable energy sources and high levels of CO. emissions with average
GDP. The third group consists of countries with the lowest values of GDP per capita
and low levels of CO: emissions per capita, with an average share in renewable energy
sources. The fourth group consists of countries with the highest values of GDP per
capita and CO: emissions per capita and the lowest shares in renewable energy sourc-
es, while the fifth group consists of countries with extremely high shares in renewable
energy sources and average values of GDP per capita and CO: emissions per capita.
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Figure 8. Analysis of variance in non-hierarchical analysis of five selected clusters

Source: authors’ work, result of processing in Statistica

Compared to the previous solutions with 4 and 5 clusters, France, Italy, Hun-
gary, Malta and Slovakia were separated into a separate cluster, which can be seen in
Figure 9.

Members of Cluster Number 1
and Distances from Respective Cluster Center
Cluster contains 5 cases
Distance
France 0,292614!
ltaly 0,187833
Hungary 0,264056
Malta 0,285208
Slovakia 0221793

O ——
Figure 9. Members of the first cluster and distance from the center of the cluster for each EU member state
Source: authors’ work, result of processing in Statistica
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Furthermore, Figure 10 shows the same distribution as in the fourth cluster from
the previous case.

Members of Cluster Number 2
and Distances from Respective Cluster Center
Cluster contains 6 cases
Distance
0.297046
0,286470
0,272864
0,200173
Metherlands 0,470364
Poland 0484821

Figure 10. Members of the second cluster and distance from the center of the cluster for each EU member
state

Source: authors' work, result of processing in Statistica

Since France, Italy, Hungary, Malta and Slovakia separated into a separate clus-
ter, the countries shown in Figure 11 form a new cluster.

Members of Cluster Mumber 3
and Distances from Respective Cluster Center
Cluster contains 8 cases

Bulgaria
Greece

Spain

Croatia 0,112298
Lithuania 0241795
Portugal 0,352006
Romania 0472630

Slovenia 0,195854

Figure 11. Members of the third cluster and distance from the center of the cluster for each EU member
state

Source: authors' work, result of processing in Statistica

Figure 12 shows that the distribution is the same as in the third cluster from the
previous case.
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Members of Cluster Number 4

and Distances from Respective Cluster Center

Cluster contains 2 cases
Distance

Ireland 0,301594

Luxembaurg 0,301594

Figure 12. Members of the fourth cluster and distance from the center of the cluster for each EU member
state

Source: authors' work, result of processing in Statistica

Figure 13 also shows the same distribution as in the second cluster from the
previous case.

Members of Cluster Number 5

and Distances from Respective Cluster Center
Cluster contains 6 cases

Distance

Denmark 0,501957
Estonia 0,738487
Latvia 0,601445
Austria 0.,451480
Finland 0,584653
Sweden 1,632282

Figure 13. Members of the fifth cluster and distance from the center of the cluster for each EU member state
Source: authors’ work, result of processing in Statistica

Figure 14 shows the mean values of the three clusters according to three vari-
ables: GDP per capita, share of renewable energy sources in total consumption, and
CO: emissions per capita. Each cluster shows a recognizable profile, which is clearly
reflected in the differences shown by the lines in the graph.

*  Cluster 1 (blue line)

This cluster is characterized by low GDP per capita, a low share of renewable
energy sources, and a low level of CO: emissions, i.e. all values are below average.
This cluster reflects less developed countries in the energy transition phase with lower
total CO2 emissions due to lower levels of industrialization.

* Cluster 2 (red line)

The cluster is characterized by an average GDP per capita (around zero), a be-
low-average share of renewable energy sources, and a moderately high level of CO:
emissions (close to 1). Elevated CO2 emissions indicate energy-inefficient systems and
slower introduction of sustainable technologies.

* Cluster 3 (green line)

This cluster is characterized by the lowest GDP values, an average share of
renewable energy sources, and low CO: emissions. This cluster refers to less econom-
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ically developed countries, whose industrial capacity is limited, resulting in lower CO2
emissions. At the same time, the average share of renewable energy sources reflects the
initial steps towards a more sustainable energy model.

* Cluster 4 (pink line)

Cluster 4 is characterized by the highest GDP per capita, the lowest share of re-
newable energy sources, and above-average levels of CO- emissions. This cluster indi-
cates highly developed economic systems with intensive industrial production, which
results in significant greenhouse gas emissions.

* Cluster 5 (black line)

This cluster shows an above-average share of renewable energy sources, with
average GDP per capita and CO: emissions per capita hovering around zero. This
cluster points to countries that have successfully integrated renewable energy sources
while maintaining a balance between economic development and environmental re-
sponsibility. These countries exemplify a more sustainable approach, where progress
in green energy does not come at the expense of economic stability.

. Fiot of Means of Each Cluster
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Fenewable_energy_share_pet P Clusier 4
Variables W Ciuster 5

Figure 14. Graphical representation of the means of each cluster for the five selected clusters
Source: authors’' work, result of processing in Statistica

DISCRIMINANT ANALYSIS

Discriminant analysis is a multivariate statistical technique used to determine
the relationship between one categorical dependent variable and several independent
variables, which are usually continuous . The goal of the analysis is to classify the
observations into predefined groups and to identify those variables that contribute the
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most to the differentiation between these groups. Discriminant analysis is an important
statistical tool used to understand differences between groups and to predict, or classify
new samples into appropriate groups based on these differences.

SOLUTION ANALYSIS WITH THREE CLUSTERS

The coefficients of the classification function show how much a particular vari-
able contributes to the distinction between clusters. Namely, a higher coefficient means
a greater influence of that variable on the separation of groups. From Figure 15, the
following can be concluded:

*  GDP per capita has the highest positive coefficient in the first cluster (G_1:1
= 1.32322), which indicates that this variable contributes the most to distin-
guishing this cluster, i.e. that countries in this cluster have extremely high
GDP per capita values that clearly distinguish them from other groups.

» The share of renewable energy sources has a very high positive coefficient
in the second cluster (G_2:2 = 10.8282), which means that this variable de-
fines this cluster the most. In other words, countries from the second cluster
are characterized by a very high share of renewable energy sources in total
energy consumption.

* In the third cluster, the share of renewable energy sources also has the largest
contribution, but in a negative direction (G_3:3 = -3.65204). This suggests
that countries in this cluster have significantly lower values of this variable
compared to the other groups, making them easily recognizable through a
lower degree of use of renewable energy sources.

G_1:1 G_22 G_33
Variable p= 23826 | p= F¥r2} | p= 51B5F
GDP_per_capita 1.1].Eﬂ1i'| 4.3 254080
Renewable_energy_share_pcl 1,977 108262 36500
CO2_emissions_per_capila 1 3298 04903 087174
Constant 326189 105334 -2 1770

_—_— — — — —
Figure 15. Classification function coefficients for three clusters
Source: authors’ work, result of processing in Statistica

Furthermore, the classification matrix serves to assess the success of classifying
units into clusters in relation to the previously obtained division from the non-hierar-
chical analysis. In this case, Figure 16 shows that all observations are located on the
main diagonal of the matrix, which means that the model achieved complete classifica-
tion accuracy. This result indicates a clear demarcation between clusters and confirms
the high reliability and consistency of the model.
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Classification Matrix (Spreadsheei1)

Rows: Obsersed classifications

Columnz: Predicted classifications
Percent G.1:1 G_22 G_3:3
Correct = 25006 | p=22222 | p=51852
'll'.'ﬂ.lilﬂml 7 0 1]

2 | 1000000 0 6 IJ':

_100,0000 0 0 14

100, 0000 7 (i} 14

Figure 16. Classification matrix for three clusters

Source: authors' work, result of processing in Statistica

SOLUTION ANALYSIS WITH FIVE CLUSTERS
Based on Figure 17, several conclusions can be drawn about the characteristics
of individual clusters:

The first cluster is characterized by a significantly lower share of renewable
energy sources compared to the other clusters, given that this variable has
the largest contribution in the negative direction (G_1:1 = -9.40766). This
indicates that the countries in this cluster are less oriented towards renewable
energy sources.

The second cluster is clearly distinguished by its high GDP per capita, since
this variable has the highest positive coefficient (G 2:2 = 0.93805). This
suggests that the countries in this cluster are economically more developed
compared to the others.

The third cluster is characterized by lower levels of CO: emissions, as this
variable has the largest negative contribution (G_3:3 =-3.41577). Countries
in this cluster therefore have a lower carbon footprint.

The fourth cluster also stands out for its high GDP per capita (G _4:4 =
13.4490), which further confirms the economic status of the countries within
this group.

The fifth cluster has an extremely high share of renewable energy sources
(G_5:5 = 16.1286), which means that the countries within this group are
clearly differentiated from the others by their orientation towards sustainable
energy sources.

[Clasailization Fumctions. grousing. CLUSTER (Spreadshestt2)
G_1:1 G_2:3 G 33 G 44 G_55
| Wi bl peARSS | pe 2R | pm BB | p=0T40T | p=233ed
GDP_per_capita -1 55065 093805  -331426 13,4450 o2ard
Renawable_snergy_shans_pcl SA0T6E -3 E2858 -2 B0AET «3,5741 16, 1256
COZ_emissions_per_capia 1 4 ; 1
Constant TAB4DB 296654  -3,96171 206710 14,9312

Figure 17. Classification function coefficients for five clusters
Source: authors'work, result of processing in Statistica
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According to Figure 18, it can be concluded that in this case, all observations
are located on the main diagonal of the matrix, which means that the model achieved
complete classification accuracy. The high accuracy of the classification matrix in all
three- and five-cluster scenarios examined indicates clearly expressed differences be-
tween clusters and consistent patterns in the data. This suggests that the selected set
of variables is appropriate for distinguishing EU member states and that the model
reliably recognizes mutual similarities and differences between them.

Classification Malrix (Spreadsheel!2)

Rows: Dbsenved classifications

Columns; Predicted classifications

Percent | G 11 | G 22 G 33 G 44 G_55

GSroup Correct | p= 18510 | p= 22000 | p= 20630 | p=0T407 | p= 22300
G_1:1 1m.umn|
G 22 [ 100,0000
G 33 10, D000
Goad 100, 0000
= 55 10y, Q000

[1a] L=28=R0=JC = JLE
5] (=28~ =38 =]
Bl o oD
o] = ab B =JE ==
23] (el =Rl =1L = Jl=

Todal 1060, 0000

Figure 18. Classification matrix for five clusters
Source: authors’ work, result of processing in Statistica

CONCLUSION

The cluster analysis was based on a combination of hierarchical and non-hi-
erarchical approaches. First, different methods of hierarchical cluster analysis were
conducted with different distance measures. The results obtained by the Ward method
with squared Euclidean distances were selected for further interpretation. This method
enabled the grouping of European Union member states into distinctive clusters based
on three variables: GDP per capita, share of renewable energy sources in total con-
sumption, and CO: emissions per capita. Based on the pronounced differences in the
coupling distances, models with three and five clusters were identified as potentially
stable. Then, a non-hierarchical cluster analysis was conducted to confirm the stabil-
ity and consistency of the previously identified structures. Although the three-cluster
solution offers a simpler structure, it fails to adequately capture the complexity and
diversity among the observed countries and did not bring additional interpretative val-
ue compared to the five-cluster solution. The five-cluster solution allows for a more
precise demarcation between countries and a clearer emphasis on the specificities of
countries such as France, Italy, Hungary, Malta, and Slovakia, which would remain
unrecognized as a separate group in a smaller number of clusters. Also, each of the
five clusters has a clearly recognizable profile, which contributes to the analytical val-
ue of the model and allows for more relevant conclusions for the needs of shaping
energy and environmental policies. Therefore, the five-cluster solution proves to be
more appropriate and informative, since it allows for a deeper and more precise anal-
ysis of the differences between the observed European countries. The resulting cluster
structure reflects recognizable regional and economic patterns within the European
Union, which further confirms the relevance of the variables used and the applied
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methodology. In conclusion, such a grouping of countries allows for a more precise
view of common characteristics and trends within individual groups and can serve
as a basis for designing energy and climate strategies that take into account specif-
ic patterns of renewable energy consumption and CO: emission levels. Based on the
identified groups of countries, a differentiated approach to energy and climate policy
is recommended, whereby priorities and measures should be adjusted to the level of
economic development and the structure of the energy system of each cluster. In order
to improve research approaches, it would be useful to conduct longitudinal analyses
to monitor the dynamics of the transition and evaluate the effectiveness of existing
policies within each cluster. Also, the limitations of this research relate primarily to
the choice of variables, the time frame, and the methodological approach. Although
key economic, energy, and environmental indicators were analyzed, they do not cover
all dimensions of sustainable development, such as social factors. In addition, the re-
search was conducted for one year (2023), which does not allow monitoring changes
over time. The results may also be influenced by the choice of clustering method and
the number of clusters, while the application of discriminant analysis assumes certain
statistical conditions. Finally, secondary data from the Eurostat database were used,
which enatils methodological limitations related to the source and structure of the data.
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