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Abstract. This article investigates different types of electricity generation
in European countries. The authors examined the trends of renewable
electricity generation in Northern, Southern, Western and Eastern Europe.
A cluster analysis was performed based on the factors that may
predetermine the possibility of using different types of electricity
generation: the level of economic development, the amount of air pollutant
emissions and the level of energy reserves. Multiple discriminant analysis
was used to test the hypothesis that each cluster is characterised by a
specific direction. The dependent variable was the country's membership in
the clusters, and the independent variables were the types of electricity
generation used by the countries: thermal power generation (oil refinery
products, gas, coal), nuclear power, hydropower, wind power, solar power,
and bioenergy.

1 Introduction

Nowadays, renewable energy sources are becoming increasingly important in electricity
generation, not only due to the exhaustion of natural resources, such as oil refinery
products, gas, coal, but also due to significant changes in the environment and climate. It is
also worth considering the economic factor: for countries that are not endowed with their
own natural resources, the cost of generating electricity is many times higher due to the
purchase of natural resources from countries that have mineral resources [1, 2, 3].

2 Analysis of electricity production from renewable sources

The authors examined changes in electricity production from renewable sources in 39
European countries. The countries of Northern Europe include: Denmark, Estonia, Finland,
Iceland, Ireland, Latvia, Lithuania, Norway, Sweden, United Kingdom; Southern — Albania,
Bosnia and Herzegovina, Croatia, Greece, Italy, Malta, Montenegro, North Macedonia,
Portugal, Serbia, Slovenia, Spain; Western — Austria, Belgium, France, Germany,

* Corresponding author: tanyazorina@tut.by

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).


mailto:tanyazorina@tut.by

E3S Web of Conferences 470, 01043 (2023)

ESR-2023

Luxembourg, Netherlands, Switzerland; Eastern — Belarus, Bulgaria, Czech Republic,
Hungary, Moldova, Poland, Romania, Russia, Slovakia, Ukraine.

In 2020, the indicator increased by 80 % compared to 2005. In Northern Europe,
electricity generation increased 1.67 times over the same period (fig.1). Hydropower
accounted for the bulk of generation, while wind power expanded 12.25 times in 15 years.
Tide, wave and ocean energies are not widespread in the Nordic countries.

The situation is quite different in Southern Europe (fig. 2). In 2020, 48 % are
hydropower, 31.5 % are wind power (3.5-fold growth since 2005), 16.5 % are solar power
(573-fold increase), 4 % are geothermal (2-fold increase).

Electricity generation in Western Europe is as follows: small fluctuations in hydro, tide,
wave, ocean generation have not significantly changed the indicator, geothermal electricity
has grown 182 times and solar electricity 58 times from 2005 to 2020 (fig. 3).

Hydropower is mainly concentrated in Eastern European countries (fig. 4). Electricity
generation through solar energy increased 3-fold from 2010 to 2020. The increase in
electricity generation is characteristic of wind power over a period of 15 years, the indicator
increased 138 times. Geothermal energy has not changed significantly. Tide, wave, ocean
energies are not widespread in Eastern Europe.
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Fig 1. Types of electricity generation sources in Fig 2. Types of electricity generation sources in

Northern Europe 2005 to 2020 [4]. Southern Europe 2005 to 2020 [4].
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Fig 3. Types of electricity generation sources in Fig 4. Types of electricity generation sources in
Western Europe 2005 to 2020 [4]. Eastern Europe 2005 to 2020 [4].

To further investigate the development of renewable energy sources in European
countries, the authors hypothesised that there are groups of countries with a similar level of
development of certain factors for which the use of certain types of electricity generation is
most characteristic.
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The factors that predetermine the possibility of using a particular type of power
generation include the following:

1) the level of economic development (indicator - GDP per capita in thousand US

dollars);

2) the amount of pollutant emissions into the atmosphere (indicator - CO2 emissions

in tonnes per capita);

3) the level of energy resources reserves (indicator - the share of own fossil energy

resources (coal, natural gas and oil) in electricity generation in %).

To analyse these indicators, information on 39 European countries for 2010 was
collected. The sources were statistical data of the World Bank [5], IEA [4], World-
Statistics.org [6].

It is worth noting that the authors made calculations for 2010 based on a long-time lag
between the establishment and start-up of any of the power plants, influenced by various
factors.

The method of hierarchical cluster analysis was used to identify groups of countries
with a similar level of development of the above factors. The Euclidean distance squared
was chosen as a measure of similarity. The Euclidean distance square is the sum of squares
of differences in values for each variable. It is the most used similarity measure. Based on
the analysis of agglomeration steps, it was determined that 3 clusters were optimal for
classifying this population. The SPSS software package was used to divide the countries
into clusters [7].

In order to simplify the interpretation of the results, the quantitative characteristics of
the factors used in the analysis were divided into 3 categories characterising low, medium
and high value (Table 1). The interval for each series was determined on the basis of the
variation spread. The upper boundary of the low category was calculated considering the
minimum value of the trait and the given interval. The upper boundary of the middle
category was determined based on the specified interval and the value of the upper
boundary of the lower category.

Table 1. Classification characteristics of countries.

Amount of pollutant Level of energy resources

Characteristics

Level of economic
development (GDP
per capita, USD)

emissions into the
atmosphere (CO2
emissions tonnes per

reserves (share of own

fossil energy resources
(coal, natural gas and oil)

utilisation in electricity

capita) generation), %
Low Less 38586,53 Less 8,33 Less 33,33
Medium 38586-74736,27 8,33-15,06 33,33-66,67
High Over 74736,27 Over 15,06 Over 66,67

The clustering results are presented in Table 2.

Multiple discriminant analysis was used to test the hypothesis that there are directions
characteristic of each cluster. The dependent variable was the country's membership in the
clusters, and the predictors (independent variables) were the types of electricity generation
used by the countries: thermal power generation (oil refinery products, gas, coal), nuclear
power, hydropower, wind power, solar power, and bioenergy.

The purpose of the discriminant analysis was to identify correspondences between
clusters identified on the basis of country characteristics (level of economic development;
level of air pollutant emissions; level of energy reserves) and groups of countries identified
on the basis of discriminant functions by the set of electricity generation sources they use.
The coincidence of clusters and discriminant groups will allow us to conclude that there is a
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relationship between the characteristics of countries and the development of renewable
sources of electricity generation.

Table 2. Characteristics of clusters.
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A direct method was used to build the model, which implies the inclusion of all
predictors in the model. Discriminant analysis was performed using the SPSS software
package. As a result, 2 discriminant functions were obtained [8].

Based on the results of the discriminant analysis, the countries were classified into 3
groups. The composition of discriminant groups is presented in Table 3 (plus means that
there is a type of electricity generation in one the countries, minus means that there is

none).
Table 3. Characteristics of discriminant groups.
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Comparing the correlation of countries by cluster and discriminant groups (Tables 2 and
3), we can conclude that the results of the cluster and discriminant analyses do not match
perfectly. Thus, not all countries with similar characteristics use the same types of
electricity generation.

Table 4 was compiled to compare the predicted group membership of clusters.

Table 4. Predicted group membership of clusters in %.

Predicted group membership
Cluster 1 5 3
65,2 30,4 4,3
154 69,2 15,4
0 33,3 66,7

Table 4 shows that in cluster 1, 65.2 % of countries use typical types of electricity
generation for their cluster, 30.4 % of cluster 1 countries use directions typical for cluster 2,
and 4.3 % use directions typical for cluster 3.

In cluster 2, 69.2 % of countries in cluster 1 use standard types of electricity generation,
while 15.4 % of countries in cluster 1 and cluster 3 use more appropriate types of
generation, respectively.

66.7 % of countries in cluster 2 use standard types of electricity generation for their
cluster, 33.3 % of countries use directions more typical for cluster 2.

3 Conclusion

Thus, renewable energy has an extremely high potential on the European continent. Due to
the realization of increasing environmental and climate challenges, European society is
increasing renewable electricity generation. Cluster and discriminant analysis showed that
only 66.7 per cent of European countries use types of electricity generation that are specific
to their cluster, i.e. directions that correspond to the level of economic development of the
country, taking into account the size of pollutant emissions into the atmosphere and the
level of energy reserves. It is also worth noting that countries with a higher level of GDP
per capita are more active in the transition to renewable electricity.
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