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Abstract: The aim of the article is to present the development of photovoltaic energy in the EU
countries as one of the alternatives to fossil fuels. The article was prepared on the basis of secondary
information and statistical data on the photovoltaic energy market in EU countries, and three
hypotheses were formulated: Hl—There is a statistically significant correlation between a country’s
long-term orientation and its use of photovoltaic energy in European Union countries; H2—There is a
statistically significant correlation between GDP per capita and photovoltaic energy use in European
Union countries; and H3—There is a relationship between climate and photovoltaic energy use in
European Union countries. Correlation coefficients and the Guilford classification were used to
analyse the data. Data analysis has shown that photovoltaic energy is the second fastest-growing
energy source in the EU, after wind energy. In 2020, 134 TWh of solar energy was produced in the EU
countries. Based on the analysis, it can be concluded that there is a statistically significant correlation
between the production of photovoltaic energy per person and the level of GDP per capita in the EU
countries (Hypothesis 2). Germany and the Netherlands produce the most solar energy. The studies
did not confirm Hypothesis 3; however, it can be seen that countries such as Germany, Belgium and
the Netherlands have the highest PV energy efficiency compared to average temperature values. A
data analysis showed statistically significant correlations between the country’s long-term orientation
in the use of photovoltaic energy (Hypothesis 1). In the case of Germany and Belgium, the long-term
orientation indicator is very high above 80, while Portugal, Poland and Finland have the lowest
indicator, from 30 to 40.

Keywords: photovoltaic energy; renewable energy; EU countries; energy transformation

1. Introduction

Renewable energy is a leading and promising pathway used to fight against global
warming. The reduction in GHG emissions and the replacement of fossil fuels with
renewable energy sources are the most important challenges in the development of the
economies of all the countries in the world [1,2]. The literature on the subject uses the
term “green economy” [2-7]. This concept is related to the global phenomenon of the
transition from the current energy system in which fossil fuels are used as an energy
source to an energy system based primarily on renewable energy sources such as wind
energy, hydropower, photovoltaic energy and biofuels [2-5]. The European Union is among
the world leaders in the field of energy transformation related to the reduction in GHG
emissions with regard to increasing the share of renewable energy sources. For the EU
member states, energy transformation is one of the most important strategic goals of
counteracting climate change, as well as increasing energy security and the attractiveness
of European Union countries [2-8]. In the EU, energy transition is perceived as a long-term
process which, in consequence, will also strengthen economic competitiveness by creating
jobs and improving the quality of life. In the literature on the subject, three components
of energy transformation have been distinguished: economic, industrial and social [4-11].
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The economic component is related to the export of low-carbon technologies as well as
new investments and jobs. The industrial component is connected with the modernization
of economy and the reduction in pollution by changing the technology to a less-energy-
consuming one. The social component includes activities related to climate protection and
improvement of public health. All EU activities related to energy transformation have
been included in the EU climate policy, and all member states have been obliged to take
actions aimed at using renewable energy sources as a prospective technology in the fight
against the effects of global warming and the ensuing consequences [2-6,12-16]. The article
presents an analysis of the development of photovoltaic energy in the EU countries as one
of the alternatives to fossil fuels. The first part of the study presents a literature review on
renewable energy sources in the energy policy of the European Union. Then, a statistical
analysis of data on the development of the solar photovoltaic market in the European Union
countries has been conducted. Discussions and the results of the analysis are presented at
the end of the article.

According to statistical data the photovoltaic power capacity in EU countries is grow-
ing year by year (Tables 1 and 2). However, the careful analysis of annual installations
led to the conclusion that between 2011 and 2017 the EU countries” share was not only
declining compared to the growing worldwide market; we could also observe a decrease in
the annual installation figures. After a rise in the occurrence of installation in 2011 when the
total photovoltaic capacities in EU counties reached 70% of the worldwide installation we
observed a decreasing trend, and now the EU market consists of only 50% of the worldwide
market [17-20].

Table 1. Photovoltaic capacity in European Union countries in years 2014-2019 (MW).

2014 2015 2016 2017 2018 2019
Austria 770 937 1077 1269 1437 1660
Belgium 3105 3252 3425 3610 3986 7530
Bulgaria 1020 1029 1032 1035 1032 1065
Croatia 34 45 50 60 67 69
Cyprus 51 51 55 110 118 128
Czech Republic 2047 2047 2075 2069 2075 2100
Denmark 601 786 858 906 995 1080
Estonia 0.2 7 10 10 31 107
Finland 10 15 20 74 140 215
France 5600 6605 7164 8610 9617 10,575
Germany 38,301 39,864 41,340 42,339 45,181 49,016
Greece 2602 2603 2603 2605 2645 2793
Hungary 38 175 288 355 726 1277
Ireland 1.1 2.1 5 16 24 36
Italy 18,450 18,905 19,274 19,682 20,107 20,864
Latavia 1.5 1.5 1.5 1.5 2 3
Lithuania 68 73 73 74 82 83
Luxembourg 110 116 122 132 130 140
Malta 54 74 82 112 131 150
Netherlands 1100 1515 2040 2903 4522 6924
Poland 24 111 195 287 562 1317
Portugal 419 465 470 585 667 907
Romania 1292 1302 1371 1374 1385 1385
Slovakia 540 540 545 545 472 472
Slovenia 210 239 259 246 221 221
Spain 4787 4773 4801 4725 5239 9232
Sweden 79 126 153 244 428 698
United Kingdom 5230 9187 11,562 12,783 13,118 13,616
Total 86,544.8 94,845.6  100,950.5 106,761.5 115,140 133,663

Source: Own analyses based on data: [21-27].
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Table 2. Photovoltaic capacity in European Union countries in years 2008-2003 (MW).
2008 2009 2010 2011 2012 2013
Austria 0.5 0.6 2 2.9 49 1022
Belgium 57 68 97 118 321 739
Bulgaria 1 1 2 1.8 3.4 42
Croatia <0.1 <0.1 0.1 0.1 6.1 68
Cyprus 6 8 10 11 11 11
Czech Republic 55 463 1953 1959 2022 2064
Denmark 3 5 7 16 391 572
Estonia 5.6 12 16 16 20 20
Finland 2 3 6 10 17 35
France 104 335 1054 2831 4027 4625
Germany 6019 9959 17,370 24,875 32,698 36,402
Greece 71 574 787 1812 2649 3040
Hungary 1 6 17 132 933 1019
Ireland 0.4 0.6 0.6 0.7 0.7 1
Italy 458 1157 3478 12,764 16,361 18,065
Latavia <0.1 <0.1 <0.1 15 1.5 15
Lithuania <0.1 <0.1 <0.1 0.2 0.2 0.2
Luxembourg 25 26 27 30 76 95
Malta 0.2 2 2 11 18 28
Netherlands 19 55 205 631 1543 2585
Poland <0.1 0.2 144 488 517 588
Portugal 0.5 0.7 2 41 3.7 35
Romania 32 53 103 173 421 631
Slovakia 68 102 131 143 228 303
Slovenia 2 9 36 90 217 248
Spain 3421 3438 3808 4214 4516 4766
Sweden 8 9 10 18 23 43
United Kingdom 23 30 75 1014 1657 2782
Total 10.38 15.86 29.33 51.36 68.64 79.79

Source: Own analyses based on data: [21-27].

The growth of the share of energy leading from photovoltaic cells in the energy mix in
many EU countries gives them many benefits [28]. The widespread usage of photovoltaic
energy gives the countries many opportunities connected with the benefits of using the
solar energy [29,30]. In the usage of solar energy, contrarily to using wind energy, no
noise is generated in the energy production process. Additionally, photovoltaic energy
installation is fast to and can be easily adapted to the local conditions and needs [31,32]. The
best way of using solar energy is its consumption by the user of the installation. However,
for small-scale also spatially distributed energy producers can use micro photovoltaics [33].
The problem is in the case of large-scale photovoltaic power plants because their technical
infrastructure needs to occupy a large amount of land. The problem is that land for potential
big power plant investments is rather scare and also expensive. In many situations this
means that agriculture land should be taken out of production [34,35].

The transition from fossil fuel towards renewable energy sources including photo-
voltaic energy in EU countries is possible due to a high level of environmental investment.
“Greening” the national budget is an important part of the current pro ecological transi-
tion. Additionally, according to European Commission documents assessing the overall
greenness of a budget can help the country to promote consistency of its environmental
objectives [36]. In the years 20142020 the expenditures of the EU on climate change finance
were (in EUR): 2014—16,174 million, 2015—28,398 million, 2016—33,018 million, 2017—
31,555 million, 2018—32,437 million, 2019—33,809 million and 2020—34,452 million. The
expenditure on climate was about 20% of all the EU budget in the mentioned years [37].

Additionally, the analysis of the data on environmental investment in photovoltaic
energy allows us to observe some relations between the availability of solar radiation and
the usage of photovoltaic energy. Due to the fact that photovoltaic cells are installed in the
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open and also are exposed to extreme weather conditions, they are highly affected by solar
radiation. Many researchers have tried to find if the effect of solar radiation on photovoltaic
cells is positive or negative [38,39]. This effect varies depending on wavelengths resulting
from clouds. Accumulation of dust on the cell also reduces its level of productivity. This
dust can reduce the permeability of radiation to the cell. Additionally, pollutants emitted
from vehicles can cause significant air pollution, and they are deposited on solar cell
surfaces [40,41]. Additionally, solar radiation has a direct effect on the temperature of the
cells because this temperature can increase as the solar radiation increases. This rise of solar
radiation has an impact on that the resulting voltages, which are not significantly affected
by the rise of the current, and this effect is greater than the rise in the cell temperature [42].
In the paper we also tried to analyse the nature of relations between national average
temperature and photovoltaic power in EU countries.

2. Renewable Energy Sources and the Energy Policy of the European Union

The energy policy of the European Union is characterized by an integrated approach
to energy security, environmental and climate protection and by a fulfilment of social needs.
Provisions for renewable energy sources have been included in EU directives since 1990
2018. The main goal of the EU sustainable energy policy is to reduce the use of fossil fuels
in favour of energy from renewable sources [16,43]. As already mentioned, in the 1990s,
the EU began to consider increasing energy security, limiting the import of fossil fuels and
reducing greenhouse gas emissions [44]. The first information on renewable energy sources
and their role in the economies of EU countries was given in Regulation (EEC) No. 1302/78
of 1978 on providing financial support for research projects concerning the use of alternative
energy sources. In 1980, the European Commission, for the first time, included renewable
energy sources in the EU energy policy in a document on energy policy objectives. In
1995, the so-called White Paper formulating the need for financial regulations regarding
the development of renewable energy sources came into existence. In the Green Paper
published in 1996, the European Commission assumed that by 2010 the share of renewable
energy sources would increase to 12%. In 1997, the document “Energy for the Future:
renewable energy sources” was adopted by the EU [45]. Another legal act was developed
by the European Parliament in 2001 in the form of Directive 2001/77/EC and concerned
the support for the production of electricity produced from renewable sources on the
internal market up to 2010 [46]. In 2003, Directive 2003/30/EC was developed to support
the use of biofuels or other renewable fuels in transport. The European Commission has
imposed on the member states the obligation to reach a 5.75% share of renewable energy
sources in transport by 2020 [47]. In 2007, the Renewable Energy Road was published:
“Renewable energies in the 21st century: building a more diverse future”. This document
contains a long-term strategy for renewable energy in the EU, with the following priorities:
energy security and reduction in greenhouse gas emissions [48,49]. In 2008, the European
Commission presented a package on the EU’s energy and climate policy, a part of which
was the adoption of the 2009 Directive of the European Parliament and of the Council. This
directive related to the promotion of the use of energy from renewable sources, amending
and repealing the 2003 directive. The main goal was to establish a common framework
for the promotion of energy from renewable sources by setting mandatory targets for EU
countries [50]. In the 2010 communication “Energy 2020 A strategy for a competitive,
sustainable and safe energy sector”, the European Commission noted that without the
modernization of power grids and the use of ecological solutions, it would be difficult to
achieve the goals of the strategy. The European Commission also considered that the time
limit to achieve the stated goals should be extended to 2050 [51]. In 2011, an action plan
leading to the transition to a competitive low-carbon economy by 2050 was developed.
In this plan, the European Commission set the ambitious target of reducing greenhouse
gas emissions by 80-95% in relation to 1990 levels. The share of renewable energy sources
should be 55% in 2050 compared to 2011 [52]. In the communication “Renewable energy:
an important player on the European energy market” published in 2012, the European
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Commission presented information on the inclusion of renewable energy sources in the EU
energy market and maintaining the pace of growth of the share of renewable energy sources
in energy production up to 2030 [53]. In 2013, the European Commission published the
policy framework for climate and energy for the period from 2020 to 2030, which includes
specific information on climate protection in the EU up to 2030. The European Commission
proposed a reduction in greenhouse gas emissions up to 2030 by 40% compared to 1990.
Moreover, the document also includes the following provisions: the share of energy from
renewable sources in the energy consumed in the EU is to be at least 27%. To this end, EU
countries should establish common goals and implement them ambitiously [43,54—60].

In the European Union countries, the technical potential of renewable energy amounts
to approximately 40,000 P]/year, which is 60% of the current primary energy consumption.
The economic potential of renewable energy is estimated as 5780 TW /year. It is worth
noting, however, that renewable energy potential in the EU countries is uneven due to the
climatic, hydrological and geological conditions in individual EU countries. In the EU, the
share of renewable energy sources is growing steadily. In 2000, it reached 10.3%, and in
2013 this increased to 24.3%. The largest increase in energy production from renewable
energy sources took place in 2000-2013—from 163 million to 190 million tons [43].

In the EU countries, the largest share of electricity in 2020 was generated from wind;
the leaders are Germany (96 TWh), France (40 TEh) and Sweden (28 TWh). Poland was in
fourth place (14 TWh). Solar energy (photovoltaic) is the second fastest-growing renewable
energy source in the EU. In 2020, 134 TWh of solar energy was produced in the EU countries,
mostly in Germany (49 TWh), Italy (26 TWh), Spain (15 TWh) and France (13 TWh). In
Poland, 2 TWh came from solar energy. In the case of biofuels in the EU countries, the
most energy from this source in 2019 was generated by Germany (45 TWh), followed by
Great Britain (32 TWh) and Italy (18 TWh). In Poland, biofuels accounted for 7.5 TWh of
energy [61,62].

Summing up, it can be said that all renewable energy sources are promising and should
play a leading role in the fight against global warming. Striving for sustainable energy
development should be the basis of energy transition all over the world. The development
of renewable energy must be included in the strategic goals of each country. All countries
in the world should also limit the use of fossil fuels in favour of renewable energy sources,
and energy transformation should be treated as a civilization challenge.

The use of photovoltaic energy is a way to achieve a better renewable energy share.
Up till the 21st century fossil fuels were used to satisfy the energy needs in spheres of
human life which were energy intense. However, next, growth in the case of environmental
pollution was a matter of seeking alternatives to non-renewable resources such as fossil
fuel [63].

Photovoltaic energy is one of the types of renewable energy. The nowadays observed
shift towards the use of renewable energy resources such as photovoltaic energy is mainly
due to environmental reasons. The existing emphasis on decarbonization and quick energy
transformation from the usage of fossil fuels towards renewable energy resources is because
authorities want to mitigate risk, which is posed by anthropogenic influence on the earth’s
climatic system.

The level of accessibility of renewable energy sources is determined by many factors.
Among them one of most important is connected with accessibility and the abundance
of particular sources in a given region along with local topography [64]. Photovoltaic
electricity is produced using photovoltaic cells. These cells are the smallest elements of solar
panels. The more cells are in the panel, the greater its capacity. Nowadays, photovoltaic
cells are used to illuminate houses and streets. In this way we can obtain electricity in the
situation where access to a grid is not possible [65]. The main advantages of solar energy
are connected with: the broad availability of the energy source; zero cost of consumption
of power after the end of the period return of investment, the environmental friendliness
of this energy source; and zero impact on the earth’s energy balance. The main problems
connected with this energy source are: problems with storing solar energy, the relatively
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high cost of the installation, the high dependence of power on seasonality and the energy
panels, which need a very large area to be installed [66,67].

To deal with some of the drawbacks of photovoltaic energy we can integrate a photo-
voltaic fuel cell system with the usage of hydrogen. The purpose of this type of integration
is to achieve integrated qualities that can be seen when we use hydrogen power or pho-
tovoltaic power individually [68]. The main objective of using a mix of hydrogen and
photovoltaic energy is the possible increase in energy efficiencies, improvement of the
reliability of the energy system, reduction in overall costs and reduction in the level of
emission of greenhouse gases [69]. There are many potential solutions involving mixing
photovoltaic and hydrogen energy, including a parabolic dish—eRankine- organic cycle—fuel
cell system [70], cell-microturbine system [71,72] integrated PV—wind turbine-battery—
diesel system [73], hybrid solid oxide fuel cell (SOFC)-thermovoltaic system 7 [74] and
PV-fuel cell-diesel system [75].

3. Materials and Methods

The analysis was prepared based on data on the photovoltaic energy market in Euro-
pean Union countries, which is annually published in Photovoltaic Barometr. Photvoltaic
Barometr is an annual report on the renewable energy market [21-25,76]. Reports have mea-
sured the renewable energy market and progress made by renewable energy sector since
1998. The data in reports consist of all sectors of renewable energy in all European Union
states. In this paper we concentrated only on data connected with photovoltaic energy.

The publication also set out to explore the relationships between the data collected
and other country-specific indicators. In particular, data on GDP per capita calculated
at purchasing power parity for 2019 and data on cultural characteristics of individual
countries were used. Data on GDP per capita were taken from the International Monetary
Fund and World Economic Outlook databases [26].

In order to analyse the impact of cultural indicators, indicators of a country’s culture
were used—in particular the indicator of a country’s long-term orientation. The indicators
developed by Hofstede Insight—an international organisation providing data on measuring
the culture factor for many countries in the world [76]—were used for the analysis. In
particular, the long-term orientation indicator was used. Long-term orientation refers to
persistence, adaptability and thinking about long-term effects of a particular economic
decision. For the calculation of per capita indicators, data on population in European Union
countries were used [77]. To analyse the relationship between photovoltaic capacity and
average country temperature, data on average annual temperatures of individual countries
in the European Union were used [78].

For the analysis of the relationship between electricity production and production
per capita and other parameters the analysis was done for countries where the level of
energy production from solar photoviltaic was greater than 200 MW in 2019. The analysis
was carried out for the following countries: Germany, Italy, United Kingdom, France,
Spain, Belgium, Greece, the Netherlands, the Czech Republic, Romania, Austria, Bulgaria,
Portugal, Denmark, Hungary, Slovakia, Sweden, Poland, Slovenia and Finland.

The aim of the research conducted was to answer the following research questions:

1.  How has the level of photovoltaic energy use changed in the European Union coun-
tries between 2014 and 2019?

2. Which European Union countries are most advanced in the use of photovoltaic energy?

3. Does cultural long-term orientation affect the use of photovoltaic energy in European
Union countries?

4. Does the level of GDP per capita affect the use of photovoltaic energy in EU countries?

5. Does climate influence the use of photovoltaic energy in EU countries?

We formulated three hypotheses in the study:

Hypothesis 1 (H1). There is a statistically significant correlation between a country’s long-term
orientation and its use of photovoltaic energy in European Union countries.
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Hypothesis 2 (H2). There is a statistically significant correlation between GDP per capita and
photovoltaic energy use in European Union countries.

Hypothesis 3 (H3). There is a relationship between climate and photovoltaic enerqy use in
European Union countries.

4. Data and Analysis

Table 1 collects data on the development of the amount of energy produced by photo-
voltaic sources between 2014 and 2019. The phenomena are illustrated in Figures 1 and 2.
We present the statistical data for the years 2008-2013 in Table 2. When comparing the data
in Tables 1 and 2 we can observe that the tendency to add new photovoltaic capacity is not
growing. In most of the leading countries the increase in amount of photovoltaic capacity
growth between 2003 and 2008 was greater than in the years 2014-2019.

EU average
United Kingdom
Sweden
Spain
Slovenia
Slovakia
Romania
Portugal
Poland
Netherlands
Malta
Luxembourg
Lithuania
Latavia

Italy

Ireland
Hungary
Greece
Germany
France
Finland
Estonia
Denmark
Czech Republic
Cyprus
Croatia
Bulgaria

Belgium

Austria

o

100 200 300 400 500 600 700

Figure 1. Photovoltaic capacity additions in the European Union countries in 2019 (MW). Source:
Own analyses based on data: [21-27].
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Figure 2. The photovoltaic capacity addictions in EU countries in the years 2014-2019 (MW). Source:
Own analyses based on data: [21-27].

An analysis of the data collected in Table 1 shows that in 2019, the top countries
were Germany—19,016 MW; Italy—20,864 MW, United Kingdom—13,616 MW, France—
10,575 MW and Spain—9232 MW. The photovoltaic capacity value for all European Union
countries in 2019 was 133,663 MW.

The European lead did not change throughout the study period from 2014; however,
there were slight shifts between countries. Table 3 shows the top five places over the period
2014-2019, with the only change occurring between 2014 and 2015 when the order changed
between the United Kingdom and France.

Table 3. European Union countries with maximum photovoltaic capacity in years 2014-2019.

2014 2015 2016 2017 2018 2019
First place Germany Germany Germany Germany Germany Germany
Second place Italy Italy Italy Italy Italy Italy
Third place France United United United United United
p Kingdom Kingdom Kingdom Kingdom Kingdom
Fourth place Umted France France France France France
Kingdom
Fifth place Spain Spain Spain Spain Spain Spain

Source: Authors’ own analysis.

The dynamics of photovoltaic capacity addictions varied across the countries analysed.
Table 4 presents data on photovoltaic capacity addictions in the studied countries in
2015-2019. The phenomenon is illustrated in Figure 3.
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Table 4. Photovoltaic capacity installed in European Union countries in years 2015-2019 (MW).

2015 2016 2017 2018 2019
Austria 167 140 192 168 223
Belgium 147 173 185 376 3544
Bulgaria 9 3 3 -3 33
Croatia 11 5 10 7 2
Cyprus 0 4 55 8 10
Czech Republic 0 28 —6 6 25
Denmark 185 72 48 89 85
Estonia 6.8 3 0 21 76
Finland 5 5 54 66 75
France 1005 559 1446 1007 958
Germany 1563 1476 999 2842 3835
Greece 1 0 2 40 148
Hungary 137 113 67 371 551
Ireland 1 2.9 11 8 12
Italy 455 369 408 425 757
Latavia 0 0 0 0.5 1
Lithuania 5 0 1 8 1
Luxembourg 6 6 10 -2 10
Malta 20 8 30 19 19
Netherlands 415 525 863 1619 2402
Poland 87 84 92 275 755
Portugal 46 5 115 82 240
Romania 10 69 3 11 0
Slovakia 0 5 0 -73 0
Slovenia 29 20 —-13 —-25 0
Spain —-14 28 -76 514 3993
Sweden 47 27 91 184 270
United Kingdom 3957 2375 1221 335 498
Total 8300.8 6104.9 5811 8378.5 18,523

Source: Own analyses based on data: [21-27,54-62,76].

The analysis of changes in individual years shows different strategies used by individ-
ual countries to increase photovoltaic capacity. Some countries increased their photovoltaic
capacity relatively similarly over the entire period under study—an example of such a
country is France, where photovoltaic capacity increased by approximately 1000 MW each
year (with the exception of 2017, where the increase amounted to 1446 MW). In other
countries such as Germany there is a clear upward trend—during the period under review
there was an increase in installed photovoltaic capacity in consecutive years from a level of
1563 MW in 2015 to a level of 3834 MW in 2019. In other countries a sharp increase occurred
in 2019—such examples include: Spain, with an increase of 3993 MW in 2019 and Belgium
with an increase of 3544 MW.

Due to the significant differences between the individual years, contrary to the total
photovoltaic capacity in this case, there are significant shifts in the first places in terms of
installed photovoltaic capacity for the following years. The top five positions in this respect
are summarised in Table 5.

The differences between Tables 3 and 5 is that in Table 3 we analysed the data on the
sum of photovoltaic capacity in the EU countries, but in Table 5 we analysed the amount of
photovoltaic capacity installed only in a particular year.

Figure 3 shows the change in photovoltaic capacity in the surveyed countries over the
period 2014-2019. The largest number of photovoltaic cells was installed in Germany dur-
ing this period, at 10715 MW. The United Kingdom is next with 8386 MW followed by the
Netherlands with 5824 MW. The next three countries that increased their photovoltaic capac-
ity by 4000-5000 MW during the period under study are, respectively: France—4975 MW,
Spain—4445 MW and Belgium—4425 MW.
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The analyses presented so far have taken into account the population level of a
given country, which has meant that countries with higher populations tended to take top
positions. In the next stage of the study, we decided to check the level of photovoltaic
capacity per capita in the studied countries. The result was given in W/inhabitants. The
collected data are summarised in Table 5. Figure 4 shows the result for the years 2014-2019.

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia

Finland

France
Germany

Greece
Hungary

Ireland

Italy

Latavia

Lithuania
Luxembourg
Malta
Netherlands

Poland

Portugal
Romania
Slovakia
Slovenia

Spain

Sweden

United Kingdom

EU average

-40 -20

o

20 40 60 80 100 120 140 160

Figure 3. Photovoltaic capacity installed in European Union countries in year 2019. Source: Own
analyses based on data: [21-27,54-62,76].
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Table 5. European Union countries with maximum photovoltaic installed capacity in years 2015-2019.

2015 2016 2017 2018 2019
First palace Kgllgée:m Klif;;efm France Germany Germany
Second place Germany Germany United Netherlands Spain
Kingdom
Third place France France Germany France Belgium
Fourth place Italy Netherlands ~ Netherlands Spain Netherlands
Fifth place Netherlands Italy Italy Italy France

Source: Authors’ own analysis.

United Kingdom I 3,386
Sweden Il 619.00
Spain I £ 445
Slovenia 11.00
Slovakia }68.00
Romania I 93.00
Portugal Il 488.00
Poland I 1,293
Netherlands I S 324
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Figure 4. Photovoltaic installed capacity in years 2014-2019—European Union countries. Source:
Authors” own analysis based on data in [21-27,79].

In the case of photovoltaic capacity per capita in 2019, Germany had the highest
level with 590.4 (W /inhabitant), followed by the Netherlands with 400.6 (W /inhabitant)
and Belgium with 395.5(W /inhabitant). In fourth place was Italy 345.5 (W /inhabitant)
and Malta with 305.1 (W/inhabitant). For the whole European Union the average was
254.5 (W /inhabitant) per capita. Figure 5 presents a summary of photovoltaic capacity per
inhabitant for 2019.
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Figure 5. Photovoltaic capacity in European Union countries per inhabitant in 2019 (W /inhabitant).

Source: Authors own analysis based on data in [21-27].

Table 6 lists the top five countries in terms of photovoltaic capacity for the period

2014-2019. Compared to the results of photovoltaic capacity calculated in absolute numbers
(Tables 1 and 2) in both cases Germany is in first place; it is by far the most advanced country
in the European Union in the case of implementation of solar energy as an energy source.
Italy is also very high in both classifications. The analysis of photovoltaic capacity per capita
shows a high level of photovoltaic implementation in the Benelux countries—Belgium, the
Netherlands and Luxembourg—which, due to their small size, are not at the top in terms
of absolute numbers but have a very high level of photovoltaic saturation. Malta, Greece
and the Czech Republic also have high levels of photovoltaic use per capita. In contrast,
France and Spain have a high photovoltaic capacity due to their large size but are below
the EU average on a per capita basis.
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Table 6. Photovoltaic capacity in European Union countries per inhabitant in years 2014-2019
(W/inhabitant).

2014 2015 2016 2017 2018 2019
Austria 90.6 108.9 123.9 142.3 162.4 187.5
Belgium 272.2 286.7 203.8 338.4 373.2 395.5
Bulgaria 140.8 141.7 144.3 144.8 146.9 152.1
Croatia 8.1 10.6 12 12.4 14.9 16.9
Cyprus 75.5 82 64.7 123.1 130.9 146.9
Czech Republic 196.1 197.7 194 192.9 193 197.2
Denmark 106.9 138.3 150.4 158.3 173.3 186
Estonia 0.1 3.1 7.7 0 0 80.8
Finland 1.9 2.7 3.6 11.1 22,7 39
France 87.6 99.1 107.3 120.5 141.4 157.9
Germany 474.1 489.8 503.1 512 546.9 590.4
Greece 236.8 241.7 2414 2422 246.9 260.5
Hungary 39 14 29.3 37.6 77.1 130.7
Ireland 0.2 0.5 1.1 1.9 6 7.3
Italy 303.5 311.3 317.7 325 3324 345.5
Latavia 0.8 0.8 0.8 0.7 0.5 1.3
Lithuania 23.1 25 27.7 28.8 26.3 29.7
Luxembourg 200 222 212.8 215 222.6 229
Malta 127.5 170.5 188.8 247.9 276 305.1
Netherlands 65.4 83.1 120.1 160.9 250.3 400.6
Poland 0.6 2.3 5.2 7.1 12.8 34.7
Portugal 40.2 443 454 55.2 65.2 88.3
Romania 64.8 66.7 69.4 70 70.5 714
Slovakia 109 109 100.5 98.1 97.6 86.6
Slovenia 124.2 124.8 125.5 124.9 123.9 106.7
Spain 102.9 106 103.4 109.8 101.8 196.7
Sweden 8.2 13.3 15.6 23.1 41.9 68.2
United 81.3 137.7 176.8 193.9 197 204.3
Kingdom
EU Average 171.5 186.1 197.8 208.3 223.6 254.5

Source: Own analyses based on data: [21-27].

In Table 7 we present the data on the yearly capacity additions in European Union
countries in the years 2015-2019. In Table 8 we give a juxtaposition of the five best coun-
tries in the case of increases in photovoltaic capacity in particular years. In 2019, the
largest increase in photovoltaic capacity per person occurred for the Netherlands with
150.3 (W /inhabitant). In second place was Spain with 94.9 (W /inhabitant). In third place
was Estonia with 80.8 (W /inhabitant(, fourth was Hungry with 53.6 (W/inhabitant) and
fifth was Germany with 43.5 (W /inhabitants). The average for European Union countries
was 30.9 (W/inhabitants). In recent years, a particularly fast increase in photovoltaic capac-
ity per habitants can be observed in the Netherlands, Belgium and Hungry Table 9. It is
worth noting that in 2019 the investment in photovoltaic capacity significantly accelerated
compared to the previous year. Between 2015 and 2018, the annual average increase in
photovoltaic capacity in EU countries varied between 10 and 15 (W/inhabitant). In 2019, it
increased by 100% and amounted to 30.9(W /inhabitant).

The use of photovoltaic energy requires investment before it is economically viable.
Figure 6 shows the relationship between photovoltaic energy production per person in EU
countries in W/inhabitant (for countries where this level exceeds 200 TWh) and the level of
GDP per capita calculated as purchasing power parity. The analysis of the graph shows
that there is a statistically significant correlation between the data (at the level of statistical
significance « = 0.05) with a value of 0.45. According to the Guilford classification [79],
the magnitude of the correlation can be considered as average. The data support H2
regarding the existence of a statistically significant correlation between GDP per capita and
photovoltaic energy use in the European Union countries.
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Table 7. European Union countries with maximum photovoltaic capacity per inhabitant in years

2014-2019.
2014 2015 2016 2017 2018 2019
First place Germany Germany Germany Germany Germany Germany
Second place Italy Italy Italy Italy Belgium Netherlands
Third place Belgium Belgium Greece Belgium Italy Belgium
Fourth place Greece Greece Luxembourg Greece Netherlands Italy
Fifth place Czech Republic ~ Czech Republic Belgium Malta Greece Malta

Source: Authors’ own analysis.

Table 8. Photovoltaic capacity installed in European Union Countries in years 2015-2019 per inhabi-

tant (W/inhabitant).
2019 2018 2017 2016 2015
Austria 25.1 20.1 184 15 18.3
Belgium 22.3 34.8 134.6 —-82.9 14.5
Bulgaria 52 2.1 0.5 2.6 0.9
Croatia 2 2.5 0.4 14 2.5
Cyprus 16 7.8 58.4 -17.3 6.5
Czech Republic 4.2 0.1 —1.1 —3.7 1.6
Denmark 12.7 15 7.9 12.1 31.4
Estonia 80.8 0 -7.7 4.6 3
Finland 16.3 11.6 7.5 0.9 0.8
France 16.5 20.9 13.2 8.2 11.5
Germany 43.5 349 8.9 13.3 15.7
Greece 13.6 4.7 0.8 —-0.3 49
Hungary 53.6 39.5 8.3 153 10.1
Ireland 1.3 4.1 0.8 0.6 0.3
Italy 13.1 74 7.3 6.4 7.8
Latavia 0.8 —0.2 —-0.1 0 0
Lithuania 34 -25 1.1 2.7 1.9
Luxembourg 6.4 7.6 2.2 —-9.2 22
Malta 29.1 28.1 59.1 18.3 43
Netherlands 150.3 89.4 40.8 37 17.7
Poland 21.9 5.7 1.9 2.9 1.7
Portugal 23.1 10 9.8 11 41
Romania 0.9 0.5 0.6 2.7 1.9
Slovakia —-11 —-0.5 —24 —8.5 0
Slovenia —-17.2 -1 —0.6 0.7 0.6
Spain 94.9 -8 6.4 —-2.6 3.1
Sweden 26.3 18.8 7.5 2.3 5.1
United Kingdom 7.3 3.1 17.1 39.1 56.4
EU average 30.9 15.3 10.5 11.7 14.6

Source: Authors” own analysis based on data in [21-27].

Table 9. European Union countries with maximum photovoltaic installed capacity per capita in years

2015-2019.
2015 2016 2017 2018 2019
First place United Kingdom Belgium Netherlands Netherlands
Second place United Kingdom Malta Malta Hungry Spain
Third place Denmark Hungary Cyprus Germany Estonia
Fourth place Austria Germany Netherlands Belgium Hungry
Fifth place Netherlands Denmark United Kingdom Malta Germany

Source: Authors’ own analysis.
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Figure 6. Relationship between GDP/per capita and W/inhabitant of photovoltaic capacity for the
countries analysed. Source: Authors” own analysis.

The relationship between the studied variables can be expressed by the following equation:
Photovoltaic capacity per inhabitant = —68.1334 + 0.0064 GDP per capita

The analysis shows that the involvement of countries in the development of photo-
voltaic energy is correlated with their wealth. The higher the per capita income of a country,
the more modern are the energy solutions used in that country, such as the use of energy
from renewable sources. Two groups of countries are worth noting in the figure:

e  Countries that have a significantly lower level of photovoltaic energy use compared to
their wealth—these include Sweden, Finland and Poland. These countries, especially
Finland and Sweden, are located in a cold climate where the use of photovoltaic panels
can be difficult. For this reason, they do not install as many photovoltaic panels despite
their relatively high wealth.

e  Countries where the level of photovoltaic use is higher than their wealth would suggest.
This includes in particular three countries—Greece, Italy, Belgium and Germany. In
the case of Greece and Italy in particular, the widespread use of photovoltaic panels
is most likely due to their warm climate, which favours the use of solar energy to a
large extent.

The next stage of the study analysed the relationship between the average temperature
in a country and the photovoltaic capacity per inhabitant. In this case, no statistically
significant correlation was found between the variables (at the statistical significance level
o = 0.05). The data collected do not support H3 as follows: there is a relationship between
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climate and photovoltaic energy use in European Union countries. Although there is no
statistically significant correlation between the variables, the analysis of the scatter plot
(Figure 7) identified a group of countries with very high values of photovoltaic capacity per
capita at average temperatures, such as Germany, Belgium and the Netherlands. This lack
of a direct correlation between national average temperature and the photovoltaic power
in particular countries can be due to the mixed effect of high temperature on solar cells,
especially in the situation of high radiation. Sometimes high radiation can have positive
effect but sometimes also a negative effect on cell power [38,39,42].
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Figure 7. Relationship between national average temperature and W/inhabitant of photovoltaic
power. Source: Authors” own analysis.

The data analysis also showed the existence of a statistically significant relationship
(at the level of statistical significance o = 0.05) at the level of 0.6 between the photovoltaic
capacity per inhabitant and the value of the long-term orientation of a given country (it is
one of the indicators characterising the culture of a country according to the concept of G.
Hofstede). This correlation can be considered, according to the Guilford classification [79],
as high. The data support the hypothesis H1 regarding the existence of a statistically
significant correlation between the long-term orientation of a country and the use of
photovoltaic energy in the European Union countries. In particular, this can be seen in
the case of Belgium and Germany—two countries characterised by the highest long-term
orientation index among the countries analysed and at the same time very high values of
photovoltaic capacity per capita. Conversely, for countries such as Portugal, Poland and
Finland, the low long-term orientation (i.e., short-term orientation) results in these countries
not investing in modern clean energy technologies, such as photovoltaic technologies.
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W/inhabitant

The relationship between the studied variables can be expressed by the following equation:
Photovoltaic capacity per capita =-115.8041 + 5.5154 x Long Term Orientation Indicator

Figure 8 shows a graph of the relationship between production of the analysed variables.
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Figure 8. Relationship between long-term orientation of the country and W/inhabitant of photo-
voltaic capacity. Source: Authors” own analysis.

In the case of countries such as Slovakia, Sweden, Romania, Hungary, France and
Bulgaria, their level of photovoltaic capacity saturation is lower than would be indicated
by the long-term orientation indicator for their country.

The opposite is true for Germany, the Netherlands, Italy, Greece and Denmark—in
these countries the level of solar energy use and their photovoltaic capacity per capita
performance is higher than indicated by their long-term orientation indicator.

5. Discussion

All EU Member States, aiming to counteract climate change, have taken strategic
actions, the effect of which is energy system transformation. The goal of the undergoing
transformation is to improve energy security and the attractiveness of the economy. In
the literature on the subject, energy transformation is understood as striving for economic
sustainable development, in which energy efficiency, low-emission energy sources and
electromobility are aimed at environmental protection [2,80-85]. According to researchers,
when considering the development and use of renewable energy sources in individual
countries, one must look at energy transformation as a complex process consisting of
economic, social and industrial factors. Energy transformation in an economic context is
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related to the technological modernization of energy production processes. This favours the
development of new branches, the so-called “Green economy”, improves competitiveness
and may have an impact on the growth of GDP in individual EU countries [2,82,84-86].

The development of renewable energy sources in the EU countries depends on their
prosperity. The European leader in the use of renewable energy sources is Germany. The
development of renewable energy sources is also conducive to the growth of employment.
The so-called eco-jobs are created, which allows combining economic goals with environ-
mental policy. The European Union has also developed a new industrial policy, in which
modernising and innovating the technologies of renewable energy production through
creating intelligent energy transmission networks—the so-called Smart Grid, populariza-
tion of electric vehicles as well as investments related to the concept of electromobility are
vitally important [2,82,84]. The EU countries focus on energy efficiency, which is related
to one of the goals of the EU sustainable energy policy. The social aspect is also of great
importance in the process of energy transformation. The use of renewable energy sources
reduces air pollution, which lowers public health expenditure and, consequently, reduces
the negative impact of the energy sector on human health. The energy transformation
brings positive social effects, such as better air quality, new jobs, and increased purchasing
power. However, attention should also be paid to the disadvantageous aspect of reducing
the number of jobs in other sectors of the economy related to the extraction of combustible
minerals. Therefore, the EU countries must take these problems into account when creating
strategies for the development of renewable energy sources [2,83-85].

Since the introduction of the first European directive on renewable energy sources
in April 2009, the installed solar capacity in the European Union and Great Britain has
increased more than 10 times, from 11.3 GW in 2008 to more than 134 GW in 2019 [80,83,84].

Approximately 60% of it includes residential and commercial rooftop installations.
At the end of 2019, the total power from photovoltaic energy in the European Union and
the United Kingdom was 635 GW, which accounted for 21% of all the power in the world.
The contribution of photovoltaic energy in reducing greenhouse gases is expected to reach
55% by 2030. The long-term EU strategy (LTS) by 2050 assumes that there must be a rapid
increase in renewable energy sources in the service sector as well as in transport, so that in
2050 energy from renewable sources in the EU countries will be close to 100% [80-82,86].
The European Union has the best defined and established goals in the world regarding the
policy of renewable energy sources. However, it must be emphasized that in individual EU
countries the use of photovoltaic energy is very diverse and dependent on many factors [30].
The development of renewable energy sources is different across the EU countries due to
the different structure of the energy balance as well as political and cultural environment
in which these countries are embedded. The climatic conditions and the economic level
of the member states are also important. Regardless of the starting point, Member States
will all pursue three goals: social expectations with regard to environmental protection,
industrial development and economic growth [87-92]. The presented results of the analysis
on the development of photovoltaic energy in the EU countries in relation to GDP per
capita calculated according to the purchasing power parity and the cultural characteristics
of the EU Member States enhance the knowledge of the factors influencing the energy
transformation process in individual EU countries [93].

The increase of photovoltaic power usage in annualized EU countries can be in the
future connected with the widespread of usage of mix hydrogen energy and photovoltaic
energy. This system seems like environmentally sustainable and because of that can be used
for grid-connected and also for non-grid application [68]. This mix can lead to creation of
clean fuel transportation using hydrogen powered by solar energy. For example, hydrogen
can be generated by solar photovoltaic and in the next stage stored and used [94]

6. Conclusions

Renewable energy sources are basic tools of energy transformation and constitute the
main goal of eco-innovation in the EU countries.
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In the EU countries, the distribution of renewable energy potential is varied and related
to economic, industrial and social factors. Photovoltaic energy is the second fastest growing
renewable energy source in the EU. In 2020, 134 TWh of solar energy was produced
in the EU countries [92,93]. The article investigates the relationship between data on
the development of the photovoltaic market in the EU countries and data on GDP per
capita calculated according to the purchasing power parity, as well as data on the cultural
characteristics of individual countries, such as the long-term orientation of a particular
country, the population index in EU countries and data related to the relationship between
solar capacity and the average temperature of the country. In the study, three research
questions and three research hypotheses were formulated.

The presented statistical research methodology enables us to present the following con-
clusions and answers to the research questions as well as the formulated research hypotheses:

e  The use of photovoltaic energy before it becomes economically profitable requires
individual EU countries to incur expenditures. Based on the statistical analysis, it
can be concluded that there is a statistically significant correlation (at the level of
statistical significance « = 0.05, reaching the value of 0.45) between the production of
photovoltaic energy per person in the EU countries and the level of GDP per capita
calculated as the purchasing power parity. According to the Guilford classification,
the size of the correlation can be considered average. The presented data support
Hypothesis 2.

e  The involvement of EU countries in the development of photovoltaic energy is cor-
related with their prosperity. The higher income per capita a given country has, the
more frequently it applies modern solutions related to photovoltaic energy.

e  On the basis of the research, no correlation was found between the average tempera-
ture in a given EU country and the photovoltaic capacity per inhabitant. The presented
analysis does not support the Hypothesis 3, which reads as follows: there is a relation-
ship between the climate and the use of photovoltaic energy in the European Union
countries. However, some countries—Germany, Belgium and the Netherlands, can
boast a very high solar energy capacity against average temperature values.

e  The conducted data analysis revealed statistically significant relationships at the level
of 0.6 between the photovoltaic capacity per inhabitant and the value of long-term
orientation of a given EU country. According to the Guilford classification, this
correlation should be considered high. The presented data supports Hypothesis 1.
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