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Abstract

:

The policy related to the use of renewable sources is a key element of the energy policy executed in the European Union (EU). One of the targets set for 2050 is to increase the share of electricity in energy consumption to 50%, and 80% of electricity is to be generated from low-carbon sources. In recent years, the EU economies have significantly modified their electricity production, which raises the question of the scale of these changes. The aim of the presented analysis is to assess changes in the use of renewable sources for electricity production in the EU countries in 2005–2019. Gini coefficient and k-mean are applied in the analysis. The conducted research shows that EU countries, in line with the energy policy assumptions, have both increased the share of renewable sources in energy production, especially in electricity production, as well as increased the diversity of used renewable sources. The results also indicate a vast diversity in terms of the use of such sources for the production of renewable electricity in the EU. This indicates that the energy transition is being implemented by EU countries with individual country-level approaches. Nonetheless, a variety of the EU’s both support and restrictive measures are of considerable importance for the ongoing energy transition.
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1. Introduction


The energy policy is one of the key pillars of the functioning of individual countries, as the energy sector is a driving force behind the economic development. The energy demand has been growing worldwide for many years, in line with the dynamic development of the economy on a global scale. This trend also continues in projections for the next decades [1]. Numerous actions have been taken around the world to accelerate the energy transition towards low-carbon economies using renewable energy sources (RESs). This is because, among other things, such an intensive use of energy products has negative effects on the environment, such as excessive exploitation of non-renewable energy sources and high emissions of harmful substances, including CO2, SO2, or nitrogen oxides. These problems are highlighted and discussed in References [2,3,4,5,6,7], among others. Such actions on a global scale include the United Nations Framework Convention on Climate Change (UNFCCC) [8] signed in Rio de Janeiro in 1992, and the Kyoto Protocol [9], which came into force to supplement the UNFCCC. However, the greatest intensification of energy transition activities has been observed in Europe.



The policy related to the use of renewable sources is a key element of the energy policy implemented in the European Union (EU). In a broader context, it is a pillar of activities undertaken in the implementation of the sustainable development goals. In the document “Next steps for a sustainable European future European action for sustainability” [10], the European Commission (EC) has outlined goals to be achieved by 2030. Among the 17 goals, there are two that relate directly to the energy sector. The first one concerns ensuring access to energy sources that are, above all, affordable, reliable, and sustainable. The second of these goals concerns acting to mitigate climate change and its impacts. In another document, “Clean energy for all Europeans” [11], the EC has set a target of 50% of electricity in total EU energy consumption in 2050. Furthermore, 80% of the electricity is to be obtained from renewable sources or nuclear energy. This means that electricity will gain importance, and ultimately, it will be the key source of energy in the EU. The policy of moving towards low-carbon economies also means that the main burden of electricity production will be on renewable sources.



Eurostat’s statistics clearly show that while electricity consumption has not increased significantly in recent years, the changes that have taken place in electricity production are significant. Firstly, the share of renewable sources in electricity production has increased significantly, from 16.3% in 2005 to 34.6% in 2019. Secondly, the diversification of renewable sources used has increased across the EU countries. Currently, wind energy has the largest share among renewable energy sources. In line with “EU Strategy to harness the potential of offshore renewable energy for a climate neutral future” [12], further intensive development of wind energy technology is planned in particular in marine areas. Solar energy is also gaining importance. From the perspective of the consumer, internal business processes, the development and financial aspects, solar and wind energy are considered the most competitive renewable sources in electricity production [13].



Therefore, the question arise what changes have occurred in the use of renewable sources in the production of electricity in the EU countries. In particular, the period of interest is 2005–2019. The beginning of this period was selected for two reasons. First, 2005 was the first full year in the EU after its largest enlargement. Second, when analyzing the statistics, since 2005, the greatest progress in the use of renewable sources in the EU can be observed. The end of the study period is related to the availability of data at the time of the analysis. Due to the fact that the composition of the EU underwent changes, in the presented analysis, it is assumed that the research sample includes countries from the composition from 2020 (EU-27) and the UK as the EU member until 2019. It should also be noted that the aggregate statistics for the EU area provided in the presented analysis concern the composition of the EU-27. These statistics are also used as a benchmark for national statistics. However, in more detailed analyses, considering individual countries, the UK is also added.



The aim of the conducted analysis is to assess changes in the use of renewable sources for electricity production in the EU countries in 2005–2019. This goal is carried out in two steps. In the first step, changes in the concentration of renewable sources are assessed in the production of electricity from renewable sources, using the Gini coefficient. In the second step, we apply k-means algorithm for clustering of EU countries (EU-27 + UK). The conducted study allows us to verify the following hypotheses:




	
Activities related to energy policy reduce the concentration of the use of renewable sources for electricity production.



	
There is a large diversity between EU countries in the use of renewable sources for the production of electricity, while the development of individual energy sources in specific countries is to a large extent supported by government bodies.








The literature presents numerous studies on the use of renewable sources, which are presented in international cross-sections. However, they mostly refer to several issues. The first is the analysis of the use of RES (or types of RES) in energy consumption or production (without dividing this energy into its types). The second is the analysis of share of total RES in different types of energy consumption or production. The third is the analysis of only one type of RES. In contrast, there is a lack of studies that present an analysis of the use of different types of renewable sources in the production of renewable electricity and examine their concentration. The approach presented in this paper is fulfilling the research gap. It should also be noted that we aimed to show changes in the composition of the energy portfolio composed only of RES used for electricity generation in the presented study. Therefore, this analysis refers to “renewable electricity”.




2. Renewable Energy Sources in Literature and EU Directives


Renewable energy sources (RESs) are in line with the concept of the “Sustainable Development Strategy of the European Union” adopted in June 2001. The very notion of sustainable development was defined in the Brundtland Report (WCED, 1987) as development meeting the needs of the present generations without limiting the same possibilities for the future ones [14]. Such development is then to be applied at both the social and environmental levels. The verification of the 2001 strategy that took place in 2006 allowed to pursue a long-term concept of sustainable development. Article 3 of the Treaty on the Functioning of the European Union (TFEU) urges the EU to disseminate the principles of sustainable development and to guard climate change and a low-carbon economy, inter alia, by lobbying multilevel actions improving the quality of the environment [15]. It is being implemented on multiple levels, both in the long and short terms [16]. In the case of energy policy, this takes place on the basis of various directives or strategies of the European Energy Union.



Moreover, the TFEU, and in particular, its Article 194, can be indicated as a point of reference for formulating strategies related to the EU energy policy in general. The first point of Article 194 presents the objectives of the EU energy policy by calling all EU countries, among others, to promote energy efficiency, to save energy, to develop new and renewable forms of energy and to ensure security of energy supply in the EU. The first milestone indicated in the process of formalizing the EU’s energy strategy is said to be the White Paper on renewable energy, adopted in 1997 [17]. The White Paper included goals that the production of electricity from renewable sources was to increase to 23.5% by 2010 (from 14.3% at that time). The next step was, the already mentioned, issuance of Directive 2001/77/EC of the European Parliament and of the Council of 27 September 2001 on supporting the production of electricity produced from renewable sources on the internal market [18]. This Directive indicated country-specific targets to be met by the year 2010 with regard to the use of RES in the production of electricity. For the entire EU, this indicator was 22%, and for individual countries it ranged from 5.7% for Luxembourg to 78.1% for Austria. The biggest increase was expected for Denmark—by 20.3%, from 8.7% in 1997 to 29% in 2010. On 10 January 2007, the European Commission issued a communication entitled “Renewable energy road map—Renewable energies in the 21st century: building a more sustainable future” [19]. In that document, the Commission indicated that the greatest progress with regard to the use of renewable sources has been made in the production of electricity. In addition, there were suggestions that in 2020, electricity production from renewable sources could increase up to 34% (from 15% at the time of the release). “Directive 2009/28/EC of the European Parliament and of the Council on the promotion of the use of energy from renewable sources” was issued in 2009, amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC [20]. The Directive 2009/28/EC set a target that by 2020 the share of total energy consumption from renewable sources should amount to 20%. This goal was mentioned in the Europe 2020 strategy [21] as one of the five main priorities determining the development of the EU. Furthermore, the directive 2009/28/EC also contained guidelines related to the electricity production, in detail it stressed that energy produced from renewable sources should be prioritized and use of support schemes for electricity production from RES. In 2018, the Renewable Energy Directive was amended again [22] and showed that support schemes for renewable electricity have proved to be useful tools. In addition, a target was set to increase the share of renewable energy consumption in the total energy consumption up to 32% by 2030. In March 2019, the EC published the “Clean energy for all Europeans package” [11] presenting numerous strategic proposals in the field of energy. According to this document, electricity will gain strategic importance in the EU. Additionally, estimates are given that electricity will be responsible for more than half of the EU’s energy needs by 2050, with RES and nuclear energy expected to account for 80% of the electricity generated in the EU. A discussion of the factors affecting electricity is given in Reference [23].



Due to the fact that one of the priorities of the EU’s energy policy is to increase energy efficiency and increase the share of renewable energy, there is a strong synergy of renewable energy concept with some of the goals of sustainable development [24]. Research on various renewable energy sources in terms of sustainable development indicators (e.g., price of generated electricity, availability of renewable sources, gas emissions, land requirements, efficiency of energy conversion, water consumption, and social impacts) rank individual energy sources. Assuming that all factors are of equal importance, wind, hydro, solar and geothermal energy are in the first place. Wind energy has the lowest greenhouse gas emissions but requires a large land area and high investments [25].



The EU put great emphasis on various types of activities and promotion of renewable energy [26,27,28]. However, due to its high cost, generating energy from renewable sources on a large scale is not possible without support [29]. These support strategies differ from one Member State to another [30]. There are many ways to promote ecological solutions, as well as their various combinations. Some of the EU countries decide to promote one support system, others promote hybrid solutions [31]. However, as it turns out, one of the most beneficial actions is financial support [32,33]. Next to it, there are also tax incentives, feed-in tariffs and tenders [34]. Important aspects related to the promotion of renewable energy are social pressure, environmental impact, and the level of development of the country. The concern for the environment and the pressure of subjective norms have also an indirect influence [35].



The increased focus on sustainability in the energy field is a response to dwindling natural resources and high CO2 emissions. Required technological changes supporting sustainable development strategies include replacing fossil fuels with renewable energy, saving energy, or improving the efficiency of its production [36]. The EU is taking a number of actions to reduce CO2 emissions such as supporting the development of the renewable energy sector and supporting research on innovations within this sector. Restrictive measures are also taken, for examples introduction of the “European Union Emission Trading” [37,38]. RES are considered a solution to an environmental degradation [39], depletion of non-renewable resources, destruction of the ozone layer or increasing energy consumption [40]. Another reason for using renewable energy and striving to increase its share in energy consumption by the EU is the awareness of high dependence on energy imports [41] and the shortage of energy reserves [42]. The higher variety of energy sources ensures higher energy security that should take into account the security of energy supply and demand for it, as well as the existing energy shortages and its surplus [43]. The EU countries apply equal strategies in this field. In the case of coal-based countries, the coal is converted into a growing share of gas and a slow increase in the share of renewable energy [44]. Renewable energy can also be a factor in supporting economic growth. Environmentally friendly companies and institutions also receive a positive perception [45]. In the long run, there is a two-way relationship between economic growth and renewable energy consumption [46,47]. Renewable energy production also expands spatially to neighboring countries. This is due to the spread of knowledge and the similar potential of renewable energy [48].



It is also worth noting, in the context of considering electricity generation, that this aspect (getting electricity) is considered when evaluating regions in terms of attractiveness to investors [49]. In turn, given the strong focus on creating socially responsible businesses, sourcing electricity from renewable sources gains an additional dimension.



According to Eurostat, RES include hydro (RA100), wind (RA300), Solar (including RA410—Solar thermal and RA420—Solar photovoltaic), biofuels (R5110-5150_W6000RI—primary solid biofuels, R5220P—pure biodiesels, and R5290—other liquid biofuels), biogases (R5300), renewable municipal waste (W6210), other (RA200—geothermal and RA500—tide, wave, ocean). In the literature, individual sources are mentioned in different level of detail. For example, Reference [50] mentions sun, wind, waves, tides, or biomass fuels. Meanwhile, the main sources are solar, wind, and biomass energy [51].



RES are used directly to heat or light homes, as well as to produce fuel and electricity [52]. The importance of the transport sector is increasing, the increase in renewable energy consumption reduces CO2 emissions in this sector by around 12% [53]. This occurs through, inter alia, use of biofuels [54] that are combined with other technologies [55].



The EU promotes the direct use of renewable energy for both heating and cooling [56]. Research on transforming the heating sector into solutions using renewable energy is focused, for example, on smart grid or smart energy systems [57]. In urban environments, district heating and cooling systems (5GDHC) are proposed, among others concepts [58]. However, in the case of cooling, the RES Directive does not contain a definition of renewable cooling, and therefore it may be difficult to directly include cooling from renewable sources [59]. Nevertheless, the future lies in various types of integrated energy systems that will ensure high energy efficiency. In the case of cooling, these include, for example, district cooling systems (DSC) used in the construction sector for drying and cooling rooms. The most suitable RESs for such systems are biomass, solar, geothermal, surface water, solar, and waste heat energy [60]. The adaptive energy supply systems under development try to also consider the changeable availability of renewable energy. Finally, thanks to new technological solutions, renewable energy has a chance to be cheaper [61].



The development of new renewable energy technologies could be reflected in a decrease in electricity production costs [62]. This, in turn, could translate into lower electricity prices. Lower electricity prices can be equated with achieving the EU’s affordable and clean energy goal (Sustainable Development Goal (SDG) 7). The prices of energy carriers have a wider dimension. They affect the general price level in the economy and thus have an impact on economic growth (see, e.g., References [63,64]).



The production of electricity by using renewable energy is confirmed by green certificates. They are used by energy companies, which are obliged to include renewable energy in the overall energy balance. They are therefore traded, which can help to meet the renewable energy target [65]. Green certificates also support producers of renewable energy. Apart from green certificates, feed-in tariffs are another form of support [66].



In connection with the new proposals for the EU on increasing the share of renewable energy in general energy consumption, considerations of 100% of renewable energy share arise in the literature. Multistage analysis, considering the impact in terms of energy, environment and economy indicates that such system is achievable by combining heating, electricity, cooling, and transport sectors [67,68]. Such considerations can also be found in relation to specific countries. A Danish study showed that the pursuit towards 100% of the share of renewable energy from local sources is possible. A decision on the participation of biomass and wind energy is said to be crucial [69]. According to [70] a total transition to renewable energy and closure of nuclear energy is also possible in Germany by 2050. An overview of other literature on different energy systems in terms of 100% renewable energy can be found in Reference [71]. The literature also points out the need for electricity storage in the case of transition to renewable energy and including it in intelligent energy systems [72]. The renewable energy defects include the lack of continuity of its production, which is often associated with the climate. There are different solutions in the field of optimization methods [73].



Due to the subsequent objectives placed by the EU, renewable energy will play more and more importance. It is anticipated that the share of renewable energy in gross final energy consumption in the EU in 2050 will amount to 55–75% [74]. Furthermore, the achievement of climate neutrality is associated with an increase in renewable energy by 2050 by over 80% [75]. Therefore, the national and local level implementation of these goals, as well as the similarity among EU countries in terms of achieving the targets of sustainable development, concentration of renewable sources or their shares are crucial. Recent research on a relationship between RES and sustainable EU development carried out on the basis of a hierarchical method of cluster (Ward’s method) gave division of countries into five clusters. Countries that best deal with the use of renewable energy and make progress in sustainable development are Denmark, Finland, Latvia, and Sweden. Meanwhile, at the other end, there are Belgium, Cyprus, Lithuania, Luxembourg, and Malta [76].



Pacesila, Burcea and Colesca [77] examined the similarity in terms of the share of renewable energy in total consumption for EU countries, however the share of renewable energy considered was treated jointly for all sources. The research, carried out by using the k-means method for data from 2013, resulted in three clusters: the first cluster included countries with energy dependence of up to 30% (Denmark, Sweden, Estonia, Romania, and Czech Republic), the second one consisted of countries with energy dependence between 30% and 70% (Latvia, Austria, Slovenia, Finland, Germany, France, Bulgaria, Croatia, Greece, Slovakia, Hungary, Poland, Netherlands, and United Kingdom), and the last cluster (Lithuania, Portugal, Spain, Italy, Belgium, Cyprus, Ireland, Malta, and Luxembourg) with energy dependence higher than 70%. Additionally, a ranking was created in terms of the characteristics of renewable energy. The results showed that RES can help reduce energy dependency.



On the other hand, Reference [78] determined the concentration of consumption of RES in 28 EU countries in 2016. The concentration factor was 0.59. The high value of the coefficient was due to the fact that there were several countries that have high consumption of renewable energy, while all the rest have low consumption. Countries with high consumption of clean energy were Germany, Italy, and France.



The share of renewable energy in total energy consumption in 2004–2016 and the concentration of total energy consumption and renewable energy were examined in Reference [79]. The Gini coefficient was calculated for 2004 and 2016 and a high concentration of renewable energy consumption was found in several countries. For the energy in total, the concentration factor was 0.62 in 2004 and 2016. In the case of renewable energy, 0.58 (2004) and 0.59 (2016). The highest total energy consumption was in Germany, France, the UK, Italy, and Spain. The structure of renewable energy consumption was very similar; however, Sweden took the place of the UK. The concentration factor was also determined in Reference [80], but it only referred to the level of primary production, export, import, and total energy supply in the EU.



Due to the fact that the existing research focuses only on the share of renewable energy in total energy production, there is a need for extended research in terms of the use of renewable energy in electricity production. This paper will fill the research gap in this area.




3. Data and Methodology


The main analysis focused on the share of each renewable energy source in gross electricity production from renewable sources, which can be written as follows:


   X  i j t   =   G E P _ R E  S  i j t     G E P _ R E  S  j t     · 100 %  



(1)




where   G E P _ R E  S  i j t     is the amount of electricity production from the i-th renewable source or biofuel in the j-th country in the period t, (GWh); and   G E P _ R E  S  j t     is the total amount of electricity production from renewable sources and biofuels in the j-th country in the period t (GWh), where   G E P _ R E  S  j t   =   ∑   i = 1  n  G E P _ R E  S  i j t    .



We use publicly available Eurostat’s data in the presented study [81]. In the analysis the EU countries (2020 composition) and United Kingdom are included. United Kingdom is counted since this state is the EU member until the end of 2019 and the analysis cover the period 2005–2019.



The Gini coefficient ( G ) is applied to the concentration analysis in Reference [80]:


   G  j t   =     ∑   i = 1  n    2 i − n − 1   G E P _ R E  S  i j t      n 2      G E P _ R E S  ¯    j t      



(2)




where   G E P _ R E  S  i j t     is the amount of electricity production (GWh) from i-th renewable source in j-th country in period t, and n = 7; and       G E P _ R E S  ¯    j t   =  1 n    ∑   i = 1  n  G E P _ R E  S  i j t    .



The considered sources of renewable energy are as follows: i = 1 (hydro), 2 (wind), 3 (solar), 4 (biofuels), 5 (biogases), 6 (renewable municipal waste), and 7 (other: geothermal and tide, wave, and ocean).



The k-means is the research tool applied for data clustering. This algorithm is introduced by Reference [82], (see also the description of the algorithm presented in References [83,84]). A procedure scheme for the application of the k-means is presented by Reference [85], among others. The calculations are prepared by using STATISTICA 13 software (TIBCO Software Inc. Palo Alto, CA, USA). In the first stage, all variables are standardized. Then Euclidean distance is used as a distance measure. The clustering is conducted for a different number of clusters, k = 2, …, 12. The number of clusters is selected by using the silhouette index (SI index [86]; see also References [87,88]. The highest value of SI index indicates the best division. In turn Reference [89] or [88] reports that acceptable divisions are characterized by the values of the SI index at least 0.5 (then the structure of the clustering is considered reasonable).



In the data clustering, seven variables constructed according the Formula (1) are considered. The list of variables is as follows:



   X  1 j t    —the share of electricity production in hydro power plants in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  2 j t    —the share of electricity production in wind power plants in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  3 j t    —the share of electricity production from solar power (solar thermal and solar photovoltaic) in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  4 j t    —the share of electricity production from biofuels (primary solid biofuels, pure biodiesels, and other liquid biofuels) in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  5 j t    —the share of electricity production from biogases in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  6 j t    —the share of electricity production from renewable municipal waste in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t;



   X  7 j t    —the share of electricity production from other sources in total electricity production from renewables and biofuels (  G E P _ R E  S  j t    ) in j-th country in period t (other sources are geothermal and tide wave, ocean).




4. Use of Renewable Energy Sources and Biofuels in the Electricity Production in the European Union


This section presents selected issues related to the use of renewable sources for electricity production in the European Union. In the first part, we present the share of electricity production from renewables and biofuels in the total electricity production. This part of the analysis covers the European Union (EU27, for the period 1990–2019) and the individual EU countries, including the UK (for the years 2005 and 2019). In the second part, we describe the types of renewable sources (RESs, according to the Eurostat’s classification) used for the electricity production in the EU and characterize the changes that have occurred in the shares of the five most popular RES in renewable energy production from RES (GEP_RES). In the third part, we report an analysis of changes in the level of concentration (measured by the Gini coefficient) of individual RES in GEP_RES production. We conduct this part of the analysis for the EU area (EU27) for the period 1990–2019 and for the individual EU countries, including the UK, for the years 2005 and 2019).



4.1. Renewable Energy in the Electricity Production in the EU


The main determinant of electricity production is the demand for electricity created by consumers. According to Eurostat data [90], in 2019, final energy consumption in the EU accounted for 10,879,807.319 GWh and was 5.1% lower than in 2005. The share of electricity in total final energy consumption is 22.8%, which is higher than the corresponding rate from 2005 by 1.6 percentage point (pp). In general, the electricity final consumption increased by 2.1% in the analyzed period. Increasing the share of electricity in the EU’s total energy consumption is included in the Clean energy for all Europeans package [11].



Figure 1 shows the gross electricity production (GEP), GEP from renewables and biofuels (GEP_RES) and share of gross electricity production from RES in total GEP in the EU (EU-27). As the presented data dates back to the year 1990, it can be noted that until around year 2005, gross electricity production in the EU had been steadily growing. During that period (1990–2005) GEP increased by 28.2%. As in the period of 2005–2019, one can observe a relatively constant level of GEP in the EU. In 2019, there was even a slight decrease in GEP compared to 2005—by 0.5%. However, analyzing the changes of the production of electricity from renewable sources (GEP_RES) shows that, in the period 1995–2005, there was an increase in its production by 49.2%, while, in the period between 2005 and 2019, there was an intensification and increase amounted by 110.8%. The total increase in the production of GEP_RES in the extended period (1990–2019) accounts for 214.4%. The vast development is also visible from the share of RES in GEP production (columns in Figure 1). In 1990, this share was 14.1%; in 2005, it slightly increased to 16.3%, but in 2019, it was already 34.6%. One of the reasoning behind such increase is the fact that the new member states joining the EU in its largest expansions in 2004 undertook many actions to adopt the guidelines related to the transition to low-emission economies (e.g., reduction of CO2 and other harmful substances emissions and the use of renewable sources for energy production to a greater extent).



Table 1 shows the shares GEP_RES in the total GEP in individual EU countries (including UK) in 2005 and 2019. In 2005, these shares ranges from 0% in Malta to 69.6% in Latvia. In 17 out of 28 analyzed countries, in 2005, the share of RES in electricity production was below the EU level (16.3%). The RES shares in GEP ranges from 10% in Cyprus to 85.9% in Luxembourg in 2019. In three more countries, the share of RES in GEP is greater than 70%; Lithuania (81.9%), Denmark (78.2%), and Austria (77.8%). Numerous countries have recorded a significant increase in the share of RES in GEP. In 11 countries, it is higher by 20 pp, and in three by as much as 50 pp: in Denmark (by 51.1 pp), Lithuania (by 76.3 pp), and Luxembourg (by 61.8 pp). This means that the policy of increasing RES for energy production has brought visible effects, especially in the case of electricity production. As a result, there is a noticeable reduction in the differentiation between EU countries in terms of this feature.




4.2. Types of Renewable Energy Sources Used for Electricity Production in the EU


Energy data are collected by Eurostat according to a strictly defined methodology [91]. Data are collected in areas that allow to assess, firstly, the origin of energy, secondly, the degree of dependence on energy imports, and thirdly, the types and costs of energy consumed. A key element of the EU’s energy policy is increasing the use of renewable sources, in particular regarding electricity production. As previously mentioned, the Clean energy for all Europeans package [11] assumes that, by 2050, electricity will account for over 50% of the energy consumption in the EU, with a significant share of renewable energy sources. Reliable and comparable statistics are therefore essential to be able to evaluate activities and progress in this area. In Table 2, we present the types of renewable sources and biofuels used for electricity production listed by Eurostat. While in 2019 the amount of electricity produced from all sources decreased slightly compared to 2005 (by 0.5%), the production of electricity from renewable sources and biofuels increased by 100.8% and exceeded 1 M GWh. This stands for an increase in the share of RES in the total electricity production by 18.3 pp (from 16.3% in 2005 to 34.6% in 2019).



Table 2 also shows the shares of individual sources used in gross electricity production from renewables and biofuels (   X i  E U    ) in 2005 and 2019 (columns three and five) in the EU-27 area. Figure 2, additionally, presents the changes in the shares of selected sources in an extended period of 1990–2019. In 2005, hydropower constituted the largest share of the RES_GEP (71.4%). Hydropower [92] noted a great decrease compared to 1990 (by 22.9 pp), when hydropower was responsible for over 94% of electricity generated from renewable sources (see Figure 2). Continuously, this share significantly decreased by 2019—by 37 pp. (to the level of 34.3%). Even if the actual amount of the electricity produced from hydropower has slightly increased since 2005 (by 1.4%), the highly decreased trend is due to other emerging technologies enabling the use of other renewable sources. In the study period (2005–2019), energy produced from wind; kinetic energy of wind exploited for electricity generation in wind turbines [93] gained a lot of importance, and increased by 439.1%. Its share in the production of electricity from renewable sources in 2019 was 36.5% and is higher by 22.2 pp from that in 2005. In 2019, both wind and hydro were responsible for 70.9% of electricity produced from renewable sources. Thus, these two sources are currently the main RESs used for electricity production. Another source that has gained in importance in recent years is solar energy. Eurostat distinguishes two types of solar power; solar photovoltaic (sunlight converted into electricity employing solar cells which exposed to light will generate electricity [94]) and solar thermal (heat from solar radiation (sunlight) exploited for useful energy purposes [95]). The second type of energy is produced by using, for example, solar thermal–electric plants, and its technology for the production of electricity is currently under development. According to Eurostat data, in 2005 this source was not used, and in 2019 it accounted for 0.6% of electricity production. In total, in 2019, solar energy was responsible for 12.5% of electricity produced from renewable sources. This indicator was higher than in 2005 by 12.2%. Since 2007, which is the year of the technology development, there has been an increase in the share of this type of energy (see Figure 2). Among the other technologies for the production of electricity from renewable sources, biofuels (solid and liquid biofuels) and biogases are a significant source. Electricity production from solid and liquid biofuels increased by 102.9% in the period 2005–2019, and the share of GEP production from RES slightly decreased (from 8.9% in 2005 to 8.5% in 2019). Furthermore, biogas significantly increased its importance in the production of electricity. In their case, the    X i  E U     ratio increased by 3.8 percentage points in the analyzed period, to the level of 5.5%, while the production of electricity from this source increased by 581.5%. RES of minor importance in the entire EU-27 are renewable municipal waste, which in 2019 was responsible for about 2% of electricity produced from RES and geothermal and tide, wave, and ocean. The latter two sources are used by only a few countries. Geothermal is most used in Italy; and tide, wave, and ocean are used in France. While in 2005 their share in GEP_RES was 2%, in 2019, it was only 0.7%. Thus, it is not a technology of strategic importance in the production of electricity, and its importance is marginalized in the scale of the entire EU.




4.3. Concentration of Renewable Sources in Electricity Production


In our analysis, we determine the Gini coefficient (see Formula (2)) by dividing renewable sources into seven categories (see Section 3, Data and Methodology). Figure 3 shows the evolution of this coefficient for the EU-27 area in 1990–2019. In 1990, the value of this coefficient was 0.83. This means that, in the EU, there was a high concentration of renewable sources used to produce electricity, and hydroelectric power plants were mainly used during this period. The energy produced by this method accounted for almost 95% of electricity production from renewable sources. In the following years, we observe a decrease in the value of the Gini coefficient. The pace of its changes is firstly slow, till around 2001, and then it accelerates. This is the result of measures taken to use more diverse sources of renewable energy. After 2001, we observe the use of wind energy and biofuels to a greater extent. In turn, after 2007, we can see that the importance of solar energy was increasing. In 2005, the concentration of renewable fuel sources was 0.704 and was lower than in 1990 by about 15%. In the following years, an even greater decline in the Gini coefficient occurred. In 2019, it was 0.512 and was lower than in 2005 by over 27%. This was influenced by several factors. Firstly, it refers to the largest enlargement of the EU in 2004. The EU-27 area for which we calculate the Gini coefficient includes the countries currently constituting the EU. Before accession, they were not obliged to implement measures for low-carbon economies on the scale that followed. The newly admitted member states had to comply with the introduced rules concerning the use of renewable sources for energy production. It is worth noting that, in the years 1990–2005, the average change in the concentration coefficient of the use of renewable sources for electricity production was higher in the EU-15 countries, and it was 0.11 (refer to the formula from the Methodology section), and for the new coming countries in 2004 or later, this change was only 0.02. In the period 2005–2019, the situation was different. It is in the new member states that the changes intensified (the Gini coefficient dropped by 0.16 on average, and for the EU-15 countries decreased by 0.08). Therefore, it is visible that the greatest progress in this area was recorded by the states of the EU-15 before 2005, and the newly admitted states only after joining the EU structures.



Table 3 presents the values of the Gini coefficients for 2005 and 2019 for the EU and UK. In 2005, the highest concentration of RES appeared in Bulgaria, Croatia, Lithuania, Romania, and Slovakia (in their case, the G coefficient exceeded 0.85), as well as France, Latvia, Austria, Slovenia, and Sweden (0.85 > G > 0.8). These are the countries that used mainly hydroelectric power at that time, and the share of this type of source in the generation of electricity from RES was about 90% or more. In 2005, only in eight countries, the concentration level was lower than 0.7. During this period, we notice the greatest diversity in the use of renewable sources in the case of the UK (0.51), Germany (0.562), Estonia (0.583), Belgium (0.584), the Netherlands (0.626), Portugal (0.664), Spain (0.685), and Ireland (0.697). In the UK, the distribution of renewable energy use was as follows: hydro (40%), biogases and biofuels (41%), wind (14%), and other (5%). Germany, on the other hand, made the greatest use of wind (39.6%), hydro (37.6%), biofuels (10.8%), and all others (12%). It is also worth taking a closer look at the diversity of the use of individual sources for the production of electricity. Assuming that the i-th source can be considered significant in the production of renewable electricity, we see that the limit of    X i  > 1 %   is set, then in 2005 for two countries the limit of 1% was exceeded in the case of six sources (Germany and Italy). Furthermore, for four countries,    X i  > 1 %   was recorded for five sources (Belgium, Luxemburg, Netherlands, and the UK). For 14 countries, there were only three or fewer sources. In 2019, the concentration level above 0.8 was recorded only in Malta (0.849), which mainly uses solar energy (97%), and Slovenia (0.807), where hydro is mainly used (89.3%). In nine countries, the concentration level was below 0.6. The lowest values of the Gini coefficients were recorded for the Czech Republic (0.409) and Italy (0.448). The Czech Republic used mostly hydro (28.3%), biogases and biofuels (43.9%), and solar (20.6). On the other hand, in Italy, hydro (40.9%), solar (20.1%), and winds (17.2%) are used the most. Considering the diversity of the use of sources, the shares of    X i  > 1 %   for each of the seven sources, this was the case only for Italy. For seven other countries (Belgium, Germany, France, Lithuania, Luxembourg, Hungary, and the UK),    X i  > 1 %   were recorded for six sources. For only two countries (Malta and Cyprus), the number of valid sources was three (Cyprus) or less (two—Malta). In Cyprus, mainly 46.3% winds and 42.4% solar and 11.3% biogases were used, while in Malta, the main source of renewable electricity was solar energy (97.04%) and, to a much lesser extent, biogases (2.93%). Looking at the changes in the concentration factor, it is clear that the concentration of renewable sources in electricity production increased in the analyzed period (2005–2019) in three countries. It is most noticeable in Estonia, where the value of the Gini coefficient increased by 0.104, due to an increase in the use of biofuels by 58.8%. An increase in concentration coefficient was also recorded in the case of Ireland (∆G = 0.074) and the UK (∆G = 0.057). The largest drops in the concentration level were recorded in the Czech Republic (∆G = −0.373), Bulgaria (∆G = −0.342), Hungary (∆G = −0.274), Italy (∆G = −0.265), and Lithuania (∆G = −0.244). The Czech Republic has significantly reduced the share of hydropower (to 28.3% in 2019) in favor of solar energy and biofuels and biogases. In Hungary, in 2005, the largest share was recorded for energy produced from biofuels; in 2019, the importance of this source was reduced in favor of a greater use of solar and winds.



In summary, we note that there has been a significant reduction in the concentration of renewable source types used for electricity production in almost all EU countries over the period analyzed. In those countries with slightly higher levels of concentration, wind-generated electricity in particular has gained in importance. In general, we are now seeing trends across the EU where two sources in particular are gaining in importance: wind and solar. Supporting these sources is part of the EU’s energy policy.





5. Classification of the EU Countries by the Usage of Renewable Sources for Electricity Production


To examine similarities and differences in the use of renewables for electricity generation, we conducted the classification of the EU countries (including the UK) by applying the k-means algorithm. As in previous parts of the paper, the year 2019 was set as the reference year. The selection of the number of clusters was made based on the values of the silhouette coefficient (SI) presented in Table 4. The highest value of SI = 0.603 in the 2019 classification was obtained for 10 groups, and thus it was adopted as final. This is a satisfactory result because, with SI > 0.5, it is considered that the obtained division is characterized by a strong class structure. In the 2005 classification, the SI value for 10 groups is 0.81 and is slightly lower than the highest score for 12 groups (0.852). With an SI score > 0.7, the obtained division is considered to have a strong class structure. In addition, for the classification of data from 2011, the best division turns out to be the one into 12 groups (SI = 0.832). However, to ensure the comparability of the results, further analysis considered the division into 10 clusters, which is considered satisfactory, because the value of SI = 0.554 exceeds the limit of 0.5.



The breakdown for 2005 (see Table 5) shows, first, numerous of one-object (one-element) clusters—as many as 7 out of 10. These are the following groups: 1 (UK), 3 (Hungary), 4 (Denmark), 5 (Netherlands), 8 (Malta), 9 (Cyprus), and 10 (Italy). Those clusters constitute countries classified as standing out from the others in terms of the use of renewable sources for the production of electricity.



In 2005, Malta did not use renewable sources to produce electricity. Therefore, this country is naturally classified as a separate group. However, to maintain the consistency of the samples with the samples used in the other classifications (for 2011 and 2019), it is also included in the analysis for 2005. Italy in 2005 is distinguished primarily by the fact that it used sources that for the purposes of the presented classifications are categorized as other (variable X7). In Italy, geothermal is a popular source of energy. In 2005, this source contributed to the generation of almost 10% of renewable electricity. In the case of Cyprus, the main characteristic is that, in 2005, solar energy was mainly used to produce renewable electricity (over 61%). Moreover, in 2005, only two renewable sources were used in Cyprus—apart from solar energy, Cyprus used wind energy (over 38% share). Hungary is distinguished as a single-element group due to the fact that biofuels (over 84%) has a significant share in the production of renewable electricity. On the other hand, in the case of Denmark, the distinguishing factor is the share of wind energy (over 67%). The Netherlands and the UK are distinguished from other EU countries by the considerable variety of renewable sources they use. In the case of the Netherlands, these are biofuels (almost 50%), wind (over 27%), and waste (17%). The Netherlands is the only country where waste is classified as meaningful. In turn, the UK uses mainly hydro (almost 40%), as well as wind, biofuels, and biogases, the share of which in the production of renewable electricity is greater than 10% (for each of the sources). The UK is distinguished by the share of biogases (almost a quarter of renewable electricity generated). Great diversification of renewable sources in the case of the UK is confirmed by the low value of the Gini coefficient (see Table 3).



The most numerous cluster is cluster #2. The algorithm classified 13 countries into it (46% of the analyzed objects). This cluster is distinguished by a high share of energy produced in hydroelectric plants. The group mean for this feature is     X ¯  1  2005     = 93.3%, and the group included countries for which these shares (X1) are at least 80%.



Cluster number six joins four countries with large share of wind energy: Germany, Estonia, Ireland, and Spain. The group mean for this feature is     X ¯  2  2005     = 45.844, and the individual values of this coefficient (X2) for these countries ranged from 39% to 51%. The algorithm assigns Belgium, Poland, Portugal, and Finland to Cluster #7. These countries are characterized by a similar level of hydropower consumption (X1 between 46% and 70%) with a simultaneous significant consumption of biofuels (group average     X ¯  4  2005     = 27%, and the individual values of the X4 feature are between 15% and 40%).



In the 2011 classification (Table 6), only four clusters are single-object. As in the previous classification (from 2005), Malta (#5), Italy (#10), and the Netherlands (#9) are classified as single-object clusters. In Malta, in 2011, two sources of renewable electricity were used: solar (X3 = 50.4%) and biogases (X5 = 49.6%). It is worth noting that, compared to other countries, Malta has the largest share of solar energy use. Italy, as in the previous classification, is distinguished due to the high level of use of other sources (X7 = 6.66%) compared to other countries. However, this share is lower than in 2005, as, at that time, Italy began to use wind and solar panels on a larger scale. In the case of the Netherlands, there is a significant share of waste (X6 = 16.5%), comparable to the previous classification. Other sources with a high share of renewable electricity production are wind and biofuels, but in 2011 their proportions changes in favor of greater use of the wind. Finland is also classified in a separate cluster, which is distinguished by the fact that the main sources used in the production of renewable electricity are hydro (X1 = 51.48%) and biofuels (X4 = 44.75%), totaling 96.23%.



In the 2005, Finland is classified together with Belgium, Poland, and Portugal. In the case of Belgium and Poland, in 2011, a much smaller share of renewable electricity production in hydroelectric plants is recorded, and in the case of Portugal, the importance of using biofuels decreased. The values of the coefficients have changed so significantly that these countries are no longer characterized as similar. This time Poland joined the group together with Estonia and Hungary (cluster #6). This cluster is distinguished by the significant use of biofuels (average     X ¯  4  2011     = 58%). Furthermore, Belgium is classified together with the Czech Republic (#3). Characteristic for this cluster is the use of various sources. Cluster means greater than 10% are observed for the following traits: X1 (hydro), X2 (wind), X3 (solar), and X4 (biofuels). Due to the increased production of renewable electricity from wind in Ireland (the share increased from 50% to 80%), the algorithm classifies it together with Denmark (#4). The clusters’ mean of this coefficient (    X ¯  2  2011    ), in this case, accounted for almost 75%. Ten countries remain classified in the largest cluster (#8). Their main source of renewable electricity production is hydro, with the mean is     X ¯  1  2011     = 84.5% and range from 71% to over 95%. Cluster #7 (Greece, Spain, Portugal, and Lithuania) is distinguished by the largest shares of two sources: hydro (    X ¯  1  2011     =49.78%) and wind (    X ¯  2  2011     = 38.11%). The last cluster (#2) includes Germany, UK, and Cyprus, with the main sources in the production of renewable electricity being wind (    X ¯  2  2011     = 48.20%), biogases (    X ¯  5  2011     = 20.64%), and hydro (    X ¯  1  2011     = 13.55%). It is worth adding that, in the case of Cyprus, the role of the solar source has significantly decreased, from 61.45% in 2005 to 6.7% in 2011, with a simultaneous large increase in energy production from these two sources.



The compositions of clusters change again for the 2019 classification (see Table 7). Five countries are classified into single-object clusters. As in the previous classification, these are Malta (#8) and Italy (#1), as well as the Czech Republic (#3), Hungary (#5), and Estonia (#6). Italy, as in the previous cases, is distinguished primarily by a high share of other sources (X7 = 5.16%) compared to other countries. Although it decreased compared to 2011, the amount of electricity generated with this method has increased. It is also worth noting that, in Italy, the importance of the use of solar and wind energy has increased. In 2019, in Malta, solar is the dominant source used for the production of renewable electricity, with the share of X3 = 97.04%. This is a significant increase compared to 2011, by over 45 pp. Estonia is distinguished by a high consumption of biofuels, with a significant consumption of wind energy and a significant reduction in the share of hydropower compared to that in 2011. In Hungary, significant shares of biofuels (X4 = 37.74%) and solar energy (X3 = 31.94%) are recorded. On the other hand, the Czech Republic still stands out due to the significant—compared to other countries—use of biogases in the mix of renewable sources (X5 = 22.54%) and the burden of electricity production being distributed among four sources: in addition to the mentioned biogases, hydro (X1 = 40.92%), biofuels (X4 = 21.38), and solar energy (X3 = 20.13%). Thus, a low level of concentration of RES in the production of electricity.



The cluster with the highest share of hydro is Cluster #4: Croatia, Austria, Romania, and Slovenia. The clusters’ mean for this variable was as high as X1 = 74.81%. Another cluster with high hydro consumption is Cluster #2 (Bulgaria, France, Latvia, Luxembourg, Slovakia, Finland, and Sweden). At the same time, in this cluster, there is a significant consumption of biofuels (X4 = 16.7%), which distinguished it from #4. Eight countries are classified to the largest Cluster #9, distinguished by the significant use of wind energy (X1 = 57.35%). The other two clusters are Clusters #8 (Belgium and the Netherlands) and #10 (Germany and Cyprus), which are also characterized by significant use of wind energy (group averages for this variable being, respectively, 49.16% and 48.52%). However, significant use of other sources is also important for the breakdown. In the case of Belgium and the Netherlands, these are solar (X3 = 22.15%) and biofuels (X4 = 14.49%). Menawhile, in the case of Germany and Cyprus, these are solar (X3 = 30.54%) and biogases (X5 = 12.25%).




6. Discussion


On one hand, the EU members are obliged to increase the share of renewable sources in the total energy consumption, but on the other hand, they have certain freedom in shaping the energy policy and selecting the sources according to their own possibilities. This is why the EU countries differ significantly in terms of the types of renewable sources used to produce electricity. The presented data clearly show that all EU countries are increasing the share of renewable sources for electricity production, which is in line with the guidelines contained in EU directives. Furthermore, the diversity of these sources is increasing, which is indicated by the decreasing values of the Gini coefficients (for the vast majority of countries). It is also worth noting the fact that the EU-15 countries have already started this transition process at the beginning of the 21st century, the new EU member states followed only after their accession.



In 2005, at the beginning of the analyzed period, it is noticeable that the energy produced by hydroelectric power plants is of the highest importance in the production of electricity from renewable sources. Its share in the production of renewable electricity (GEP_RES) accounted for over 80% and is recorded for as many as half (14) of the analyzed countries, and in the case of 21 countries, the share is greater than 50%. During the next 14 years, the importance of hydroelectric power plants in the production of electricity did not increase, although this method is said to have a high potential [96].



Although hydropower has an established position in the production of electricity and belongs to the so-called renewable sources, the amount of electricity produced by this method (in GWh) in the scale of the entire EU (EU-27) increased by only 1.4% in the period 2005–2019. In 15 countries (out of 26 analyzed), its production is even reduced (Malta and Cyprus are not included in this list, as, in 2005, electricity was not produced by this method in these countries). This is justified by the fact that this type of electricity production is not environmentally neutral [97,98,99], and the degree of its impact depends on the scale of the production [96,97]. There is little chance of a large-scale hydropower plant in the European Union, mainly due to the fact that most of the areas have already been taken into use [96]. Nevertheless, hydropower plays an important role in providing flexibility to the electricity system [100]. It is indicated that the technology used in the hydropower plants allows meeting sudden fluctuations in supply or demand of other renewable sources, such as solar and wind power. Therefore, the EU support hydropower innovation. It is worth noting, the EU legislation stands in the way of a freer choice of RES and restricts the development of certain technologies, including hydropower (e.g., References [99,101]). In 11 countries, the increase in production by this method is mainly not significant. Only five countries recorded an increase in production by more than 15%: Portugal (increase in production by around 100%), Slovenia (by around 35%), Spain (16.7%), Ireland (16.1%), and Lithuania (by 15.6%). It is worth mentioning that, in these countries, in 2005, hydropower accounted already for a significant share in GEP_RES. In 2019, these shares decreased significantly due to the fact that these countries have been developing other technologies for obtaining electricity from renewable sources to a greater extent. Only in Slovenia, in 2019, the share of hydropower in the generation of GEP_RES stayed significant (89.3%), and in the other countries mentioned above, it became less than 36%, while in Ireland, it was less than 10%. In Portugal, the largest increase in hydropower production is recorded, as it is a country with one of the highest possible potentials to exploit this area [99]. In addition, in 2007, the Portuguese government approved the National Program of Dams with High Hydroelectric Potential [99]. As previously mentioned, the development of hydropower may be restricted by the EU legislation (e.g., see Reference [101]), due to negative environmental effects. However, as emphasized by Reference [102], the acceptability of the side effects of RES in terms of benefits related to climate protection and socioeconomic benefits lies with the national policy pursued by states as part of the development of RES and environmental protection. Portugal, as one of the few countries, has decided to invest in this type of energy on a large scale, as the contractor (Iberdrola, Bilbao, Spain) has been awarded €650 million by the European Investment Bank [103] for the expansion of the hydroelectric power plant in Portugal. This does not confirm the thesis by Reference [96] that indicates that only small projects (generating a capacity of no more than 10 MWh) can count on support from EU bodies. In the case of Slovenia, the work of Reference [104] indicates that energy needs will be best met by a mix of nuclear, water and gas technologies. The only source of renewable energy in this list is hydropower. Therefore, it is not surprising that the energy policy in Slovenia also focuses on the development of this technology. Another study [105] considered many criteria related to electricity generation, such as environmental protection and institutional—political, economic, social, and technological. The researchers indicated that hydropower, biomass, and nuclear power are the most effective RES investments. Hence, it is not surprising that the production in hydroelectric power plants increased by over 15%. However, this potential is not fully used in Lithuania. Lithuania has one of the most restricted environmental regulations related to the introduction of this type of technology, even to a small extent [106].



Wind energy is gaining importance in the renewable energy mix used for electricity production in the EU. The data we present in this paper confirm a significant intensification of electricity production, using wind during the analyzed period. Currently, it constitutes the largest share in the production of GEP_RES (36.5%). The amount of electricity produced in this way increased in the period 2005–2019 by almost 440%. This is not a surprise, as the literature indicates this technology as the most competitive compared to other RES [13]. That competitiveness is examined by using a balanced scorecard based on four types of variables: the perspective of the consumer, internal business processes, the development aspect, and the financial aspect. Kapitonov and Voloshin [13] describe the advantages of this technology as “the cost of electricity, safety, minimum possible power, productivity, and performance development aspect and financial aspect”. It is worth mentioning that, as in the case of hydropower, also wind energy can affect the natural environment. Wang and Wang [107] and Pecesila et al. [77] mention the following effects: noise pollution, change the landscape, and impact on local to regional weather and climate if the area of turbines is large enough, and it may affect the local populations of various species of birds. Nevertheless, this type of energy is indicated as the least harmful to the environment [108]. Therefore, it is strongly supported (in addition to solar energy) by the EU bodies as a mean of achieving the sustainable development goals, and in particular achieving the so-called climate neutrality planned for 2050 (see References [109,110]. At the same time, wind energy is mentioned as the one to support these goals to the greatest extent [111]. The European Commission notes that, thanks to the pan-European efforts to reduce greenhouse gas emissions, in 2016 (compared to 1990), it succeeded in reducing these emissions by 22% [109]. This is due to the significant increase in the share of RES in energy production, in particular wind and solar energy. It is directly linked to a significant reduction in costs related to the production of solar and on- and off-shore wind energy in the recent years (European Commission, 2018). Currently, offshore wind energy receives particular interest from the EU bodies. A strategy for the development of this type of energy was formulated, an EU Strategy to harness the potential of offshore renewable energy for a climate neutral future [12], referred to as the EU Strategy on Offshore Renewable Energy. This strategy assumes an increase in the Europe’s offshore wind capacity from 12 GW (level from 2020) to at least 60 GW by 2030 and to 300 GW by 2050. Additionally, the development of several new technologies (by 2050), such as floating wind and solar, is expected.



Currently, the leaders in wind energy production are (according to data from 2019) Germany (125,894 GWh), UK (64,334 GWh), Spain (55,647 GWh) and France (34,721 GWh). As for the share of wind energy in the production of GEP_RES, the largest is recorded for Ireland (83%), Denmark (70%), Poland (58%), Spain (54%), UK (53%), Germany, and the Netherlands (51%). Countries with shares between 40% and 50% are Lithuania, Belgium, Portugal, Cyprus, and Greece. In the 2019 cluster classification, all these countries are classified into three clusters: #7, #9, and #10 (see Table 6). These three clusters are characterized by a high share of wind energy in GEP_RES, and they are differentiated by significant shares of other sources. The UK, Sweden, Denmark, and Ireland are considered the most efficient countries in terms of wind energy use [112]. It is worth noting that the countries from the abovementioned clusters have favorable conditions for the development of this type of energy because they are either large in terms of area or have the possibility of developing offshore wind farms. At the same time, the countries using offshore wind energy are considered to be the most effective [112]. Therefore, large-scale investments are being made in many countries to develop offshore wind farms. An example is the support system for the construction of offshore wind farms in Poland, which is approved by the European Commission in May 2021 [113]. According to the assumptions of the Polish energy strategy, offshore wind farms are to be the main pillar of the energy system in Poland. Government support systems for offshore wind energy can be found also in the UK ([114]), Ireland ([115,116]), and Denmark ([117]).



Another renewable source used for electricity production that has gained in importance in recent years is solar energy. In the EU-27, the production of this type of electricity increased from 1458 to 125,717 GWh, i.e., by over 8500%. Solar technology is relatively new and in 2005 it is the least used resource for the production of renewable electricity (its share is only 0.3% in GEP_RES). However, in 2019, it is the third most important source, and its share in GEP_RES is 12.5%. The increase in popularity of this source may be due to several reasons. Firstly, solar energy is the second technology, after wind energy, considered the most competitive in the group of renewable energy technologies used for energy production [13]. Secondly, the development of this technology has contributed to a significant reduction in the cost of electricity production, and therefore it will continue to be of interest to the EU bodies as a technology to be supported. As such, more investments are planned for its further development, e.g., in the form of offshore solar energy (floating solar panels) (European Commission, 2020). Thirdly, this type of energy is included in the EU strategies for reducing CO2 emissions and ensuring energy security for the EU area.



There are different technologies for using the sun to produce energy [118]. Eurostat’s data for gross electricity production include two technologies: solar photovoltaic and solar thermal, with electricity production using the latter in 2019 only in Spain (its share was 5.5% in GEP_RES).



The environmental impacts are discussed at the level of the photovoltaic panels’ production technology [118]. The first issue being the use of allium arsenide or cadmium telluride to produce more energy-efficient photovoltaic panels. In the event of a leak, those compounds are said to not be harmful to the environment. Silicon used for the production of photovoltaic panels is said not to be harmful to the environment, however characterized by relatively lower energy converting efficiency. In the case of a technology called concentrated solar power techniques, coolant and lubricant are harmful, also in the event of a leak. The methods of neutralizing the harmfulness of these substances are included to be considered in the further development of these technologies.



The country which, in 2019, produced renewable electricity almost entirely by using solar technology was Malta (97% share in GEP_RES). It is also the only country where this share is greater than 50%. Therefore, in the 2019 cluster classification, it is assigned to a separate cluster. The second country in this respect is Cyprus, where 42.7% of GEP_RES is produced using this technology. Cyprus is classified in one cluster together with Germany, and this is due to the similarity of the use of other sources at a similar level (wind and biogases). The third country in this ranking is Hungary with 31.9% of solar energy in GEP_RES. For five other countries, the share is greater than 20% (but less than 30%): Greece, the Netherlands, Belgium, Czech Republic, and Italy. Belgium and the Netherlands (cluster #7) have similar levels of solar energy use, but this is not surprising, as these countries are adjacent to each other and have similar climatic conditions for using RES to produce GEP.



All in all, the increased importance of solar energy in the production of electricity is recorded in many countries. However, only in the case of Malta is it considered as the main source. In other countries, where this share is also significant (but not leading), this source can be described as complementary to the energy mix.



The paper of Reference [119] presents the possibility of developing solar technologies for energy production with respect to geographic location. Without a surprise, the countries of Southern Europe are characterized by the greatest potential. By comparing these results with those presented in this paper, it can be concluded that so far only few of the EU countries are developing their solar energy potential. These are Malta, Cyprus, Italy, and Greece, as well as Hungary. On the other hand, Spain, Portugal, and Romania are examples of countries with significant potential for the development of this technology, but only to a limited extent (favoring wind and hydropower).



It is worth noting that the use of solar energy is quite important in countries that have not been previously named as those with such a high potential in this particular technology. These are the Czech Republic, Germany, the Netherlands, and Belgium. In their electricity mix, the share of solar energy accounted for at least 18%. In the case of the Czech Republic, support systems, which Reference [120] define as generous, are of great importance for the development of photovoltaics. They see this as the cause of the massive boom for the construction of the photovoltaic power plant in the period of 2009–2012. However, it is pointed out that these systems are only slightly in line with the potential of solar resources in the Czech Republic. Furthermore, in Germany, support systems and national strategies for the development of solar energy played a significant role in its development, despite the limited domestic potential (compared to the countries of Southern Europe). In the case of Germany, the most important factor is the feed in tariffs (preferential tariffs) [121].



Biofuels, biogases, and renewable municipal waste are collectively classified under the biomass category. Currently, it is estimated that biomass contributes as much as 60% to total renewable energy production in the EU, including electricity, heat, and energy used in transport [122]. In the production of renewable electricity, this share is lower, at the level of 15.9%. Thus, in its production, these sources play a smaller role than in the case of other types of energy. Of these three sources, biofuels and biogases are used to the greatest extent. In 2019, biofuels accounted for 8.55% of GEP_RES production, biogases—5.47%, and renewable municipal waste only 1.9%. In the period 2005–2019, there was an increase in electricity production with these sources, by 102.9% and over 580% and 80%, respectively. These numbers show that the use of biofuels is already well established in the production of electricity in the EU, while the importance of biogas has grown significantly.



Biofuels used for electricity production according to the Eurostat category are divided into primary solid biofuels (fuelwood, wood residues, wood pellets, animal waste, and vegetal material), pure biodiesel and other liquid biofuels. The latter two are of marginal importance. Solid biofuels are used to the greatest extent in heating energy, but they have also gained popularity in the production of electricity. In this matter, biofuels are most often used in Estonia (share of 58.8% in GEP_RES), Finland (38.5%) and Hungary (37.7%). Estonia and Hungary in the 2019 classification are classified as single-element clusters, due to, among others, such a dominant share of biofuels in the energy mix used for the production of electricity from renewable sources. Furthermore, Estonia is the only country among the analyzed countries where biofuels are the basis for the production of GEP_RES (share greater than 50%). Finland, despite such a significant share of this source, was classified in the second cluster, as in addition to biofuels, hydropower, and wind power are used to a large extent. Other countries that use this source to a large extent are Poland (24.6% shares in GEP_RES) and the Czech Republic (21.4%). For the following nine countries, this share ranges from 10% to 20%: Bulgaria, Denmark, Latvia, Belgium, Slovakia, the Netherlands, Sweden and Lithuania, and the UK. All in all, apart from Estonia, for the other countries mentioned, biofuels complement the portfolio of renewable sources used in electricity production as one of three (or four as in the case of the Czech Republic and Bulgaria) sources. The presented results also indicate that this is the source typical for countries located mainly in the northern part of Europe, where solar energy does not have as high potential as in the case of southern countries. Bulgaria is the southernmost country on this list, followed by Hungary. In the case of Hungary, the share of biofuels has significantly decreased—from almost 85% in 2005 to almost 38% in 2019 It is due to the fact that nowadays in Hungary more use is made of other sources (solar and winds). The production of electricity from biofuels in this country in the analyzed period slightly increased—by about 12%.



Biogases are reported to be as less common source than biofuels. They are used to the bigger extent only in the Czech Republic (22.5%) as well as in Germany, Cyprus, and Latvia (share between 11% and 14%). While in the case of the Czech Republic, Germany and Cyprus, the share of biogas in the energy mix distinguishes them from other countries, in Latvia, greater shares of hydro and biofuels meant that it was assigned to cluster #2.




7. Conclusions


The purpose of the presented analysis was to assess the changes that have occurred in the use of RES in the production of electricity in the EU and UK, and the main research period was set as 2005–2019. As different countries have different levels of use of renewable energy sources (RESs) in electricity production (GEP), in our main analyses, we focused only on the electricity generated from RES (GEP_RES) and its amount generated from each RES. It is this approach that distinguishes the presented study from others presented in the literature that focus primarily on GEP-related analyses. In the presented study, we analyzed the shares of seven types of different sources (hydro, wind, solar, biofuels, biogases, renewable municipal waste, and others) in the production of GEP_RES. The main research methods are the Gini concentration coefficient and the k-means algorithm.



The analysis shows that the Gini coefficients decreased for almost all countries in the period 2005–2019. This means that the concentration of renewable sources used for electricity production has decreased significantly across the EU. As indicated in the discussion, one of the main drivers of change in this respect (increased use of RES) has been the EU energy policy targets and national energy policies to adjust national energy sectors to these targets. This inclines us to accept Hypothesis (1). This phenomenon is in line with the recommendations of the European Commission regarding the diversification of energy sources, which is to support the energy security. It is worth noting that, while in 2005, in most countries, the predominant source of renewable electricity (with a share of over 80% in GEP_RES) was hydroelectric power plants, in 2019, a significant increase in the importance of other sources occurred.



The level of electricity production in hydroelectric power plants did not increase significantly, but with the simultaneous significant increase in the production of renewable electricity, the share of this source decreased. Hydropower production is still of great importance and is the main renewable source for electricity production in many European countries (with a share of more than 50% in GEP_RES). However, since this method of obtaining energy requires specific geographical conditions and the fact that it is not completely neutral to the environment, its development focuses primarily on more efficient use of already existing facilities, in particular those large ones. Wind energy is gaining importance. In 2019 in the EU-27, the share of this type of source in the production of GEP_RES was already over 36% and was greater than the share of hydropower. This source is recognized as the most effective among renewable sources in the production of electricity. It is also a resource promoted by the EU bodies. In particular, the emphasis is on the development of offshore wind energy, which is included in the directive [12].



The significant shares of the abovementioned sources (hydro and wind) in the production of GEP_RES in the vast majority of EU countries make those two the most important sources of renewable electricity. The remaining sources are usually treated as complementary. Among those sources of renewable electricity, solar energy, in particular photovoltaic energy, is important in the EU scale. It plays a key role in most of the countries of Southern Europe that is related to the level of insolation [119]. This technology, considered the second most effective renewable source of electricity after wind energy, is also developed and promoted in countries with less favorable climatic conditions for it: the Czech Republic, Germany, the Netherlands, and Belgium. The ecological aspects add to the importance of the solar technology and influence a support from governments of many countries (e.g., Germany and the Czech Republic). In northern countries, biomass— particularly biofuels—plays an important role as a complementary resource to the renewable energy mix.



Two sources that were categorized in this paper as “other” are of importance in only two countries: energy from the geothermal source produced in Italy and tide wave ocean used in France. As the first technology increased in importance (both in Italy and to small extent in other countries), the shares of tide wave ocean technology began to lose their importance. In the analyzed period, this source was not used to a greater extent.



The performed cluster analysis shows that, firstly, there are EU countries with a very individual structure of using the renewable sources, such as Malta (the only country where solar energy is used to a higher extent) or Estonia (a leading country in the use of biofuels). Secondly, there are countries where the use of renewable sources is highly diversified. An example is the Czech Republic, where as many as four sources had shares in GEP_RES at the level of more than 10%. Thirdly, the vast majority of countries has been assigned to multi-element clusters, indicating that they have similar structures of consumption of renewable sources in GEP_RES. Importantly, the clusters constitute countries often not closely located geographically to each other. As it turns out, geographical factors are not the only determinants of the amount of energy consumed, or the sources used for its production. The key factors here are the national energy policies and strategies that formulate the national goals and publicly supported technologies. Therefore, the presented study can be used as a basis for comparisons of impacts of national policies on the promotion and use of renewable sources for electricity production.



The presented study clearly shows that all EU countries implement the assumptions of the energy policy regarding both increasing the share of renewable sources in energy production—in particular, electricity—and increasing the diversity of these sources. The results indicate a vast diversity within the EU countries in terms of the use of the renewable sources for the production of electricity. This shows individual country-oriented approaches to implement the energy transformation towards low-carbon economies. The EU’s support and restrictive measures (e.g., the already mentioned EU ETS) are of considerable importance for this transformation. Currently, the main source of renewable energy in the EU is wind energy, which is increasingly used by most EU countries, and the offshore renewable energy strategy (European Commission, 2020) is guiding the development of this type of energy. Maintaining the pace of the energy transformation allows the achievement of the goals set for 2050 in the Clean Energy for all Europeans document [11].
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Figure 1. Gross electricity production (GEP), gross electricity production from renewables and biofuels (GEP_RES), and share of gross electricity production from RES in the total gross electricity production (%RES) in 1990–2019 in the European Union (EU-27). Source: Reference [81]. 
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Figure 2. Shares of selected renewable sources (   X i  E U    ) in the production of electricity from renewable sources (GEP_RES). Source: Own calculation based on Reference [81]. 
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Figure 3. Changes in concentration of analyzed types of renewable sources in the production of electricity from renewable sources (GEP_RES) in the EU-27 in 1990–2019. Source: Own calculation based on Reference [81]. 
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Table 1. Share of electricity produced from renewable sources and biofuels in the total electricity production in individual EU countries in 2005 and 2019.
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Country

	
Share of RES_GEP

in GEP (%)

	
Change

2019–2005

(pp)

	
Country

	
Share of RES_GEP

in GEP (%)

	
Change

2019–2005

(pp)




	
2005

	
2019

	
2005

	
2019






	
BE—Belgium

	
3.9

	
21.9

	
17.9

	
LT—Lithuania

	
5.7

	
81.9

	
76.3




	
BG—Bulgaria

	
10.7

	
18.0

	
7.3

	
LU—Luxembourg

	
24.1

	
85.9

	
61.8




	
CZ—Czech Republic

	
4.6

	
12.9

	
8.3

	
HU—Hungary

	
5.2

	
13.8

	
8.5




	
DK—Denmark

	
27.1

	
78.2

	
51.1

	
MT—Malta

	
0.0

	
10.5

	
10.5




	
DE—Germany

	
11.3

	
40.9

	
29.6

	
Netherlands

	
7.5

	
18.9

	
11.4




	
EE—Estonia

	
1.1

	
28.1

	
27.0

	
AT—Austria

	
64.7

	
77.8

	
13.1




	
IE—Ireland

	
8.5

	
38.9

	
30.3

	
PL—Poland

	
3.5

	
16.0

	
12.5




	
EL—Greece

	
11.7

	
33.2

	
21.5

	
PT—Portugal

	
18.6

	
54.2

	
35.7




	
ES—Spain

	
16.2

	
37.8

	
21.6

	
RO—Romania

	
34.0

	
42.0

	
8.0




	
FR—France

	
10.6

	
20.7

	
10.0

	
SI—Slovenia

	
23.6

	
32.6

	
8.9




	
HR—Croatia

	
54.4

	
66.2

	
11.8

	
SK—Slovakia

	
15.2

	
24.2

	
8.9




	
IT—Italy

	
18.3

	
40.1

	
21.9

	
FI—Finland

	
33.4

	
46.6

	
13.3




	
CY—Cyprus

	
0.0

	
10.0

	
10.0

	
SE—Sweden

	
51.3

	
58.7

	
7.4




	
LT—Latvia

	
69.6

	
49.6

	
−20.0

	
UK—United Kingdom

	
5.0

	
37.8

	
32.8




	
EU27

	
16.3

	
34.6

	
18.3

	

	

	

	








Source: Own study based on data [81].
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Table 2. Gross electricity production from RES and the total gross electricity production in EU-27 in 2005 and 2019.
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Energy Product-Source

(Eurostat’s Codes Included)

	
2005

	
2019

	
2019/2005




	
GWh

	
     X i  E U   ( % )    

	
GWh

	
     X i  E U   ( % )    

	
    d G E P _ R E  S i  E U      






	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)




	
RA000—Renewables and biofuels

	
476,989.593

	
100

	
1,005,271.556

	
100

	
110.8%




	
RA100—Hydro

	
340,546.184

	
71.4

	
345,264.887

	
34.3

	
1.4%




	
RA200—Geothermal

	
5397.673

	
1.1

	
6725.806

	
0.7

	
24.6%




	
RA300—Wind

	
68,094.587

	
14.3

	
367,115.301

	
36.5

	
439.1%




	
RA410—Solar thermal

	
0.000

	
0.0

	
5683.000

	
0.6

	
x




	
RA420—Solar photovoltaic

	
1458.688

	
0.3

	
120,034.721

	
11.9

	
8129.0%




	
RA500—Tide, wave, ocean

	
480.895

	
0.1

	
498.964

	
0.0

	
3.8%




	
R5110-5150_W6000RI—Primary solid biofuels

	
40,583.528

	
8.5

	
80,720.546

	
8.0

	
98.9%




	
R5220P—Pure biodiesels

	
0.000

	
0.0

	
29.541

	
0.0

	
x




	
R5290—Other liquid biofuels

	
1767.730

	
0.4

	
5170.842

	
0.5

	
192.51%




	
R5300—Biogases

	
8063.642

	
1.7

	
54,951.305

	
5.5

	
581.47%




	
W6210—Renewable municipal waste

	
10,596.666

	
2.2

	
19,076.643

	
1.9

	
80.02%




	
TOTAL—Total

	
2,917,663.780

	
x

	
2,904,012.166

	
x

	
−0.5%








Source: Own elaboration based on Reference [81];   d G E P _ R E  S i  E U   =     G E P _ R E  S  i , 2019   E U     G E P _ R E  S  i , 2005   E U     − 1   · 100 %   —means a change in the production of electricity from the i-th source in the period 2005–2019.
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Table 3. Concentration of types of sources in the production of electricity from renewable sources in the EU countries—the values of Gini coefficients.
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2005

	
2019

	

	

	
2005

	
2019

	




	
Country

	
     G  2005      

	
     G  2019      

	
    ∆ G    

	
Country

	
     G  2005      

	
     G  2019      

	
    ∆ G    






	
Belgium

	
0.584

	
0.536

	
−0.048

	
Lithuania

	
0.852

	
0.608

	
−0.244




	
Bulgaria

	
0.857

	
0.515

	
−0.342

	
Luxembourg

	
0.790

	
0.594

	
−0.196




	
Czech Republic

	
0.782

	
0.409

	
−0.373

	
Hungary

	
0.791

	
0.517

	
−0.274




	
Denmark

	
0.716

	
0.711

	
−0.005

	
Malta

	
x

	
0.849

	
x




	
Germany

	
0.562

	
0.552

	
−0.01

	
Netherlands

	
0.626

	
0.591

	
−0.035




	
Estonia

	
0.583

	
0.687

	
0.104

	
Austria

	
0.816

	
0.737

	
−0.079




	
Ireland

	
0.697

	
0.771

	
0.074

	
Poland

	
0.752

	
0.655

	
−0.097




	
Greece

	
0.795

	
0.614

	
−0.181

	
Portugal

	
0.664

	
0.621

	
−0.043




	
Spain

	
0.685

	
0.646

	
−0.039

	
Romania

	
0.857

	
0.722

	
−0.135




	
France

	
0.804

	
0.625

	
−0.179

	
Slovenia

	
0.845

	
0.807

	
−0.038




	
Croatia

	
0.856

	
0.708

	
−0.148

	
Slovakia

	
0.853

	
0.688

	
−0.165




	
Italy

	
0.713

	
0.448

	
−0.265

	
Finland

	
0.731

	
0.603

	
−0.128




	
Cyprus

	
0.747

	
0.672

	
−0.075

	
Sweden

	
0.820

	
0.711

	
−0.109




	
Latvia

	
0.846

	
0.700

	
−0.146

	
UK

	
0.510

	
0.567

	
0.057




	
EU27

	
0.704

	
0.512

	
−0.192

	

	

	

	








Source: Own calculation based on Reference [81].   ∆ G =  G  2019   −  G  2005    .
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Table 4. Silhouette coefficients for the 2005, 2011, and 2019 classifications and the selected number of clusters.
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Number of Clusters

	
Silhouette Coefficient




	
2005

	
2011

	
2019






	
8

	
0.713

	
0.598

	
0.519




	
9

	
0.790

	
0.480

	
0.590




	
10

	
0.810

	
0.554

	
0.603




	
11

	
0.830

	
0.649

	
0.545




	
12

	
0.852

	
0.832

	
0.537








Source: Own calculations.
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Table 5. The results of the classification of EU countries according to the shares of individual renewable energy sources in the production of electricity (clusters averages, %)—data from 2005.
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#

	
Country

	
Hydro

	
Wind

	
Solar

	
Biofuels

	
Biogases

	
Waste

	
Other




	

	

	
      X ¯  1  2005      

	
      X ¯  2  2005      

	
      X ¯  3  2005      

	
      X ¯  4  2005      

	
      X ¯  5  2005      

	
      X ¯  6  2005      

	
      X ¯  7  2005      






	
1

	
UK

	
39.52

	
14.62

	
0.04

	
16.98

	
23.99

	
4.85

	
0.00




	
2

	
BG, CZ, EL, FR, HR, LV, LT,

LU, AT, RO, SI SK, SE

	
93.34

	
2.44

	
0.14

	
2.53

	
1.00

	
0.49

	
0.06




	
3

	
HU

	
10.81

	
0.54

	
0.00

	
84.18

	
1.31

	
3.15

	
0.00




	
4

	
DK

	
0.23

	
67.41

	
0.02

	
19.30

	
2.86

	
10.17

	
0.00




	
5

	
NL

	
1.18

	
27.75

	
0.48

	
49.63

	
3.96

	
17.00

	
0.00




	
6

	
DE, EE, IE, ES

	
37.62

	
45.84

	
0.48

	
8.35

	
6.30

	
1.40

	
0.00




	
7

	
BE, PL, PT, FI

	
58.61

	
7.59

	
0.02

	
27.77

	
2.28

	
3.52

	
0.20




	
8

	
MT

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
9

	
CY

	
0.00

	
38.54

	
61.45

	
0.00

	
0.00

	
0.00

	
0.00




	
10

	
IT

	
77.62

	
4.24

	
0.06

	
3.92

	
2.17

	
2.37

	
9.63








Source: Own calculation in STATISTICA based on Reference [81]. Country abbreviations refer to those used by Eurostat; see Table 3.
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Table 6. Results of the classification of EU countries according to the shares of individual renewable energy sources in the production of electricity (clusters averages, %)—data from 2011.
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#

	
Country

	
Hydro

	
Wind

	
Solar

	
Biofuels

	
Biogases

	
Waste

	
Other




	

	

	
      X ¯  1  2011      

	
      X ¯  2  2011      

	
      X ¯  3  2011      

	
      X ¯  4  2011      

	
      X ¯  5  2011      

	
      X ¯  6  2011      

	
      X ¯  7  2011      






	
1

	
FI

	
51.48

	
1.99

	
0.02

	
44.75

	
0.66

	
1.11

	
0.00




	
2

	
DE, CY, UK

	
13.55

	
48.20

	
7.48

	
7.59

	
20.64

	
2.54

	
0.01




	
3

	
BE, CZ

	
24.20

	
14.59

	
19.84

	
28.16

	
8.79

	
4.41

	
0.00




	
4

	
DK, IE

	
6.57

	
74.84

	
0.06

	
12.11

	
3.06

	
3.35

	
0.00




	
5

	
MT

	
0.00

	
0.00

	
50.40

	
0.00

	
49.60

	
0.00

	
0.00




	
6

	
EE, HU, PL

	
10.37

	
25.99

	
0.02

	
58.00

	
4.16

	
1.47

	
0.00




	
7

	
EL, ES, LT, PT

	
49.78

	
38.11

	
4.71

	
5.13

	
1.53

	
0.52

	
0.21




	
8

	
BG, FR, HR, LV, LU,

AT, RO, SI, SK, SE

	
84.89

	
6.67

	
1.68

	
4.09

	
1.71

	
0.89

	
0.08




	
9

	
NL

	
0.46

	
41.40

	
0.85

	
32.38

	
8.40

	
16.51

	
0.00




	
10

	
IT

	
56.25

	
11.61

	
12.72

	
6.15

	
4.01

	
2.60

	
6.66








Source: Own calculation in STATISTICA based on Reference [81]. For country abbreviations, refer to those used by Eurostat (see Table 3).
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Table 7. Results of the classification of EU countries according to the shares of individual renewable energy sources in the production of electricity (clusters averages, %)—data from 2019.
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#

	
Countries

	
Hydro

	
Wind

	
Solar

	
Biofuels

	
Biogases

	
Waste

	
Other




	

	

	
      X ¯  1  2011      

	
      X ¯  2  2011      

	
      X ¯  3  2011      

	
      X ¯  4  2011      

	
      X ¯  5  2011      

	
      X ¯  6  2011      

	
      X ¯  7  2011      






	
1

	
IT

	
40.92

	
17.17

	
20.13

	
7.58

	
7.03

	
2.01

	
5.16




	
2

	
BG, FR, LV, LU, SK, FI, SE

	
55.77

	
15.29

	
6.61

	
16.70

	
4.20

	
1.34

	
0.07




	
3

	
CZ

	
28.30

	
6.24

	
20.61

	
21.38

	
22.54

	
0.93

	
0.00




	
4

	
HR, AT, RO, SI

	
74.81

	
14.36

	
4.20

	
4.24

	
1.95

	
0.15

	
0.27




	
5

	
HU

	
4.67

	
15.55

	
31.94

	
37.74

	
6.78

	
2.92

	
0.38




	
6

	
EE

	
0.89

	
32.07

	
3.43

	
58.81

	
1.81

	
2.99

	
0.00




	
7

	
BE, NL

	
3.06

	
49.16

	
22.15

	
14.49

	
4.29

	
6.86

	
0.00




	
8

	
MT

	
0.00

	
0.03

	
97.04

	
0.00

	
2.93

	
0.00

	
0.00




	
9

	
DK, IE, EL, ES

LT, PL, PT, UK

	
17.93

	
57.35

	
8.41

	
11.48

	
2.10

	
1.73

	
0.10




	
10

	
DE, CY

	
5.17

	
48.52

	
30.54

	
2.32

	
12.25

	
1.17

	
0.04








Source: Own calculation in STATISTICA based on Reference [81]. Country abbreviations refer to those used by Eurostat (see Table 3).
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