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Abstract

:

Renewable energy sources play a key role in decarbonizing the economy of the European Union (EU) and the world. The aim of this research is to present the development of the renewable energy sources (RES) sector in the European Union (EU), with particular emphasis on sustainable development. The EU guidelines, requirements, and directives were analyzed in order to meet the provisions of the energy policy to ensure energy and climate security. The potential of the RES was studied in the EU countries, and the possibility of its use in cogeneration with the use of local renewable resources. The results are presented in tabular, graphic, and descriptive forms. The results are presented based on the extensive literature on the subject and data from Eurostat. The data covered 2004–2019. We used different methods to evaluate the changes in the RES in the EU countries. First, we compiled descriptive statistics; second, we used the Augmented Dickey–Fuller test (ADF test); and, finally, we used the Generalized Autoregressive Conditional Heteroscedasticity model (GARCH model). Our analysis found that the EU increased the share of RES. The biggest share of energy from renewable energy sources was found in 2019 in Iceland (78%), Norway (74%), and Sweden (56%). The biggest increase in the share of RES in 2004–19 was found in Malta (8322%), Great Britain (1126%), and Luxemburg (784%). The results demonstrate the development of RES in the EU countries. However, not all countries achieved the planned goal in 2019.
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1. Introduction


Total global energy consumption has been increasing. The consumption of total market energy will increase from 2012 to 40 by 48% [1,2]. Lower supplies of fossil fuels are attracting growing interest in alternative energy sources, such as wind energy, biomass, sun energy, geothermal energy, and waterpower [3].



Renewable energy sources (RES) play a key role in decreasing carbon dioxide and other harmful gasses [4]. To decrease the temperature by 20 degrees C, the world will need to increase the share of RES from 19% in 2017 to 65% in 2050 [5].



Accordingly, the basic directions of European energy policy are: improve energy efficiency; increase the security of fuel and energy supplies; diversify the electricity generation structure, including by introducing nuclear energy; develop the use of renewable energy sources, including biofuels; develop competitive fuel and energy markets; reduce the impact of the energy sector on the environment [6]; use its own energy resources optimally; expand electricity generation and grid infrastructure; diversify natural gas and crude oil supplies; expand the network infrastructure; and develop heating and cogeneration capacity [7].



The threat to the energy security of each country and the entire EU is not due to the mere fact of importing fuels, but because of the poor structure of these imports, unreliable and dishonest suppliers, unfavorable prices, or unfavorable contract clauses. Both the structure of the fuel balance and the necessary importing of fuels should be optimized with economic criteria and the need to protect the natural environment (sustainable development), while taking into account the requirement of maximum energy security [8].



The basic elements of sustainable development in energy policy, which closely cooperate with each other, are: energy security management; guarantee of continuity for energy supplies; guarantee of the production potential of energy and the use of domestic sources; environmental protection; energy efficiency of the economy; research and development works; international cooperation [9,10]; supporting the development of renewable energy sources; and obtaining a 23% share of energy in gross final energy consumption in 2030 and 28.5% in 2040 [7].



Solving the emerging problems related to energy security is a main goal of sustainable development. The key issues for its assessment are the availability of adequate fuel resources and the net international exchange of energy. Diversification of energy supplies, development of distributed energy, and reliability and continuity of supplies are not only elements associated with increasing the economic security of energy development, but also have a significant impact on the prices of energy and its carriers. They shape competition between suppliers on the domestic market, which may contribute not only to lowering prices, but also to their differentiation [11]. After all, one of the basic arguments of energy security is independence from other countries [12].



The aim of the article is to present the idea of the development of the renewable energy sector in Europe in relation to sustainable development. The detailed aims are as follows:




	
The recognition of renewable energy sources in the EU.



	
The evaluation of the development of RES in the EU.








To achieve this goal, we aimed to answer the following questions:




	
What is the share of RES in the EU?



	
What is the proportion of the use of individual energy carriers in the EU?



	
What should be the basic directions of the EU energy policy in order to achieve sustainable development?



	
What should be the basic elements of sustainable development in energy policy?



	
What is the assessment of the condition of the energy sector?








Hypothesis 1 (H1).

The share of renewable energy sources is diversified regionally and it is increasing as the effect of environmental policy in the European Union (EU).





Hypothesis 2 (H2).

The renewable energy sources (RES) increase the sustainable development of countries, and particularly enhance environmental issues.





The paper is organized as follows. First, we present the concepts of sustainable development, renewable energy, and related policy. Second, we present the methodology. The third section describes the research results. Next, we present the discussion. The final part presents our conclusion.




2. Renewable Energy Sources in the Context of Sustainable Development


2.1. Sustainable Development Concept


Sustainability is a very broad concept having different definitions and interpretations [13]. The beginning of the creation of the concept of sustainable development was in the 18th century. The catalyst was the struggling German timber industry, in which the concept of sustainable development arose to stimulate and help the industry survive.



Later, it was extended to fisheries and mining as a result of realizing that natural resources are limited and therefore require controlled and rational use. The 1960s also saw restrictions on the overexploitation of the seas and oceans, the use of herbicides in agriculture, and the intensity of agricultural production, which can cause irreversible damage to standards and the ecological balance [14].



The aim of balanced and sustainable development is to meet the needs of the present generation without diminishing the chances of future generations to meet them. This definition of sustainable development was first given in the 1987 Report of the World Commission on Environment and Development (Brutland Report) entitled: “Our Common Future”, followed by the programming document in 1992 (Agenda 21) entitled: “Environment and Development” [15]. This concept is now considered to be one of the most important concepts of economic development [16]. This means that the economic and civilization development of the current and future generations cannot take place by depletion of non-renewable resources and destruction of the environment [17]. This development should take place comprehensively, based on individual sectoral policies of states [12]. In Poland, sustainable development was defined for the first time in the Act on the protection and shaping of the environment of 31 January 1980 [18].



The overriding goal of the European Union, and the one that guides all these activities, is the idea of sustainable development contained in the treaty, which sets the direction and method of the pursuit of the set goal [19].



Institutions play a very important role in implementing sustainability in countries. The functioning of institutions in relation to sustainability depends on different factors. External crises and international pressure on institutions can trigger them to make progress towards sustainability [20]. The institutions can help transform economies toward sustainability and their proper functioning is very important. Institutional failure is not only negative for sustainability, but also creates destabilization [21].



Agriculture plays a very important supporting role, not only in providing food for society, but also energy for farms and local economies. Agriculture production also creates emissions, mainly from conventional farming. That is why it is important to support forms of sustainable agriculture such as organic farming. Climate change risks and increasing environmental pollution, in contrast with the increasing demand for food, require the development of a food system that is safe and incorporates the production and distribution of food [22]. The EU has introduced agri-environmental programs, with the aim of providing compensation for farms to increase their incomes, reduce pesticide emissions, protect the natural life of inhabitants, reduce poverty, and restore the landscape [23]. The EU is becoming a resource-efficient competitive and low-carbon economy. To achieve these goals, the seventh Environmental Action Programme (2004–2020) and Common Agricultural Policy (CAP) have been incorporated [24].




2.2. Renewable Energy Sources in Sustainable Development Concept


Sustainable energy development is a process of safe, sustainable, and effective energy provision for the purposes of sustainable development. Through legal acts relating to the energy sector, the energy policy of the European Union aims to implement an approach consistent with the principles of sustainable development, including through the development of technologies using renewable energy resources and the development of cogeneration of thermal energy and electricity. Obtaining and using energy in this way is an essential component of sustainable development. Many countries that choose this direction create a new concept of energy development and carefully evaluate their energy systems in terms of their ability and functionality with the goals of sustainable development [11].



Overcoming challenges and seizing the many opportunities in today’s world provides access to energy. Energy is necessary for the performance of work, ensuring security, combating climate change, producing food, and efforts to increase national income. Sustainable energy is an opportunity for a better future, as it can transform human lives, entire economies, and even our planet.



Renewable energy sources play a special role in the processes of balancing development in relation to energy [11]. The shaping and implementation of a sustainable energy policy that ensures energy security for EU countries requires the cooperation of authorities of all countries that meet the requirements of ecological safety by increasing competitiveness and energy efficiency. Rational use of renewable energy sources (RES) is one of the essential elements of the sustainable development of the state. The degree of use of renewable energy sources depends on the availability of resources and the technology of their processing [25]. A breakthrough event for entering a new stage of development of renewable energy sources was the signing of the Kyoto Protocol at the end of 1997, which was followed by an international agreement on climate change and counteracting global warming [26].



“The main goal of the energy policy is to create conditions for the constant and sustainable development of the energy sector, ensuring the energy security of the state, meeting the energy needs of enterprises and farms households and reducing the impact of energy on the environment. Improving energy efficiency will remain the priority of the energy policy” [27].



The implementation of the idea of sustainable development involves a balance of three main areas, i.e., environmental protection, economic growth, and social development [11,28,29,30,31]. In achieving these goals, the EU’s energy policy has three main goals:




	(1)

	
ensuring security in energy supplies;




	(2)

	
ensuring competitive prices for energy consumers by increasing competition in energy markets;




	(3)

	
reducing the negative impact of the energy system on the environment.









Achieving these goals requires:




	
Conducting wider dialogue and cooperation with EU countries, including partner regions, in the field of combating climate change and securing energy supplies;



	
Improving policy coordination and coherence, and supporting energy policy-building authorities in building energy policy;



	
Supporting and eliminating energy poverty by including issues and making efforts to develop them [19];



	
Developing distributed energy with the use of local energy sources.








Many authors indicate that the main factor in balancing the development of the energy sector is energy policy. Each year, energy efficiency increases and the prices of energy from renewable sources decrease. This should be conducive to the use of renewable energy sources, i.e., a process that is highlighted in almost all statements on sustainable energy development [11].



Renewable energy sources are also leading to the creation of innovations. The EU creates about 30% of the world’s patents on energy sources. However, many enterprises face challenges to achieve sustainability targets; hence, innovations can help in establishing mechanisms to leverage sustainability [32,33,34].




2.3. Policy of Renewable Energy Sources


The policies for RES, including biofuels, are a very important driver to fulfill the demand for energy and food security. The demand for RES and biodiesel has increased as the result of established policies. The production of biodiesel in 2005–2015 increased 700% and is expected to rise by other 35% by 2025 [35,36]. Biodiesel is produced in the EU, whereas bioethanol is made in the United States of America (USA). Hence, proper policies for each country, including local, regional, and international possibilities and resources, should be established [37].



The EU has elaborated its emission standards and mandates. The global policy aims to promote production of RES, including biofuels. These policies help increase biodiversity, reduce unemployment, and achieve biofuel production standards [38].



The increase in the share of energy from renewable energy sources and the reduction in carbon dioxide emissions are caused by the legal obligations entered into by EU member states with the EU under Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009, and by achieving the desired share of renewable energy in the final gross energy consumption [39]. The development of the security of the energy supply requires further increases in renewable energy, which help to achieve the established targets [40].



The directive of the EU established the necessity to achieve 20% of RES in global energy use and 10% of biofuels in total transport fuel consumption by 2020 [41,42].



In December 2008, the European Union adopted the climate and energy package (the so-called 3 × 20% package), which sets out actions to be taken by 2020. These activities are recorded in the following documents: Decision 2009/406/EC, Directive 2003/87/EC, Directive 2009/28/EC, Directive 2009/29/EC, and Regulation 443/200942. The assumption made was to reduce the annual greenhouse gas emissions by at least 20%, and to reduce energy consumption by 20% in 2020 compared to 1990 (increase in energy efficiency by 20%). The goal was then adopted to increase the share of energy from renewable sources in final energy consumption to 20% (each country in the European Union has set an individual target, e.g., Germany—18% and Poland—15%), and increasing the share of liquid biofuels to 10% in fuel consumption in transport [43].



In December 2018, the new Directive 2018/2001 elaborated the aim of delivering clean energy for European citizens. The EU should be the leader in delivering clean energy. According to the regulation, the EU should acquire at least 32% of its energy from renewable sources by 2030, and renewable sources should supply 14% of the energy in transport [44]. The Renewable Energy Directive (RED II) was completed with a legal framework as part of the directive recast by the EU in December 2018 [45].



The reduction of coal consumption in many countries creates changes in the energy sector because coal is the main source of heat for households. However, burning coal causes smog, which is the source of deaths [46]. The need to increase the consumption of RES has surpassed the demand for fossil fuels for the first time [47].





3. Materials and Methods


3.1. Material


The main source of material for the analysis was data obtained from Eurostat. This included yearly data, including the share of renewable energy sources in particular EU countries. The data covered the years 2004–2019. The 15 years of observations provide the changes in the share of renewable energy sources.



“Energy is said to be renewable when it’s sourced from renewable resources such as the sun, wind, water, or biomass. Renewable energy does not use fossil fuels, coal, or gas, but rather natural resources that can be replenished within the human lifetime” [48].



Table 1 confirms the development of renewable energy that supports sustainable development. The concept of sustainable development is important in the EU. Various policies support the development, such as the Common Agricultural Policy (CAP). The concept refers not only to environmental problems and how to overcome them, but also to subsidies (green box subsidies) for social cohesion, capital, and inclusion [47].



Renewable energy sources are used in heating systems. The low-carbon economy depends on household decisions concerning residential heating systems. The household socio-economic characteristics have an impact on good decision making. [48,49]. Another decisive factor is policy decision making, which shapes social costs and fuel poverty. Fuel poverty is a challenge that requires investments in public housing renovation [50]. Households benefit from retrofitting. “Furthermore, the application of the developed framework can serve as an evidence base for retrofit designers, contractors, and policy makers in the design of retrofit packages and policy measures that will maximize the benefit for householders” [51].



The European Union is the best geographical scope of research because it is a common market. Countries belonging to the EU have common regulations concerning renewable energy sources. The share of energy from renewable sources is computed in three consumption sectors (electricity, heating and cooling, and transport) in the European Union (EU). Renewable energy sources include wind power, solar power (thermal, photovoltaic, and concentrated), hydro power, tidal power, geothermal energy, ambient heat captured by heat pumps, biofuels, and the renewable part of waste [52].



The biggest shares of renewable energy sources were observed in 2020 in Sweden (60.1%), Finland (43.8%), and Latvia (42.1%) (Table 1). The smallest shares of renewable energy sources were observed in 2020 in Malta (10.7%), Belgium (13.0%), and Hungary (13.8%).




3.2. Methods


We tested whether the share of RES data is non-stationary and conducted the Augmented Dickey–Fuller test (ADF test) [53]. The ADF test is a unit root test used for checking non-stationarity [54]. Using the Augmented Dickey–Fuller test, we checked two hypotheses. The null (first) hypothesis says that the time series is a unit root. The alternative (second) hypothesis is that the time series is not stationary.



Next, we analyzed the time series using the Generalized Autoregressive Conditional Heteroscedasticity (GARCH) models, which were elaborated by Engle [55] and Bollerslev [56]. The models can describe the volatility clustering and unconditional return distribution [57], and are presented by the equation:


σ2t = α0 + α1y2t−1 + β1σ2t−1



(1)







In the GARCH notation, the first subscript refers to the order of the y2 terms on the right-hand side, and the second subscript refers to the order of the σ2 terms [51]. The Generalized Autoregressive Conditional Heteroscedasticity (GARCH) method is used to analyze conditional variance that is not stationary [57].



The share of RES is described as Autoregression (AR(p)-Generalized Autoregressive Conditional Heteroscedasticity GARCH (1.1), given by:


   y t  =  ϕ 0  +   ∑  i = 1  p    ϕ i   y  t − i     +  e t  ,    



(2)






   e t  |  ψ  t − 1   ~ t   υ ,   0 ,  h t    ,    



(3)






   h t  =  α 0  +  α 1   e  t − 1  2  +  β 1   h  t − 1   ,    



(4)




where    ψ  t − 1     denotes the series history up to time   t − 1  ,   t   υ ,   0 ,  h t      is a Student’s t distribution with  υ  degrees of freedom     υ > 2    , and    h t    is the conditional variance. Given the regularity conditions,    α 0  > 0 ,    α 1  ≥ 0 ,    β 1  ≥ 0  , the required stationarity condition is    α 1  +  β 1  < 1  . Moreover, due to the presence of autocorrelation, the roots of the polynomial    z p  −  ϕ 1   z  p − 1   −  ϕ 2   z  p − 2   − … −  ϕ p  = 0   lie inside the unit circle. According to the GARCH models, the residual depends on a previous period’s value and the variance [58]. The GARCH model can satisfactorily explain the volatility of the analyzed series [59].





4. Results


4.1. Proportion of Use of Individual Energy Carriers in Europe


Renewable energy sources (RES) are an alternative to traditional primary non-renewable energy sources such as fossil fuel. Obtaining energy from these sources is much less environmentally friendly than renewable sources. The use of renewable energy in the energy mix significantly reduces the harmful impact of the energy sector on the natural environment, mainly by reducing the emission of harmful substances, especially greenhouse gases [60].



In 2016, EU farms used 173 million ha. of land for agricultural production. Almost three-quarters of the EU’s utilized agricultural area was located in just seven Member States: France, Spain, Great Britain, Germany, Poland, Italy, and Romania [61].



By contrast, forests in the EU cover 158 million ha and two-thirds of the EU’s forest areas are in the six Member States having the largest forest areas; Sweden, Finland, Spain, France, Germany, and Poland [62].



Poland’s high position compared to the EU in terms of the availability of agricultural and forestry areas is due to the use of solid biofuels in the structure of primary energy production, which account for 65.5% and exceed the EU average by 25%. Moreover, the share of liquid biofuels is in Poland is 10.3%, which is higher than the EU average of 6.8%. By comparison, the use of wind energy in Poland is similar to the EU average, accounting for 13.7% and 13.9%, respectively. Northern and Central Europe will increase their wind energy potential when that of Eastern Europe decreases. Although Europe is an important producer of wind energy, the north–south divide will not jeopardize its development [63,64,65,66]. The most important source of wind energy is onshore farms. The quantity of offshore wind energy produced in Europe will probably decrease [67].



The development of renewable energy is essential for the achievement of the basic goals of climate and energy policies. Increasing the use of renewable energy sources offers the opportunity to increase energy efficiency [60]. This applies to both the production of electricity and heat.



As part of the climate and energy policy until 2030, the most important goals of the EU for 2030 will be: an increase in the share of renewable energy in gross final energy consumption in the European Union countries to 32% (for Poland it is 23%); and the reduction in greenhouse gas emissions by at least 40% (compared to the level from 1990) (for Poland it is 30%) [7].



In recent decades, the development of renewable energy sources has become one of the most important goals of the energy policy of the European Union countries [68].



Poland, as a member of the European Union, actively participates in the creation of the Community’s energy policy, and implements its main goals in specific national conditions. This takes into account the protection of consumers’ interests, energy resources, and technological conditions of energy production and transmission [6], in addition to the need to reduce greenhouse gas emissions, in particular CO2, thus indicating the need to use renewable energy sources (RES) [69].



The increasing usage of renewable energy sources is attracting interest globally in urban and rural areas. Cities are elaborating strategies of sustainability with renewable energy sources to impact the environmental conditions in which we live. The strategies are based on environmentally friendly actions that include product management; preservation of nature, processes, and activities; preservation of wild animals, species, and plants; adjusting enterprises to social needs; and various actions to improve the quality of environment [70,71,72,73].



Figure 1 depicts the changes in renewable energy sources. The biggest increases in renewable energy sources were achieved in Malta (10,403.9%) and Luxemburg (1201.3%). It is worth mentioning that all countries of the EU increased their share of renewable energy sources. The smallest increases were observed in Latvia (28.5%), Croatia 32.6%), and Slovenia (35.9%).



Poland is one of the few Member States of the European Union having a low value, reaching only 16.1%. The average goal for the entire EU is 20% and this target was fully achieved, at 20.1%, in 2020.



Renewable energy sources are represented by biomass, photovoltaics, wind energy, water energy, biofuels, and other. However, stable biomass still has the biggest potential. Wood and straw are insufficient to cover the needs of stable biomass usage [74]. Hence, short rotation coppices and perennial herbaceous crops (PHC) are also used to meet demand for stable biomass. External lands of limited value and quality can be used for such plants [75]. To increase the production of stable biomass, suitable EU legislation supporting energy producers is needed. Germany is the biggest producer of wood pellets, which are the most important product used for heating. The potential of biomass production is increasing in Latvia, Lithuania, Estonia, and Sweden [76].



Another source of renewable energy is wind energy. The potential of wind is also increasing [77], although further investment is needed to increase the wind potential. The technology is expensive, but smaller energy losses and fewer turbine failures were observed [78]. Electricity derived from wind installation is clean and it has increased from 2.4% in 2000 to 10.2% by 2014 [79].



The global photovoltaic market has also grown. Germany is the leader in photovoltaics in Europe. About 4% of the Union’s electricity demand was met by solar PV in 2018. However, the ambitious goal to reach the 2030 target requires a larger investment [80].



Biofuels are also a very important source of RES in Europe. The production of biofuels is diversified in the EU. The highest average shares of biodiesel in the EU in 2004–2019 were in Germany (3788.2 thousand tonnes), Spain (3111.9 thousand tonnes), France (2049.3 thousand tonnes), the Netherlands (1379.1 thousand tonnes), and Poland (822.27 thousand tonnes). However, the biggest producers of biodiesel in the EU in 2019 were France, Poland, Germany, and Great Britain. The data reflect the development of biodiesel in the EU [81].



Sweden (74.5%), Portugal (58%), and Croatia (53.8%) achieved the highest shares of energy from renewable energy sources in gross electricity consumption in 2020. These shares mostly result from the increase in wind and solar energy generation.



The biggest shares of energy from renewable energy sources for heating and cooling were achieved in 2020 in Sweden (66.4%), Estonia (57.9%), and Finland (957.6%). The EU share increased from 11.7% in 2004 to 22.1% in 2019.



The share of energy from renewable energy sources in transport has also changed (Figure 2). The EU aimed to achieve a 10% share of renewable energy sources in transport in 2020. Twelve countries achieved this share of renewable energy sources in transport, including Sweden (31.9%), the Netherlands (12.6%), and Luxemburg (12.6%). Fifteen countries did not achieve the target, including Greece (5.3%), Croatia (6.6%), and Cyprus (7.4%).



Biodiesel is mostly made of rapeseed in Europe and is widely acceptable as a first-generation biofuel. It has specific characteristics, such as a lack of sulfur and a positive energy balance, and is economically competitive [82]. Moreover, biodiesel reduces greenhouse gas emissions and is biodegradable. However, the production of rapeseed requires good quality soils, and creates competition between food production and the petrochemical industry. Hence, second-(miscantus and willow) and third-(algae) generation biofuels should be promoted [83]. Despite the high prices of food stock, biodiesel is attracting increased attention worldwide [84].



In the future, biodiesel will replace diesel, which is considered to be the main contributor to environmental problems and the production of GHG (greenhouse gas) [85]. Biodiesel has almost zero emissions of sulfates, makes a small contribution to carbon dioxide (CO2), and can replace diesel in combustion engines [86]. However, biodiesel is produced mainly from rapeseed in the EU. This situation creates additional competition for rapeseed between the nutrition and oil industries.



Renewable energy sources can be used in transport, heating and cooling, and other sectors. Transport is a crucial problem in the current economy because it is based on fossil fuels. Oil is mostly used as the main energy source in transport [87]. Transportation is creating demand for energy, which will increase by 60% in 2050 compared to 2015 [88]. The highest shares of renewable energy sources in transport in 2020 were observed in Sweden (31.9%), Finland (13.4%), and Slovenia (10.9%) (Figure 2).



Heating and cooling are important aspects of human activity that use energy. Modern devices should use renewable energy sources in heating and cooling because this can improve the air quality and combat climate change [89]. In the European Union (EU), about 40% of total energy consumption is used by buildings. This share will increase because of population growth [90,91]. In the European Union (EU), the shares of energy from renewable energy sources were the highest in 2020 in Sweden (66.4%), Lithuania (57.9%), and Finland (57.6%). The European Union (EU) is also using renewable energy sources in its gross electricity consumption. The highest uses in 2020 were in Austria (78.2%), Sweden (74.5%), and Portugal (58%).



The highest average shares of renewable energy sources were found for the years 2004–2019 in Iceland, Norway, and Sweden (Table 2). The lowest shares of renewable energy sources were found for the years 2004–2019 in Luxemburg, the Netherlands, Belgium, and Ireland.



The highest minimal shares of renewable energy sources for the years 2004–2019 were observed in Iceland, Norway, and Sweden. The lowest minimal shares of renewable energy sources were observed in Malta, Luxemburg, and Belgium.



The coefficients of variation were the highest during 2004–2019 in Malta, United Kingdom, and Cyprus. The lowest coefficients of variation were observed in Slovenia, Iceland, and Norway.



The highest maximal shares of renewable energy sources in the years 2004–2019 were found in Iceland, Norway, and Latvia. The lowest were found in Luxemburg, the Netherlands, and Malta.



Kurtosis was negative in many countries of Europe, except Luxemburg and Slovakia. Skewedness was also negative in most countries of Europe, except Denmark, Iceland, Greece, France, Cyprus, Latvia, Lithuania, Luxemburg, Malta, the Netherlands, Slovakia, Finland, Norway, and Great Britain.




4.2. Evaluation of Stationarity of Renewable Energy Sources in the EU


The Augmented Dickey–Fuller test was used to examine the stationarity of the share of renewable energy sources. When the time series is stationary it has a finite mean. Moreover, the data fluctuate around a constant long-run mean. A stationary series is described by a finite variance [59].



We tested the null hypothesis that the time series has a unit root and is not stationary (Table 3). According to Stewart and Blayney [92] “the test is applied to a variable and then to its differences until a stationary series is identified”. The highest p-values were observed in the Netherlands, Denmark, and Cyprus. These high p-values indicate the time series are not stationary; hence, we calculated the first difference.



The ADF test with first differences achieved lower p-values, showing that the null hypothesis was not rejected, and the Augmented Dickey–Fuller test confirmed that the series are stationary and integrated [53].



Table 4 presents the maximum-likelihood estimates for the GARCH model. This model has been widely used in the international literature, mainly to analyze financial and economic time series [93]. It is used to model the dynamic nature of volatility by specifying the conditional mean and variance [94].



The empirical evidence suggests that there is no serial correlation for the analyzed series. For most countries α1 > β1, which means that the conditional variance depends more on information about the volatility observed in the previous period. Only for Finland is α1 < β1, which suggests that the conditional variance is independent from previous prices.





5. Discussion


Renewable energy sources are now being gradually used and introduced in the European Union countries. This has a positive effect not only on the protection of the natural environment, but also on sustainable development.



On average, the EU has decreased CO2 emissions by 20% since 1990. By comparison, Germany reduced its emissions by 30%, the Czech Republic by 35%, Hungary by 32%, the other Baltic states by more than half, and Poland by 13%. There are also countries in which greenhouse gas emissions have increased over three decades, e.g., Cyprus +54%, Spain +20%, and Portugal +19% [95].



Irregularity in the operation of RES systems causes a significant gap between the average and maximum power, which is not observed in the case of system power plants, e.g., coal, nuclear, or gas. In order to cover the gap in power generation in the event of wind or sun failure, the country must maintain sufficiently large operational power reserves—both rotating and standing [96]. Apart from wind and solar energy, an especially important renewable energy source is agricultural and forest biomass. The reason for this is the universality and availability of this raw material [97]. In addition, biomass is a solid and more stable fuel, and is not dependent on the weather, like solar or wind energy.



The growing interest in renewable energy sources is caused by greater public awareness of climate change and environmental protection, in addition to programs introduced by governments, e.g., “my electricity” and “clean air”, or municipal grants from European funds for the construction of, among other facilities, photovoltaic installations.



Many countries of the EU have high energy consumption linked to their economies, low electricity consumption, low environmental and energy awareness, and high usage of coal. Therefore, some solutions differ greatly from the aims of sustainable development. One wonders whether our internal security is supported by the concept of sustainable energy used in Europe. The necessity for extensive and costly systemic changes may affect the economic and existential stability of the inhabitants of Poland [12]. Today, development of renewable energy sources is needed. Poland belongs to the EU, within which all countries have to increase their share of renewable energy sources. The whole of the EU is required to increase its renewable energy share to 65% by 2050. The development of new businesses in the renewable energy sector depends on costs, which have increased due to the COVID-19 crisis. However, the generation of energy from wind farms and photovoltaics, not only inland but also offshore, will reduce these costs [98,99].



Not all countries can create favorable economic conditions and social awareness. Countries such as Norway and Denmark can shape the energy system based almost exclusively on non-renewable sources, as they have favorable conditions for this. However, for Poland and many other countries, this solution is currently too costly and dangerous. It is difficult to fairly compare countries in terms of energy sustainability because their economic systems were shaped in different realities. The postulate of abandoning non-renewable sources creates favorable prospects for the environment, but also exposes an entire economy to losses related to the problems of rising energy prices, reducing competitiveness in international markets, and increasing instability of the energy transmission system (especially electricity) [95].



It is particularly important to be aware that it is not always possible to operate large power plants using renewable sources, and this is common with the use of non-renewable resources. Therefore, it seems reasonable to conclude that, in some regions of the world, sustainable energy may evolve based on non-renewable sources. With the help of the dominant role of local communities, it is possible to use the locally available renewable energy resources [95], such as biomass or agricultural biogas, to a limited extent.



Each year, there is a significant increase in the global use of renewable energy sources in the energy system. The EU Member States are faced with the need to build competitive internal energy markets and to respond to global problems resulting from climate change [96]. The EU energy policy and the applicable legal acts relating to the power sector are aimed at the implementation of the philosophy consistent with the principles of sustainable development [19]. It should be emphasized that Poland is only bound by the goal to be achieved. Each country will individually determine how this goal will be achieved, both in terms of reducing CO2 emissions [97] and meeting the requirements for obtaining the set limits on gross energy production from renewable sources. Compared to other EU countries, Poland is distinguished by a significant advantage in the use of solid biofuels (biomass), which exceeds the EU average by 25% within the structure of obtaining primary energy from renewable sources. In addition to the implementation of energy policy objectives required by EU Member States, investment and modernization measures are also required, especially in the field of energy infrastructure [96]. In Poland, these modernization activities should also take place in the structure of heating systems.



With the available resources of agricultural and forest land, it seems fully justified to create small power plants and heating plants adapted to biomass combustion in a distributed system. These plants can use the local resource base in a cogeneration system, where, in addition to electricity production, local heat is used [97]. This idea is based on previous analysis of the quantity of available raw materials provided by agriculture, where it is first necessary to meet the food needs of the country, and only then produce liquid fuels and solid fuels for energy purposes [100,101]. It is particularly important to broadly develop combined technologies for generating electricity and heat, as this is an effective way to achieve primary energy savings, reduce CO2 emissions, and reduce energy production costs [97], initially through the development of technologies that use renewable energy resources [11].



Germany (31,260 MW), Spain (18,602 MW), United Kingdom (7894 MW), and France (6108 MW) had the highest average wind cumulative installed capacities in 2004–2017 [102,103]. Many farms now exist onshore and offshore.



The renewable energy deployment by source and application in 2030 will change compared to the current state. In 2030, 45% of energy consumption is expected to come from renewable power generation (onshore and offshore wind, hydropower, biofuel power, solar power), 42% will be used for heating and cooling (biomass industry, biomass building, biomass and other renewables), and 13% will be used for transport (transport biofuels). The structure of the future renewable energy mix is an opportunity for various enterprises, farms, and stakeholders to increase their business in acquiring clean energy [104].



The most important policy is the EU energy policy, which aims to improve the energy efficiency by at least 32.5% in 2030 compared to 2010 [105].




6. Conclusions


The European Union is one of the biggest renewable energy producers in the world. Due to need to reduce the emissions of CO2, it is necessary to increase the use of renewable energy sources.



Despite the increase in the share of renewable energy in the European energy mix, the Federal Republic of Germany is ranked first, having emissions exceeding 850 million tonnes of CO2 equivalent in 2018, followed by France (445 million tonnes), and Italy (428 million tonnes). Poland is currently the fourth largest emitter of greenhouse gases in the European Union. However, when converting this share to a per capita basis, Poland is ranked first, having 10.87 tonnes in greenhouse gas emissions, followed by Germany (10.34 tonnes) and Spain (7.12 tonnes). By comparison, the EU average is 8.42 tonnes of CO2 per capita.



The aim of the article was to present the development of the energy renewable sector in the Europe in relation to sustainable development. The EU has increased the share of renewable energy sources. Iceland, Norway, and Sweden are the countries with the highest average shares of renewable energy sources in the years 2004–2019. Luxemburg, the Netherlands, Belgium, and Ireland achieved the lowest shares of renewable energy sources in the years 2004–2019.



The analyzed data proved that the shares of renewable energy sources are not stationary. This means that the values of the numbers do not depend on previous values. These results demonstrate that the changes are mostly the results of elaborated targets, rather than the behavior of particular markets.



The policies of renewable energy sources should include national possibilities in achieving the elaborated targets. Most of the energy from renewable energy sources is derived from stable biomass. However, its share is decreasing and the share of photovoltaics and other carriers is increasing.



Renewable energy sources increase the sustainable development of an economy. The cleaner energy achieved from renewable energy sources compared to energy from fossil fuels helps to achieve environmental goals. The development of sustainable development in accordance with the increase in renewable energy has a positive impact on the creation of new workplaces in photovoltaics and other industries.



To achieve sustainable development, the EU energy policy should help develop energy businesses. This will include support for the private sector development of onshore and offshore wind and solar energy. This should be particularly supported in the EU countries with access to the sea. Countries lacking access to the sea should develop solid biomass businesses. However, the share of biomass in renewable energy is decreasing.



The development of renewable energy sources will be led mainly by the development of solar energy and photovoltaics. The EU increased its photovoltaics capacity from 11.36 to 134 GWp in the years 2008–2019 [106]. Poland (800 MWp), Belgium, France, Hungary, and Italy (more than 500 MWp each) increased their capacity of PV power in 2019 compared to 2018 [89]. This energy is considered to be the cleanest energy, and can be produced in organic and inorganic semiconductors [107]. There are three generations of photovoltaics, for example, silicon wafers (first generation), thin films (second generation) [108], and organic low-cost solar-powered products (third generation) [109]. All of the discussed changes in renewable energy sources will lead to a reduction in greenhouse gas (GHG) emissions in 2030 by 40% compared to 1990 [110].
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Nomenclature




	ADF
	Augmented Dickey–Fuller Test



	EU
	European Union



	GARCH
	model Generalized Autoregressive Conditional Heteroscedasticity model



	RES
	Renewable Energy Sources



	CAP
	Common Agricultural Policy



	PHC
	Perennial herbaceous crops



	CO2
	Carbon dioxide



	GHG
	Greenhouse gas
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Figure 1. Changes in the share of energy from renewable source in the European Union in 2004–2020 (%). Sources: own elaborations based on [52] https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022). 
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Figure 2. Share of energy from renewable sources in the European Union in 2020 (%). Sources: own elaborations based on [52]. https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022). 
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Table 1. Shares of energy from renewable sources and their changes in the European Union in 2004–2020 (%).






Table 1. Shares of energy from renewable sources and their changes in the European Union in 2004–2020 (%).





	Country
	2004
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020





	Euro area—19 countries
	8.400
	13.156
	13.128
	14.621
	15.264
	16.079
	16.446
	16.697
	17.271
	17.773
	18.576
	20.951



	European Union—27 countries
	9.633
	14.421
	14.551
	16.024
	16.697
	17.463
	17.841
	18.029
	18.467
	18.909
	19.730
	20.089



	European Union—28 countries
	8.559
	13.161
	13.389
	14.663
	15.370
	16.203
	16.734
	16.982
	17.482
	18.012
	18.877
	n.a.



	Austria
	22.554
	31.207
	31.553
	32.736
	32.666
	33.553
	33.502
	33.374
	33.141
	33.806
	33.626
	36.545



	Belgium
	1.890
	6.002
	6.275
	7.089
	7.650
	8.043
	8.026
	8.752
	9.113
	9.478
	9.924
	13.000



	Bulgaria
	9.231
	13.928
	14.152
	15.837
	18.898
	18.050
	18.261
	18.760
	18.701
	20.592
	21.564
	23.319



	Croatia
	23.404
	25.103
	25.389
	26.757
	28.040
	27.817
	28.969
	28.267
	27.28
	28.047
	28.466
	31.023



	Cyprus
	3.071
	6.173
	6.261
	7.137
	8.456
	9.173
	9.929
	9.859
	10.503
	13.898
	13.800
	16.879



	Czechia
	6.774
	10.514
	10.945
	12.813
	13.927
	15.073
	15.067
	14.924
	14.796
	15.138
	16.244
	17.303



	Denmark
	14.84
	21.889
	23.390
	25.466
	27.174
	29.323
	30.866
	32.052
	34.677
	35.413
	37.204
	31.648



	Estonia
	18.389
	24.599
	25.347
	25.521
	25.321
	26.141
	28.528
	28.715
	29.168
	29.993
	31.889
	30.069



	Finland
	29.232
	32.294
	32.664
	34.341
	36.728
	38.780
	39.321
	39.013
	40.917
	41.160
	43.081
	43.802



	France
	9.508
	12.672
	10.859
	13.274
	13.908
	14.422
	14.861
	15.501
	15.904
	16.444
	17.216
	19.109



	Germany
	6.207
	11.667
	12.453
	13.543
	13.760
	14.385
	14.906
	14.889
	15.476
	16.673
	17.354
	19.312



	Greece
	7.161
	10.077
	11.153
	13.741
	15.326
	15.683
	15.690
	15.391
	17.300
	18.051
	19.677
	21.749



	Hungary
	4.364
	12.742
	13.972
	15.530
	16.205
	14.618
	14.495
	14.377
	13.543
	12.535
	12.614
	13.850



	Ireland
	2.378
	5.781
	6.570
	7.006
	7.582
	8.568
	9.044
	9.165
	10.465
	10.888
	11.984
	16.160



	Italy
	6.316
	13.023
	12.881
	15.441
	16.741
	17.082
	17.526
	17.415
	18.267
	17.796
	18.181
	20.359



	Latvia
	32.794
	30.375
	33.478
	35.709
	37.037
	38.629
	37.538
	37.138
	39.019
	40.029
	40.975
	42.132



	Lithuania
	17.223
	19.64
	19.944
	21.438
	22.690
	23.594
	25.750
	25.613
	26.039
	24.695
	25.461
	26.773



	Luxemburg
	0.899
	2.85
	2.856
	3.114
	3.499
	4.469
	4.987
	5.361
	6.198
	8.973
	7.047
	11.699



	Malta
	0.102
	0.979
	1.850
	2.862
	3.760
	4.744
	5.119
	6.208
	7.219
	7.968
	8.488
	10.714



	The Netherlands
	2.03
	3.917
	4.524
	4.659
	4.691
	5.415
	5.668
	5.802
	6.456
	7.340
	8.768
	13.999



	Poland
	6.914
	9.300
	10.354
	10.970
	11.463
	11.614
	11.888
	11.400
	11.117
	11.477
	12.164
	16.102



	Portugal
	19.209
	24.155
	24.607
	24.578
	25.703
	29.511
	30.518
	30.868
	30.614
	30.206
	30.619
	33.982



	Romania
	16.811
	22.834
	21.186
	22.825
	23.886
	24.845
	24.785
	25.032
	24.454
	23.875
	24.290
	24.478



	Slovakia
	6.391
	9.099
	10.348
	10.453
	10.133
	11.713
	12.883
	12.029
	11.465
	11.896
	16.894
	17.345



	Slovenia
	18.397
	21.080
	20.936
	21.549
	23.161
	22.461
	22.880
	21.977
	21.658
	21.378
	21.974
	25.000



	Spain
	8.339
	13.831
	13.247
	14.314
	15.347
	16.156
	16.259
	17.423
	17.563
	17.454
	18.362
	21.220



	Sweden
	38.677
	46.595
	48.135
	50.027
	50.792
	51.817
	52.947
	53.328
	54.157
	54.651
	56.391
	60.124



	United Kingdom
	1.096
	3.862
	4.392
	4.461
	5.524
	6.737
	8.385
	9.032
	9.858
	11.138
	12.336
	13.421







Source: own elaborations based on [52]. https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022). n.a.—not available.
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Table 2. Descriptive statistics of the share of energy from renewable sources in the European Union in 2004–2019.
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	Country
	Average
	Median
	Minimal
	Maximal
	Standard Deviation
	Coefficient of Variation
	Skewedness
	Kurtosis





	Euro area—19 countries
	13.808
	13.889
	8.400
	18.576
	3.268
	23.70
	−0.224
	−1.218



	European Union—27 countries
	15.070
	15.288
	9.633
	19.730
	3.299
	21.89
	−0.263
	−1.268



	European Union—28 countries
	13.930
	14.026
	8.560
	18.877
	3.352
	24.06
	−0.178
	−1.273



	Austria
	30.645
	32.109
	22.554
	33.806
	3.585
	11.70
	−1.082
	−0.108



	Belgium
	6.163
	6.682
	1.890
	9.924
	2.758
	44.76
	−0.253
	−1.389



	Bulgaria
	14.876
	14.994
	9.098
	21.564
	4.499
	30.20
	−0.077
	−1.511



	Croatia
	25.728
	26.073
	21.986
	28.969
	2.499
	9.71
	−0.210
	−1.534



	Cyprus
	7.482
	6.699
	3.071
	13.898
	3.514
	46.96
	0.431
	−0.813



	Czechia
	11.703
	11.879
	6.774
	16.244
	3.406
	29.10
	−0.178
	−1.349



	Denmark
	25.052
	24.428
	14.840
	37.704
	7.532
	30.65
	0.179
	−1.349



	Estonia
	24.105
	25.334
	15.972
	31.889
	5.132
	21.29
	−0.270
	−1.241



	Finland
	34.899
	33.502
	28.814
	43.081
	4.883
	13.99
	0.254
	−1.443



	France
	12.947
	19.973
	9.337
	17.216
	2.634
	20.34
	0.054
	−1.318



	Germany
	12.369
	12.988
	6.207
	17.354
	3.336
	26.97
	−0.342
	−0.918



	Greece
	12.47
	14.447
	7.160
	19.677
	4.346
	34.92
	0.134
	−1.481



	Hungary
	11.761
	12.678
	4.364
	16.205
	3.502
	29.78
	−0.709
	−0.686



	Ireland
	6.755
	6.788
	2.378
	11.984
	3.086
	45.68
	0.101
	−1.223



	Italy
	13.789
	14.232
	6.318
	18.267
	4.107
	29.78
	−0.493
	−1.148



	Latvia
	34.992
	35.014
	29.615
	40.975
	3.771
	10.780
	1.210
	−1.387



	Lithuania
	21.241
	20.691
	16.482
	26.039
	3.611
	17.00
	0.036
	−1.543



	Luxembourg
	3.849
	3.022
	0.899
	8.973
	2.193
	56.98
	0.821
	0.014



	Malta
	3.135
	2.356
	0.102
	8.488
	3.104
	98.99
	0.473
	−1.276



	The Netherlands
	4.730
	4.592
	2.030
	8.768
	1.808
	38.22
	0.553
	−0.184



	Poland
	9.737
	10.662
	6.889
	12.164
	2.065
	21.21
	−0.386
	−1.537



	Portugal
	25.636
	24.593
	19.209
	30.868
	4.210
	16.42
	−0.023
	−1.389



	Romania
	21.787
	22.829
	16.811
	25.032
	2.993
	13.64
	−0.031
	−1.135



	Slovakia
	10.069
	10.241
	6.360
	16.894
	2.808
	27.88
	0.596
	0.261



	Slovenia
	20.922
	21.229
	18.397
	23.161
	1.533
	7.33
	−0.413
	−0.950



	Spain
	13.705
	14.072
	8.339
	18.362
	3.493
	25.49
	−0.304
	−1.312



	Sweden
	48.446
	49.081
	38.677
	56.391
	5.458
	11.27
	−0.318
	−1.090



	United Kingdom
	5.474
	4.427
	1.096
	12.336
	3.685
	67.32
	0.487
	−1.053







Source: own elaborations based on [52]. https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022).
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Table 3. Augmented Dickey–Fuller test (ADF test) results of the share of renewable energy sources in the European Union.
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Country

	
p-Value

	
p-Value (First Differences)




	

	
Without Trend

	
With Trend

	
Without Trend

	
With Trend






	
European Union—27 countries

	
0.650

	
0.832

	
0.013

	
0.026




	
European Union—28 countries

	
0.786

	
0.754

	
0.016

	
0.044




	
Euro area—19 countries

	
0.716

	
0.623

	
0.005

	
0.013




	
Belgium

	
0.762

	
0.902

	
0.050

	
0.133




	
Bulgaria

	
0.938

	
0.425

	
0.019

	
0.084




	
Czechia

	
0.845

	
0.359

	
0.182

	
0.435




	
Denmark

	
0.998

	
0.299

	
0.162

	
0.014




	
Germany

	
0.421

	
0.369

	
0.029

	
0.067




	
Estonia

	
0.838

	
0.033

	
0.125

	
0.353




	
Ireland

	
0.997

	
0.122

	
0.002

	
0.006




	
Greece

	
0.985

	
0.307

	
0.097

	
0.249




	
Spain

	
0.787

	
0.663

	
0.004

	
0.007




	
France

	
0.916

	
0.008

	
0.000

	
0.010




	
Croatia

	
0.855

	
0.348

	
0.079

	
0.246




	
Italy

	
0.212

	
0.935

	
0.054

	
0.022




	
Cyprus

	
0.982

	
0.096

	
0.000

	
0.000




	
Latvia

	
0.867

	
0.136

	
0.062

	
0.008




	
Lithuania

	
0.879

	
0.492

	
0.025

	
0.097




	
Luxembourg

	
0.996

	
0.326

	
0.002

	
0.008




	
Hungary

	
0.074

	
0.952

	
0.066

	
0.047




	
Malta

	
0.954

	
0.322

	
0.359

	
0.679




	
The Netherlands

	
0.998

	
0.994

	
0.134

	
0.176




	
Austria

	
0.101

	
0.333

	
0.454

	
0.002




	
Poland

	
0.673

	
0.287

	
0.333

	
0.629




	
Portugal

	
0.718

	
0.159

	
0.094

	
0.228




	
Romania

	
0.439

	
0.892

	
0.055

	
0.013




	
Slovenia

	
0.717

	
0.436

	
0.000

	
0.000




	
Slovakia

	
0.986

	
0.008

	
0.073

	
0.430




	
Finland

	
0.987

	
0.278

	
0.004

	
0.014




	
Sweden

	
0.218

	
0.698

	
0.000

	
0.000




	
United Kingdom

	
0.999

	
0.887

	
0.172

	
0.118








Source: own elaborations based on [52]. https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022).
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Table 4. Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model of the share of energy from renewable sources in 2004–2019 in the European Union.
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Country

	
Alpha (α1)

	
Beta (β1)




	
Coefficient

	
Std. Error

	
z

	
p Value

	
Coefficient

	
Std. Error

	
z

	
p Value






	
European Union—27 countries

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.




	
European Union—28 countries

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.




	
Euro area—19 countries

	
0.579

	
0.555

	
1.707

	
0.088

	
0.001

	
0.539

	
0.00

	
1.00




	
Belgium

	
0.975

	
0.500

	
1.950

	
0.051

	
0.007

	
0.293

	
0.002

	
1.000




	
Bulgaria

	
0.943

	
0.989

	
0.953

	
0.340

	
0.004

	
1.032

	
0.004

	
1.000




	
Czechia

	
0.922

	
0.888

	
1.039

	
0.299

	
0.006

	
0.928

	
0.006

	
1.000




	
Denmark

	
0.995

	
0.837

	
1.135

	
0.256

	
0.005

	
0.862

	
0.005

	
0.995




	
Germany

	
0.875

	
0.804

	
1.088

	
0.277

	
0.001

	
0.967

	
0.001

	
1.000




	
Estonia

	
0.910

	
1.459

	
0.625

	
0.532

	
0.000

	
1.513

	
0.000

	
1.000




	
Ireland

	
0.875

	
0.585

	
1.494

	
0.135

	
0.000

	
0.572

	
0.000

	
1.000




	
Greece

	
0.969

	
0.842

	
1.151

	
0.249

	
0.007

	
0.821

	
0.000

	
1.000




	
Spain

	
0.805

	
1.132

	
0.711

	
0.477

	
0.003

	
1.492

	
0.002

	
1.000




	
France

	
0.931

	
1.373

	
0.678

	
0.498

	
0.022

	
1.513

	
0.015

	
0.988




	
Croatia

	
0.951

	
3.598

	
0.264

	
0.791

	
0.002

	
3.612

	
0.006

	
1.000




	
Italy

	
0.859

	
0.695

	
1.237

	
0.216

	
0.004

	
0.761

	
0.006

	
1.000




	
Cyprus

	
0.946

	
0.677

	
1.398

	
0.162

	
0.001

	
0.592

	
0.002

	
1.000




	
Latvia

	
0.782

	
2.723

	
0.287

	
0.774

	
0.150

	
3.409

	
0.004

	
0.965




	
Lithuania

	
0.944

	
2.151

	
0.439

	
0.661

	
0.009

	
2.293

	
0.004

	
1.000




	
Luxembourg

	
0.994

	
0.509

	
1.953

	
0.051

	
0.001

	
0.258

	
0.003

	
1.000




	
Hungary

	
0.791

	
0.592

	
1.335

	
0.182

	
0.009

	
0.731

	
0.013

	
0.990




	
Malta

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.

	
n.a.




	
The Netherlands

	
0.989

	
0.644

	
1.538

	
0.124

	
0.010

	
0.566

	
0.018

	
0.986




	
Austria

	
0.827

	
1.350

	
0.693

	
0.523

	
0.005

	
1.554

	
0.004

	
1.000




	
Poland

	
0.863

	
1.350

	
0.693

	
0.523

	
0.005

	
1.554

	
0.004

	
1.000




	
Portugal

	
0.894

	
1.897

	
0.472

	
0.637

	
0.006

	
2.266

	
0.003

	
1.000




	
Romania

	
0.843

	
1.798

	
0.469

	
0.634

	
0.006

	
2.035

	
0.603

	
1.000




	
Slovenia

	
0.559

	
2.682

	
0.213

	
0.831

	
0.279

	
3.163

	
0.088

	
0.929




	
Slovakia

	
0.989

	
1.224

	
0.809

	
0.419

	
0.010

	
1.271

	
0.008

	
0.994




	
Finland

	
0.365

	
1.102

	
0.331

	
0.741

	
0.635

	
1.664

	
0.382

	
0.703




	
Sweden

	
0.904

	
2.449

	
0.369

	
0.712

	
0.006

	
3.092

	
0.002

	
0.998




	
United Kingdom

	
0.999

	
0.427

	
2.342

	
0.019

	
0.001

	
0.139

	
0.007

	
1.000








Source: own elaborations based on [52]. https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren/default/table?lang=en (accessed on 18 January 2022). n.a.—not available.
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