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Abstract: The deployment of renewable energy sources (RES) is considered to be an important
objective for the energy sector in the European Union (EU). The EU Directive adapted in 2009 fixed
mandatory national targets for the use of renewable energy in transport as well as for the share of RES
in the gross final energy consumption. Contrary to previous studies, this paper does not examine the
link between the RES and economic growth but rather focuses on real gross domestic product (GDP)
and the implementation of national renewable energy targets. We employ panel data models for the
case of the EU-28 countries covering the period between 2007 and 2017 that yield a low and positive
relationship between the impact of GDP per capita and the share of RES in the final consumption.
Our results show that there is a significant causality only from real GDP per capita to the share of
renewable energy in final consumption, marking the potential of developed countries to consume
more RES. We list some groups of countries according to these variables using a cluster analysis
approach. Starting from the proposed panel data models, we constructed the scenarios for the 2020
for various shares of RES and different EU Member States. Overall, it appears that more attention
should be attributed to policy proposals in which funding opportunities would be dependent on the
achievements of national targets and economic benefits should be given to countries with very good
performance in achieving high shares of renewable energy in their final energy consumption.

Keywords: renewable energy sources; energy consumption; GDP per capita; European Union

1. Introduction

One important global concern nowadays is related to the adverse effects of the climate change
and to the belief that it should be stopped. One of the solutions for this impending problem is the
reduction of the emissions of greenhouse gases (GHG) that could be made by replacing the fossil fuels
with renewable energy sources (RES) [1]. There are infinite sources of energy on Earth represented by
the sun, wind, stream, and sea that could protect the environment and reduce the emissions of GHG.
Moreover, prior to the Industrial Revolution, all energy was obtained from renewable sources, which
supports the hypothesis that energy is an important input factor for production. However, due to the
growing demand for energy in the 21st century, better technology should be used to exploit RES and
provide energy at a lower price.

The EU emissions trading system (EU ETS) is an important tool for reducing the level of GHGs
and it represents an important part of the EU’s policy for managing climate change. This system is
applied in the EU countries, including United Kingdom, but also in Norway, Liechtenstein, and Iceland.
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It established limits for the emissions from airlines between these countries and from more than
11,000 installations that intensively use energy. Some targets were proposed for 2020 and for 2030.
The target for 2020 will be surpassed (emissions in the targeted sectors are by 21% lower than the
level in 2005), while the target for 2030 was raised to 43% compared to 2005. The EU ETS rules were
revised in 2018 to allow power sector and industry to implement innovation and make investments for
low-carbon transition. Moreover, free allocation of allowances continued to ensure competitiveness
and to reflect technological progress. The Market Stability Reserve was reinforced and the pace of
annual reduction in allowances was fixed at 2.2% starting from 2021.

The concern about a sustainable future and the use of RES is also prevalent in the European Union
(EU). Here, renewable energy could be obtained from various sources with each country having a
dominant source. For example, one could find wind turbines in Germany, hydro power plants in
Austria, nuclear power plants in France, biomass in the Netherlands, wind power in Denmark and in
the North Sea [2]. In general, there are two types of renewable energy sources in existence:

- Traditional RES (e.g., hydro energy, or biomass);
- New renewable sources (solar, wind, geothermal energy, etc.) [3]

The energetic potential of the European Union and the consumption of renewable energy
considerably affect its economy and, consequently, the standard of living for all its citizens. In addition,
the energy strategy developed by the EU focuses on more directions that should be analyzed in the
frame of sustainable development:

- securing the energy supply and costs;
- ensuring that energy costs do make Europe less energy dependent;
- protecting the environment and mitigating climate change;
- improving energy networks [4].

RES should be analyzed from a macroeconomic point of view, given the fact that sustainable
development is a goal of the EU. In this context, all sectors of the economy should converge
to an evolution that supports the pillars of sustainable development (economic development,
social development, and environmental protection). At a macroeconomic level, one should focus on
the relationship between output and aspects related to RESs that might support economic growth
which constitutes a goal for any given economy. Therefore, our research question is related to the role
of RESs in supporting economic development. GDP per capita is considered a good proxy for the
economic development that also determines the standard of living in any given country. Within this
context, the main objective of our paper is to study the share of renewable energy consumption in
relation to the GDP per capita in the EU in the period 2007–2017 using a panel data approach that can
also capture the differences between the countries in an overall framework.

Apart from the connection between RES and the economy, RES could be linked to the environmental
challenges. An important issue is related to RES volatility. This issue is determined by the nature of
the RES technologysince RES can only produce electricity when the wind is blowing and the sun is
shining. According to Sinn, the best strategy to buffer the RES volatility supposes demand management,
pumped storage, and structures that retain traditional plants and grid expansions [5]. Pumped storage
plants ensure a better energy management. Big storage needs are required by the volatility of power
consumption. Nuclear power plants and lignite plants might also be used to address volatility.

An important advantage of the renewable energy is related to the reduction of harmful emissions.
This type of energy has the capacity to decrease the greenhouse gas (GHG) emissions. However, a more
stable legal framework and supportive financing conditions should be ensured [6].

A European Directive adapted in 2009 prescribes the implementation of the National Action Plans
for renewable energy (National Renewable Energy Action Plans-NREAPs) that was submitted by all
the EU Member States to the European Commission (EC) [7]. The Directive provides details about
the policy of regional planning, facilitating and equal access to electricity, nature and environment
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protection, requiring a fast adaptation to the new energy sources. Each EU country established own
targets to introduce legislation for achieving the required goals. All EU Member States must customize
the existing regulations of established goals [8].

The European Central Bank (ECB) supports investment in renewable energy projects, while
commercial banks finance mature technologies that present less risk (e.g., wind farms). The EU funds
are also allocated to the research and development of the new technologies and test of the energy
potential of these technologies, innovation in technological processes, smart grids, and pilot plants [9].

Article 194 of the EU Treaty makes RES development and promotion the key objectives for the EU
energy sector. Moreover, Directive 2009/28/EC fixes mandatory national targets for the RES shares in
transport and in the gross final energy consumption [10]. These mandatory national targets correspond
with the EU’s objective of reaching the 20% of RES in the gross final energy consumption by 2020 and
at least 10% of transport fuel production covered by the renewable sources.

The development and promotion of energy savings and energy efficiency should be achieved in
cooperation with the EU Member States and third countries (Directive 2009/28/EC). A progress report
with information on the promotion and utilization of RES should be delivered by each EU country
once every two years [11]. By 2030, the share of RES in the gross final energy consumption should
increase to a minimum of 27% as the 2030 Climate and Energy Policy Framework stated. In the Energy
Union strategy, renewable energies contribute to the decarbonisation of the energy system. The EU
Cohesion Policy (2014–2020) makes investments of EUR 29 billion in sustainable energy which include
renewable energy, energy efficiency, smart energy infrastructure and innovation as well as the research
into low-carbon future [12].

In general, the renewables share in the gross final energy consumption is perceived to be one of
the main indicators of the Europe 2020 target. It indicates the degree of the utilization of renewable
energy and the extent to which fossil and/or nuclear fuels were substituted by RES on the way to the
EU decarbonisation. Several EU Member States already reached this target before 2020 while the others
are aiming at achieving it by 2020 [13].

The final energy consumption in the EU Member States relies upon such factors as economic
development, structure of energy system, and the availability of RES. Eurostat [14] defines energy
consumption in a number of ways at the national levels.

The gross final energy consumption is defined as the energy used by the end consumers plus
the self-consumption of power plants and grid losses. The Renewable Energy Directive (2009/28/EC)
estimates the gross final energy consumption as a sum of energy commodities intended for energy
purposes and aimed at the final consumers (transport, services, industry, households, agriculture,
and fisheries and forestry), consumption of heat and electricity by the heat and electricity production
sectors, as well as losses of heat and electricity during the distribution and transmission [15].

Gross inland consumption represents the amount of energy required for covering the inland
consumption of a given region. Gross inland consumption consists of primary product receipts,
indigenous production, direct use from imports, stock changes. However, exports and international
marine bunkers are not included. Gross inland energy consumption describes the overall energy
demand of a region or a country. It represents the volume of energy for satisfying inland consumption
of the analysed region. Gross inland energy consumption includes the final energy consumption by the
end users, consumption by the energy sector, transformation and distribution losses, and the statistical
differences [16].

Most of the previous papers covering the research on this topic address the energy consumption
in relation to the other macroeconomic indicators. However, the analysis of the share of RES and their
consumption in final consumption of energy was not carried out a lot before. This indicator (which is
defined by Eurostat) is computed at the final gross energy consumption, including the final energy
consumption. Our analysis provides some new insights since it offers the empirical evidence on the
share of renewable energy consumption in relation to the GDP per capita. To be best of our knowledge,
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the majority of the previous studies connected the indicator only to the economic growth and neglected
the connection between the share of renewable energy consumption and the GDP per capita.

From a certain economic point of view, the differences in RES supply are explained by the regional
gaps in costs. For example, wind is cheaper on coastal regions and in the Northern Europe, while
PV has comparative advantage in the South. Regions with more forests can provide cheap biomass.
Regions with mountains and lots of moving water ensure cheaper hydro. Without omitting these
regional gaps, our paper does not focus on regional gaps since official regional data are not available
for assessing economic costs. We focus on the relationship between the real gross domestic product
(GDP) per capita and the share of renewable energy in final energy consumption because these data at
national levels are available.

Our paper is organized as follows: Section 2 provides details on theoretical background with
references from the research literature, while the methodology and the empirical model are presented
briefly in Section 3. In Section 4, we report the results of the empirical model estimations. Section 5
provides some relevant comments and insights on the obtained results. Finally, in the last section
(Section 6), we present conclusions, implications, and highlight pathways for further research.

2. Literature Review

In sum, final energy consumption from all available resources consists of RES, as well as oil
products, gas, solid fuels, nuclear heat, electrical energy, and waste. It embraces the total energy
consumption in the transport, industry, and other energy sectors [17]. Final energy consumption from
RES includes solar energy (photovoltaic, thermal, and concentrate), wind energy, hydroelectric power,
geothermal energy, tidal power, biofuels, as well as the renewable part of waste.

EU Member States closely watch the final energy consumption from all traditional and renewable
sources in order to assess the 40% GHG emission reduction by 2030 target [18]. This commitment
makes the EU states to introduce different measures aimed at encouraging the deployment of RES.

With regard to the above, Sadorsky described two empirical models for assessing the relationship
between the consumption of renewable energy and income in the emerging economies [19]. He detected
a cointegration relationship and demonstrated that the real per capita income growth yielded a positive
and significant relationship with the per capita renewable energy consumption. He confirmed that if
the real income per capita rises by 1% in the long run, the renewable energy per capita consumption in
the emerging economies also rises by 3.5%.

There is a plethora of studies [20–28] that focus upon the relationship between renewable energy
consumption and different macroeconomic variables applying various perspectives and methodologies.
More studies investigated the connection between RES and economic growth mainly attributed to the
GDP. The majority of these papers revealed a long-run relationship between economic growth and the
volumes of used RESs. Few publications showed the significant role of RES to economic growth or
attempted to determine the variables that stimulate the others. In most of the cases, GDP acts like
dependent variable, while RES consumption, labor force gross and fixed capital formation (GFCF) are
the most frequent predictors (see Svenfelt et al. [29], Aslan [30], Sasana and Ghozali [31] or Destek and
Aslan [32]).

Some of the papers mentioned above came up with a renewable energy sustainability index
which was computed for the EU-15 countries with various levels of the final energy consumption
and economic development [20]. Another interesting study focused on studying the per capita
energy in the case of 19 Eurozone countries [21]. Moreover, there are many studies explaining the
relationship between the energy consumption and a number of macroeconomic indicators, such as the
economic growth (in the case of EU-28 countries [22], new EU member states [23], Gulf Cooperation
Council (GCC) countries [24], 42 developing countries [25], leading countries with the highest shares
of RES in the entire world [26], a sample of the 15 ex-Communist countries [27], nine South and
Southeast Asian countries [28], China [33], Algeria [34]), capital and labour (new EU member states [35]),
technological innovation (China [36]), urbanization (China [37]), carbon dioxide emissions and financial
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development (Gulf Cooperation Council (GCC) countries [38]), residential sector [39]). Liddle and
Lung [40] identified few groups of countries according to energy consumption and GDP using data for
countries with different degree of development. In a previous study, a comparison between all EU
countries according to their share of energy from renewable sources in gross final consumption was
made using different mathematical models [8]. The countries’ performance appears to be different:
Finland and Sweden reached their target for the gross final energy consumption, while in the same
time Denmark, Austria, and Latvia reached the 2020 target for the share of energy obtained from RES
in their gross final consumption. Some EU countries have minimum changes to achieve the 2020
targets (Netherlands, Luxembourg, France, Belgium, UK). Other studies provided forecasts on energy
consumption considering based on the relationship with economic growth, import, export, financial
development, and capital in Japan [41], or China [37].

The different effects of renewable and non-renewable energy consumption are considered in the
case of OECD countries [42], some OIC countries [43], and China [44]. The benefits of renewable
energy technologies are mostly analysed for emerging countries [23].

We used GDP per capita as a proxy for economic development while other studies employed
other variables: economic growth [22–25] and GDP [19]. We employ the share of renewable energy
consumption in final energy consumption, while other studies proposed other proxies for the renewable
energy consumption: gross final energy consumption [8], renewable energy consumption [19], per capita
renewable energy consumption [20], or the and renewable energy sustainability index [21].

Considering the EU Commission’s commitment to increase the share of RES consumption in
the final energy consumption, the objective of our paper is to analyse the evolution of the share of
final energy consumption from RES in the connection with the GDP per capita used as a measure of
living standard and income in the EU between 2007 and 2017. Even though the advantages of RES
for the environmental protection and reduction of GHG emissions are quite obvious, our research
investigates the impact of GDP per capita (as the independent variable) on the share of renewable
energy consumption in the final energy consumption (dependent variable). We achieve this by carrying
out the empirical research in two main directions: i) the explanation of the share of the renewable
energy consumption in the final energy consumption based on the GDP per capita using panel data
models and checking Granger causality on the stationary panel data, and ii) the study of the groups of
the EU countries according to their share of the renewable energy consumption in the final energy
consumption using the cluster analysis.

3. Methodology and Empirical Model

As described above, in this paper we focus on the share of RES in the final consumption relative to
the real GDP per capita in all EU-28 countries. Our empirical approach is based on two main methods:
(i) different panel data models that contain a study of the causality in the panel, and (ii) cluster analysis
aimed at unveiling the groups of countries grouped by their shares of renewable energy in the final
consumption and their levels of economic development expressed by the GDP per capita.

In order to achieve that we employ some traditional panel data models: fixed-effects model,
random-effects model, and the model based on generalized estimating equation (with the latter being
used to describe the structure of the within-panel correlation). The last model corresponds with a
population-averaged (or marginal) model from the panel-data literature.

The fixed-effects model can be presented in the following general form:

Yit = α + X1
it·β1 + . . . + XK

it·βK + µi + νit (1)

where Y is the dependent variable, X—exogenous variables, i—index for country, t—index for year,
νit—idiosyncratic error, and µi—the error term for cross-sections

Here, the fixed-effect model makes the following assumptions:

- unobservable individual effects are seen as the fixed parameters;
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- the exogenous variables are uncorrelated with idiosyncratic error vit, but correlated with fixed
individual effects;

- independent and identically distributed idiosyncratic errors vit(iid(0, σ2v)).

In addition, the random-effects model has the following assumptions:

- unobservable individual effects are seen as random variables;
- the exogenous variables are uncorrelated with idiosyncratic error vit or with individual effects;
- independent and identically distributed idiosyncratic errors vit (iid(0, σ2v)).

For one explanatory variable, the model can be presented as follows:

Yit = α + Xit·β + µi + vit (2)

We compute the mean time as the following:

average(Yi.) = α + average(Xi)·β + µi + average(vi) (3)

With the difference between the two equations above calculated as follows:

Yit − average(Yi.) = (Xit − average(Xi))·β+(vit −average(vi.)) (4)

It becomes apparent that this internal transformation is required for computing the fixed-effect
estimator. We apply the least squares method in the model (4) to determine the estimators for
β with fixed effects. In addition, we check the Granger causality in panel data starting from the
following regression:

Yit = αi +
∑

Yi(t-k)·βik +
∑

Xi(t-k)γik + εit (5)

It is established that the data series for the two variables for which the causality is checked have
to be stationary. The coefficients have to vary across countries (in this case, t is the index for time, i is
the index for countries) however otherwise remain constant over time. The lag order is K and it does
not change remaining the same for all the countries in the balanced panel. We employ the Granger
causality test for identifying the significant effects of the previous values of one variable on the actual
values of the second variable. The null hypothesis can be represented as follows:

H0: γi1 = γi2 = . . . = γiK = 0 i = 1,2, . . . ,N; (6)

where N represents the number of cross-sections (in this case, countries)
We employ the cluster analysis for classifying the groups of countries by the GDP per capita

and their shares of RES in their final consumption. In order to do so, we apply a non-hierarchical
classification with K-mean clusters. The k-average method starts with the k values that are used to
form the groups. The distance to the cluster is determined based on the Ward method that can be
explained as follows:

- for each variable, the sum of the squares for deviations of each country in the cluster from average
is calculated, in order to minimize the square of error squares (for example, to minimize the loss
of information);

- at any step, the pair of countries that could be joined in a particular cluster is analysed and the
pair are unified as to have minimum loss of information.

We do not possess a strong statistical criterion in order to compute the number of clusters that
should be considered with a certain probability. Thence, we select the optimal number of clusters
based on the aspects such as: results of variance analysis, theoretical motivation, previous utilisation
of non-hierarchical methods, and graphical representation of the countries. The k-means methods are
carried out following the four consecutive steps:
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(1) k initial classes are considered (there is one class for each country);
(2) a country is relocated in that cluster for which the average is the closest;
(3) the average is recomputed for the two clusters in which that country was;
(4) the previous two steps are redo until changes are made.

4. Model Estimations and Results

Our approach uses the share of renewable energy in the final consumption (%) as dependent
variable and GDP per capita (constant 2010 US dollars) as independent variable. The data on these
variables was collected for the sample of the EU-28 countries covering the period 2007–2017. The RES
share of renewable energy in final consumption data was obtained from Statista, while the data on
GDP per capita values was collected from the World Bank.

All EU countries registered a tendency for the growth in the GDP per capita in the period
2007–2017. However, Greece faced some difficulties in 2016 when GDP per capita decreased by 2.47%
compared to previous year, but the increase was resumed in 2017 when GDP per capita grew by 2.03%
compared to 2016. The austerity measures brought Greece into one of the deepest economic depression
in its entire modern history. The hard austerity is also supported by the improvement in primary fiscal
balance by more than 14% of GDP in the period 2009–2017 despite the economic recession. The Greek
economy returned to its growth only in 2017. As expected, Luxembourg registered the highest value
for GDP per capita in 2015. This country has the most competitive economy in the world due to
diversified industrialization and intensive export.

Our two main objectives were reached by using the following empirical analysis:

- Investigating the relationship between the share of renewable energy in final consumption
(dependent variable) and the GDP per capita (explanatory variable) using panel data models and
the Granger causality;

- Classifying groups of the EU-28 countries according to their share of renewable energy in final
consumption and GDP per capita in 2007–2017.

In the beginning, the panel data were checked for stationarity and the Levin-Lin-Chu showed
stationary data for both variables at 10% level of significance. Then, we constructed more panel data
models in order to explain the RES shares in the EU-28 final consumption during 2007–2017, as we
can see in Table 1. Random-effects and fixed-effects models, as well as generalized linear model were
applied. All the models confirmed that an increase in the GDP per capita by one unit determined
an increase in the RES share in the final consumption by almost 0.0005 percentage points. To put
it differently, an increase in the GDP per capita by 10,000 constant 2010 US dollars is necessary to
increase the share of renewable energy in the final consumption by 5 percentage points. This result
showed that some other factors have to influence the growth of the share of renewable energy in the
final consumption maintaining the concern for the growing GDP per capita. These factors might be
represented by: progress in the transport sector, market conditions (costs, resource availability, diversity
etc.), policy decisions, including the financial support to make renewable energy cost-competitive.
We introduced covariates like degree of urbanization and environmental taxes as a share of GDP as
covariates in the model, but these variables did not have a significant impact on the dependent variable
(the share of renewable energy in final consumption).

Nevertheless, the Granger causality test on stationary panel data showed that the real GDP per
capita was an actual cause for changes in the share of renewable energy in final consumption. Moreover,
the increase of RES in the electricity did not cause an increase in the living standard in the EU-28
countries (with a GDP per capita used as a proxy). The Granger causality test is run on stationary data
sets at 5% level of significance and the results are presented in Table 2. If p-value is lower than 0.05,
the null hypothesis is rejected. In this case, the p-values are higher than 0.05 and the null hypothesis is
not rejected in both cases.
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Table 1. Panel data models to explain the share of renewable energy in final consumption in the EU-28
countries (2007–2017).

Variable Generalized Estimating
Equation

Random-Effects GLS
Equation Fixed Effects (within) Regression

Coef. Chi-square
stat. p-value Coef. Chi-square

stat. p-value Coef. Chi-square
stat. p-value

GDP per capita 0.0005 8.22 0.000 0.0005 8.80 0.000 0.00049 7.80 0.000
Constant 2.536 0.84 0.400 0.976 0.56 0.574 3.132 1.15 0.251

Own results.

Table 2. Granger causality test to check the relationship between the share of renewable energy in final
consumption in the EU-28 countries and GDP per capita (2007–2017).

Hypothesis Chi-Square Prob.

Share of renewable energy in electricity does Granger cause GDP per capita 2.307 0.3155
GDP per capita does Granger cause share of renewable energy in electricity 3.039 0.218

Own results.

It becomes apparent from Figure 1 that Sweden remains the country with the highest share of
RES in the final consumption in 2007 and 2017. It is followed by Latvia in 2007 and Finland in 2017.
Malta had the lowest share of renewable energy in electricity in 2007 (0.2%), followed by the UK with a
share of 1.5% in 2007. However, after 10 years, all the countries improved their share of RES in the
final energy consumption.
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Figure 1. Share of renewable energy in final consumption in 2007 and 2017 in the EU-28 countries
(blue-2007, orange-2017). Source: Own results.

More groups of countries were identified according to share of renewable energy in the final
consumption and GDP per capita (Tables 3 and 4) in 2007 and 2017.
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Table 3. Countries clusters according to the share of RES in the final consumption in the EU-28 in 2007 (k-means method).

Clusters according to Share of Renewable Energy in Electricity in 2007 Clusters according to Share of Renewable Energy in Electricity and GDP per Capita in 2007

Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 3

Austria, Finland, Portugal,
Croatia, Latvia, Sweden

Bulgaria, Belgium, Cyprus, Denmark,
Estonia, Greece, Hungary, France,
Germany, Ireland, Italy, Lithuania,
Luxembourg, Malta, Netherlands,

Poland, Romania, Slovakia, Slovenia,
Spain, UK

Austria, Belgium, Cyprus,
Denmark, Finland, France,

Germany, Netherlands, Italy,
UK, Sweden, Ireland, Spain

Luxembourg

Bulgaria, Croatia, Czech Republic,
Estonia, Greece, Hungary, Latvia,

Lithuania, Malta, Poland, Portugal,
Slovakia, Slovenia, Romania

Own results.

Table 4. Clusters of countries according to the share of renewable energy in the final consumption in the EU-28 in 2017 (k-means method).

Clusters according to Share of Renewable Energy in Electricity in 2017 Clusters according to Share of Renewable Energy in Electricity and GDP per Capita in 2017

Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 3

Austria, Denmark, Estonia,
Portugal, Romania, Croatia, Latvia,

Sweden, Lithuania

Bulgaria, Belgium, Cyprus, Estonia,
Finland, Greece, Hungary, France,

Germany, Ireland, Italy, Luxembourg,
Malta, Netherlands, Poland, Slovakia,

Slovenia, Spain, UK

Austria, Belgium, Denmark,
Finland, France, Germany,
Netherlands, UK, Sweden,

Ireland

Luxembourg,

Bulgaria, Croatia, Czech
Republic, Estonia, Greece,

Hungary, Latvia, Lithuania,
Malta, Poland, Portugal,

Slovakia, Slovenia, Romania,
Cyprus, Italy, Spain

Own results.
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According to Table 3, two groups of countries were identified based on the values of the share of
renewable energy in the final consumption in the EU-28 in 2007 (the k-means method was used to
build the groups). The first group includes countries with high shares of renewable energy in the final
consumption: Austria, Croatia, Portugal, Latvia, Finland, and Sweden. For these countries, the share
is more than 20%, the highest share being registered by Sweden (42.7%) [45].

More than 50% of the energy used in Sweden is based on the renewable energy sources. In 2012,
this country achieved the target of 50% that was established by the government for 2020. Sweden
is the country that succeeded in combining high energy consumption with low carbon emissions.
This performance is due to the rich supply of moving water and biomass. The most used renewable
sources in Sweden are water, mostly for electricity production, and bioenergy mostly for heating. Austria
is the first European country in hydropower utilization, offering a dynamic business environment to
innovative firms. Bioenergy is the most important renewable energy source in Austria [46]. Sweden
promoted renewable electricity by applying a subsidy scheme, quota system, and specific tax regulation
mechanisms. Renewable heating is stimulated in Sweden by the tax exemptions. The same incentives
are used in transport sector for promoting the use of biofuels. In Sweden, electricity generation systems
have to be connected to the grid. Companies in the field are obliged to connect a heating plant. In case
of lack of any agreement, the operator of district heating network has to ensure usual grid access to this
heat generation plant. In the domain of wind energy, Sweden promotes policies for the construction,
installation and utilization of RES installations.

Biofuel (wood) appears to be the most crucial individual energy source in Finland. The expansion
of this source might be due to the waste wood from the forest industry and burning of its by-products.
In the total energy consumption, the wind power has a low share in Finland, lower than biofuels in road
transport [47]. Quota system is also applied in Finland in transport sector. Cost effective development
of RES in Finland is promoted by tender based premium scheme. Moreover, state subsidies are offered
to enhance the investment in RES. “Heat bonus” is provided for CHP plants based on wood fuel and
biogas. Policies were developed to support the acquisition and utilization of RES installations.

In Portugal, renewable source that produced more electricity is represented by wind, being
followed by water, sun and biofuels [48]. The consumption of electricity based on hydropower is
conditioned by weather conditions. A feed-in tariff (FiT) is used in Portugal to promote electricity
from renewable sources from plants. Tax exemption applies to small producers of biofuels and quota
system is used for biofuels. What concerns the access of electricity from RES to grid shall, priority is
given to this type of electricity to the detriment of traditional one, excepting hydro plants having a
capacity higher than 30 MW.

Croatia stipulated that the share of renewables in gross final consumption of energy would reach
20% by 2020, but this target was already surpassed before 2020. In Croatia, wind and solar PV energy
developed faster than hydropower and solar thermal [49]. A guaranteed feed-in tariff and a premium
tariff are used in Croatia to promote electricity from RES. Special provisions are assigned to electricity
from wind power plant. RES installers benefited from a training program to promote electricity and
heating based on RES.

Latvia has hydropower and biomass as its most frequently used renewable energy sources.
However, wind power and solar energy should be developed more in the future. A complex support
system is applied in Latvia to promote electricity based on RES. This system includes quota system,
feed-in tariff, and tenders. However, high suspicions of corruption eliminated the feed-in tariff since
January 2020. Two policies were implemented to support the installation and utilization of RES
installations. Different tax benefits are assigned to cooling and heating based on RES. Companies are
obliged to sell diesel and oil mixed with biofuels.

In 2017, Finland does not appear anymore in the group of countries with the high share of
renewable energy in the final energy consumption. However, considerable progress was made by
Denmark, Romania and Lithuania. Denmark is among the countries of the world with the highest
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consumption of energy coming from wind power, while hydropower still needs exploitation in this
country [50].

The natural potential of Romania in producing and consuming energy based on renewable sources
is justified by its geographic location and climate. The sources are represented by the biomass resources
that account the highest share in renewable energy consumption, wind and solar PV power plants,
wind with opportunity to build offshore wind farms, and the solar potential [51]. Romania uses quota
system to promote electricity from RES. The financial support for the new installations in this field
ceased at the end of 2016 because of significant financial losses registered by producers. Emergency
ordinances were emitted to eliminate legal uncertainties and to promote transparency of the support
scheme based on Green Certificate. Other policies promote RES-H infrastructure development and
training programs for RES installers.

Starting from the proposed panel data, some scenarios were made for the share of renewables
in gross final consumption of energy in 2020. The final scenario is an average of the scenarios
corresponding to the three panel data models. For providing the forecasts for the share of renewable
energy in the final consumption, we used predictions for GDP per capita for 2020 made by Trading
Economics (see Table 5).

Table 5. Scenarios for the share of renewable energy in final consumption (%) in the EU-28 in 2020.

Country Share of Renewable Energy in Final Consumption in 2020 (%)

Austria 37.6
Belgium 8.8
Bulgaria 20.1
Croatia 33
Cyprus 10.7

Czech Republic 16.7
Denmark 33.2
Estonia 30.5
Finland 44.3
France 17.3

Germany 16.1
Greece 16.7

Hungary 15.7
Ireland 11.2

Italy 18.9
Latvia 40.1

Lithuania 27.4
Luxembourg 6.6

Malta 6.8
Netherlands 7.2

Poland 13.3
Portugal 29.5
Romania 27.3
Slovakia 14.1
Slovenia 25

Spain 18.8
Sweden 56.7

UK 9.6

Own results.

As we initially expected, many countries are going to have difficulties in achieving the required
EU targets. An increase in the share of renewable energy in final consumption is expected in 2020
compared to 2017, but other measures are necessary to accelerate the growth. Countries that have
already achieved the targets will continue to yield increase, but low performers need to revise the
measures to achieve the national targets.
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5. Discussion of Results

RES play a strategic role in the European sustainable agenda. This paper comes up with the
quantitative analysis that might be useful for the decision-makers. Usually, the performance of RES is
evaluated by benefits related to the environment protection and less to the GHG emissions. However,
these effects should also be analysed by the means of real GDP per capita. The validity of our results is
confirmed using the historical data as well as some advanced statistical methods. Our work stresses
the importance of using larger amounts of RES for improving the living standards [52–57].

The EU countries were divided into two groups with respect to their share of renewable energy
in the final energy consumption. This research indicates that two urgent measures should be taken.
One measure might be a policy action to support the expansion of RES in the countries with the lower
shares of renewable energy in the final energy consumption. The second measure should emphasize
that RES and energy efficiency determine the evolution to a low-carbon society. The levels of energy
based on RES should be in accordance with the citizens’ and firms’ needs from the economic point of
view, without neglecting the environmental effects.

One important strategy for the EU is to lower the final energy consumption. This represents an
objective that might be reached by improving the energy efficiency and increasing the share of RES in
final energy consumption. If the final energy consumption is reduced, the other goals are achieved:
progress in sustainable development, more environment protection, less global warming, and the
decrease in the dependence on energy imports.

Our main outcome is that EU’s energy consumption based on RES has been continually and
significantly growing. This represents the fact that made us to accept the decrease in the traditional
energy consumption, which might arrive below the established target in 2020. Even if the EU countries
increased their share of the renewable energy consumption in their final energy consumption, there
would be different patterns for various European countries.

Therefore, every EU country established its own 2020 target which was based on specific
characteristics, economic performance, and the potential for the use of renewable sources in
consumption [56–58]. As a result, starting from 2007, the share of energy from RES in the final
energy consumption has been rising for all EU Member States. It becomes obvious that many EU states
have to increase their share of RES in order to achieve their national energy consumption targets in
order to comply with the EU strategy. Some changes in the national renewable energy action plans and
policies are needed without neglecting the essential support from the EU. If this is not done, the gaps
between the EU countries might intensify and only some countries would continue to increase their
shares of RES in their final energy consumption. It is apparent that the immediate consequences are
related to the distortion and fragmentation of the national energy market which might results in the
higher costs and lower usage of RES in the EU as a whole [59].

Considering the actual energy market architecture, some authors explain that the renewable energy
will be less scalable and more expensive in the future [60–65]. The established goal (100% transition to
renewable electricity sector) will not be achieved. An increase in the market share of renewable energy
required a successful co-existence between the fossil fuels and the renewable energy [66].

6. Conclusions and Implications

All in all, it can be established that starting from 2010, the increase in the renewable energy
consumption has become quite significant. This was the time when massive investments into the
development of RES were made in the EU Member States after the EU Directive that was accepted just a
year earlier. Even if all the EU Member States are following the upward trend, reaching the 2020 target
is not certain because since 2015 the investment in RES production has halted. Countries like Spain and
Belgium focused more on RES for generating their electricity with the rest of the energy consumption
based on traditional carbon fuels. Poland made important progress in the consumption of RES but
needs to develop the production from RES further to achieve the 2020 target. For Austria, Finland,
Denmark, and Sweden RES occupy an important place in their energy mix. All these countries have
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climatic conditions and lack of fossil fuel resources that impose on the society and industry the pressing
need to minimize the energy consumption. New EU commitments were established in the Directive
(EU) 2018/844/ for 2030: GHGs reduction by at least 40% compared to the values registered in 1990,
improvement in EU competitiveness, energy security and sustainability, more energy savings, and
the increase in the share of RES consumption. Within this context, consistent efforts should be made
by all EU countries. In the United Kingdom, significant efforts were made to increase the production
of RES, especially by expending the technologies for solar power, but in spite of this the EU target
seems to be far away. The uncertainties generated by the Brexit detracted the interest for the renewable
growth among Brits. The political rhetoric and practical decision-making focused more on the issue
of coal. Germany is a country that made formidable development in the consumption of fossil and
nuclear fuels, but even there problems prevail. However, the urgency of phasing out coal in Germany
has been ignored for many years. Oei et al. (2020) showed that in 2007, Integrated Energy and Climate
Programme (Integrierte Energie-und Klimaprogramm) became the main reference in climate policy in
Germany. It fixed as target the reduction of emissions by 40% in 2020 [67]. Moreover, it should be
mentioned that France and Italy experience serious issues with achieving the EU 2020 RES targets.
The Netherlands also report some problems due to the fact that its final energy consumption is largely
based on a natural gas network with the gas being cheap at the moment. Furthermore, government
RES subsidies are not attractive and are lower in comparison with the Scandinavian countries. On the
other side of the EU, Portugal pumped funding into RES, but the costs were high and prevented a high
increase in the share of energy from the renewable sources from one year to another. Czech Republic,
Hungary, and Romania all boast high shares of RES and even increased their efforts to meet the EU
targets after their EU accession in 2004.

Nevertheless, there are also some EU countries in which the RES 2020 target in gross final
consumption was exceeded: Czech Republic since 2013, Sweden and Bulgaria since 2012, Hungary
and Estonia since 2011, and Romania, Lithuania, Italy, and Finland since 2014. One important objective
of this paper was the study of the relationship between the share of the renewable energy in the final
energy consumption and real GDP per capita. Many previous studies only considered the relationship
between economic growth and (RES) energy consumption. We selected the GDP per capita instead of
economic growth because we consider the GDP per capita to be an indicator that better describes the
long-run development. The economic growth presents high fluctuations, especially in the times of
the economic crisis but the standard of living of population is more stable without high fluctuations
from one year to another. Moreover, this indicator is followed not only by all citizens, but also by
the governments and the firms. One important result following from our study is that the real GDP
per capita was a real cause for the growth in the share of the renewable energy in the final energy
consumption. This means that countries with high GDP per capita will have a higher share of renewable
energy in the final consumption. All the panel data models indicated a positive but also small impact of
GDP per capita on the share of renewable energy in the final consumption. If wealthier countries used
more RES in proportion to their total energy consumption, their energy security would be improved
and the sustainable development would be consolidated. This involves the access to more sustainable,
reliable and modern energy. The sustainability of a country has been a priority in line with the goal to
reduce the dependency on the non-renewable sources of energy.

The results of this research confirmed that higher standard of living in a country could enhance
the energy consumption based on RES. However, other latent factors could contribute to the intensive
utilization of RES in energy production and consumption. Some of these factors related to social
and fiscal aspects, like urbanization and environmental taxes, were not relevant in explaining energy
consumption based on RES. Other factors did not have quantitative measures that could be introduced
in the econometric models, but they had a strong impact on RESs. One relevant example could
be the specific policies in the field that were applied in each EU country. Appropriate policies to
promote RES were described for the countries with the high share of renewable energy in the final
energy consumption. For example, quota system is intensively applied in Sweden, Finland, Latvia,
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Romania and in Portugal only for biofuels. A feed-in tariff was implemented in Portugal, Croatia
and Latvia. In all these countries investments were made to promote the acquisition and utilization
of RES installations. Sweden obtained the best performance, because more types of incentives were
applied. Some of these incentives refer to all RESs (subsidy scheme, quota system, and specific tax
regulation mechanisms) while other ones focus on specific RESs (tax exemptions for renewable heating
and biofuels production). However, improvements should also be brought to these policies in order to
achieve the new targets for 2030.

It appears that a considerable increase in the GDP per capita is required in order to increase the
share of RES in the final energy consumption. The scenarios for 2020 revealed notorious difficulties
represented by the low performances in achieving a significant increase of RES in the final consumption
and the expectations are confirmed, since some EU countries are not capable to achieve the EU required
targets set up for 2020.

The pathways for the future research might continue in two main directions: First of all, there might
arise some policy proposals for establishing funding opportunities for the EU countries according
to the progress in achieving the national targets. Secondly, setting a rule is necessary for directing
more economic benefits to those countries with high performance in achieving the RES target share in
the final energy consumption. Following the first proposal, we should focus more on the economic,
social, environmental, political, and technological factors regarding string and weak points and the
capacity for using more RES. Following the second proposal, we should analyse more the situation of
the states with the best performance. All in all, it is necessary to evaluate the effect of more factors on
RES development: internal energy production, technological development, investment in research and
development, foreign dependence, community policies, subsidy policy, industrial know-how, as well
as citizens’ openness to doing business and protecting environment [64–80].
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