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Abstract: Considering that the European Directive has imposed that at least 20% of the total energy
should come from renewable energy sources (RES) by 2020 already and the specific targets for each
European Union Member State, this paper attempts to assess the importance of GDP per capita
in realizing these targets and also the effects of the RES share in electricity. Contrary to previous
research, this paper does not consider the connection between economic growth and RES, but rather
the potential connection between the share of RES in electricity and the real GDP per capita. The panel
data models indicated to a positive, but very low impact of GDP per capita on the share of RES in
electricity in the period of 2007–2017 in the case of the EU countries, except Luxembourg that has
outlier values of GDP per capita. However, causality between the two variables was not identified.
Some groups of countries were described according to these variables using cluster analysis. Future
research should focus on the extension of this model by including other important variables such as
RES potential available in the countries with specific geographical conditions.
Keywords: renewable energy sources; electricity; GDP per capita

1. Introduction
In the last few decades, concerns about environmental security, sustainability and climate change
have grown, forcing governments to find viable alternatives to the traditional energy sector to limit
its negative impact on the environment. The use of renewable energy, even if expensive, reduces gas
emissions that negatively influence the environment [1–3]. A world agreement has established the
reduction of greenhouse gas emissions by 80–90% by 2050 [4]. Moreover, considering that fossil fuels
will be depleted relatively soon, the reform of the energy sector has been considered a priority for the
European Union (EU) and other regions of the world too. A potential solution to all these issues could
be represented by the growth of renewable energy sources (RES) not only in energy consumption,
but also in energy production [5]. Today’s technologies are used to generate most part of the renewable
energy, a significant part of it being obtained from biomass. In the last 15 years, generation of wind
and solar energy has sharply increased at the global level. Experts predicted that by 2040 RES will
have a share of 50% in the world energy consumption [6].
The demand for energy in European countries and the increasing wellbeing and standards of
living determined these states to increase production and utilization of renewable energy [7,8]. Energy
plays a central role in national economic development. It may also have a leverage effect on economic
growth. The economic systems of the EU states are directly influenced by the energy policy at the
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EU level. The European energy system should respond to climate change challenges and support
the achievement of sustainable growth in the EU member States [9]. The EU countries with higher
GDP succeeded in making progress in production and utilization of renewable energies as higher
economic development level provides more financial resources and opportunities to invest in new
renewable energy technologies also taking into account geographical conditions of these countries [9].
Another possible explanation would be the fact that in the EU developed Member States the transition
from fossil fuels to renewable energy sources is encouraged by well-developed national legislative
frameworks and strong institutions. The implementation of RES technologies are not regulated by
political actions. The subsidies, tax credits, financial assistance and rebates are well-established in
favour of renewable technologies in developed market economies. Transition countries having lower
GDP per capita and less developed energy markets, have weaker institutions and policy frameworks to
support RES as well as less budget resources to provide financial support for RES technologies [9,10].
Economic sustainability might be ensured by allocation of emission allowances and energy
efficiency [10,11]. The Renewable Energy Directive, known as 2009/28/EC, establishes the EU policy in
terms of energy production from RES. According to the mentioned directive a minimum of 20% RES in
the total energy of the EU countries is required by 2020, specific targets being set up for each state.
The framework on climate and energy as to 2030 imposes a minimum of 27% in what concerns the
share of RES consumption [12–14].
RES development does not compromise economic growth or employment [12], moreover, it may
bring some additional financial advantages [15]. The literature reports that there are business models
that depend on the category of resources and various characteristics of industrialized and developing
economies [16–18].
Solar power and wind are intermittent resources, but this disadvantage can be eliminated by
cross-border and cross-sector cooperation [19,20]. The EU has proposed a low-carbon energy system
with a growing share of renewable electricity sources [21] and an ambitious goal of 100% renewable
energy [22].
Only eleven states have already achieved the 2020 targets [23]. A comparative research between
the countries that might reach the national targets is necessary in this context. For instance, Denmark,
Austria, Finland and Sweden are leaders in terms of the Europe 2020 Strategy [24] implementation,
while France, Germany, Portugal, Italy, Lithuania, Croatia, Ireland, and Latvia have values greater
than the EU average, with respect to environmental and energy performance [25]. Italy, Austria,
Portugal, Latvia, and France are top performers in terms of environmental protection [26]. RES as
capital influences the GDP, a retraction correction being observed when economic growth generates the
growth of renewable energy consumption. The EU candidate countries need to foster the development
of renewable energy [27]. For the EU-28, the results indicate that a growth of 1% in primary production
of RES generates an increase of 0.05–0.06% in GDP per capita [28]. Trajectories towards national targets
are also analyzed in [29]. Difficulties of several countries in reaching the targets can be described as
follows: The Netherlands and Malta have problems with the levels of GHG emissions [30], while
The Netherlands, France, Luxembourg, Ireland, and the United Kingdom encountered difficulties with
the share of RES [31].
There is a plethora of studies [17–46] analyzing the relationship between renewable energy
consumption and macroeconomic indicators from different perspectives and using different
methodologies. A part of these studies constructed a renewable energy sustainability index that was
applied for the 15 EU countries that are different according to level of final energy consumption and
degree of economic development [21]. Another study analyzed energy per capita for 19 Eurozone
countries [25]. A consistent part of researches are focused on the relationship between energy
consumption/renewable energy consumption and different macroeconomic variables, like economic
growth in Europe (for the EU-28 countries [21], new EU member states [27], 42 developing countries [23],
main renewable energy consuming countries in the world [25], 15 former Soviet Union countries [24],),
capital and labour (new EU member states [29]), urbanization (residential sector [36]). Lung [31]

Energies 2019, 12, 2520

3 of 15

offered own division into the groups of countries according to output and energy consumption basing
on the data for both developed and developing countries. Previously, a comparative analysis among
the EU-28 member states according to the RES share in gross final consumption was carried out by
Cucchiella et al. [10] using different mathematical models. The authors showed that Finland and
Sweden achieved the best results concerning gross final energy consumption, while Austria, Denmark,
and Latvia reached the 2020 target in the share of energy from renewable sources in the gross final
consumption. Moreover, the authors showed that some EU countries will never achieve the 2020
targets (France, Belgium, The Netherlands, Luxembourg, UK).
A special consideration was assigned to the advantages of renewable energy technologies in the
case of emerging countries [40,41]. Sadorsky proposed two empirical models to capture the connection
between income and renewable energy consumption in some emerging economies. A cointegration
relationship was identified and growth in the case of real per capita income had a positive and
significant influence on per capita renewable energy consumption. If real income per capita grows by
1% in the long run, consumption of renewable energy per capita in emerging economies increases by
around 3.5% [42].
There are many studies dealing with forecasts of energy consumption from renewables based on
various quantitative methods and on the data of the EU-28 countries [43–50] Considering the European
Commission principal objective to extend the share of renewable energy production in electricity,
the aim of this research is to explain the renewable energy in electricity based on GDP per capita, seen
as a measure of standard of living and income inside the EU, in the period of 2007–2017. Knowing the
advantages of RES related to environmental protection and reduction of GHG emissions, this paper
checks whether the increase in renewable energy in electricity has a positive effect on the EU countries’
economies. This objective is achieved by focusing on two directions of research: the explanation of a
share of renewable energy in electricity based on GDP per capita using panel data models and checking
Granger causality on stationary panel data, and the study of groups of the EU countries according to
their shares of renewable energy in electricity using cluster analysis.
Most of the studies in literature address energy consumption in its correlation to various
macroeconomic indicators, less attention being given to the analysis of the renewable energy in the
electricity subsector specifically.
This analysis provides useful conclusions on the share of renewable energy in electricity in relation
to output per capita, while all previous studies have been connecting this indicator only with economic
growth. None of the studies links the share of renewable energy in electricity to per capita GDP.
The novelty of this research is also ensured by application of other methods than those used before to
study this kind of relationship. In our case, the results based on an overall analysis of the countries
using panel data analysis are combined with the results on individual analysis of the countries based
on cluster method.
The paper has a standard logical organization. The current section provides details on theoretical
background with some references from literature, while the methodology is presented briefly in
Section 2. In Section 3, we report the main results with corresponding economic comments. Finally,
in the last section, a deeper discussion is presented.
2. Method and Data
As we mentioned before, the share of renewable energy in electricity will be analyzed in relation
with real GDP per capita for the EU-28 countries. This empirical study employs two methods: panel
data models, including the study of causality in panel, and cluster analysis for identifying groups
of countries according to share of renewable energy in electricity and their economic development
expressed by GDP per capita.
The variables that have been employed in this research refer to the share of renewable energy in
electricity (%), the supply of electricity as gross electricity production in Gigawatt-hour, electricity price
for non-household consumption in Purchasing Power Standard (consumption less than 20 MWh—band
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IA, comparable prices) and real GDP per capita (expressed in constant 2010 US dollars). The data
on these variables were collected for the EU-28 countries for the period of 2007–2017. The data on
the share of renewable energy in electricity are taken from the Statista database, while the World
Bank provided the data for GDP per capita. The data on electricity supply and electricity prices for
non-households are provided from the Eurostat database and the supply of energy plays the role of a
control variable in the panel data models. Other theoretical and empirical studies used CO2 , GHG
emissions or population as their explanatory variables [8,9]. The data on CO2 and GHG emissions are
not available for the analyzed period for all the EU Member States. Population is not relevant in this
case since GDP per capita is an indicator computed using data on population. Data on electricity price
per household consumption are available only since 2017.
In this paper, renewable energy sources (RES) refer to those sources of energy that are flow-limited
and naturally replenishing: biomass (biodiesel, wood, solid and wood waste, ethanol, biogas, landfill
gas), wind, hydropower, solar source, geothermal sources etc. This indicator shows the proportion of
electricity derived from renewable sources in each EU country.
The electricity prices for non-household consumers are computed for end users based on the
predefined yearly consumption band. Three levels of taxation are considered in calculation of these
prices (prices excluding VAT and the rest of recoverable taxes, prices excluding levies and taxes, prices
including all taxes, VAT and levies). Gross electricity production/generation describes the process of
producing electrical energy. In this case, electrical energy is obtained by transforming different other
existing forms of energy. Luxembourg is the country with the highest values of the GDP per capita
in the entire period, these values being considered outliers. The maximum value of this indicator
was achieved by Luxembourg in 2015 (77,400 constant 2010 US dollars). Bulgaria is the country
with the lowest values of GDP per capita, the minimum being registered in 2007 (10,400 constant
2010 US dollars). Considering the global economic crisis started in 2008 in the US, all the countries,
but for Poland, registered lower values of GDP per capita in 2009 as compared to 2008, the effects
of the crisis being immediately reflected in the values of output per capita. In Poland, the GDP
per capita maintained its value on the 2008 level. Indeed, Poland is considered to be the single EU
country not affected by the recent world economic crisis due to its large local market and favourable
business environment. Austria has the highest shares of renewable energy in electricity in the EU,
the maximum value being achieved in 2017 (72.6%), being also among the countries with high values
of GDP per capita. On the other hand, Malta is the state with the lowest share of renewable energy in
electricity, a null value being registered in the period of 2007–2010. Some causes for low performance
of Malta would be: small population, planning policies that respond to the ascending demand of
accommodation through buildings that require shadowing of rooftops instead of PV installation.
We will build traditional panel data models: fixed-effects model, random-effects model and model
based on generalized estimating equation. The last type of model is used to explain the structure of the
within-panel correlation. It corresponds to population-averaged (or marginal) models that are described
in the panel-data literature.
The fixed-effects model has the following representation:
Yit = α + X1 it ·β1 + . . . + Xk it ·βk + µi + vit

(1)

where Y is the dependent variable, X—exogenous variables, i—index for country, t—index for year,
vit —idiosyncratic error, µi —error for cross-sections
The fixed-effect model uses the following assumptions:
-

unobservable individual effects are considered as fixed parameters;
the exogenous variables are not correlated with idiosyncratic error vit but correlate with individual
fixed effects;
the idiosyncratic errors vit should be independent and identically distributed (iid(0, σ2 v ).
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The random-effects model uses the following assumptions:
-

unobservable individual effects are considered random variables;
the exogenous variables do not correlate with idiosyncratic error vit or with individual effects;
the idiosyncratic errors vit should be independent and identically distributed (iid(0, σ2 v )) [51].
In the case of one explanatory variable, the model has the representation given below:
Yit = α + Xit ·β + µi + vit

(2)

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

(3)

The average in time is obtained:

The difference between the two previous equations is made:
Yit − average(Yi ) = (Xit − average(Xi ))·β + (vit − average(vi ))

(4)

This internal transformation is required for determining the fixed-effect estimator. The least
squares method is applied in the model (4) and the estimators for β with fixed-effects are calculated.
For testing Granger causality in panel data, we should start from the regression:
Yit = αi +

X

Yi(t−k) ·βik +

X

Xi(t−k) γik + εit

(5)

The data series for variables X and Y should be stationary to check Granger causality between
them. The coefficients should differ across countries (t—index for time, i—index for countries), but are
constant in time. The lag order is K and it should be constant for all the countries in the balanced panel.
Granger causality test implies the identification of significant effects of previous values of X on the
actual values of Y. The null hypothesis is stated as:
H0: γi1 = γi2 =

...

= γiK = 0, i = 1, 2, . . . , N; where N is the number of cross-sections (countries)

Firstly, the data stationarity was checked using a Levin-Lin-Chu (LLC) test and further estimations
are made on stationary panel data. The null hypothesis for LLC test states that the panels include unit
root, while the alternative hypothesis, rejected when the p-value is higher than 0.05/0.1 (at the 5% and
s of significance), confirms that panels are stationary. We chose the estimates with robust standard
errors in order to avoid additional checks for errors’ heteroskedasticity loose the critical value or when
the p-value is higher than 0.05/0.1, at the 5%/10% levels of significance.
Cluster analysis is used to identify groups of countries by GDP per capita and share of renewable
energy in electricity. In this case, we used a non-hierarchical classification with K-mean clusters.
The k-average method starts from k values that are used to build groups. The distance to cluster is
computed using the Ward method that implies more steps:
-

-

for the analyzed variable, the sum of the squares of the deviations of each country in the cluster
from average is computed, in order to minimize the square of the error squares, for example,
to minimize the loss of information;
for every step of the algorithm, any pair of countries that could be joined in a particular cluster is
analyzed and we unify the pair that with the minimum loss of information.

There is not any strong statistical criterion for determining the number of clusters that should be
considered at a certain probability. The optimal number of clusters is fixed considering some hints:
-

theoretical motivation;
previous use of non-hierarchical methods;
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results of variance analysis;
figures representing the countries.
The k-means method supposes the following steps:

(1)
(2)
(3)
(4)

k initial classes are considered (each country is placed in one class);
A country is moved in that cluster for which the average or centroid is the closest;
The average is computed again for the two clusters in which that country was at different moments;
The previous two steps are repeated until changes are made.

We have chosen a panel data approach since we are describing here an overall image of the
relationship between RES in electricity and GDP per capita in the EU countries. Moreover, cluster
analysis was applied in order to have a deeper understanding on the tendencies in each country.
3. Empirical Results
A Nalimov test was applied to check for outliers in the data series. For Luxembourg, all the
values of GDP per capita were outliers since the test statistics (for example, 18.93 for 2007 and 27.99 for
2017) were higher than the critical value of 1.95 at the 5% level of significance. Since Luxembourg is
considered an outlier because of the high level of GDP per capita, we eliminated this country from the
panel data models. Two main goals were followed by the empirical analysis:
-

A study of the relationship between share of renewable energy in electricity and GDP per capita
based on panel data models and Granger causality;
An analysis of the groups of countries in the EU-28 according to share of renewable energy in
electricity and GDP per capita.

All the computations were made using the STATA software. Firstly, we tested whether the data in
panel are stationary. Levin-Lin-Chu test indicated that the data series for both variables are stationary
at the 10% level of significance. According to LLC test, the data series are stationary in panel for all the
variables at the 10% level of significance: GDP per capita (adjusted t = 4.23, p-value = 0.000), supply of
electricity (adjusted t = 1.98, p-value = 0.09), electricity prices for non-household consumers (adjusted
t = 2.23, p-value = 0.04).
More panel data models were built to explain the share of renewable energy in electricity in the
EU-28 countries in the period of 2007–2017: generalized linear models, random-effects and fixed-effects
models. According to Pesaran’s CD test, the cross-sectional units are independent at the 5% level
of significance. All the models indicated that growth of GDP per capita by one unit determined, on
average, an increase in the share of renewable energy in electricity by almost 0.001 percentage points.
In other words, an increase in GDP per capita by 1000 units are necessary to extend the share of
renewable energy in electricity by only one percentage points (see Table 1).
Table 1. Panel data models to explain the share of renewable energy in electricity in the EU member
states (2007–2017).
Variable

Generalized Estimating Equation
Coefficient

Chi-square
stat.

p-value

Random-Effects GLS Equation
Coefficient

Chi-square
stat.

p-value

Fixed-Effects (within) Regression
Coefficient

Chi-square
stat.

p-value
0.000

GDP per capita

0.0009

9.38

0.000

0.0009

8.54

0.000

0.001

9.51

Constant

−1.52

−0.32

0.70

−0.15882

−0.04

0.969

−1.92

−1.44

0.17

Supply of electricity

0.89

7.99

0.000

0.92

9.03

0.000

0.89

9.20

0.000

Electricity price for
non-household
consumption

0.005

8.32

0.000

0.0049

7.78

0.000

0.005

8.00

0.000

12.27

0.14

13.56

0.27

12.57

0.15

Pesaran’s test for
cross-section
independence

Source: own results.
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This result indicates that other factors should contribute to the growing share of renewable energy
in electricity, maintaining the concern for growing GDP per capita. This result supports the hypothesis
stated in the introduction: more developed countries tend to use more RES as compared to less
developed countries. However, still more efforts to grow GDP per capita are required in the EU to have
an acceptable increase in RES. As expected, the control variable (electricity supply) has a positive and
significant impact on the dependent variable. The increase in electricity production overall brought
to a higher share of renewable energy in electricity. In other words, renewable energy is more used
in electricity since electricity production overall has increased to correspond to the growing needs
in energy. We applied a Hausmann test to select the best model between fixed-effects model and
random-effects model. The statistics of the test is 45.78 (p-value = 0.000) which indicates that fixed-effects
model explains better than random-effects model the share of renewable energy in electricity in the EU
countries at the 5% level of significance. The values of R-square also indicate fixed-effects model as
better (R-square in this case is 0.803, while for random-effects model R-square is 0.71 and for generalized
estimating equation R-square is 0.76).This can be explained by the fact that the increase in electricity
prices shapes the of renewables in the increase of the share of renewables in electricity production.
However, a significant causality in Granger approach was not identified between GDP per capita and
share of renewable energy in electricity at 5% level of significance (see Table 2).
Table 2. Granger causality test applied on panel data to explain the connection between the share of
renewable energy in electricity and GDP per capita in the EU-28 (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

Source: own results.

Some clusters were formed for 2007 and 2017 to reflect the countries in what concerns share of
renewable energy in electricity and according to the share of renewable energy in electricity and GDP
per capita.
According to the share of renewable energy in electricity, Table 3 describes the two clusters
obtained for 2007:
-

-

countries with high shares of renewable energy in electricity (more than 30%): Austria (64%),
Sweden (53.2%), Latvia (38.6%), Croatia (34%) and Portugal (32.3%) (these percentages are
provided to have an idea about the difference between the countries in the same group);
countries having lower shares of renewable energy in electricity (less than 30%) for the rest of the
EU-28 countries.

When both the share of renewable energy in electricity and GDP per capita are considered, Table 3
presents a number of three clusters in 2007:
-

countries having high GDP per capita and relative high shares of renewable energy in electricity;
Luxemburg that is considered an outlier because of the high values of GDP per capita;
some countries with lower GDP per capita.

Two clusters were selected for the share of renewable energy in electricity and three clusters for
the approach based on both variables. We selected these numbers since significant differences between
the groups were allowed. We have thee clusters for the second approach, since Luxembourg is an
outlier that is different from all other countries.
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Table 3. Groups of countries in the EU-28 according to the share of renewable energy in electricity and
GDP per capita in 2007.
Clusters according to the Share of
Renewable Energy in Electricity in 2007
Cluster 1

Cluster 2

Bulgaria,
Energies 2017, 10, x FOR PEER
REVIEWBelgium,

Clusters according to the Share of Renewable Energy in
Electricity and GDP per Capita in 2007
Cluster 1

Cluster 2

Cluster 3
8 of 15

Cyprus, Estonia,
Denmark,
Finland, energy in electricity and GDP per capitaCroatia,
Bulgaria,
When both the share
of renewable
are considered,
Greece, Hungary,
Austria, Belgium,
Czech Republic,
Table 3 presents a number
of three clustersCyprus,
in 2007:Denmark,
France, Germany,
Estonia, Greece,
Austria, Portugal,
Ireland,
Italy,per capita
Finland,
France,
Hungary,
Latvia,in
- Croatia,
countries
having
high
GDP
and
relative
high
shares
of
renewable
energy
Latvia,
Luxembourg
Poland, Slovenia,
Germany, Ireland,
Lithuania, Malta,
Sweden
electricity;
Lithuania, Malta,
Italy, Netherlands,
Poland, Portugal,
Luxemburg that is
considered
an outlier
because
of the high values of GDP per
capita;Slovenia,
Spain,
Netherlands,
Spain,
UK, Sweden
Slovakia,
Romania,
Romania
some countries with
lowerSlovakia,
GDP per capita.
the UK,
Two clusters were selected
for the share of renewable energy in electricity and three clusters for
Luxembourg

the approach based on both variables. We selected these numbers since significant differences
results.
between the groups were allowed. WeSource:
haveownthee
clusters for the second approach, since
Luxembourg is an outlier that is different from all other countries.
As we can observe from Figure 1, Austria is the country with the highest share of renewable
As we can observe from Figure 1, Austria is the country with the highest share of renewable
energy in electricity in 2007, but also in 2017, being followed by Sweden. Malta is the single country
energy in electricity in 2007, but also in 2017, being followed by Sweden. Malta is the single country
with null share of renewable energy in electricity in 2007, being followed by Cyprus with a share of
with null share of renewable energy in electricity in 2007, being followed by Cyprus with a share of
0.1% in 2007. However, after 10 years, all the countries improved their share of renewable energy
0.1% in 2007. However, after 10 years, all the countries improved their share of renewable energy in
in electricity.
electricity.

Figure 1.
renewable
energy
in electricity
in 2007inand
2017and
in the
EU-28
Figure
1. Share
Shareofof
renewable
energy
in electricity
2007
2017
in countries
the EU-28(blue—2007,
countries
orange—2017).
Source: ownSource:
results. own results.
(blue—2007,
orange—2017).

Austria was the leader in 2007 in terms of share of renewable energy in electricity, this country
Austria was the leader in 2007 in terms of share of renewable energy in electricity, this country
being successful in what concern sources like biomass from wood, hydropower (a share of more than
being successful in what concern sources like biomass from wood, hydropower (a share of more
96% in renewable energy in electricity) and use of thermal solar energy [47,51].
than 96% in renewable energy in electricity) and use of thermal solar energy [47,51].
80% percent of electricity production in Sweden is based on hydroelectric and nuclear power,
80% percent of electricity production in Sweden is based on hydroelectric and nuclear power,
fact that explains the low emission rate in this country. It has three nuclear plants and eight nuclear
fact that explains the low emission rate in this country. It has three nuclear plants and eight nuclear
reactors. Wind power ensures around 11 percent of electricity, power plants and hear ensure nine
reactors. Wind power ensures around 11 percent of electricity, power plants and hear ensure nine
percent of electricity in Sweden [52].
percent of electricity in Sweden [52].
In Latvia, hydropower plants have the highest proportion in electricity production (more than
In Latvia, hydropower plants have the highest proportion in electricity production (more than
98%). Gas also has a significant contribution to internal supply of electricity, wind and biomass
98%). Gas also has a significant contribution to internal supply of electricity, wind and biomass
contributing to the mix mostly in recent years [53].
contributing to the mix mostly in recent years [53].
In Croatia, renewable energy rapidly expanded. Wind and solar PV energy the most rapidly
expanded, while hydropower and solar thermal developed slower [54].
In Portugal, the main sources of renewable energy are represented by: hydropower, wind
power, solar power, geothermal and wave power, biogas [55].
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In Croatia, renewable energy rapidly expanded. Wind and solar PV energy the most rapidly
expanded, while hydropower and solar thermal developed slower [54].
In Portugal, the main sources of renewable energy are represented by: hydropower, wind power,
solar power, geothermal and wave power, biogas [55].
According to share of renewable energy in electricity, Table 4 shows that there are two clusters
in 2017:
-

-

a group of countries with high shares of renewable energy in electricity (more than 40% which is
an increase compared to 2007): Austria (72.6%), Sweden (64.9%), Latvia (51.3%), Croatia (46.7%),
Denmark (53.7%), Romania (42.7%) and Portugal (54.1%);
a group of countries with lower shares of renewable energy in electricity (less than 40%) in the
case of the other EU-28 countries.

According to share of renewable energy in electricity and GDP per capita, Table 4 shows that there
are three clusters in 2017:
-

a group of countries with high GDP per capita and relative high shares of renewable energy
in electricity;
Luxemburg that is considered an outlier in terms of GDP per capita;
a group of countries with lower GDP per capita.
Table 4. Groups of EU countries according to share of renewable energy in electricity and GDP per
capita in 2017.
Clusters Based on Share of Renewable
Energy in Electricity in 2017

Clusters Based on Share of Renewable Energy in
Electricity and GDP per Capita in 2017

Cluster 1

Cluster 2

Cluster 1

Denmark, Austria,
Croatia, Portugal,
Latvia, Romania,
Sweden

Belgium, Bulgaria,
Hungary, Italy, Cyprus,
Ireland, Netherlands,
Greece, Lithuania,
Estonia, Ireland,
Germany, Finland,
France, Luxembourg,
Slovakia, Poland,
Slovenia, Malta, UK

Austria, France,
Belgium, Germany,
Netherlands,
Sweden

Cluster 2

Cluster 3

UK,
Luxembourg,
Denmark,
Finland

Croatia, Malta,
Bulgaria, Slovenia,
Czech Republic,
Italy, Estonia,
Romania, Portugal,
Slovakia, Greece,
Hungary, Cyprus,
Latvia, Lithuania,
Spain, Poland

Source: own results.

In 2017, Denmark and Romania were the countries that achieved also high shares of renewable
energy in electricity together with the states that acted like leaders in 2007. Denmark counts among
world leading countries in wind energy production. Other sources are less used: wood, waste,
solar power, straw, biogas. However, Denmark is among the countries with the less utilization of
hydropower [56]. In Romania, biomass and biogas is the most considerable source of energy used in
electricity, being followed by less used ones: wind, solar, hydro sources [57].
4. Discussion
This paper has aimed to assess the impact of GDP per capita on penetration of RES and its effects
in improving real GDP per capita as well. The objective character of the achieved results is ensured by
utilization of historical data and applied statistical methods. This work also highlights the importance
of producing more energy from RES for the countries to improve their economic growth and standards
of living as the increase in the share of renewables provides for increase in standards of living because
RES are based on new technologies, create new jobs, boost external benefits for the society, including
pollution reduction and
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The EU countries were distributed into two large groups basing on the shares of renewable energy
in electricity. This research also confirms the necessity to implement important policy measures to
promote more active use of RES, taking into account the RES potential available in a country.
One of the main goal in this research has been studying the relationship between the share of
renewable energy in electricity and real GDP per capita. Many of the previous research focused on
correlation between economic development and energy production or/and consumption. We have
chosen GDP per capita since it reflects the achieved level of economic development in the long run and
population well-being is a final goal followed by all citizens, and also by government [58–62].
One of our important results is revealing the lack of causality between the two variables (the share
of renewable energy in electricity and real GDP per capita). This means that production of energy
from RES is not so high as to ensure on long-run economic welfare. Other important macroeconomic
variables need to be taken into account when assessing the impact of RES on economic growth.
On the other hand, developed countries of the EU do not necessarily have high share of renewable
energy in electricity and this is mainly linked to geographical conditions and physical renewable
energy potential. There are numerous examples in this regard. Rich countries like Belgium, France,
Germany, Ireland, Italy, The Netherlands, Luxembourg, and the UK registered shares of renewable
energy in electricity lower than the EU average in 2007 [60]. Except for Germany, these countries also
registered lower values than the 2017 European average for the same indicator.
The proposed panel data models suggested that GDP per capita influences the share of renewables
in electricity positively and statistically significantly although this impact is very small. A consistent
increase in the GDP per capita is necessary to extend the share of renewable energy in electricity [42].
Economic development level of a country has its impact on RES as it allows generating more
financial resources to promote renewables as well advanced economies have better developed
mature energy markets, better institutional indicators, industrial know-hows, community policies,
technological development level, and citizens’ openness to business having also positive impact on
RES penetration [12,15].
One of the EU strategies is to reduce the final energy consumption and this objective could
be achieved following two patterns: improvement of energy efficiency and growth of the share of
renewable energy in final energy consumption and, as an effect of this by growing the share of
renewable energy in electricity. If this goal is achieved, many benefits are obtained: sustainable
development, reduction of global warming, environment protection, reduction of the dependence on
energy imports [61].
The enhancement of renewable energy consumption has been observed since 2010 in the EU
Member States, as an effect of EU Directive given in the year 2009 [62]. Even if most of the EU
member states are on an upward trend, the achievement of the 2020 target it not secure, knowing
that investments in renewable energy production have slowed down since 2015. Spain and Belgium
focused more on the consumption of electricity from RES, the rest of the consumption being based on
other types of fuels. Poland made important efforts to increase renewable energy consumption, but for
achieving the 2020 target, has to boost production from RES. Austria, Denmark, Finland, and Sweden
are countries where RES plays an important role in the energy mix [63]. In these countries, the lack of
fossil fuel resources and the climatic conditions forced society and industry to reduce at minimum the
energy consumption.
Even if significant investments were made in the UK for increasing the production capacity of RES,
especially for solar panels, this country is far from achieving the EU target. The uncertain context of
Brexit creates more barriers. Germany made big progress in the consumption of fossil and nuclear fuels,
while France and Italy have serious problems in meeting the targets for 2020 [64–69]. Netherlands also
encountered difficulties because its final energy consumption is based on a natural gas network that
is quite cheap; government subsidies for the RES promotion are not attractive, being lower than in
Scandinavian countries.
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Portugal has invested heavily in RES, but high costs did not allow it to maintain a high increase
from one year to another. Czech Republic, Romania, and Hungary have a rich network of RES, but the
efforts to meet EU target intensified after these countries joined the EU [70,71].
In some EU countries, the target value for 2020 in the case of share of renewable sources in gross
final consumption was exceeded: Hungary and Estonia since 2011, Sweden and Bulgaria since 2012,
Czech Republic since 2013, and Romania, Lithuania, Italy, and Finland since 2014. By increasing this
share, the EU countries will be able to significantly reduce greenhouse gas emissions and improve the
environment quality.
This analysis is limited by the fact that only a few variables were considered in the panel data
models because of their availability for that specific period and for the EU countries. Moreover, a larger
period would have been required for a deeper analysis, however, the data on all the variables in the
models are available only since 2007. In the future other important variables will be included in the
model and countries will be grouped into clusters according to their geographical conditions and
physical RES potential available.
5. Conclusions
The panel data models indicated a positive, but very low impact of GDP per capita on the share
of RES in electricity in the period of 2007–2017 in the case of the EU countries. However, causality
between the two variables was not identified.
The EU member states were grouped by means of cluster analysis, however, future research would
be necessary to get more robust results and develop specific policy recommendations. The extension of
this model is required by including other important variables such as RES potential available in the
countries based on geographical conditions and other important factors which were not addressed in
this study.
Economic development level of countries is supposed to have significant impact on the exploration
of RES potential taking into account geographical conditions of the countries in question. Higher
economic development level first of all allows raising more funds for renewable energy support.
As the old EU member states have also more developed energy markets, stronger institutions and legal
frameworks, lower corruption perception levels, these issues need to be further explored.
Some other aspects need deeper analysis as well, namely, the political, social, economic,
environmental, and technological determinants behind weaknesses and strengths of renewable
resources. It is also important to assess the effects on RES expansion of the following specific
factors: policies promoting RES, investments in the field of research and development, internal
energy production, industrial know-hows, community policies, energy dependency, technological
development level, and citizens’ openness to business, institutional indicators such as corruption
perception, regulation quality etc.
RES as such is supposed to have a positive impact on economic growth as it provides new jobs,
technological innovations and also promotes GDP growth. Therefore, it is important to analyse the
impact of RES deployment level on economic, social and environmental indicators of the countries,
however, additional variables need to be integrated into the model as also having impact on GDP per
capita growth rate.
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