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Abstract: This paper aims at examining the relationship between energy consumption deriving from
renewable energy sources, and countries” economic growth expressed as GDP per capita concerning
25 European countries. The used dataset involves European countries’ data for the period from 2007
to 2016. The statistical analysis is based on descriptive statistics, cluster analysis, and autoregressive
distributed lag (ARDL), and reveals that all variables are related; this suggests a correlation between
the dependent variable of GDP and the independents of renewable energy sources (RES) and Non-RES
energy consumption, gross fixed capital formation, and labor force in the long-run. Furthermore,
the results show that there is a higher correlation between RES’ consumption and the economic
growth of countries of higher GDP than with those of lower GDP. The obtained results are consistent
with other papers reviewed in this study.

Keywords: renewable energy; energy consumption; Gross Domestic Product; economic growth

1. Introduction

During the last decades, a continuing shift from conventional to non-conventional sources of
energy has been taking place [1,2]. Due to negative environmental effects of conventional energy
forms of production and usage, and the finite yields of conventional sources of energy, the need for
renewable energy sources (RESs) usage is becoming urgent [3]. Thus, special policies are developed to
further promote the expansion of RESs. A critical environmental target of the European Union is to
cover 20% of its energy needs with RESs until 2020. In a global context of analysis, about 19% of total
energy usage is produced from RESs, while the strategic planning is to increase their usage by 50% by
2050 [4].
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Relative to the abovementioned shift to RESs, a key question that arises is how their usage is
valued under economic constraints, a question that has motivated a plethora of research interest
worldwide [4]. Thus, there is ongoing research developed to investigate the relationship between RES
and economic growth mainly attributed to the gross domestic product (GDP) [4].

The relevant literature nexus basically contains studies grouped on geographical distribution [2,4-10].
In most of the publications, methodological analysis included statistical models and case controls.
Almost all the reviewed publications unveil a relationship that is developed between the level of
national economic growth and the quantities of RESs used, especially over the long-run [4-11]. Several
publications also investigate the association between economic development and RES-produced energy,
to determine those variables that stimulate the others [4-11]. In most of the cases GDP is the dependent
variable, while RES consumption, gross fixed capital formation (GFCF), and labor force are the main
commonly examined predictors. A positive correlation is also recorded between GDP, RES usage,
GECE, and labor force in most of the cases [4-11]. These results emphasize the significant role of RES
to economic growth.

Our research examines the interaction between economic growth and the energy produced
by RES. Data concerning 25 European countries for the period between 2007 and 2016 is statistically
analyzed; our main results indicate that there are two main groups of countries classified on RES
consumption. RES consumption seems to be correlated with the economic growth of the countries
examined. However, this correlation is highly bounded on countries with higher GDP.

2. Literature Review

2.1. Non-European Countries

Salim et al. [12] perform data analysis on OECD countries for the period 1980-2011. Their analysis
reveals a long-run relationship that links energy consumption (both green and conventional) with
industrial production and economic growth. In addition, evidence of a two-way relationship between
conventional energy consumption and GDP growth was found in the short run. According to these
results, the expansion of RESs is a viable solution to tackle energy security and climate change, while
the gradual replacement of fossil fuels with RESs promotes a sustainable energy economy [12]. Under
the same research context, Apergis and Payne [13] use data from 80 countries. They develop a statistical
model where GDP is the dependent variable, while the main explanatory variables are electricity
consumption from RESs and from conventional sources, among several macroeconomic variables.
The results reveal a two-way relationship between RES consumption, conventional energy, and GDP,
both in the short and long run. There is also a two-way short-run relationship between renewable and
non-renewable forms of energy, which means that it is feasible to swap between energy forms.

In a similar publication, the effect of RESs on economic growth, including biomass, geothermal,
wind and solar energyd and hydroelectricity is examined in 38 countries, which are classified into
three groups [14]. For the 24 countries of the first group, RESs are significantly correlated to economic
growth. Concerning the countries belonging to the second group, energy consumption is negatively
associated to economic development. For the other countries of the third group, there is no impact of
RES consumption on economic growth.

In the same research field, Inglesi-Lotz [15] analyzes panel data. In this dataset, GDP is the
dependent variable, while the following independent variables are namely applied: RES consumption,
RES percentage on the examined countries’ energy mix, labor force, research and development costs,
and capital formation. The results of the statistical analysis show that a 1% increase in RES consumption
can increase the total GDP by 0.105%, while a 1% increase in the share of RESs in a country’s energy
mix can increase total GDP by 0.089%.

In the search of RES consumption determinants, Omri and Nguyen [16] use data concerning
64 countries for the years between 1990 and 2011. In all of the countries’ clusters, results point
out that environmental degradation is a significant variable. Moreover, the price of oil impacts the
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consumption of RESs. Lastly, changes in GDP affect the consumption of RESs only for very high and
very low-income countries, while changes in trade openings have a statistically significant effect on
the RES consumption in all the examined countries except for those of high income.

In the same scientific field, Al-Mulali et al. [17] conclude that RES consumption plays a key role
in promoting economic growth for most of the countries as RESs are a net source of energy, having
minimal environmental impacts. In addition, RES energy is necessary because it contributes to energy
security since those countries are loosely bounded on imported fossil fuels [17].

Another paper focuses on energy consumption from renewable and non-renewable sources of
energy in relation to international trade [18]. This survey examines the correlation between energy
production and consumption from both renewable and non-renewable sources and international trade,
examining 69 countries for the period between 1980 and 2010. The results contain indicators of a
two-way causality between production and trade. These results show that any changes in trade can
influence the economic outcome and, accordingly, changes in production can affect trade. In the
short run, no link is reported between GDP and green energy consumption. However, there is a
long-run two-way relationship between the variables.

Sadorsky [19] develops economic models for studying the consumption of energy from RES in
relation to income, especially among emerging economies. The researcher perceives a relationship
between income and green energy consumption as a prerequisite for the design of an effective energy
policy. The model uses data from 18 emerging economies and focuses on the per capita consumption
of energy from RESs and the per capita income. According to the analysis, a rise in GDP leads to an
increase in energy consumption from renewables. High income is identified as significant by the model
over the long run, suggesting that slight changes to GDP highly impact the consumption of energy
from renewable sources. In conclusion, the results show that a slight increase in per capita income is
directly causing a significant increase in RES consumption in the case of emerging economies.

By looking at the correlation between renewable energy and GDP in the case of the United States,
the consumption is directly related to biomass-made energy [20]. No other relationship exists between
real GDP and all other renewable energy sources examined, namely total RES consumption, geothermal
energy consumption, hydropower consumption, and biomass energy consumption. The results of this
study conclude that the generation of energy from waste is of utmost importance [20].

Fang [21] examines the impact of RES consumption on China’s GDP. By using regression
techniques, the analysis concludes that a 1% increase in RES consumption leads to 0.162% GDP
growth, 0.44% for rural households and 0.368% for urban households. However, it is suggested
that the expansion of the RES share inevitably provides politico-economic hurdles. Obstacles are
attributed to the environmental impacts of fossil fuels use, which contain costs for society, such as
human health degradation, infrastructure, decline in forests and fisheries, and increased spending
associated with tackling climate change [21]. Concerning the economic stance, the researcher states
that when all the external economies are considered, some RESs, especially wind power, are proven
cheaper than conventional sources. Regarding political barriers, lack of coordination, unsupportive
policy encouragement, as well as government grants that are inadequately developed in terms of
geographical coverage or sound research contexts of analysis are reported [21].

In another study for the Chinese context, the relationship between RES consumption and economic
growth is examined for the period 1977-2011 [22]. The results show a two-way relationship in the
long-run between the RES consumption and GDP. This finding suggests that China’s growing economy
is conducive to the development of the renewable energy sector, offering promising contribution to
further economic growth [22].

Shahbaz et al. [11] explore the relationship between RES consumption and GDP in Pakistan. Their
analysis uses an econometric log-linear distribution model where the per capita GDP is the independent
variable, while the per capita energy consumption, labor force, and gross fixed capital formation are
the independent ones. Long-run results show that the model of renewable energy consumption can
stimulate economic growth stronger than the opposite model, which shows that economic growth
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motivates the use of RESs. According to the researchers, the government should propose an integrated
energy policy towards the exploitation of new RESs. Furthermore, local governments should promote
investments in RESs to overcome the national energy crisis [11].

On the contrary, a similar study using regression models for the case of Turkey did not report
any impact from RES-produced electricity consumption on GDP [23]. However, the non-renewable
electricity consumption variable was statistically significant in the long-run, as a 1% increase in energy
consumption led to a minor increase in GDP. Researchers therefore confirm the country’s dependence
on conventional energy sources and propose an expanding investment in conventional energy sources,
by reducing the contributing share of RESs at the national energy mix [23].

Under this non-European context, another significant interdisciplinary research shows that the
existing regulatory framework for the electricity and renewables sectors is an extremely important
parameter that especially affects the role of regulatory agencies in Northern Africa and Middle East
countries, under the promotion by the EU [24]. In this research, authors stress that in countries where
an independent regulator operates, increased regulatory credibility exists in comparison to countries in
which such a body does not exist. Besides, in those countries where regulatory framework is limiting
administrative expropriation it, consequently, creates a more suitable environment for attracting
investments in electricity production using renewables [24].

In another research work, the strategic environmental assessment (SEA) has been introduced
as a comprehensive framework for the assessment of policies and plans [25]. The authors denote
that suitable energy models, ecological assessment models, and multi-criteria approaches exist with
immense potential for interconnection, which could be advanced into powerful SEA tools for integrated
policy assessment [25].

In a global context [20], it is reported that since developed economies are confronting a persistent
decline in economic growth, it is of utmost importance for the technological spur of renewables to
support the energy autonomy of national energy mixes without creating irreversible environmental
pollution. Particularly, the use of the Hurlin-Granger causality test shows that there is a unidirectional
causality linkage from agricultural production to electricity consumption for non-coastal regions,
and furthermore, there is a bidirectional relationship between agricultural electricity consumption and
output for numerous coastal regions.

Recently, Sutter [27] organized the main concerns to which Americans are mindful of energy
efficiency as accordingly: first, for their cars, appliances, homes, and machinery, and second, as the
mandating of the use of renewable fuels in electricity production. The main representative foundation
upon renewable energy resources utilization in the US is the Department of Energy (DOE).

In this respect, Cherukupalli [28] reports that though a dynamic progress in all areas of
electro-technology is achieved in developed countries, a significant part of the population has low or
no access to electricity. The author [28] also stresses that life and economic activity in large areas of the
developing world remains unchanged, as access to reliable electricity is an extremely important aspect
of enjoyment, benefits, and modern conveniences.

Finally, another study was conducted in the US context by Haerer and Pratson [29] who investigate
the employment trends in the US electricity sector for the period 2008-2012. The authors denote that
even though electricity production that was generated from coal declined, the percentage of jobs lost
were offset two times higher by the increased employment rates from the expansion of RES-operated
industries, especially, natural gas, solar, and wind. Furthermore, US sustain a well-developed, life cycle
analysis-based energy sector, along with advanced electricity supply chain. On the other hand,
the adaptability of the aforementioned outcomes to developing economies-where switching fuel
types is a complex policy, or there exists RES-deprivation-shows slow adaptability and ineffective
economies-of-scale achievement.
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2.2. European Countries

In a recent publication, wind energy (terrestrial and offshore), hydro (small and large), and nuclear
energy are the most preferable technologies [30]. The results identify a failure to reach emission
reduction targets. To achieve this, it is necessary to increase the share of all zero emission technologies
by 1-2%. It is stressed that offshore wind energy is the largest renewable energy technology (20.28%).
Relevant studies conclude that an efficient, safe, and environmentally friendly energy future in the EU
is closely related to RESs [30,31].

Another study investigates the consumption of fossil fuels and RESs, greenhouse gases,
and economic growth, using EU countries’ data, unveiling a relationship between greenhouse
emissions and GDP [32]. Moreover, economic growth cannot affect emissions reduction, since from
one point onwards, there is an upsurge in the phenomenon.

A study about developing European countries identifies an overall long-run relationship between
energy consumption and GDP, while a short-run two-way relationship is reported for Hungary, Poland,
Turkey, and Romania [33]. Consequently, RES consumption plays a determining role in supporting
economic growth for numerous countries [17].

Another important aspect is the role of commerce to RES consumption promotion [16,18].
In emerging economies, it is reported that a slow increase in the per capita GDP can lead to a significant
increase in RES consumption [19].

In the European context, Borkowska and Klimczak [34] argue that like other network industries
(telecommunication, gas, rail), electricity was transformed from a monopoly to an imperfectly
competitive market. The authors examine the electricity reform in Poland, showing that the reform
failed in key aspects, such as industry restructuring, the creation of a transparent wholesale spot
energy market, and the foundation of other institutions necessary to create clear rules to achieve
reasonably competitive performance results. The lack of a sound regulatory implementation was the
cause of the predominance of state ownership in the electricity industry and strong politicization of
the industry [34].

In the Greek context, Tellidou and Bakirtzis [35] employ a research study upon the energy market
performance to exercise the monopoly power. Test results on a two-node power system with two
competing generator-agents demonstrated the negative effects of a monopoly [35].

Furthermore, Philippou et al. [36] first explore the opening of the electricity market in Greece.
A decade later, Andrianesis et al. [37] denote that Greece’s electricity market can be divided in two
zones, due to the generation-consumption system configuration that creates an important transmission
barrier from north to south. The authors also used a simplified model of the Greek electricity system
that includes only the thermal power plants. An analysis upon the commodities of energy and
ancillary services under the marginal pricing approach is presented [37]. A zonal pricing approach
for energy provides the right incentive for the installation of new generation near consumption, if the
zonal configuration reflected the actual system and operational conditions. Authors extend the zonal
approach to include time response-based ancillary services, which were commodities that can be traded
in the day-ahead market and are co-optimized with energy. Focusing on the day-ahead scheduling
(DAS) market problem, which is formulated as a security-constrained unit-commitment problem,
its objective is to co-optimize energy and reserves by considering the generation units’ commitment
costs. A dual analysis of the problem and calculation of shadow prices offers useful insight into
how prices for each commodity are set in the presence of binding resource, transmission, or zonal
reserve constraints.

Finally, in a technological applicability of RESs in the European context, Chatzisideris et al. [38]
focus on organic photovoltaics (OPV), which are an emerging thin-film PV technology that promises
to greatly improve the environmental and economic performances of PV technologies. While generic
results are applied to all PV technologies, it is shown that PV systems installed in Greek houses,
perform economically better than those in Denmark. Focusing on organic PV systems developed in an
industrial-scale cost setting (1.53 €/Wp), it is argued that they deliver significant electricity bill savings
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for residential houses in Greece (38%) under current conditions, while they may not be sufficiently
attractive for residential houses in Denmark (6.5%) mainly due to the different PV regulatory schemes.
It is also noteworthy that investors interested in renewable energy technologies need to pursue scaling
up the manufacturing capacity of OPV technologies, as well as assess a large number of countries to
identify and prioritize financially attractive settings for PV self-consumption [38].

3. Data and Methods

To examine RES’ consumption correlation with countries” economic growth, Eurostat’s latest
dataset (updated in May 2018) concerning 25 European countries for the period between 2007 and
2016 is used [39]. Due to the risk of different measurement methodology that can lead to biased results,
other data sources, such as OECD or IEA data, are not inserted into our dataset.

Using IBM Corp’s SPSS V.20 software, this study employs a hierarchical cluster analysis by using
Ward’s method in order to classify the examined countries based on their GDP and RES consumption.
Cluster analysis methodology is used in other similar studies as well [2]. Furthermore, to examine
the relationship between the variables of our interest, a log-linear specification is applied by using
an error-corrected autoregressive distributed lag (ARDL). This is a common methodology proposed
in similar studies [11,40]. The regression part of the analysis was carried out by using Stata Corp’s
STATA V.13 software.

The abovementioned log-linear specification investigates the relationship between variables
concerning the dependent variable of gross domestic product (GDP) and the independents of RES and
Non-RES energy consumption, gross fixed capital formation (GFCF), and labor force in the long-run.
Such models, where GDP is set to be predicted by RES and Non-RES’ consumption, GFCF and labor
force are used in other studies of the same scientific field as well [4-11,40].

4. Results and Discussion

Initially, we focussed on energy consumption of the examined countries for the 10-year period of
2007-2016. Figure 1 shows that there is an ongoing shift from fossil fuels to RESs, which depicts the
implementation of the European strategy for gradual independence from fossil fuels.

1, 200, 000. 0
1, 000, 000. 0
800, 000. 0
600, 000. 0

400, 000. 0

200, 000. 0

0.0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Renewable Non-renewable

Figure 1. Energy usage in European countries (in thousand tons of oil equivalent (TOE)). Data source:
Eurostat [39].

The next step of the analysis was to categorize the countries based on their GDP and energy
produced from RESs. According to Equation (1), the countries are clustered by using the Ward'’s
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method for hierarchical cluster analysis, which considers that the distance between two clusters is how
much the sum of squares will increase [41]:

— — 2 — - 2 — - 2
AG) =Y llxi—mausll = Y [lxi—mall =) [lx; —ms| 1
i€cAUB icA i€B

where 1 denotes the cluster’s centers. This method minimizes the variances within clusters as much
as possible [3,41]. Based on Ward’s method dendrogram, two clusters were identified, as shown in
Figure 2.
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Figure 2. Dendrogram using Ward’s method.

As we can see in Table 1, high GDP countries with high consumption of RESs were classified in
cluster 1 (60% of countries); countries with low GDP and low consumption of RESs were classified in
cluster 2.

Table 1. Countries clusters according to GDP and RES consumption.

Cluster Distribution

Number of Countries % of Combined

1 10 40.0%
Cluster 2 15 60.0%
Combined 25 100.0%

As we can note at Table 2, the average GDP for countries belonging in cluster 1 is 34,548 Euros
per capita; in the second cluster there is an average of 16,526 Euros. The per capita consumption of
renewable energy of the first cluster is 0.254 tons of oil equivalent (TOE), while the second cluster
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consumes 0.049 TOE. It is remarkable that the countries of the first cluster have a considerable deviation
while the countries of the second cluster appear to be more concentrated around their mean.

Table 2. Clusters according to GDP per capita (in thousand Euros) and renewable energy consumption
per capita (in tons of oil equivalent).

GDP per Capita RES Consumption per Capita
(in Thousand Euros) (in TOE)
Mean Std. Deviation Mean Std. Deviation
cl 1 34.548 7.430 0.254 0.160
uster 16.526 5.760 0.049 0.039

The above results show a potential correlation between RES consumption and economic growth.
This obtained correlation between economic growth and RES consumption is depicted in the following
scatter diagram, Figure 3, below. More specifically, it is obvious that most of the countries of higher
GDP (cluster 1) had higher RES consumption than those of lower GDP (cluster 2).
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Figure 3. European countries according to RES consumption and GDP. Data source: Eurostat [39].

To attest and further analyze the observed correlation between RES consumption and economic growth
in the long-run, we used a production function (Equation (2)), as proposed in other studies [4-11,40]:

GDP = f(GFCF,LF,RES, NONRES) 2)

where:

e  GDP denotes the gross domestic product;
e  GFCF denotes the gross fixed capital formation;
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e LF denotes the total labor force;
e  RES denotes the renewable energy sources consumption; and
e  NONRES denotes the non-renewable energy consumption

To examine the possible correlation between the abovementioned variables during the examined
period, a log-linear specification was used (Equation (3)). The applied log-linear specification was of
the following form:

InGDP; = ag + a1InGFCF; + ayInLF; + a3lnRES; 4+ asInNONRES; + u; 3)

The above log-linear specification was examined using an autoregressive distributed lag (ARDL)
as according to many authors it has more advantages over other techniques [11]. The main ARDL
model’s equation (Equation (4)) is of the following form [42]:

p q
ye=cotcit+ ) @ivi—iv Y Bixe—i+ s 4)
i=1 i=0

The above model was reparametrized as follows (Equation (5)) to be error-corrected [42—44]:

Ayt = co +c1t — (1 — Z (Pi> (yt—l — ]Txt_1 + Z 4’yiAyt7i + w' Axy + Z lp;iAxt,i + up (5)
i=1 i=1 i=1

Based on the above analysis, the data of Table 3 was obtained. This table summarizes the results
for the log-linear specification models. More specifically, it concerns the impact of predictors for the
examined countries” economic growth as it is measured based on their GDP.

Table 3. Variables and coefficients of the error-corrected log-linear specification models.

Model Variables in Model  Coefficient  Std. Error F-Statistic p-Value
Constant 15,979.230 9517.702 6.978 0.000
InGFCF; 1.760 2.514 4.929 0.006
InLF; 0.722 0.444 6.413 0.000
InRES; 0.603 0.231 20.070 0.001

Model for cluster 1 countries.

Dependent: InGDP; InNNONRES 0.310 0.504 7.245 0.000

Diagnostic Tests Test Values p-Value

F-Statistic 22.380 0.000
Jarque-Bera 0.194 0.812
Adjusted R-squared 0.680

Constant 8848.629 3367.971 6.210 0.000
InGFCF¢ 2.932 0.258 9.070 0.002
InLF; 0.152 1.074 7.032 0.008
. InRES¢ 0.477 0.497 16.0766 0.000
Model for cluster 2 countries. - \o\REs, 0718 0586 6.649 0.000

Dependent: InGDP;
Diagnostic Tests Test Values p-Value

F-Statistic 20.070 0.000
Jarque-Bera 0.208 0.753
Adjusted R-squared 0.738

The first critical step was to find evidence that there was a correlation between GDP and its
predictors for the examined period. This evidence was deduced from the F-Statistic values as shown
in Table 3. Specifically, the F-Statistic values were greater than their upper critical bounds as they
were proposed for the analysis of level relationship tests [44] and cointegration tests for less than
30 observations [42,45]. Thus, we can confirm that there was a statistically significant correlation
between GDP and its predictors in the long-run concerning the countries of both the examined clusters.
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Furthermore, in all the examined cases, the p-values were less than 1%, which means that there
was a positive correlation between the examined GDPs and their predictors at 1% level of significance.

For the countries belonging to cluster 1, RES’s coefficient was equal to 0.603; thus, if RES
consumption increases by 1%, and the other predictors of economic growth remain constant (ceteris
paribus), the countries” GDP will increase by 0.603%. Similarly, as far as the countries of cluster 2 were
concerned, when RES consumption increases by 1%, ceteris paribus, the countries” GDP will increase
by 0.477%.

Based on the adjusted R-squared values, the independent variables explained 68% of the
first cluster countries” economic growth; as far as the second cluster’s countries are concerned,
the independent variables explained 74% of their economic growth. Moreover, the diagnostic tests’
results show that both the proposed models had a reasonable good fit; there was no serial correlation,
while skewness and kurtosis matching normal distribution and homoscedasticity were shown.

Consequently, RES consumption seemed to be correlated with the economic growth of both
clusters’ countries in the long-run. However, this correlation was higher with the economic growth
of countries with higher GDP, while countries with lower economic growth were more dependent
on Non-RESs.

5. Conclusions

The aim of this study was to investigate the relationship between RES consumption and countries’
economic growth. To examine this relationship, data concerning 25 European countries” GDP,
RES consumption, Non-RES consumption, GFCFE, and labor force were statistically analyzed using the
Ward’s method for hierarchical cluster analysis. This method revealed the existence of two countries’
clusters; a cluster of high GDP and high RES consumption countries and another cluster of low GDP
and low RES consumption countries.

To sharpen the above results and further examine the correlation between RES consumption and
a country’s GDP, a log-linear specification by applying an error-corrected autoregressive distributed
lag (ARDL) was employed. The results of this analysis for the countries of the two clusters suggest
that there was a statistically significant correlation between GDP and its predictors in the long-run.
More specifically, as far as energy consumption is concerned, the applied models indicated that RES’s
correlation was higher with high GDP countries; on the other hand, countries with lower GDP rely
more on Non-RESs.

The results also discovered a prominent level of heterogeneity concerning the deployment of
RESs in the examined countries” energy policy. For the case of low RES usage between several high
GDP countries, the results are likely to indicate a low level of know-how on their effective usage.
Furthermore, this could be the result of the lack of financial resources for a higher level of RES inclusion
to these countries’ energy mix. A two-sided interrelation between RES consumption and GDP growth
is possible to exist as well [16]. This interrelation is the subject of further analysis.

The above findings show that policy-makers of both high and low GDP countries should take
all the needed measures to increase RES contribution to the energy mix. Such measures involve the
creation of a friendly environment for large-scale investments in RESs [46] and the provision of other
incentives such as financial facilities to citizens [47-50]. Financial support is necessary since the richest
countries can afford to use RESs. Furthermore, the creation of a common EU-wide energy production
balance is critical as even countries that cannot produce a type of renewable energy due to their
restricted natural resources (e.g., northern countries do not have the adequate sunlight to produce
solar energy) can use RESs by relying to imports from other countries. Moreover, the development of
know-how and the removal of economic and political barriers are some of the important steps towards
the further development and deployment of RESs [4].

Based on the subject of the present study, there are several avenues for future research. First,
it may be useful to apply various statistical techniques such as Augmented Dickey-Fuller (ADF)
or Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests to better understand the relationship between
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renewable energy consumption and economic growth. Moreover, since carbon emissions reduction is
a core feature of EU’s environmental strategy, it would be useful to add it as an additional parameter
to the statistical analysis [2]. Lastly, a comparative analysis between the EU and other countries could
highlight the potential differences in the use of RESs and, at the same time, their global contribution to
economic development.
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