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Abstract

The current presentation focuses on the causal relationship between
renewable energy consumption and economic growth for three regions; the European
Union, the Balkans, and Greece. The investigated period differed for each of the above
regions. Specifically, the European Union examined from 1995 until 2019, the Balkans
from 2000 until 2019, and Greece from 1990-2019. The variables of GPD, Gross Fixed
Capital Formation, Labor Force, and Renewable Energy Consumption were used for all
the analyses. For the first two regions, a panel data analysis was conducted, including;
unit root rests, panel cointegration test, FMOLS, VECTOR, and Granger Causality tests.
For the case of Greece, two analyses were conducted; the first included a classic
production of Cobb-Douglas, and the second included; unit root tests, cointegration
test, VAR, and Granger-Causality test. Overall, for the case of Europe, a long-run
relationship among the variables was indicated, and the conservation causality was
found between renewable energy consumption and economic growth, in the short
run. For the case of the Balkans, a long-run relationship was indicated, however, the
neutrality hypothesis was found in the short-run, between variables of renewable
energy consumption and economic growth. Finally, in the case of Greece, no long or
short-run relationship was found between the variables of renewable energy
consumption and economic growth.

1.Introduction

The past decades have been characterized by an international alarm towards
the climate. More precisely, the attention has been oriented towards climate change
and its consequences, sparking countless surveys, conversations, and political
controversies on a worldwide scale. Its immediate relation to socioeconomic factors
justifies the diverse and contradicted views on the subject and its impact on the earth,
particularly human life. Considering the increasing attention, and the observed side
effects of climate change, the present dissertation aims at addressing the impact of
anti-pollutant, on the climate, energy sources on economic welfare in the European
area, the Balkans and finally Greece.
Before continuing, climate change needs to be addressed and discussed. (The
United Nations) define climate change as the shift of weather patterns. Although
these variations may be due to natural causes, human activities are the main force of
these variations for the last couple of centuries. More precisely, the United States
Environmental Protection Agency (EPA) describe; the temperature variations, ocean
temperatures increases, seal levels rises, melting of glaciers and sea ice, the frequency
of extreme weather events, and lastly, the disturbance of ecosystem characteristics
as the main indications and effects of climate change. These indications are caused by
the greenhouse effect. Specifically, (EPA) explains certain gases do not let the suitable
amount of the incoming sunlight leave the atmosphere, thus increasing the earth’s
heat. In the long run, this phenomenon acts like typical greenhouses, increasing the
earth’s temperature, forming the beforementioned disturbances on the earth’s
climate, and ultimately causing species extinction, food scarcity, poverty, and health
problems (Client Earth, 2020). (EPA) lists carbon dioxide, methane, nitrous oxide, and
f-gases

(chlorofluorocarbons,

sulfur

hexafluoride,

hydrochlorofluorocarbons,

hydrofluorocarbons and perfluorocarbons) as the main gases causing the greenhouse
effect, thus known as greenhouse gases (EPA). The greenhouse gases are primarily
emitted by fossil fuel burning for energy production concerning human activities
(industrial

reasons,

transportation,

electricity

and

heat

production,

agriculture/forestry and other land use, building, and other energy) (EPA). Oil, natural
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gas, and coal are included in the category of fossil fuels. Figure 1 shows the oil, natural
gas, and coal consumption from 1990 to 2019 (Ritchie & Roser, 2020). Adding to the
climate change problem, the use of fossil fuels is not long-term sustainable. Fossil fuels
are exhaustible, meaning that in the future they will run out (Ritchie, 2017). Figure 2
shows the years of fossil fuels reserves left as for 2015. Thus, the finite nature of fossil
fuels has led to uncertainty due to their high-level dependency on energy production.
Furthermore, another problem is their high price volatility due to socioeconomic
reasons of the primal producing countries, causing insecurity and unpredictability
economically wise (U.S. Energy Information Administration).

Figure 1 Global; Fossil Fuel Consumption (Ritchie & Roser, 2020)

Figure 2 Years of Fossil Fuel Reserves Left (Ritchie, 2017)
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Observing the phenomenon in statistics, fossil fuel consumption increased,
from around 90.000 terawatt-hours at the beginning of the 1990s to 135.807
terawatt-hours in 2019. Regarding fossil fuel production, oil has been the primal fossil
fuel produced, followed by coal and, lastly, gas. As for oil, in 2019, the United States
was the primary producing region, followed by Saudi Arabia and Iraq. As for coal, in
2019, China was the main country that produced it, followed by the United States and
India. As for gas, in 2019, the United States was the leading producing country,
followed by Russia, and, lastly, by Qatar (Ritchie & Roser, Our World In Data, 2020) .
Regarding the 2020 per capita consumption, the United States ranked first, f ollowed
by Australia, Germany, the United Kingdom, South Africa, China, Europe, France, and
India (Ritchie & Roser, Our World In Data, 2020). Overall, it is concluded that the
regional production and consumption of fossil fuels do not necessarily meet. The
immense increase in fossil fuel consumption and production is closely related to the
skyrocketing rise of greenhouse gas emissions. Specifically, carbon dioxide, the main
greenhouse gas, has increased from 9,35 million tons in the 1750s to 34,81 billion tons
in 2020. Extracted from (The World Bank), Figure 3 shows the worldwide greenhouse
gas emissions (measured in kt C02 equivalent) from 1990 to 2018. China, Asia, and the
United States were the main pollutant regions for 2020. In general, this phenomenon
has led to a total temperature increase of 1 to 1,2 degrees Celsius since the 1850s
(Ritchie & Roser, 2020). Extracted from (Our World in Data) Figure 4 shows the
temperature variation from 1950 to 2019.
The solution to the greenhouse effect, hence climate change, fossil fuel
sources depletion, and economic instability due to fossil fuel prices, is the use of
renewable energy sources. According to Natural Resources Defense Council (NRDC),
renewable energy sources, otherwise known as clean energy, are inexhaustible and
environmentally friendly. More precisely, biomass (wood and wood waste, municipal
solid waste, landfill gas and biogas, ethanol, biodiesel), hydropower, geothermal, wind
and solar power are considered renewable energy sources (EIA). Although renewable
energy sources were poorly used in the past, over the past decades they have become
an important energy source, worldwide. As for 2019, renewable energy sources
consumption accounted for 18.504 terawatt-hours out of 162.189 terawatt-hours in
3

total energy consumption, from just 2.614 terawatt-hours out of 43.238 terawatthours in 1965. In other words, in 2019 renewable energy consumption accounted for
11,3% of the worldwide energy consumption compared to around 6% in 1965 (Ritchie
& Roser, 2020). As for 2020, hydropower was the primal renewable energy source,
followed next by wind, solar and other renewables (Ritchie & Roser, 2020).

Figure 3 Global; Total Greenhouse Gas Emissions (World Bank)

Figure 4 Global; Average Temperature Anomaly (Our World
in Data)
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The ecological awakening, the technological advancement, and the
environmental agreements have been the main reasons why renewable energy
sources have become a significant part of energy consumption on a global scale.
Regarding environmental agreements, there have been several protocols over the last
decades. In chronological order, these are; the Vienna Convention for the Protection
of the Ozone Layer (1985), the Montreal Protocol (1987) as amended, the United
Nations Framework Convention on Climate Change (UNFCCC) (1992), the Kyoto
Protocol (1997), and the Paris Agreement (2015) (European Commission). A significant
key point of the Paris Agreement that members committed themselves is the effort of
keeping the temperature increase at 1,5 Celsius degrees instead of 2 through
mitigation of GHG emissions, technological and policy adaption on climate standards,
and transparency. Moreover, the recognition of developed countries that developing
nations need financial assistance, and patience must be shown (United Nations).
Among the actively participating members of the agreements is the European
Union (EU). All 27 EU member countries (from now on only called the EU) must fully
comply with the set environmental concerns and targets of agreement. In general, the
EU has set promising targets in the Paris Agreement in 2015. Specifically, the EU set;
a 20% renewable energy share by 2020, and 32% by 2030, a minimum decrease of
GHG emissions by 20% in 2020 and 55% in 2030 (in comparison to 1990), and to
become climate neutral by 2050 (European Commission). In 2019, the EU renewable
energy consumption share accounted for 19,7%. Moreover, a significant highlight of
2020 was the 38% share of renewable energy in the total electricity production,
surpassing the fossil fuels share (37%) (Lytton, 2020). Overall, wind and hydropower
have been the primal renewable sources in the EU for the past 10 years, generating
two-thirds of total renewable energy production, the rest one -third has been
generated from solar power. However, it must be noted that solar power has been
the fastest-growing renewable energy source of the last 13 years. Austria, Sweeden,
Denmark, Portugal, Austria, Sweeden, Denmark, Portugal and Latvia were the leading
countries of renewable energy consumption for 2019 (European Commission).
Significant advancements occurred in transportation where the share of renewable
energy sources in transport increased to 8,9% in 2019 from 1,6% in 2004, and in
5

heating and cooling where the share of renewable energy sources was 22.1% from
just 11.7% in 2014. To understand the efforts of the EU, compared to 1990, in 2019 it
decreased its GHG emissions by 24%. Moreover, the EU emitted 2.6 billion tons of CO 2
emissions out of 34.81 billion tons in total, which accounts for 7,4% of the worldwide
2020 CO2 emissions (Ritchie & Roser, 2020) (European Environmental Agency). Figure
5 shows the total European greenhouse gas emissions (measured in kt C02 equivalent)
from 1990 to 2020 (Data extracted from (World Bank) . Overall, it is concluded that
the EU is committed to environmental protection and the aversion of its past mistakes
regarding pollution.

Figure 5 EU; Total Greenhouse Gas Emissions (World Bank)

For the EU to meet its commitment to Paris Agreement, all member countries
shall take socioeconomic policy measures. However, each EU member country has
different prerequisites for the EU to meet its target, based on their geographical,
economical, and social characteristics. An important characteristic for three out of
twenty-seven EU countries (Greece, Bulgaria, Slovenia) is their geographical location
in the Balkans region (entirely or partially crossed by the Balkan Peninsula). Wars
(Kosovo (1999), Serbia(1992-1995)), earthquakes (Albania (2019)), and higher
6

unemployment, compared to the EU of 27, in several Balkan countries have prevented
and slowed the region’s advancement (BBC, 2019) (Britannica, 2020) (Eurostat).
Environmentally wise, Western Balkans are highly dependent on old-technology coal
plants, that are highly GHG emitters. Moreover, there are plans on building new coal
plants in Serbia and Bosnia Herzegovina. On the contrary, several positive steps
towards sustainability have been implemented in Kosovo, Montenegro, and North
Macedonia, where plans for new coal plants were averted (Climate Action Network).
In general, the Balkans participate in the Paris Agreement.
Being one of the three countries belonging to both EU and the Balkans, Greece
has been making steps towards a more sustainable and eco-friendly future. According
to the Organization for Economic Co-operation and Development, while being heavily
dependent on lignite and thus a highly GHG emitter, since 2019 Greece has set several
targets for the EU to meet its set goals in the Paris Agreement (OECD). The 2019
targets of Greece included; the phase-out of lignite by 2028, reduction of GHG
emissions by 2030 to 56% compared to 2005 levels, reduction of GHG emissions by
2030 which are not covered by the EU Emission Trading System by 36% compared to
2005 levels, renewable energy increase in final energy consumption by 2030 minimum
by 35% and final energy consumption decrease to 16.5 million tons of oil equivalent.
Moreover, Greece has committed itself to increase energy security, protecting
vulnerable consumers, and ultimately creating a competitive market (OECD).
Influenced by the observed drawbacks of climate change, as well as the
worldwide awareness regarding its aversion, an analysis regarding the relationship
between renewable energy consumption and economic growth is conducted. Overall,
the dissertation analyzes the beforementioned relationship in three regions; the
European Union, the countries crossed by the Balkans Peninsula (from now on simply
called Balkans), and Greece. A common factor of these regions, and the subject of
personal interest, is the presence of Greece. The rest of the dissertation is divided as
follows; literature review, methodology and data, results, and conclusions.

7

2. Literature Review
Over the past decades, the relationship between renewable energy
consumption and economic growth has been studied extensively, mainly for policy
reasons. Based on their causal relationship, different policies may be integrated to
boost the economic growth and hence the welfare of each examined country. Overall,
four causal hypotheses may occur between these two variables. First, the growth
hypothesis indicates that the consumption of renewable energy affects economic
growth and thus, expanding renewable energy policies contribute to the increase of
economic growth. Second, the conservation hypothesis indicates that economic
growth affects renewable energy consumption hence fluctuations in renewable
energy consumption do not affect economic growth. Third, the feedback hypothesis
implies that renewable energy consumption and economic growth have a
bidirectional causality relationship hence fluctuations in renewable energy
consumption will affect economic growth and vice versa. Fourth, the neutrality
hypothesis suggests that there is no causal relationship between the two
beforementioned variables, and hence, fluctuations in any of the variables will not
affect the other (Marinas, Dinu, Socol, & Socol, 2018).
Although the plethora of the conducted studies for particular countries and
regions, contradicted results are presented due to different used variables, data
sample sizes and methodology. Moreover, (Tugcu & Topcu, 2018) highlighted the
asymmetric linkage among the variables of total energy consumption, renewable and
non-renewable energy consumption, and economic growth when examining the G7
countries from 1980 to 2014. In their findings, they indicated the production function
as a significant factor in determining the cointegration between the two variables. This
section holistically presents the empirical results of panel group of countries studies
concerning the causal relationship between renewable energy consumption and
economic growth, , in a worldwide scale. However, the literature is divided into two
sub-sections; the first includes studies that do not include Greece in their panel data,
and the second includes countries that include Greece. In the second sub-section, the
case of Greece is often outpointed, as it is the main common factor of the examined
8

three regions. Overall, all hypotheses are presented, examined, and summarized in
Table 1 and Table 2.

2.1 Studies that do not include Greece

(Tugcu, Ozturk, & Aslan, Renewable and non-renewable energy consumption and
economic growth relationship revisited: Evidence from G7 countries, 2012)
investigated the long-run relationship of renewable and non-renewable energy
consumption to economic growth in the G7 countries, from 1980 to 2009. They used
the autoregressive distributed lag approach to cointegration and the causality test by
(Hatemi-J, 2012). Overall, they used classical and augmented production functions.
The included variables were GDP, the real gross capital formation, labor force, the
total number of full or part-time students enrolled in the public or private tertiary
education, sum of the number of patent applications to European Patent Office and
Patent Co-operation Treaty, renewable energy consumption and non-renewable
energy consumption. The data were extracted from the OECD Statistics Database.
Using the classical production function, the authors concluded that the feedback
hypothesis held for non-renewable energy consumption and economic growth, as well
as, renewable energy consumption and economic growth, in every country. In
contrast, to the augmented production function, where the authors indicated that for
the relationship between non-renewable energy consumption and economic growth,
the neutrality hypothesis held for every G7 member country, except for, Japan where
the growth hypothesis held. As far as the relationship between renewable energy
consumption and economic growth is concerned, they indicated the neutrality
hypothesis for France, Italy, France and the USA, the feedback hypothesis in England
and Japan, and lastly, the conservation hypothesis for Germany.
(Yildirim, Sarac, & Aslan, 2012) examined the relationship between renewable
energy consumption and economic growth in the USA. They applied the TodaYamamoto procedure and bootstrap-corrected causality test while considering data
for the period 1949 to 2010. The included variables were; employment, the real gross
9

capital formation and real GDP extracted from the OECD Database, and the total
renewable energy consumption, the total biomass consumption, wood and wood delivered fuels consumption, waste-derived fuel consumption, hydro-electric
consumption and geothermal electricity consumption extracted from the US Energy
Information Administration. They concluded there is no causal relationship between
renewable energy kinds and economic growth, except only energy caused by waste.
The latter may contribute to GDP while solving the dumping problem of the nation
too. (Menyah & Wolde-Rufael, 2011) examined the relationship of CO 2 emissions,
nuclear energy, renewable energy, and economic growth for the US. By applying data
from 1960 to 2007 to the modified Granger test, they identified the conservation
hypothesis between economic growth and renewable energy. However, they found
unidirectional causality running from nuclear consumption to CO 2 emissions in
contrast to no causality running from renewable energy to CO 2 emissions, showing
that renewable energy cannot be used as a means to mitigate the US CO 2 emissions.
(Cevik, Yıldırım, & Dibooglu, 2020) examined the relationship between renewable
energy consumption, non-renewable energy consumption and economic growth in
the United States, from 1973Q1-2019Q4. The authors followed the Markov-Switching
VAR analysis, using non-renewable energy consumption, renewable energy
consumption, CO2 emissions, and GDP as variables. The data were collected from the
(US Energy Information and Administration (EIA)) and the (Federal Reserve Economic
Data (FRED)). In their results, the authors found that the two-state MS-VAR model,
better described the relationship of renewable energy consumption, non-renewable
energy consumption and economic growth. Moreover, they indicated that nonrenewable energy consumption and economic growth have a bidirectional
relationship, in opposition to renewable energy consumption, which has no causal
relationship with GDP.
(Rafindadia & Ozturk, 2017) examined the causal relationship between renewable
energy consumption and economic growth in Germany. Overall, they employed the
Clemente-Montanes-Reyes detrended structural break test, the Bayer-Hanck
combined cointegration test and the ARDL bounds testing approach, using data
quarterly data between 1971Q1 and 2013QIV. The integrated variables were GDP,
10

renewable energy consumption, real capital stock, and labor stock extracted from the
(World Bank) World Development Indicators. They indicated cointegration among the
examined variables and showed that the feedback hypothesis was holding between
those.
The causal relationship between renewable energy consumption and economic
growth in China, from 1977 to 2011, was examined by (Lin & Moubarak, 2014) .
Renewable energy consumption, economic growth, carbon dioxide emissions, and
labor were the selected variables. The used data were extracted from China statistical
yearbooks, CEIC China database, (The British Petroleum Company ) and China Energy
Statistical Yearbooks. The authors employed the autoregressive distributed lag
approach (ARDL), Johansen cointegration techniques – including intermittent
variables, and the Granger causality test. In their results, they indicated; the feedback
hypothesis between renewable energy consumption and economic growth, a
unidirectional causal relationship from labor to renewable energy consumption in the
short run, and lastly that renewable energy was still young in China and more
renewable energy sources should be exploited to mitigate the CO 2 emissions.
(Fan & Hao, 2020) researched the relationship of renewable energy consumption,
economic growth, and foreign direct investment (FDI) in 31 Chinese provinces from
2000 to 2015. By using the unit root test, vector error-correction model, impulse
response function analysis, cointegration test, and the Granger causality test they
found a long-term equilibrium relationship between the three beforementioned
variables. The included variables were; provincial GDP, energy consumption structure,
provincial renewable energy consumption, provincial FDI and provincial population.
The authors extracted the data from the Statistical Office of the People’s Republic of
China, the China Energy Statistics Yearbooks, the China Statistical Yearbooks, and the
Ministry of Commerce of the People’s Republic of China. More precisely, they
indicated that although foreign direct investment may not affect the consumption of
renewable energy, in the long run, it may help boost its use in China.
(Li, et al., 2021) studied the relationship between renewable energy consumption
and economic growth in countries belonging to the South Asian Association for
Regional Cooperation (SAARC) from 1995 to 2018. In their analysis, a fixed effect test
11

and panel vector error correction model (PVECM) were applied, and geothermal,
hydro and wind power were considered as renewable energy sources. More precisely,
the included GDP and renewable energy as a whole and by category at a national level.
The data were collected from the World Bank annual reports, Asian economics surveys
published by the Asian development bank (ADB) and from the “World Development
Indicators” (WDI). Overall, they indicated the growth hypothesis between the
examined variables and hydropower as the most significant type of renewable energy
source. (Yikun, et al., 2021) investigated the relationship between economic growth
and renewable energy sources for the same region, SAARC. The authors considered
geothermal, hydro, and wind as renewable energy sources. The data timespan was
from 1995 to 2018, and they were extracted from the “World Development
Indicators” (WDI) (World Bank) and South Asian economic survey published by the
(Asian Development Bank (ADB)). By using a fixed-effect test and panel vector error
correction model (PVECM), the authors indicated that all three renewable energy
sources positively affect economic growth in SAARC countries, however, hydropower
is the one with the highest influence compared to the others.
(Tuna & Tuna, 2019) investigated the causal relationships between renewable
energy consumption and economic growth, and non-renewable energy consumption
and economic growth, for the ASEAN-5 countries. The included countries were
Indonesia, Malaysia, the Philippines, Singapore, and Thailand. The authors used the
(Hacker & Hatemi-J, 2006) test and (Hatemi-J, 2012) test for symmetric and
asymmetric causality analysis, respectively. The examined variables were GDP,
renewable energy consumption, including electric energy from geothermal, wind,
solar, tide and wave, biomass and waste, and non-renewable energy consumption,
including electric energy gas, oil, and coal. The data were extracted from the (US
Energy Information and Administration (EIA)). They applied both tests for the period
between 1980 and 2015. The first test indicated a non-significant relationship
between renewable energy consumption and economic growth in the ASEAN -5
countries. The second showed a strong relationship between non-renewable energy
consumption and economic growth in the same sample. Lastly, in cases of positive and
negative shocks, again the results differentiated among the examined nations.
12

(Eren, Taspinar, & Gokmenoglu, 2019) explored the impact of financial
development and economic growth on renewable energy consumption in India using
annual data from 1971 to 2015. The included variables were; GDP extracted from the
(World Bank, 2017a) world development indicators, financial development and
renewable energy consumption extracted from the (OECD, 2017) Database. By using
the dynamic ordinary least squares (DOLS), they indicated that e conomic growth and
financial development affect renewable energy consumption in India. Furthermore,
by using the Granger causality test, they concluded that, renewable energy
consumption and economic growth are driven by financial development and that the
former variables have a bidirectional relationship.
In the wake of Covid-19, (Magazzino, Mele, & Morelli, 2021) searched whether the
increased renewable energy consumption could offset the downsides of the covid -19
pandemic to the economic growth of Brazil. Using yearly data from 1990 to 2018 and
an Artificial Neural Networks (ANNs) experiment in Machine Learning, they identified
that, indeed, the increased energy consumption from renewable energy sources could
mitigate the deceleration of the Brazilian economic growth caused by the covid-19
outbreak. In the analysis, the authors used GDP, extracted from (The Conference
Board), per capita energy consumption, renewable energy consumption (% of total
final energy consumption), extracted from (International Energy Agency), and
combustible renewables and waste (% of total energy) extracted from (World Bank)
Database.
(Kahia, Aïssa, & Charfeddine, 2016) explored the impact of renewable and nonrenewable energy consumption on economic growth in 13 MENA Net Oil Exporting
Countries (NEOCs) from 1980 to 2012. The included macroeconomic variables were;
real GDP, total renewable and non-renewable electricity consumption, gross fixed
capital formation and labor . The overall data were obtained from the (US Energy
Information and Administration (EIA)), (World Bank) and the Penn World Table
(University of Groningen). The examined countries were Algeria, Bahrain, Egypt, Iran,
Iraq, Kuwait, Libya, Oman, Qatar, Saudi Arabia, Syria, the United Arab Emirates, and
Yemen. The authors used the panel cointegration approach and split the countries
into two groups; the first one included all of them, and the second included only
13

Algeria, Egypt, Iran, Syria, and Iraq because these were characterized by long-term
renewable energy production and consumption. Overall, they indicated the
conservation hypothesis, in the short-run, and the feedback hypothesis, in the long
run, for the first group of countries. As far as the second group is concerned, they
found that the feedback hypothesis held and, that the two forms of energy sources
are substitutes. Examining the relationship of renewable energy consumption, nonrenewable energy consumption, real gross fixed capital, labor force and economic
growth in eleven MENA Net Oil Importing Countries (NOICs) from 1980 to 2012, and
by using a multivariate panel framework with Granger causality tests, (Kahiaa, Aïssaa,
& Lanouar, 2017) identified the feedback hypothesis between renewable energy use
and economic growth, and between non-renewable energy use and economic growth.
In the same study, the authors found that the forms of energy sources are
interrelated, both in the short and long run, indicating their interdependence and
substitutability. The data were extracted from (US Energy Information and
Administration (EIA)), (World Bank) Development Indicators and Penn World Table
(University of Groningen). (Dees & Auktor, 2018) examined the relationship of
renewable energy consumption and economic growth in the following countries;
Algeria, Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco,
Oman, Palestinian Territories (West Bank and Gaza), Qatar, Saudi Arabia, Syria,
Tunisia, Turkey, United Arab Emirates and Yemen (MENA countries). They used the
neoclassical production function, having GDP as output, and capital, labor, and energy
use served as input factors for 1990 to 2014. The data are extracted from the (US
Energy Information and Administration (EIA)) and (World Bank) Database. They
concluded that not only renewable energy is uncorrelated to economic growth in this
region, excluding the hypothesis of harming its economic welfare, but that in some
countries it has a positive impact on the latter.
(Adams, Klobodu, & Apio, 2018) examined the relationship of economic growth,
renewable and non-renewable energy, as well as the regime type for 30 Sub-Saharan
African (SSA) countries. They used heterogeneous panel cointegration and panelbased error correction tests while using data from 1980 to 2012. The included
variables were; GDP, capital stock, labor, renewable energy consumption, non 14

renewable energy consumption, and polity (denoting the autocratic or democratic
nature of the government). The data were extracted from (US Energy Information and
Administration (EIA)), Penn World Table (University of Groningen) and (Center for
Systemic Peace). The empirical results showed that both, renewable and nonrenewable energy contribute to economic growth however the latter type of energy
has a greater effect on economic growth. As far as the regime type is concerned, they
concluded that infrastructure and government stability is an essential driving force for
economic growth. 15 West African countries were examined by (Maji, Sulaiman, &
Abdul-Rahim, 2019) to find the causal relationship between renewable energy
consumption and economic growth. The authors used the dynamic ordinary least
squares (DOLS) with data from 1995 to 2014. The selected variables were; GDP,
renewable energy as a share of total energy and total biomass, political stability,
capital, and labor. The data were obtained from World Governance Indicator(WGI),
World Bank’s World Development Indicators (World Bank) and (materialflows.net).
They indicated the high pollutant renewable energy source of wood biomass in the se
countries thus, its relationship with the economic growth is adverse. Overall, they
proposed either the advancement of the used technologies in wood biomass burning
or the occupation of cleaner forms of renewable energy sources.
Examining the relationship between renewable energy consumption, energy
consumption and economic growth, (Shakouri & Yazdi, 2017) indicated a strong
cointegration among the variables for South Africa. More precisely, they used data
from 1971 to 2015 and the autoregressive distributed lag (ARDL) bound testing. The
independent variables were the use of energy, the consumption of renew able energy,
capital, and trade openness. All the data were collected from the World Development
Indicators database (World Bank). Overall, the authors indicated the feedback
hypothesis between renewable energy consumption and economic growth, showing
the interdependence among them.
(Destek, 2016) analyzed the causal relationship between renewable energy
consumption and economic growth in newly industrialized countries, from 1971 to
2011. More precisely, the author included the following countries; Brazil, India,
Turkey, South Africa, Mexico, and Malaysia. The included variables of the analysis
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were GDP, combustible renewables and waste, the real gross fixed capital formation
and total employment. The data were selected from the World Development
Indicators database (World Bank) and Penn World Table 8.0. In contrast, to previous
studies, (Destek, 2016) employed the asymmetric approach to analyze the
relationship between positive and negative shocks of the beforementioned variables.
In their results, the author indicated; the neutrality hypothesis in Malaysia and Brazil,
a two-way causal relationship between renewable energy consumption and GDP in
India, highlighting that a negative shock of renewable energy consumption decreased
GDP, in contrast to a positive-one where no effect on GDP was observed, and
unidirectional causality from positive shocks in economic growth to negative shocks
in renewable energy consumption in Turkey. In South Africa, negative shocks in
renewable energy consumption had a positive impact on economic growth, in
opposition to positive shocks in renewable energy consumption which negatively
affected economic growth. Lastly, in Mexico, negative shocks in renewable energy
consumption led to positive shocks in economic growth. Overall, for the last country,
the author observed that an increase in economic growth harmed renewable energy
consumption and vice versa.
Investigating the relationship between renewable energy consumption and
economic growth for Iran, (Yazdi & Shakouri, 2017) used the Autoregressive Lag
(Distributed ARDL) approach and Granger causality test for the period between 1979
and 2014. The annual data were; GDP, renewable energy consumption, financial
development, and trade openness, and were extracted from the World Development
Indicators database (World Bank). They indicated the feedback relationship between
the two variables and proposed policy advancements regarding the enhancement of
renewable energy in the Iranian nation.
Examining 17 developed and developing countries, on a worldwide scale, (Omri,
Mabrouk, & AmelSassi-Tmar, 2015) searched about the causal linkages between
nuclear energy, renewable energy, and economic growth. The included variables
were; the real GDP, renewable energy consumption, nuclear energy consumption, CO 2
emissions, oil price, oil consumption, gross fixed capital, and labor. The time frame
was between 1990 and 2011, and all the data were collected from the British
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Petroleum Statistical Review of World Energy (The British Petroleum Company ) and
the World Development Indicators database (World Bank). In detail, they examined
Argentina, Belgium, Brazil, Bulgaria, Canada, Finland, France, Hungary, India, Japan,
Netherlands, Pakistan, Spain, Sweeden, Switzerland, United Kingdom, and the United
States. Using dynamic simultaneous-equation panel data models, concerning the
causal relationship between nuclear energy and economic growth, they indicated a
unidirectional causality running from nuclear energy to economic growth in Spain and
Belgium, bidirectional relationship in Argentina, Brazil, Pakistan, and the USA, and no
causality to the rest countries. As far as the relationship between renewable energy
and economic growth is concerned, they indicated a bidirectional relationship in
Belgium, Bulgaria, Canada, France, Pakistan, and the USA. Moreover, a unidirectional
causality from renewable consumption to economic growth in Hungary, India, Japan,
Netherlands and Sweeden and the opposite direction in Argentina, Spain, and
Switzerland, while no causality to the remaining countries. For the global panel, they
indicated a bidirectional relationship between nuclear energy and economic growth,
and unidirectional causality running from the economic growth to renewable energy.
(Ito, 2017) examined the relationship between CO 2 emissions, renewable and nonrenewable energy consumption, and economic growth for 42 developing countries
from 2002 to 2011. The selected variables were; CO 2 emissions, fossil fuel energy
consumption, GDP, and renewable energy consumption, and were extracted from the
World Development Indicators database (World Bank). They applied the GMM
estimator by (Arellano & Bond, 1991). Albania, Azerbaijan, Bolivia, Bosnia and
Herzegovina, Brazil, Bulgaria, Chile, China, Colombia, Costa Rica, Croatia, Cuba,
Dominican Republic, Ecuador, Egypt, Gabon, Hungary, India, Indonesia, Iran, Iraq,
Jamaica, Jordan, Kazakhstan, Lebanon, Macedonia, Malaysia, Mauritius, Mexico,
Moldova, Morocco, Panama, Poland, Romania, Russia, South Africa, Thailand, Tunisia,
Turkey, Uruguay, Uzbekistan, and Venezuela were the examined countries. Their
findings showed that renewable energy consumption helps reduce CO2 emissions, has
a positive impact on the long-run economic growth, in opposition to non-renewable
energy consumption that has a negative impact, and, lastly, that these two forms of
energy are substituting each other.
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The relationship between renewable energy consumption and economic growth
for 13 countries in Eurasia, from 1992 to 2017, examined by (Apergis & Payne, 2010) .
The included countries were; Armenia, Azerbaijan, Belarus, Estonia, Georgia,
Kazakhstan, Kyrgyzstan, Latvia, Moldova, Russia, Tajikistan, Ukraine, and Uzbekistan.
Overall, the included variables were; GDP, real gross fixed capital formation, labor
force and renewable energy consumption. The data were extracted from the World
Development Indicators database (World Bank). In their analysis, the authors used a
multivariate panel data framework, which indicated a short-run and long-run
equilibrium, between the examined variables. Moreover, the feedback hypothesis
was indicated for the sample.
(Dogan, 2016) analyzed the causal relationship between renewable and nonrenewable energy consumption and economic growth for Turkey using data from
1988 to 2012. The author used a multivariate model and considered the structural
break to investigate the relationship among them. The chosen variables were GDP,
renewable energy consumption (combustible waste), non-renewable energy ( fossil
fuel-based energy minus the waste combustible energy), labor force and gross capital.
The data were extracted from the World Development Indicators database (World
Bank) and the Turkish Statistical Institute. They concluded that renewable energy
consumption does not impact economic growth, in opposition to non-renewable
energy consumption, which has a significant effect on the latter. Concerning the
overall relationship of the two types of energy sources forms with economic growth,
the author indicated the conservation hypothesis, in the short-run, and feedback
hypothesis, in the long run, between renewable energy consumption and economic
growth, while the feedback hypothesis for both timespans between non-renewable
energy consumption and economic growth.
From 1985 to 2005, (Apergis & Payne, 2010) examined the causal relationship
between renewable energy consumption and economic growth for OECD countries.
The data were collected from the World Development Indicators database (World
Bank), CD-ROM and the (US Energy Information and Administration (EIA)), and the
selected variables were; GDP, renewable energy consumption, real gross fixed capital
formation and labor force. Australia, Austria, Belgium, Canada, Denmark, France,
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Germany, Iceland, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway,
Portugal, Spain, Sweden, Switzerland, United Kingdom, and the United States were
included in their research. While using the panel cointegration and error correction
model, they identified the feedback hypothesis among them, in the short and long
run.
Using data from 1990 to 2009 and using the asymmetric causality test approach
and autoregressive distributed lag (ARDL) approach, (Alper & Oguz, 2016) investigated
the impact of renewable energy consumption on economic growth for seven newly
entered European member countries. All the data were collected from the World
Development Indicators database (World Bank), and the chosen variables were;
combustible renewable and waste, real GDP, real gross fixed capital formation and
labor force. They found that, although renewable energy consumption has a positive
impact on economic growth for every country, only for Bulgaria, Estonia, Poland and
Slovenia, renewable energy consumption has a statistically significant impact on the
latter. More precisely, they indicated the neutrality hypothesis held for Cyprus,
Estonia, Hungary, Poland and Slovenia, the conservation hypothesis held for the Czech
Republic and the growth hypothesis held for Bulgaria.
(Marinas, Dinu, Socol, & Socol, 2018) analyzed the causal relationship between
renewable energy consumption and economic growth in ten, similar, Central and
Eastern European Countries. The selected variables were; GDP, Purchasing Power
Parity (PPP), renewable energy consumption. They included countries were Bulgaria,
the Chez Republic, Estonia, Latvia, Lithuania, Hungary, Poland, Romania, Slovenia, and
Slovakia. The authors examined the beforementioned countries from 1990 to 2014
and applied the Autoregressive and Distributed Lag (ARDL) model using data from
Eurostat and (World Bank). In the short run, their empirical results showed the
neutrality hypothesis in Romania and Bulgaria, the feedback hypothesis in Hungary,
Lithuania, and Slovenia, the growth hypothesis in the Chez Republic, Estonia, Poland
and Slovakia, and the Conservation hypothesis only for Latvia. In the long run, the
feedback hypothesis held for 7 out of 10 countries, Bulgaria, Estonia, Latvia, Lithuania,
Poland, Slovakia and Slovenia, the neutrality hypothesis in Hungary, and the
conservation hypothesis for the rec.
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2.2 Studies that include Greece

(Apergis & Payne, 2011) examined the relationship between renewable energy
consumption and economic growth for developed and developing countries from
1990 to 2007. The included variables were; GDP, renewable energy consumption, nonrenewable energy consumption, real gross fixed capital, and labor force. The used
databases were; the World Development Indicators database (World Bank) and (US
Energy Information and Administration (EIA)). The countries included in the
Developing list are; Algeria, Argentina, Bangladesh, Bolivia, Brazil, Bulgaria, Cameron,
Chile, China, Comoros, Costa Rica, Dominican Republic, Ecuador, Egypt, El Salvador,
Ethiopia, Gabon, Ghana, Guatemala, Guinea, Honduras, Hungary, India, Indonesia,
Iran, Jordan, Kenya, Madagascar, Malawi, Malaysia, Mali, Mauritius, Mexico,
Morocco, Mozambique, Nicaragua, Pakistan, Panama, Paraguay, Peru, Philippines,
Romania, Senegal, South Africa, Sri Lanka, Sudan, Swaziland, Syria, Thailand, Tunisia,
Turkey, Uganda, Uruguay, Venezuela, Zambia and in the Developed list are; Australia,
Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland,
Ireland, Italy, Japan, Korea, Luxembourg, Netherlands, New Zealand, Norway, Poland,
Portugal, Spain, Sweden, Switzerland, United Kingdom, United States. The authors
applied heterogeneous panel cointegration procedures and showed a long-run
relationship between renewable energy consumption, non-renewable energy
consumption, real gross fixed capital formation, labor force and economic growth.
Overall, they indicated the feedback hypothesis for both sets of panels in the short
and long run.
(Al-mulali, Fereidouni, Lee, & Sab, 2013) examined the relationship between
renewable energy consumption and GDP growth for four types of countries; low
income, lower middle income, upper middle income, and high income. The first
category included; Bangladesh, Zambia, Congo, Dem. Rep., Zimbabwe, Ethiopia,
Ghana, Haiti, Kenya, Kyrgyz Republic, Mozambique, Nepa, Senegal, Tajikistan,
Tanzania, Togo, Uzbekistan, Vietnam, the second category included; Albania, India,
Tunisia, Angola, Indonesia, Turkmenistan, Armenia, Iran, Islamic Rep., Ukraine,
Azerbaijan, Jordan, Bolivia, Moldova, Cameroon, Morocco, China, Nicaragua, Congo,
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Rep., Nigeria, Cote d’Ivoire, Pakistan, Ecuador, Paraguay, Egypt, Arab Rep., Philippines,
El Salvador, Sri Lanka, Georgia, Sudan, Guatemala, Syrian Arab Republic, Honduras,
Thailand, the third category included; Algeria, Malaysia, Argentina, Mexico, Belarus,
Panama, Brazil, Peru, Chile, Poland, Colombia, Romania, Costa Rica, Russian
Federation, Cuba, South Africa, Dominican Republic, Turkey, Gabon, Uruguay,
Jamaica, Venezuela, Kazakhstan, Latvia, Lebanon, Macedonia, FYR, the final category
included; Australia, Israel, United Kingdom, Austria, Italy, United States, Belgium,
Japan, Bulgaria, Korea, Rep., Canada, Luxembourg, Croatia, Netherlands, Czech
Republic, New Zealand, Denmark, Norway, Finland, Portugal, France, Slovak Republic,
Germany, Slovenia, Greece, Spain, Hungary, Sweden, Iceland, Switzerland, Ireland,
Trinidad and Tobago. The authors used the fully modified OLS, and renewable energy
consumption and GDP were the only variables. The data were collected from the
World Development Indicators database (World Bank). The authors indicated the
feedback hypothesis for 79% of countries, the neutrality hypothesis for 19% of
countries and the conservation or growth hypothesis for the rest 2%. Overall, they
found that the higher the income, the stronger the relationship between renewable
energy consumption and GDP.
(Apergis & Danuletiu, 2014) examined the causal relationship between
renewable energy consumption and economic growth for the period of 1990 to 2012
for 80 countries, among them Greece too. In detail, the remaining countries were;
Algeria, Argentina, Australia, Austria, Bangladesh, Belgium, Bolivia, Brazil, Bulgaria,
Canada, Cameron, Chile, China, Comoros, Costa Rica, Denmark, Dominican Republic,
Ecuador, Egypt, El Salvador, Ethiopia, Finland, France, Gabon, Germany, Ghana,
Guatemala, Guinea, Honduras, Hungary, Iceland, India, Indonesia, Iran, Ireland, Italy,
Japan, Jordan, Kenya, Korea, Luxembourg, Madagascar, Malawi, Malaysia, Mali,
Mauritius, Mexico, Morocco, Mozambique, Netherlands, New Zealand, Nicaragua,
Norway, Pakistan, Panama, Paraguay, Peru, Philippines, Poland, Portugal, Romania,
Senegal, South Africa, Spain, Sri Lanka, Sudan, Swaziland, Sweden, Switzerland, Syria,
Thailand, Tunisia, Turkey, Uganda, United Kingdom, United States, Uruguay,
Venezuela, Zambia. They used the (Canning & Pedroni, 2008) long-run causality test
and indicated the feedback hypothesis, hence renewable energy consumption is an
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important prerequisite for economic growth and vice versa for the whole sample. The
included variables were; GDP, renewable energy consumption, non-renewable energy
consumption, gross fixed capital formation and labor force, the data were collected
from the World Development Indicators database (World Bank) and (US Energy
Information and Administration (EIA)).
In the study of (Bhattacharya, Paramati, Ozturk, & Bhattacharya, 2016), the effect
of renewable energy consumption on economic growth is examined for 38 top
renewable countries. The authors used the Renewable Energy Country Attractiveness
Index by Ernst & Young Global Limited, using data from 1991 to 2012, to distinguish
the countries. The collected variables were; GDP, renewable energy consumption, real
gross fixed capital formation and labor force. The World Development Indicators
database (World Bank), and the (US Energy Information and Administration (EIA))
were used as databases. In detail, the examined countries were; Belgium, Brazil,
Bulgaria, Canada, Chile, China, the Czech Republic, Denmark, Finland, France,
Australia, Austria, Germany, Greece, India, Ireland, Israel, Italy, Japan, Kenya, Republic
of Korea, Mexico, Morocco, the Netherlands, Norway, Spain, Sweden, Thailand,
Turkey, Peru, Poland, Portugal, Romania, Slovenia, South Africa, Ukraine, the United
Kingdom, and the United States. The selected countries are categorized into three
groups, based on the impact of renewable energy consumption on economic growth.
Overall, the authors indicated heterogeneity among the countries. However, for 57%
of the total sample size, they indicated that renewable energy consumption has a
positive effect on the economic output. As far as Greece is concerned, it was ranked
in the first group of countries in which renewable energy sources have a significant
impact on economic growth, mainly because of the shift towards renewable energy
sources during the examined period.
The causal relationship of renewable, non-renewable energy consumption and
economic growth was examined for 17 emerging economies by (Destek & Aslan,
2017). The used variables were; GDP, extracted from the World Development
Indicators database (World Bank), and renewable and non-renewable energy
consumption, extracted from the (US Energy Information and Administration (EIA)). In
detail, Brazil, Chile, China, Colombia, Egypt, Greece, India, Indonesia, South Korea,
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Malaysia, Mexico, Peru, Philippines, Portugal, South Africa, Thailand, Turkey were
examined for the period 1980 to 2012 using the bootstrap panel causality. For the
relationship between renewable energy consumption and economic growth, the
authors indicated the growth hypothesis in Peru, the conservation hypothesis in
Colombia and Thailand, and the feedback hypothesis in Greece and South Kore a and
the neutrality hypothesis for the remaining countries. While for the relationship of
non-renewable energy consumption and economic growth, the growth hypothesis
held in China, Colombia, Mexico and Philippines, the conservation hypothesis in Egypt,
Peru and Portugal, the feedback hypothesis in Turkey and the neutrality hypothesis
for the remaining nations.
By using the (Pedroni, 1999, 2004) panel cointegration, (Pedroni, Department of
Economics, Williams College, Review of Economics and Statistics, 2000, 2001) cointegration estimate methods and (Dumitrescu & Hurlin, 2012) heterogeneous panel
causality estimation techniques when examining 9 Black Sea and Balkan countries
from 1990 to 2012, (Koçaka & Şarkgüneşi, 2017) indicated a long-term relationship
between economic growth and renewable energy consumption and the latter
positively affecting the former in the beforementioned region. Among the countries,
the growth hypothesis was identified for Greece. The remaining countries were
Albania, Bulgaria, Georgia, Macedonia, Romania, Russian G, Ukraine, and Turkey. The
selected variables were; GDP, labor, and capital, extracted from the (World Bank)
database.
(Gozgor, Lau, & Lu, 2018) analyzed the relationship between energy consumption and
economic growth for 29 OECD countries from 1990 to 2013. The included countries
were; the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Ireland, Israel, Italy, Japan, the Netherlands, Australia, Austria, Belgium, Canada, Chile,
New Zealand, Norway, Poland, Portugal, Slovakia, Switzerland, Turkey, the United
Kingdom, the United States, South Korea, Spain, and Sweden. The authors
distinguished the energy consumption to renewable energy sources consumption and
non-renewable energy sources consumption. Overall, the examined variables were;
GDP, renewable energy consumption, non-renewable energy consumption, capital,
and labor. The data were extracted from the World Development Indicators database
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(World Bank) and (The British Petroleum Company ). In their analysis, the authors used
the panel autoregressive distributed lag (ARDL) and panel quantile regression (PQR)
estimators. Their findings showed that energy complexity positively impacts economic
growth and the effect of renewable energy on economic growth differs between the
examined countries.
When (Ntanos, et al., 2018) examined the relationship between renewable energy
consumption and economic growth from 2007 to 2016 for 25 European countries by
using Ward’s method for hierarchical method analysis, they found a correlation
between the dependent variable, GDP, and the independent variables of renewable
energy sources consumption, non-renewable energy sources consumption, gross
fixed capital formation and labor force in the long-run. All the data were extracted
from the Eurostat database. More precisely, they indicated that renewable energy
sources consumption is more correlated to GDP in countries with higher GDP. As far
as Greece is concerned, it ranked among the countries with lower GDP indicating a
less strong relationship between renewable energy consumption and econ omic
growth compared with countries with higher GDP.
In the study of (Ozcana & Ozturk, 2019) regarding the relationship of renewable
energy consumption and economic growth for 17 emerging countries. The included
variables were; GDP, total labor force, real gross fixed capital, and renewable
electricity consumption. The data were collected from the World Development
Indicators database (World Bank) and the (US Energy Information and Administration
(EIA)). The selected countries were Brazil, Chile, China, South Africa, South Korea,
Thailand, India, Indonesia, Egypt, Greece, Hungary, Malaysia, Mexico, Peru,
Philippines, Poland, and Turkey. The authors indicated the growth hypothesis for
Poland only, in contrast to the rest where the neutrality hypothesis held. The
examined period was 1990 to 2016 using the bootstrap panel causality test developed
by (Kónya, 2006) to allow the dependence across countries and heterogeneity in slope
parameters.
Using the traditional production function and panel unit roots, panel cointegration
test - (Kao, 1999), (Pedroni, 1999, 2004), (Westerlund, 2005) fully modified ordinary
least squares estimator and dynamic ordinary least squares estimator for the period
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between 1995 and 2016, (Kasperowicz, Bilan, & Štreimikienė, 2020) identified the
growth hypothesis between renewable energy consumption and economic growth for
29 European countries, between them Greece too. The authors used fixed capital,
renewable energy consumption, labor, and GDP for their analysis. The data were
extracted from Eurostat databases.
Using the dynamic ordinary least squares (DOLS), fully modified ordinary least
squares (FMOLS) and heterogeneous non-causality approaches, (Shahbaz, Raghutla,
Chittedi, Jiao, & Vo, 2020) examined the effect of renewable energy consumption on
economic growth. They studied 38 renewable-energy-consuming countries, among
them Greece. The remaining countries were Australia, Austria, Belgium, Brazil,
Bulgaria, Canada, Chile, China, Czech, Denmark, Finland, France, Germany, India,
Ireland, Israel, Italy, Japan, Kenya, Korea, Mexico, Morocco, Netherlands, Norway,
Peru, Poland, Portugal, Romania, Slovenia, South, Spain, Sweden, Thailand, Turkey,
Ukraine, and the United States. The authors used data from 1990 to 2018 and
confirmed a long-run relationship between the studied variables. The examined
variables were; GDP, consumption of renewable energy, non-renewable energy use,
capital, and labor, and collected from the World Development Indicators database
(World Bank). Overall, they identified that renewable energy consumption has a
positive impact on economic growth for 58% of the countries, between them Greece
too. Moreover, Greece is among the countries in which the adoption of ren ewable
energy is related to the long-run employment formation. However, the same study
indicates that the consumption of non-renewable energy will have a greater effect on
the economic output for Greece than renewable energy consumption.
(Wang & Wang, Renewable energy consumption and economic growth in OECD
countries: A nonlinear panel data analysis, 2020) explored the non-linear relationship
of renewable energy consumption and economic growth for 34 OECD countries from
2005 to 2016. In detail, the included countries were Germany, Spain, Turkey, Australia,
Austria, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, France, Greece,
Iceland, Irishman, Israel, Italy, Japan, Korea, Latvia, Lithuania, Luxembourg,
Netherlands, New Zealand, Norway, Portugal, Slovenia, Sweeden, Switzerland, United
Kingdom, United States, Finland, Ukraine. They used three -panel threshold
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regressions models, and non-renewable energy intensity, urbanization level and per
capita income served as the threshold variables. Overall, they concluded that
renewable energy consumption has a positive impact on economic growth. However,
its effect changes as the threshold values differentiate leading to the conclusion that
the impact of renewable energy consumption is non-linear.
(Chen, Pinar, & Stengos, 2020) examined the causal relationship of renewable
energy consumption and economic growth, using a threshold model for 103 countries
from 1995 to 2015. GDP, capital, labor, renewable energy consumption and nonrenewable consumption were the selected variables, with data extracted from the
World Development Indicators database (World Bank) and (International Energy
Agency). Their non-linear approach indicated the effect of renewable energy
consumption on economic growth depends on a certain threshold level of renewable
energy. Their results indicated; a positive impact of renewable energy consumption
on economic growth for OECD countries, a non-significant effect of the former to the
later on developed countries, and an impact only when renewable energy
consumption passes a certain threshold in developing or non-OECD countries. Overall,
they found that renewable energy consumption has a positive relationship, in the long
term, in every case only when its levels surpass certain limits. Finally, Greece was
among the examined OECD countries.
Using the Local Linear Dummy Variable Estimation (LLDVE), a non-parametric
modelling technique for 40 OECD and non-OECD countries from 1990 to 2015,
(Ivanovski, Hailemariam, & Smyth, 2021) diversified their approach because LLDVE
makes no assumptions about functional form thus, it is better in approximating the
non-linear relationship. GDP, capital, labor, renewable energy consumption and nonrenewable energy consumption were the selected variables. The data were collected
from the World Development Indicators database (World Bank) and ‘Sustainable
Energy for All’ published by the (US Energy Information and Administration (EIA)).
Overall, they indicated a positive and significant relationship between non-renewable
energy consumption and economic growth, for the OECD countries, even showing an
upward trend trajectory through the years, in opposition to renewable energy. On the
contrary, they indicated both renewable energy and non-renewable energy
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consumption lead to economic growth in non-OECD countries. These diversified
results between the OECD and non-OECD countries may be because OECD countries
heavily rely on expensive dirty technologies in opposition to the latter. Greece was
among the examined OECD countries.
On the contrary to the previous studies, examining the causal relationship
between renewable energy consumption and economic growth for 27 European
countries, (Menegaki, 2011) indicated the neutrality hypothesis. The data were
obtained from Eurostat, and the examined variables were; GDP, percentage of
renewable energy consumption in gross inland energy consumption, final energy
consumption, greenhouse gas emissions and employment rate. The studied countries
were Belgium, Bulgaria, Chez Republic, Denmark, Estonia, Ireland, Greece, Spain,
France, Italy, Cyprus, Latvia, Lithuania, Luxemburg, Hungary, Malta, Netherlands,
Austria, Poland, Portugal, Romania, Slovenia, Slovakia, Finland, Sweeden, United
Kingdom, Croatia, Iceland, Norway, and Switzerland. More precisely, examining the
period from 1997 to 2007, she used a multivariate framework and showed no
significant relationship between the two variables due to uneven use of renewable
energy sources across the countries.
(Smolovi, Muhadinovi, Radonji, & Ðuraškovic, 2020) investigated the relationship
between renewable energy consumption and economic growth in traditional and new
EU member countries, from 2004 to 2018. Overall, 15 countries were included in the
traditional member states category, and 13 in the new EU members category. The
examined variables were; renewable energy consumption, GDP, labor force, and gross
fixed capital formation. The data were extracted from the World Development
Indicators database (World Bank) and Eurostat. The authors used a Pooled Mean
Group (PMG) estimator in an autoregressive distributed lag model. In their findings,
they found that, in the long run, renewable energy consumption and economic growth
are positively related in both categories. However, in the short run, they indicated that
renewable energy consumption negatively affects the latter, in the case of newly
entered EU member states, in opposition to traditional members, where renewable
energy consumption had no significant impact on GDP.
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(Le, Chang, & Parkc, 2020) investigated the relationship between renewable
energy consumption, non-renewable energy consumption, and economic growth at a
global level, from 1996 to 2012. More precisely, they examined 102 countries grouped
into three categories based on income. The high-income countries included;
Argentina, Australia, Austria, Belgium, Canada, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel,
Italy, Japan, South Korea, Latvia, Lithuania, Luxembourg, Malta, Netherlands, New
Zealand, Norway, Poland, Portugal, Russia, Saudi Arabia, Singapore, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Trinidad and Tobago, United Arab Emirates, United
Kingdom, United States, Uruguay and Venezuela. The upper-middle-income countries
included; Albania, Algeria, Azerbaijan, Belarus, Botswana, Brazil, Bulgaria, China,
Colombia, Cuba, Dominican Republic, Ecuador, Gabon, Iran, Kazakhstan, Lebanon,
Malaysia, Mexico, Namibia, Panama, Paraguay, Peru, Romania, South Africa, Thailand,
Tunisia, and Turkey. Lastly, the lower-middle and low-income countries included;
Armenia, Bangladesh, Benin, Bolivia, Cambodia, Cameroon, Egypt, El Salvador,
Guatemala, Haiti, Honduras, India, Indonesia, Kenya, Kyrgyz Republic, Moldova,
Morocco, Mozambique, Nepal, Nicaragua, Nigeria, Pakistan, Philippines, Senegal, Sri
Lanka, Tajikistan, Tanzania, Togo, Ukraine, Uzbekistan, and Vietnam. The authors used
several panel data techniques between the examined variables. The examined
variables were; GDP, non-renewable energy consumption, renewable energy
consumption, an indicator of emissions, an indicator of governance, real gross fixed
capital formation, and labor force. The data were collected from the World
Development Indicators database (World Bank). Overall, (Le, Chang, & Parkc, 2020)
found that renewable energy and non-renewable energy consumption affect
economic growth, in all the beforementioned categories. Lastly, they indicated that
the use of non-renewable energy increases the CO2 emissions, and that renewable
energy consumption only reduces CO2 emissions only in developed countries, not
developing.
(Chica-Olmo,

Sari-Hassoun, & Moya-Fernández, 2020)

investigated the

relationship between renewable energy consumption and economic growth, and
whether the increase of renewable energy consumption in a country may affect the
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economic growth of neighbor countries. They examined 26 European countries;
Austria, Belarus, Belgium, Bulgaria, the Czech Republic, Denmark, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, the Netherlands, Norway, Poland, Portugal,
Romania, the Russian Federation, Slovakia , Spain, Sweden, Switzerland, Turkey,
Ukraine, and the United Kingdom. They used data from 1991 to 2015 and applied the
Cobb-Douglas Production function and a spatial Durbin model with panel data to
investigate the examined variables. The data were collected from the database of
(World Bank), (The British Petroleum Company ) and (World Energy Council). Overall,
they indicated that the increase of renewable energy consumption in a country affects
the economic growth of neighbor countries and suggested that neighbor countries
should join forces promoting renewable energy consumption to advance their
welfare.
(Asiedu, Hassan, & Bein, 2021) analyzed the relationship between economic
growth, renewable energy consumption, non-renewable energy consumption and CO 2
emissions for 26 European countries from 1990 to 2018. Between the countries,
Greece was investigated too. The (World Bank Display) was used for the data
collection. The authors used the FMOLS and DOLLS to investigate the relationship
among the examined variables and the Granger causality test. The empirical results
showed a long-run relationship among the variables. However, inconsistent results
were observed from the Granger test regarding the causal relationship between the
variables, showing substitutability and interdependence among renewable and non renewable energy sources.
(Wang, Dong, Li, & Wang, 2022) examined the nonlinear impact of renewable
energy consumption on economic growth in respect to country risks for 34 OECD
countries from 1997 to 2015. Overall, the authors use a panel threshold model in their
analysis and the effect of renewable energy consumption on economic growth
changes when different threshold country risks are applied. The included risk indexes
were; political risks, financial risks, economic risks, and composite risks. The included
variables were; renewable energy consumption - as the explanatory variable,
economic development – as the explained variable, and trade opening and the level
of urbanization – as the controlled variables. As far as their empirical results are
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concerned, the authors indicated that when political and composite risks (aggregation
of all other risks) are used as threshold variables, there is a single threshold between
renewable energy and economic development, which when is exceeded, renewable
energy consumption increases GDP. Moreover, they indicated that when economic
and financial risks are used as threshold variables, a double threshold is observed
between renewable energy consumption and economic growth. Regarding the second
case, when renewable energy consumption and economic growth lie between the two
thresholds, renewable energy consumption affects economic growth, if they not,
renewable energy consumption does not affect the latte r.
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3. Methodology

3.1 Methodology for the EU and the Balkans

Influenced by the study of (Apergis & Payne, 2010), ‘Renewable energy
consumption and economic growth: Evidence from a panel of OECD countries’, which
analyzed the relationship between renewable energy consumption and economic
growth for twenty OECD countries using a multivariate framework, panel
cointegration, and error correction model to find the causal relationship among them,
the present dissertation follows the same methodology for the regions of the
European Union and the Balkans.
The included variables of the multivariate framework are; real GDP (Y) in
constant 2015 Euros, real gross fixed capital formation (K) in constant 2015 Euros,
labor force (L) in millions, and renewable energy consumption (REC) in millions of
kilowatt hours. The latter variable is the net of geothermal, solar thermal, primary
solid biofuels, biogases, and renewable municipal waste. In the following models, all
variables are in natural logarithms. Thus, they represent elasticities. In the following
paragraphs, the methodology and the used tests are explained considering and
following (Apergis & Payne, 2010) paper’s steps in methodology.
To check for stationarity, the (Im, Pesaran, & Shin, 2003) panel unit test is used.
More precisely, the (Im, Pesaran, & Shin, 2003) allows for heterogeneous
autoregressive coefficients.

𝑦𝑖𝑡 = 𝜌𝑖 𝑦𝑖𝑡−1 + 𝛿𝑖 𝑋𝑖𝑡 + 𝜀𝑖𝑡 (1)

Explaining the eq. (1); i=1,…,N signifies the country in the panel, t=1,…,T
represents the time period (the number of countries and time span will differ
according to the examined region in the following analyses), X it shows the exogenous
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variables in the model (fixed effect or individual time trend is included), ρi includes the
autoregressive coefficients, εit represents the stationary error terms. The
characteristic of (Im, Pesaran, & Shin, 2003) is that averages the Augmented DickeyFuller (ADF) unit root tests and allows serial correlation for different order (Apergis &
Payne, 2010).
𝜌𝑖

𝜀𝑖𝑡 = 𝛴𝑗=1 𝜑𝑖𝑗 𝜀𝑖𝑡−𝑗 + 𝑢𝑖𝑡 (2)

Substituting (2) into (1):

𝜌𝑖

𝑦𝑖𝑡 = 𝜌𝑖 𝑦𝑖𝑡−1 + 𝛴𝑗=1 𝜑𝑖𝑗 𝜀𝑖𝑡−𝑗 + 𝛿𝑖 𝑋𝑖𝑡 + 𝑢𝑖𝑡 (3)

In eq(3) the number of lags in the ADF regression are shown by ρi. The null
hypothesis, H0, is that there is non-stationarity, which means that there is a unit root
in each series. In contrast, the alternative hypothesis, H 1, is that there is stationarity
in at least one series. Otherwise, H0: ρi=1 (in each series) and H1: ρi<1 (Apergis & Payne,
Renewable Energy Consumption and Economic Growth: Evidence from a Panel of
OECD Countries, 2010). The t-bar statistic is used by (Im, Pesaran, & Shin, 2003) to test
the H0 hypothesis, that is the average of the individual ADF-statistics.
Given the fact that all variables are non-stationary in levels and stationery in
first differences, the panel cointegration test of (Pedroni P. , 1999, 2004) is used.
Precisely, the following test lets for cross-section interdependence with different
individual effects.

𝑌𝑖𝑡 = 𝛼𝑖 + 𝛿𝑖 𝑡 + 𝛾1𝑡 𝑅𝐸𝑖𝑡 + 𝛾2𝑖 𝐾𝑖𝑡 + 𝛾3𝑖 𝐿𝑖𝑡 + 𝜀𝑖𝑡 (4)

In eq. (4), i=1,…,N signifies the country in the panel, t=1,…,T represents the
time period, the possibility of country-specific fixed effects are allowed by α i, and the
42

deterministic trends are allowed by δi, , and εit indicate the deviations from long-run
relationship through the residuals.
The following unit root test is integrated in the residuals to check whether or
not the null hypothesis of no integration holds.

𝜀𝑖𝑡 = 𝜌𝑖 𝜀𝑖𝑡−1 + 𝑤𝑖𝑡 (5)

(Apergis & Payne, 2010) uses two cointegration tests developed by (Pedroni P.
, 1999, 2004) (Pedroni P. , 2004); panel tests and group tests. The first, are based on
the within dimension approach and have a total of four statistics; panel ADF-statistics,
panel v, panel ρ, and panel PP. The latter, are based on the between dimension
approach and have a sum of three statistics; group ADF-statistics, group ρ, and group
PP. As (Apergis & Payne, Renewable Energy Consumption and Economic Growth:
Evidence from a Panel of OECD Countries, 2010) mention, the reason why the two
tests are different is the treatment of autoregressive coefficients for the unit roots on
estimated residuals.
Following the unit root tests and panel cointegration test, the Fully Modified
Ordinary Least Square (FMOLS) test is used. FMOLS is preferred over the Dynamic
Ordinary Least Square (DOLS) test, although, both tests overcome the problem of
serial correlation or endogenous variables, the latter imposes restrictions regarding
non-cointegrating variables. Thus, because there is cointegration FMOLS is used.
Conducting FMOLS, we get the long-run model, and the long-run relationship of the
independent variables, regarding the dependent variable(GDP in our model), may be
calculated.
The last step of the panel data analysis are the Granger-causality tests. To
estimate the short-run relationship of the dependent and independent variables, a
panel vector error correction error model (Pesaran, Shin, & Smith, 1997) is used. The
(Engle & Granger, 1987) procedure is used, and is consisted of two steps. The first step
estimates the long-run model, as estimates before in eq. (4), to get the estimated
43

residuals. Then, the following dynamic error correction model is estimated by defining
the lagged residuals from eq. (4):

𝑞

𝑞

𝑞

𝛥𝑌𝑖𝑡 = 𝛼1𝑗 + 𝛴𝑘=1 𝜑11𝑖𝑘 𝛥𝑌𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑12𝑖𝑘 𝛥𝑅𝐸𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑13𝑖𝑘 𝛥𝐾𝑖𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝜑14𝑖𝑘 𝛥𝐿𝑖𝑡−𝑘 + 𝜆1𝑖 𝜀𝑖𝑡−1 + 𝑢1𝑖𝑡 (6a)

𝑞

𝑞

𝑞

𝛥𝐿𝑖𝑡 = 𝛼2𝑗 + 𝛴𝑘=1 𝜑41𝑖𝑘 𝛥𝑌𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑42𝑖𝑘 𝛥𝑅𝐸𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑43𝑖𝑘𝛥𝐾𝑖𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝜑44𝑖𝑘 𝛥𝐿𝑖𝑡−𝑘 + 𝜆4𝑖 𝜀𝑖𝑡−1 + 𝑢4𝑖𝑡 (6b)

𝑞

𝑞

𝑞

𝛥𝐾𝑖𝑡 = 𝛼3𝑗 + 𝛴𝑘 =1 𝜑31𝑖𝑘 𝛥𝑌𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑32𝑖𝑘 𝛥𝑅𝐸𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑33𝑖𝑘 𝛥𝐾𝑖𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝜑34𝑖𝑘 𝛥𝐿𝑖𝑡−𝑘 + 𝜆3𝑖 𝜀𝑖𝑡−1 + 𝑢3𝑖𝑡 (6c)

𝑞

𝑞

𝑞

𝛥𝑅𝐸𝑖𝑡 = 𝛼2𝑗 + 𝛴𝑘=1 𝜑21𝑖𝑘 𝛥𝑌𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑22𝑖𝑘 𝛥𝑅𝐸𝑖𝑡−𝑘 + 𝛴𝑘=1 𝜑23𝑖𝑘 𝛥𝐾𝑖𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝜑24𝑖𝑘 𝛥𝐿𝑖𝑡−𝑘 + 𝜆2𝑖 𝜀𝑖𝑡−1 + 𝑢2𝑖𝑡 (6𝑑)

In the above equations; Δ shows the first differences, q the lag length which is
predefined at 1 according to likelihood ratio tests, and u which is the serially
uncorrelated error term. Overall, the above equations show the short-term causality.
More precisely, it is defined by the partial F-statistics in regard to the right-hand side
variables. Long-run causality is shown by the error correction term, of each equation,
considering the t-statistic.

Methodology for Greece

As for the case of Greece, two analyses are held. The first analysis is based on
the book of (Gujarati & Porter, New York), and through the classic production function
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of Gobb-Douglas, the K, L and REC variables are used to investigate their effect on
GDP’s progression for the period between 1990 and 2019. Through this technique,
the impact of REC will be examined, to understand whether it has contributed to the
overall evolution of GDP. More precisely, the first analysis is described below, starting
with the classic production function of Cobb-Douglas;

𝛼3
𝑌𝑡 = 𝛢0 𝐾𝑡𝛼1 𝐿𝛼2
𝑡 𝑅𝐸𝑡 (7)

Again, the variables (Y, K, L, and RE) are the same as before, however in eq. (7),
they are not in logarithmic form. Considering that the linear in parameters assumption
holds, eq. (7) can be re-estimates. More precisely, by taking the logarithms in both
sides, the previous equation is transformed as follows;

𝑙𝑛𝑌𝑡 = 𝛼0 + 𝛼1 𝑙𝑛𝐾𝑡 + 𝛼2 𝑙𝑛𝐿𝑡 + 𝛼3 𝑙𝑛𝑅𝐸𝑡 + 𝜀𝑡 (8)

In the previous equation; α 0, α 1, α 2, α 3 represent the parameters and εt is the
random error term. To analyze the eq. (8), the Ordinary Least Squares (OLS) method
will be used. By considering several assumptions, OLS estimators are characterized as
Best Linear Unbiased Estimators (BLUE). These assumptions will be tested, specifically
the issues of; heteroscedasticity (by using the White Test), autocorrelation (by using
the Breusch-Godfrey Test), multicollinearity (by using the VIF and the rule of thumb of
10), and whether the model is rightly specified by using the Reset Ramsey Test.
Regarding the second analysis of Greece, it is similar to the analysis of the cases
of the European Union and the Balkans. As before, unit root tests for all the variables
are conducted, as well as cointegration test, to test for the long-run relationship
between them. However, in the case of Greece, there is not cointegration among the
variable. Thus, only the Vector Autoregression (VAR) model is conducted, to search
about the short-run impact of the independent variables to the dependent variable,
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of each case. The VAR model is analyzed below, the t intercept shows the time, and
the k intercept the lags. (PennState);

𝑞

𝑞

𝑞

𝑌𝑡,1 = 𝛽1 + 𝛴𝑘 =1 𝛽1𝑘 𝑌𝑡−𝑘 + 𝛴𝑘=1 𝛽1𝑘 𝐿𝑡−𝑘 + 𝛴𝑘=1 𝛽1𝑘 𝐾𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝛽1𝑘 𝑅𝐸𝐶𝑡−𝑘 + 𝑢𝑡,1 (9a)
𝑞

𝑞

𝑞

𝐿𝑡,2 = 𝛽2 + 𝛴𝑘=1 𝛽2𝑘 𝑌𝑡−𝑘 + 𝛴𝑘=1 𝛽2𝑘 𝐿𝑡−𝑘 + 𝛴𝑘 =1 𝛽2𝑘 𝐾𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝛽4𝑘 𝑅𝐸𝐶𝑡−𝑘 + 𝑢𝑡,2
𝑞

(9b)

𝑞

𝑞

𝐾𝑡,3 = 𝛽3 + 𝛴𝑘=1 𝛽3𝑘 𝑌𝑡−𝑘 + 𝛴𝑘 =1 𝛽3𝑘 𝐿𝑡−𝑘 + 𝛴𝑘=1 𝛽3𝑘 𝐾𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝛽3𝑘 𝑅𝐸𝐶𝑡−𝑘 + 𝑢𝑡,3
𝑞

(9c)

𝑞

𝑞

𝑅𝐸𝐶𝑡,4 = 𝛽4 + 𝛴𝑘=1 𝛽4𝑘 𝑌𝑡−𝑘 + 𝛴𝑘=1 𝛽4𝑘 𝐿𝑡−𝑘 + 𝛴𝑘=1 𝛽4𝑘 𝐾𝑡−𝑘 +
𝑞

𝛴𝑘=1 𝛽4𝑘 𝑅𝐸𝐶𝑡−𝑘 + 𝑢𝑡,4

(9d)

At this point, it must be noted that the beforementioned analyses are
implemented through EViews, version 10 (x64). A brief history of EViews; the software
was first introduced as MicroTSP in 1991 as a set of tools for series data manipulation.
Since then, it has been used for the implementation of numerous studies, as it
provides statistical analyses and visual presentations for regression and forecast
studies (EViews).

3.3 Data

As mentioned above, the present dissertation analyzes the relationship
between renewable energy consumption and economic growth for three regions; the
EU, the Balkans, and Greece. The EU includes; Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland,
Portugal, Romania, Slovakia, Slovenia, Spain, and Sweden. The Balkans include the
countries that are entirely or partially within the Balkan Peninsula, specifically;
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Albania, Bosnia and Herzegovina, Bulgaria, Kosovo, Montenegro, and North
Macedonia, Croatia, Greece, Italy, Romania, Serbia, Slovenia, and Turkey (Nations
Online). Although the Balkan Peninsula may cover a very small part of the
beforementioned countries, all of them are used in the analysis.
Regarding the variables (GDP (denoted by Y), K, L, and REC), the same are used
in every region. The data for the Economic Growth (Y), Gross Fixed Capital Formation
(K), and Labor Force were extracted from the (The World Bank) database. The data
for the Renewable Energy Consumption were extracted from the (Eurostat) database.
Regarding the unit measure of the variables, GDP and K are in constant 2015 Dollars,
L in millions, and REC in million kilowatt-hours (kWh). Overall, the timespan for each
region differs due to data availability. More precisely, the timespan is; 25 years for the
European Union (1995-2019), 20 years for the Balkans (2000-2019), and 30 years for
Greece (1990-2019).
Regarding the data manipulation, it must be noted that for the case of the
Balkans, data manipulation and assumptions took place. Starting with the Gross Fixed
Capital (K) at constant $2015 prices, several data were missing, thus, they were
calculated using nominal prices of K and the GDP deflator of each country. Specifically,
several years’ data regarding; Bosnia and Herzegovina, North Macedonia, Kosovo, and
Montenegro, were modified. As for the case of Kosovo, the K data for 2000 and 2001
were calculated by considering the annual 5% in K from 2002-2019. Moreover, in the
case of Kosovo, no data for the labor force were available. Thus, considering that in
2020 the two-thirds of the population were eligible to work, this is taken as a fixed
number for the whole examined period, from 2000 until 2019 (Kosovo Agency of
Statistics).

3.4 Share of Renewable Energy Sources

This sub-section describes the share of renewable energy sources to the total
renewable energy consumption, for each case. All the data are extracted from
(Eurostat) and modified in EViews.
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Regarding the structure of the EU share of renewable energy sources from
1990 until 2019, solid biofuels have had the highest share. More precisely, they were
the highest consumed renewable energy sources with 16.471.501,5 million kWh out
of 17.427.253,4 million kilowatt-hours. The following sources were; solar thermal with
343.610,1 million kWh, biogases with 337.371,7 million kWh, geothermal with
137.620,6 million kWh, and lastly renewable municipal waste with 1137.149,6 million
kWh. When the previous data are converted into percentages, solid biofuels represent
94,5% of the total consumption, solar thermal 2%, biogases 1,9%, geothermal 0.8%,
and municipal waste 0,8%. Figure 6 shows the growth rate of renewable energy
sources in the EU. Overall, renewable municipal waste has the highest volatility in its
growth rate.
As far as the share of renewable energy sources in the total renewable energy
consumption in the Balkans is concerned, primary solid biofuels have been the main
renewable energy source with 4.232.899,06 million kWh out of the 4.811.732,84 kWh.
The following sources geothermal and solar thermal, with 353.456,09 million kWh and
214.716,32 million kWh, respectively. Renewable municipal waste and biogases are
lowest renewable energy sources, in terms of share. Converting the obtained numbers
in percentages, primary solid biofuels occupied the 87.97%, geothermal the 7,35%,
solar thermal the 4,46%, and renewable municipal waste with biogases the 0,23%. In
Figure 7, the growth rate of renewable energy sources in the EU may be observed. In
general, renewable municipal waste started being a popular Balkans re newable
energy source from 2012, while biogases’ growth rate showed highly volatily between
2006 and 2014.
Finally, analyzing the share of renewable energy sources in total renewable
energy consumption of the third region, Greece, the results differ too. S pecifically,
primary solid fuels were the primal renewable energy source with 318.860,45 million
kWh. Solar thermal with 61.342,78 million kWh had the second-highest share,
followed by geothermal with 2.662,64 million kWh, and biogases with 2.370,81
million kWh. The share of renewable municipal waste was zero, as it did not generate
any consumption. Overall, transforming the previous data into percentages, primary
solid fuels occupied 82,8% of the total renewable energy consumption, followed by
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solar thermal, geothermal, and biogas, with 15,9%, 0,7%, and 0,6%, respectively. In
Figure 8, geothermal’ growth rare, and biogases’ growth rare show the highest
volatility, in contrast to renewable municipal waste, which is zero, due to being an
unpopular renewable energy source in Greece.

Figure 6 EU; Growth Rate of Renewable Energy Sources

Figure 7 Balkans; Growth Rate of Renewable Energy Sources
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Figure 8 Greece; Growth Rate of Renewable Energy Sources

4. Results
This section includes the results when applying the beforementioned
methodology. More precisely, for each examined region its results are extensively
presented, analyzed, and discussed. Overall, this section is divided into three sub sections; starting with the European Union, then continuing with the Balkans, and,
finally, Greece. It must be noted that in the statistical analysis three levels of
significance are considered (α=1%, α=5%, and α=10%).

4.1 European Union

Before analyzing the results, for the case of the European Union, the variables
of GDP, Gross Fixed Capital Formation, Labor Force, and Renewable Energy
Consumption, are graphically shown. The timespan is between 1995 and 2019.
Overall, GDP and Gross Fixed Capital formation follow an upward trend. However,
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around 2008, both variables showed high volatlity and distrurbances regarding their
upward trend due to the interpretation of the economic recession. The latter variable,
needed more time to recover.

Figure 9 EU; GDP in constant 2015 prices

Figure 10 EU; Gross Fixed Capital Formation in constant 2015 prices
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Furthermore, except for the previous variables, the variable of Labor Force
follows and upward trend too. Finally, the Renewable Energy Consumption variable is
characterized by an immense increase from 1995 to 2010. The significant increase may
be explained due to orientation of the EU to the environment agreements (as
explained in the introduction).

Figure 11 EU; Labor Force

Figure 12 EU; Renewable Energy Consumption
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Starting off with the statistical analysis of the EU, Table 3 shows the results of
the IPS tests. It must be noted that for the IPS unit test, in the lag length, the automatic
selection was chosen, using the t-statistic, for p-value equal to 0,01, for all variables.
No preferred number of lags were submitted. Regarding individual intercept and
trend, both are included in the estimated test. It must be clarified that by changing
the options, the results differentiate.

Panel Unit Root Test
Unit
Root
Test

Y

ΔY

L

ΔL

K

ΔK

REC

ΔREC

IPS

-0,23

-7,53
(4)

2,42

-12,3
(1)

-1,04

-10.3
(4)

0,32

-18,1
(3)

p-value

0,4080

0,0000

0,9923

0,0000

0,1485

0,0000

0,6244

0,0000

Table 3 EU; Panel Unit Root Test

Within Dimension

Panel v statistic
Panel ρstatistic
Panel PPstatistic
Panel ADFstatistic

Weighted

Statistic

Prob.

9,295062

0,0000

5,939999

0,0000

0,482045

0,6851

1,359485

0,9130

-3,271066

0,0005

-2,641293

0,0041

-3,064882

0,0011

-3,216775

0,0006

Statistic

Prob.

Table 4 EU; Within Dimension
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It is observed that all variables are non-stationary on levels, however, when
converted to first differences, they all become stationary. Hence, they are integrated
at 1, I(1). Thus, the following step, of testing of panel cointegration, may be integrated.
To test for cointegration, the (Pedroni P. , 1999, 2004) panel cointegration test is
utilized. Again, both individual intercept and individual trend are chosen. In the lag
length option, the t-statistic with p=0.01 are selected again too. The results are shown
in Table 4 and Table 5.

Between Dimension
Statistic

Prob.

Panel ρ-statistic

3,352273

0,9996

Panel PP-statistic

-3,630192

0,0001

Panel ADF-statistic

-3,790064

0,0001

Table 5 EU; Between Dimension

Before explaining the results of the (Pedroni P. , 1999, 2004) panel
cointegration test, it must be noted that the null hypothesis is that there is no
cointegration, and the alternative, that there is cointegration among the examined
variables. Overall, there are two scenarios of within dimension, and between
dimension. Combining the tests of table 4 and table 5, there are 11 tests, in total. All
tests are considered for the cointegration to be determined. Out of 11 tests, 6 tests
have a very low probability, lower than 10%, 5%, and even 1%, indicating the rejection
the null hypothesis. The majority of tests reject the null hypothesis of no
cointegration, hence the alternative, of cointegration among the examined variables
is accepted. That means that there is a long-run relationship between Y, K, L, and REC.
After having conducted the unit root tests, and panel cointegration test, the
FMOLS test is integrated. Before discussing the test’s results, it must be noted, that
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the ‘none’ option was set for the trend specification ,and the ‘grouped’ option was
selected for the panel method. Table 6 shows the Fully Modified OLS model.

Fully Modified OLS (FMOLS) Estimates
Y

=

Prob.

0,678308L
0,0000

+

0,474946K
0,0000

+

0,172103REC
0,000

Adj. R2=0,91
Table 6 EU; FMOLS Model

Table 4 shows the long-run relationship between Y, K, L, and REC. For every
level of significance (α=1%, α=5%, and α=10%) . Confirming that K, L and REC affect
the Y variable, in the long run. At this point, it must be reminded that all variables are
in long forms, hence the variables’ coefficients are interpreted as elasticities. More
precisely, the results show that a 1 percent increase in the labor force, leads to a 0, 67
percent increase in GDP. 1 percent increase in gross fixed capital leads to, a less high,
increase in GDP by 0,47 percent. Finally, regarding renewable energy consumption, it
is observed that a 1 percent rise leads to a 0,17 percent increase in GDP.
After the FMOLS estimation and considering that the variables are
cointegrated, the final steps of the methodology are the estimation of the variables’
short-run relationship. By taking the residuals of the estimated long run model, the
short run relationship is estimated too. Table 7 presents the short-run models, based
on the eq. 6 (a) – (d). Before analyzing the table above, it must be clarified that the
error correction term (ECT) shows the long-run causality, and overall, the adjustment’s
speed to the long-run equilibrium (Apergis & Payne, 2010).
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Dependent

Sources of causation (independent variables)

Variable

Short-run

(6a) ΔY

Long-run

ΔY

ΔL

ΔK

ΔREC

-

0,075386

0,068431

-0,008502

0,003971

0,3890

0,0000

0,3734

0,5147

-

-0,002116

0,009579

-0,013803

0,7022

0,0193

0,0000

-

0,009020

0,182872

0,7521

0,0000

-

-0,079998

Prob.
(6b) ΔL

0,044826

Prob.

0,0165

(6c) ΔK

1,483360

0,265681

Prob.

0,0000

0,3099

(6d) ΔREC

-0,396075

-0,239565

0,051720

Prob.

0,0335

0,5217

0,3488

ECT

0,0021

Table 7 Short-Run Impact

The table above shows the short-term relationships among the variables, as
well ass, the required years for the dependent variable to adjust to the long-run
equilibrium (through the error correction term). Beginning with the interpretation of
the eq. (6a), although, the error correction term is statistically significant, it has a
negative coefficient, hence it can not be interpreted. Regarding the short-run
relationship among the variables, only the Gross Fixed Capital Formation is statistcally
significant (at any levels). More precisely, a 1 percent increase in K leads to a 0,06%
rise in Y, given that the rest variables are held constant.
Concerning the eq. (6b), the error correction term is, both, statistically
significant and negative. Meaning that, in cases of deviations, the Labor Force
coefficient needs (1/0,013803) 72,44 years to adjust to the long-run equilibrium.
Regarding the short-run relationships, GDP and Renewable Energy Consumption are
significant for α=5% and α=10%. A 1 percent increase in Y leads to a 0,04 percent rise
in L variable, while a 1 percent increase in REC leads to 0,0095% increase to the L
variable.
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In eq. (6c), although the error correction term is statistically significant, it is
positive, meaning that it can not be interpreted. As far as the short-term effect of the
independent variables on Gross Fixed Capital Formation, only GDP is statistically
significant (at any level of significance). Specifically, a 1 percent increase in Y leads to
1,48% rise in the Gross Fixed Capital Formation.
Finally, regarding the eq. 6 (d), the error correction term is statistically
significant and negative, meaning that it takes 1,25 (1/0,079998) years for the
Renewable Energy Consumption to adjust to its long-term equilibrium, in cases of
disruptions. As far as the short-term effect of the independent variables on the
Renewable Energy Consumption, only GDP is statistically significant. However, it has
a negative coefficient, meaning that a 1 percent increase in Y leads to 0,39 percent
decrease in the Renewable Energy Consumption.

VAR Granger Causality/Block Exogeneity Wald Tests
Dependent
Variable

Chi-sq Y

Independent Variables
Y

L

K

REC

-

0,742408

28,07413

0,792653

0,3889

0,0000

0,3773

-

0,146220

5,479148

0,7022

0,0192

-

0,099772

Prob.
Chi-sq L

5,761894

Prob.

0,0164

Chi-sq K

129,5864

1,031381

Prob.

0,0000

0,3098

Chi-sq REC

4,523683

0,410596

0,878278

Prob.

0,0334

0,5217

0,3487

0,7521
-

Table 8 Granger Causality Test
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To double-check the impact of the independent variables of each equation, the
Granger Causality Test is conducted. Table 8 shows the results. For the first equation
of Gross Domestic Product, only the K variable is statistically significant, and causaly
affect Y. For the second equation of Labor force, both Y and REC are statistically
significant (for α=5% and α=10%), and have a causal impact on the L. regarding the
thrid equation of Gross Fixed Capital Formation, only Y is statistically significant and
has a causal effect on the K. Lastly, about the Renewable Energy Consumption, only Y
is statistically significant (for α=5% and α=10%), and causally affect REC.
In regards to the beforementioned results, and the initial thesis’ objective, the
the conservation hypothesis holds between GDP and renewable energy consumption.
More precisely, for the case of the European Union, only GDP affects the latter, and in
fact, in a negative way.

4.2 The Balkans

As in sub-section 4.1, the variables of GDP, Gross Fixed Capital Formation,
Labor force, and Renewable Energy Consumption for the area of Balkans are
graphically presented. At this point, it must be reminded that all the countries entirely
or partially within the Balkan Peninsula are included in the analysis. Thus, the following
graphs may present higher scale numbers compared to what readers might consider
when thinking about the Balkans. Overall, the Balkans area includes 13 countries, and
the examined period is from 2000 until 2019. The GDP, Labor Force, and Gross Fixed
Capital Formation graphs show a similar trend to the EU graphs. The worldwide
economic crisis is again interpreted in the GDP and K graphs, which present high
volatility around that time, hitting the lowest values for the entire examined period.
As for the Renewable Energy Consumption graph, there was a skyrocketing increase
in 2008 compared to the early 2000s. After that, a sharp decrease and a volatile trend
are observed.
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Figure 13 Balkans; GDP in constant 2015 prices

Figure 14 Balkans; Gross Fixed Capital Formation in constant 2015 prices
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Figure 15 Balkans; Labor Force

Figure 16 Balkans; Renewable Energy Consumption
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As before, all variables are in their logarithmic form for the whole analysis.
Again, the analysis for the Balkans area begins with the (Im, Pesaran, & Shin, 2003)
unit root tests, to check for stationarity. For the IPS unit tests, in the lag length, the
automatic selection was chosen, using the t-statistic, for p-value equal to 0,01, for all
the examined variables. No preferred number of lags were submitted. Regarding the
individual intercept and trend, both are included in the estimated test. Table 9
presents the results.

Panel Unit Root Test
Unit
Root
Test

Y

ΔY

L

ΔL

K

ΔK

REC

ΔREC

IPS

0,82

-7,06
(3)

1,68

-5,92
(0)

0,83

-4,67
(0)

0,32

-8,41
(0)

p-value

0,7961

0,0000

0,9542

0,0000

0,7986

0,0000

0,6263

0,0000

Table 9 Balkans; Unit Root Test

All the variables are non-stationary on levels, and stationary on first
differences. Thus, the analysis may continue into testing for panel cointegration.
Again, the (Pedroni P. , 1999, 2004) panel cointegration test is used. As in the EU
analysis, both, individual intercept, and individual trend are selected. In the lag length
option, the t-statistic with p=0.1 is chosen. The results of the panel cointegration test
are shown in Table 10 and Table 11.

Within Dimension

Panel v statistic

Statistic

Prob.

10,27299

0,0000

Weighted
Statistic
7,139691

Prob.

0,0000
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Panel ρstatistic
Panel PPstatistic
Panel ADFstatistic

0,853180

0,8032

2,117311

0,9829

-5,553168

0,0000

-2,999822

0,0014

-5,929937

0,0000

-3,680111

0,0001

Table 10 Balkans; Within Dimension

Between Dimension
Statistic

Prob.

Panel ρ-statistic

3,335726

0,9996

Panel PP-statistic

-4,822760

0,0000

Panel ADF-statistic

-4,721067

0,0000

Table 11 Balkans; Between Dimension

By having as the no cointegration as the null hypothesis and the cointegration
as the alternative hypothesis, and combining the within dimension and between
dimension tests, the latter hypothesis is accepted. More precisely, the majority of
tests (8 out 11) of the above tables, reject the null hypothesis in any α (1%, 5%, and
10%), showing that the examined variables of Y, K, L, and REC, are a long-run
cointegrated.
After showing that all variables are integrated within the same level, I(1), and
have a long-run cointegration, the following step of calculating the FMOLS may be
integrated. It must be noted, that the none option in trend specification and grouped
option in panel method were selected before calculating the FMOLS. Table 12 shows
the Fully Modified OLS regression.
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Fully Modified OLS (FMOLS) Estimates
Y

=

0,993517L

Prob.

+

0,0000

0,312281K

+

0,121856REC

0,0000

0,0145

Adj. R2=0,91
Table 12 Balkans; FMOLS Model

The above FMOLS regression shows the long-run relationship between the
examined variables of y, K, L, and REC. Once again, the variables are in their log form,
hence their coefficients are interpreted as elasticities. It is observed that both L and K
affect Y in the long run, for every α (1%, 5%, and 10%). More precisely, a 1 percent
increase in labor force will lead to 0,99 percent increase in the economic growth, while
a 1 percent in gross fixed capital formation will lead to 0,31 percent increase in
economic growth. Regarding the renewable energy consumption, it is statistically
significant for α=5% and α=10%. Specifically, a 1 percent increase renewable energy
consumption will lead to 0,12 percent increase in the economic growth.
After having calculated the unit root tests, panel cointegration test, and the
FMOLS estimation, the final step of the Balkans’ analysis is the estimation of the shortrun relationship among the examined variables. As before, this happens after taking
the residuals of the estimated long run model. Table 13, the short-run models, and
the error correction term (ECT) – adjustment speed- , for each equation are presented.
The following equations are based on the eq. (6a) – (6d).

Dependent

Sources of causation (independent variables)

Variable

Short-run

(6a) ΔY

ΔL

ΔK

ΔREC

-

0,123144

0,005380

-0,010342

-0,012244

0,2253

0,1381

0,5010

0,0000

-

-0,000432

0,007563

0,002893

Prob.
(6b) ΔL

Long-run

ΔY

0,038081

ECT
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Prob.

0,3058

0,8539

0,4470

0,1176

(6c) ΔK

1,036880

0,321285

-

-0,251939

-0,111640

Prob.

0,2481

0,8394

0,2940

0,0124

(6d) ΔREC

0,122718

-0,916988

0,0077340

-

0,025025

Prob.

0,6177

0,0350

0,6361

0,0405

Table 13 Balkans; Short-term Impact

The table above, describes the long-run and short-run Granger-causality tests
among the examined variables. Beginning with the eq. (6a), the error correction term
is statistically significant and negative, meaning that in cases of deviations, the GDP
adjusts to its long-run equilibrium after (1/0,012244) 81,67 years. As far as the shortterm impact of the independent variables, none of them is statistically significant in
any level of significance.
In eq. (6b), the error correction term is both positive and statistically
insignificant (at any level of significance), thus it cannot be interpreted. Regarding the
short-term impact of the independent variables on the labor force, none of them is
statistically significant at any α.
As far as the eq. (6c) is concerned, the error correction term is statistically
significant and negative, meaning that in cases of deviations, the gross fixed capital
formation adjusts to its long-run equilibrium after (1/0,111640) 8,95 years. As in the
case of eq. (6b), none of the independent variables are statistically significant in any
level of α, meaning that in the short-run they don’t affect gross fixed capital formation.
Finally, regarding the eq. (6d), the error correction term is not statistically
significant neither negative, hence it cannot be interpreted. In the short-run, only the
variable of labor force is statistically significant for α=5% and α=10%. Specifically, if
the labor force increases by 1 percent, then the renewable energy consumption will
decrease by 0,91 percent.
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VAR Granger Causality/Block Exogeneity Wald Tests
Dependent
Variable

Independent Variables

Chi-sq Y

Y

L

K

REC

-

1,472592

2,203447

0,453205

0,2249

0,1377

0,5008

-

0,033920

0,578847

0,8539

0,4468

-

1,102495

Prob.
Chi-sq L

1,049812

Prob.

0,3056

Chi-sq K

1,335907

0,041091

Prob.

0,2478

0,8394

Chi-sq REC

0,249327

4,460033

0,224009

Prob.

0,6175

0,0347

0,6360

0,2937
-

Table 14 Balkans; Granger Causality Tests

Again, to cross-check the impact of the independent variables of each
equation, the Granger Causality Test is conducted. Table 14 presents the results. For
the first equation of Gross Domestic Product, any variable is statistically significant.
For the second equation of Labor forceagain, no independent variable is statistically
significant. Regarding the thrid equation of Gross Fixed Capital Formation, again, no
variable is statistically significant. However, in the Renewable Energy Consumption
equation, the Labor force is statistically significant (for α=5% and α=10%), meaning
that it causally affect REC.
Summarizing the abovementioned findings, in the long-run there is a
cointegration among them. However, no short-term relationship between the GDP
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and the renewable energy consumption indicated. Meaning that for the case of the
Balkans, the neutrality hypothesis holds between the two variables.

4.3 Greece

As in the previously examined regions, the variables of GDP, labor force, gross
fixed capital formation, and renewable energy consumption are presented, for the
period from 1990 to 2019. As for the case of Greece, it is observed that the trends of
Y and K are not similar to the preceding, respective, graphs of the European Union and
Balkans. More precisely, although there is a steady decrease, for both economic
indicators, from 2008 due to the worldwide economic crisis, it is not until around 2013
that the values hit an all-time low for the examined period. After 2013, both variables
showed an upward trend but were still characterized by variations. Overall, both
variables required higher time to readjust to the pre-crisis values, and still haven’t fully
adjusted. Regarding the L variable, it reached its peak around 2010, however, after
that it significantly decreased, hitting its lowest value, for the 30 years, in 2018. Lastly,
the Greek renewable energy consumption is described from high volatility, with 2012
being the best year in terms of energy consumption from renewable sources.

Figure 17 Greece; GDP in constant 2015 prices
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Figure 18 Greece; Gross Fixed Capital Formation in constant 2015 prices

Figure 19 Greece; Labor Force
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Figure 20 Greece; Renewable Energy Consumption

For the case of Greece, the logarithmic form of the beforementioned variables
is also shown in the following graphs. It is observed that the scale of the axes is
significantly lower compared to the non-logarithmic forms, due to the fact that the
trend is removed after their transformation (the skewness is removed).

Figure 21 Greece; Log of GDP
68

Figure 22 Greece; Log of Gross Fixed Capital Formation

As mentioned before, the skewness gets removed when the logarithmic form
of the variables is used. From the graphs, it is shown that the log form follows the
same trend as the non-logarithmic form. Overall, as mentioned in the methodology
section, the logarithmic forms are used for the both analyses regarding Greece.

Figure 23 Greece; Log of Labor Force
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Figure 24 Greece; Log of Renewable Energy Consumption
4.3.1 1st Analysis of Greece

Starting the assessment of Greece with the first analysis, to check whether the
chosen variables (K, L, and REC) have an impact on the progress of Y, the eq. (8) is
estimated by using the LS – Least Squares (NLS and ARMA) method. The time span is
30 years, from 1990 until 2019, totaling to 30 observations. Table 15 shows the
estimated equation. It must be reminded that because it is a log-log model, the
coefficients are, again, interpreted as elasticities.

Least Squares
Log_Y = -8,627991 + 1,535344Log_L + 0,213534Log_K + 0,252707Log_REC
St. Error

-3,187512

4,605759

5,375629

1,442190

Prob.

0,0037

0,0001

0,0000

0,1612

R2 = 0,9028
Table 15 Greece; OLS
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The interpretation of the table above is the following; if the L variable increases
by 1%, the Y variable will increase by 1,35%, given the fact that all the other variables
are held constant. In other words, if the labor force increases by 10.000 people, then
the annual GDP will rise by $153.000.000. Moreover, If the K variable increases by 1%,
then the Y variable will increase by 0,21% while keeping the rest variables constant.
Specifically, if the gross fixed capital formation increases by 10.000.000 € then, the
annual GDP will increase by $2.100.000. Regarding the REC variable, if it increases by
1%, then the Y variable rises by 0,25%, while again holding all the rest variables
constant. Specifically, if renewable energy consumption increases by 10.000 kWh then
the annual GDP will increase by $2.500.000 . Finally, the number -8,627991 represents
the intercept, meaning that if all the other variables are held constant at zero, then
the log GDP is equal to that number. Regarding the significance of the variables, both
K and L are statistically significant at any level of α, the intercept is significant for α=5%
and α=10%, while the REC is not statistically significant for any level. Finally, R 2 shows
that 90% of the variation in GDP is explained by the included independent variables,
which is a relatively high number.
The goal of the first analysis of Greece was to construct a parsimonious model
which describes the progression of GDP over the examined period. In order to
conclude whether the independent variables (with special attention to REC) indeed
affect GDP, several tests are constructed and analyzed in the following paragraphs;
The first test is oriented towards the correct specification of the model. In
other words, if the chosen independent variables are appropriate for the GDP’s
development explanation. Constructing the Ramsey Reset test with the null
hypothesis of the correctly specified model, the obtained p-value of the F-statistic is
0,0000, which means that under any level of α, the null hypothesis may be rejected.
Thus, the model is not correctly specified. Continuing the misspecification test and
having in mind that the Log_REC is not statistically significant, the following test is
constructed. The Log_REC is dropped from the model and the omitted variable test,
with a null hypothesis of the immitted variable to be significant, is constructed
regarding the logREC variable. The test shows that the Log_REC is statistically
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significant and must be included in the model even though it is not statistically
significant when it is incorporated in the model (p-value is 01612 > any level of α).
The next test concerns the problem of multicollinearity among the
independent variables. In the estimated model of table there are several signs of
multicollinearity. Specifically, although the R 2 is higher than 90%, only two out of the
three independent variables are significant. Moreover, the coefficient of the intercept
was expected to be positive, which is not the case in the particular model. To detect
whether multicollinearity is a problem in the estimated model, the VIF test is
computed. In the estimated model, the VIF test is equal to 10,10, which is higher than
10, indicating strong multicollinearity. In other words, the linear relationship of the
independent variables is not negligible, but rather strong.
The following step is to check whether there is autocorrelation in the residuals
of the estimated equation or not. An initial test is to check them graphically, Figure 25
shows their pattern. It is clear that there is, in fact, a pattern, over the timespan of 30
years. To cross-check, the Breusch-Godfrey (BG) Test is used to investigate the
presence of autocorrelation with null hypothesis of the no serial correlation. However,
the p value of BG Test is 0,000, hence the null hypothesis is rejected, meaning that
there is no serial correlation in the estimated model.

Figure 25 Residuals
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The final test of the first analysis of Greece is the White Test. The White Test is
used for heteroscedasticity, with null hypothesis of no heteroscedasticity. In the
estimated model the p-value is 0,4669 hence the null hypothesis is failed to be
rejected.
Overall, the purpose of the first analysis for the case of Greece was to
determine whether REC can be used to create a parsimonious model regarding the
GDP’s progression in the Greek Economy, for the period between 1990 and 2019.
Except for being statistically insignificant, the REC variable does not contribute in
formulating a parsimonious model, as in the previous mentioned analysis, the
estimated equation faces the problems of multicollinearity and mis-specification.

4.3.2 2nd Analysis of Greece

As mentioned in the methodology section, the second analysis of Greece is
similar to the methodology regarding the panel data for the cases of the European
Union and the Balkans. Although many steps are differentiated in this section, from
the panel data analysis, the scope of this analysis is the long-run and short-run impact
definition among the examined variables (Y, K, L, and REC). In the following
paragraphs, the steps towards the implementation of the analysis are extensively
analyzed. Specifically, the steps are the following; unit root tests, cointegration test,
lag selection, and, lastly, VAR or VECM.
Starting with the unit root tests, the Augmented Dickey-Fuller Test is used for
the investigation of stationarity in the examined variables. Unlike the previous regions,
the unit root test has changed for the case of Greece, because in this case, there are
no panel data. At this point, it must be clarified that both intercept and trend have
been dropped from the estimation of unit root tests, and that the t-statistic with pvalue=0,01 has been selected for the lag length. Table 16 shows the results of the unit
root tests.
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Unit Root Test
Unit
Root
Test

Y

ΔY

L

ΔL

K

ΔK

REC

ΔREC

ADF

0,27

-1,83
(1)

2,08

-2,98
(7)

-0,37

-2,79
(7)

0,82

-6,08
(7)

p-value

0,7594

0,0647

0,9892

0,0043

0,5415

0,0078

0,8837

0,0000

Table 16 Greece; Unit Root Tests

From the conducted unit root tests, all the variables are non-stationary at
levels but integrated at first differences, under the level of significance of α=10%. At
this point, it must be noted that the other tests did not find same level stationarity
among the variables, thus the none option was selected regarding the test equation.
After the unit root tests, the following step of the cointegration test may be
integrated. The cointegration test is conducted after taking the residual series and
applying the same unit root test for them. In the case of Greece, the p-value of the
Augmented Dickey-fuller test is equal to 0,1846. Meaning that the examined variables
are not cointegrated in the long-run. Thus, there cannot be an interpretation of the
coefficients of the examined variables in the long-run. Hence, the VECM is dropped
and only the VAR model may be investigated and interpreted. The VAR model shows
the short-run impact of the independent variables towards the dependent variables.
The following step is the optimum lag selection. The lag selection is an
important sept to the analysis, as too many lags lead to loss of degrees of freedom
(causing multicollinearity in the error term and mis-specification errors).

To

determine the lags, the VAR model is estimated, and among the two tests of Akaike
Information Criterion and Schwarz Criterion, the first has the lowest value ( -16,67
compared to -14,96). Afterwards, the Lag Length Criteria is selected to determine the
optimal lag selection. The table below shows the obtained results.
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VAR Lag Order Selection Criteria
Lag

LogL

LR

FPE

AIC

SC

HQ

0

129,8

NA

1,46e-09

8,990

-8,799

-8,931

1

246,1

190,89

1,16e-12

-16,14

-15,19

-15,85

2

269,5

31,79

7,38e16,67*
13*
Table 17 Greece; VAR Model

-14,96

-16,15

The interpretation of Table 17 above is the following; * indicates lag order
selected by the criterion, LR: sequential modified LR test statistic (each test at 5%
level), FPE: Final prediction error, AIC: Akaike information criterion, SC: Schwarz
information criterion, HQ: Hannan-Quinn information criterion. As mentioned earlier,
the Akaike Information Criterion (AIC) is selected. Hence, the best optimal lags for the
VAR model are 2. In the Table 18, the VAR method is estimated using Ordinary Least
Squares is presented. The total number of the estimated coefficients is 36. It must be
clarified that the following variables are in their logarithmic form. Thus, their
coefficients express elasticities. Before analyzing each of the following models, it must
be noted that, none of them suffer from serial correlation, as the Durbin-Watson Stat
is higher than 2 for all of them (the equations on the following table are explained in
the methodology section through (9a)-9(d)).
Starting with the interpretation of the first equation, in the short run, the Y is
influenced by itself for, both lags, 1 and 2. More precisely, Y(-1) and Y(-1) are both
statistically significant for any level of α (1%, 5%, and 10%). Regarding the impact of
Y(-1), a 1 percent increase will lead to 1,71 percent increase in Y, holding constant the
rest independent variables. However, a 1 percent increase in Y(-2) will lead to a 1%
decrease in Y, keeping constant the rest independent variables.
Regarding the second equation, in the short-run, the labor force is affected by
itself lagged 1, and the constant term. Again, both independent variables are
statistically significant for any level of α. Specifically, a 1 percent increase in L(-1) will
lead to 0,79 percent increase in L, keeping constant the rest independent variables.
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Moving forward to the third equation of gross fixed capital formation, both Ys,
in 1 and 2 lags, as well as K itself at lag 1, have a short-run effect on K. Regarding the
statistical significance; Y(-1) and K(-1) are statistically significant at 5% and 10%, while
the Y(-2) is statistically significant for any level of α. As far as their impact is concerned;
a 1 percent increase in Y(-1) will lead to 2,23 percent increase in K, a 1 percent increase
in Y(-2) will lead to 2,89% decrease in K, and a 1 percent increase in K(-1) will lead to
0,81% increase in K. Overall, the impact of each variable is calculated holding the rest
independent variables constant.
Finally, regarding the REC variable, in the short run, L(-1), REC(-2), and the constant
term impact REC. All the beforementioned variables are statistically significant for
α=5% and α=10%. More precisely, a 1 percent increase in L(-1) leads to 2,45 percent
increase in REC, keeping the rest independent variables constant. However, a 1
percent increase in REC(-2) leads to a 0,42% decrease in REC, while holding the rest
variables constant.
To double check the short-run causality, the Granger Causality Test is
conducted too. In opposition to the previous method, the Granger Causality Test
investigates whether the independent variables, as a whole (without lags), affect the
dependent variable. The null hypothesis that the joint lagged coefficients are equal to
0. Table 19 shows the results of this test.
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Dependent

Independent Lagged Variables

Variable

Constant

Y(-1)

Y(-2)

L(-1)

L(-1)

K(-1)

K(-2)

REC(-1)

REC(-2)

C

Y

1,709292

-1,009995

0,189471

0,164782

-0,023158

0,074024

0,057874

0,094865

-2,405817

Prob.

0,0000

0,0001

0,7041

0,7648

0,7762

0,3495

0,5621

0,2945

0,1708

L

0,073975

-0,090521

0,790065

0,094699

0,001243

0,0008732

-0,023777

-0,004812

2,632136

Prob.

0,4601

0,3241

0,0000

0,6417

0,9670

0,7645

0,5190

0,8851

0,0001

K

2,234110

-2,884739

1,146405

-0,450495

0,818381

0,247619

0,268803

0,239299

-7,225130

Prob.

0,0468

0,0056

0,5750

0,8417

0,0161

0,4444

0,5111

0,5176

0,3139

REC

-0626581

0,721936

-0,901489

2,459707

0,006574

-0,148787

0,099978

-0,425662

7,870051

Prob.

0,2610

0,1581

0,3792

0,0319

0,9686

0,3590

0,6251

0,0236

0,0304

Table 18 Greece; Short-term Impact
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VAR Granger Causality/Block Exogeneity Wald Tests
Dependent
Variable

Chi-sq Y

Independent Variables
Y

L

K

REC

-

2,457016

2,406789

1,769516

0,2927

0,3002

0,4128

-

0,564151

0,498163

0,7542

0,7795

-

1,072796

Prob.
Chi-sq L

1,137647

Prob.

0,5662

Chi-sq K

10,06824

0,848625

Prob.

0,0065

0,6542

Chi-sq REC

2,193147

11,42312

3,886421

Prob.

0,3340

0,0033

0,1432

0,5849
-

Table 19 Greece; Granger Causality

For the first equation with dependent variable of Y, the Granger causality test
shows that any independent variable has causal effect on it. Regarding the second
equation with dependent variable of Labor, again, no causal effect has been found
from the independent variables towards the L. For the third equation with dependent
variable of Gross Fixed Capital Formation, only Y has a causal effect on K, as it is
statistically significant at any level of α. Finally, concerning the last equation of
Renewable Energy Consumption, only the Labor Force has a causal effect on it, as it is
statistically significant at all levels of α.
Summarizing the results for Greece; when the REC variable was used to analyze
the Y progression over the timespan of 30 years, several problems arisen, failing to
create a parsimonious model. Moreover, although insignificant, the omitted test
showed that it must be included in the model. On the other hand, in the second
analysis of Greece, no relationship was found between Y and REC, meaning that the
neutrality hypothesis holds. This may occur due to the selected timespan, as well as
the chosen sources of the renewable energy consumption variable.
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4.4 Comparison of the obtained results to previous studies

In a nutshell, this section presented the results of the beforementioned
methodology for each region. More precisely, for the case of the European Union, a
long-run relationship between economic growth and renewable energy consumption
was found, however, in the short run, only the REC variable affected the GDP,
indicating the conservation hypothesis. Regarding the case of the Balkans, a long-run
relationship was, again, found. However, in the short run, no relationship betwe en the
two was found, indicating the neutrality hypothesis. Finally, regarding the case of
Greece, the variables were not cointegrated in the long-run, nor the short-run,
indicating the neutrality hypothesis.
As far are the results of the European Union are concerned, (Ntanos, et al.,
2018) also found a correlation between the examined variables. However, in their
study, the authors also included non-renewable energy consumption as an
independent variable and examined 25 (instead of 27 in this study) European
countries from 2007 until 2016 (with similar variables as in this dissertation). On the
contrary, (Kasperowicz, Bilan, & Štreimikienė, 2020) indicated the growth hypothesis
when examining 29 European countries from 1995 until 2007. Long-run relationship
among the variables was found by (Smolovi, Muhadinovi, Radonji, & Ðuraškovic,
2020), when examining 28 European countries from 2004 until 2018, and including the
same variables as the analysis above. (Asiedu, Hassan, & Bein, 2021) also found a longrun relationship between renewable energy consumption and economic growth, and
inconsistent results in the short-run, when examined 26 European countries from
1990 until 2018. The variables were examined; economic growth, renewable energy
consumption, non-renewable energy consumption and CO 2 emissions. A different and
interesting study of (Chica-Olmo, Sari-Hassoun, & Moya-Fernández, 2020) in 26
European countries, from 1991 to 2015, showed that the increase of renewable
energy consumption in a country may have a positive effect on the GDP of its neighbor
countries. Diametrically opposite findings were revealed (Menegaki, 2011), who
indicated that the neutrality hypothesis in 27 European countries. In the conducted
model, she included; GDP, percentage of renewable energy consumption in gross
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inland energy consumption, final energy consumption, greenhouse gas emissions and
employment rate (which are not similar to the examined variables of this thesis).
Regarding the case of the Balkans, no papers were found focusing on the exact
same countries, however, several studies were found examining some of them. For
example, for the case of Turkey, (Dogan, 2016) indicated the conservation hypothesis,
in the short-run, and the feedback hypothesis, in the long-run, when examined from
1988 to 2012. Finally, as far as Greece is concerned, as mentioned in the literature too,
it has been included in several panel data papers. As previously discussed, the findings
differ from paper to paper due to different sample sizes, methodologies, and
examined independent variables.

5.Conclusions
Heavily affected by the already observed drawbacks of climate change and its
predicted unavertable damages on the environment (flora and fauna), as well as the
quality of human life, the present dissertation examined the causal relationship, in the
long-run and short-run, between renewable energy consumption and economic
growth. The investigated regions were; the European Union of 27, the Balkans
(including the countries entirely or partially crossed by the Balkans Peninsula), and
Greece. Overall, the dissertation tried to identify the growth hypothesis, the
conservation hypothesis, the feedback hypothesis, and the neutrality hypothesis, for
each region. The chosen variables to analyze the link between the two variables were;
renewable energy consumption, economic growth (GDP), gross fixed capital
formation, and labor force. However, due to data unavailability and the effort of
minimizing the modification of missing data, the timespan differentiated among the
regions. More precisely, the examined period was; for Europe between 1995 and
2019, for the Balkans between 2000 and 2019, and for Greece between 1990 and
2019.
For the case of the European Union, except for a long-run linkage among the
examined variables, the conservation hypothesis was also identified between
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renewable energy consumption and economic growth. Meaning that there is a causal
effect running from GDP to renewable energy consumption. In other words, as the
GDP of the European Union increases, renewable energy consumption rises too. This
may be interpreted as that the rise of the GDP may be oriented towards education,
promoting the environmental consciousness of the European citizens, or that it favo rs
the technological advancement of renewable energy techniques. Regarding the
second case of the Balkans, despite the long-run relationship of the variables, the
neutrality hypothesis was found between GDP and renewable energy consumption.
Meaning that GDP and renewable energy consumption are uncorrelated. Although the
examined regions are members of the Paris Agreement, this may be because they are
highly heterogeneous on socio-economic factors and that the technological
advancements of renewable energy sources manipulation are still young (Kostaa,
Radmilab, & Olgicaa, 2012). Finally, regarding the third region, Greece, no long-run
cointegration was identified between the examined variables, nor a short-run linkage
between renewable energy consumption and economic growth, thus indicating the
neutrality hypothesis. This may be because not enough observations were used
(although Greece had the highest examined period compared to the rest regions). The
neutrality hypothesis in the case of Greece may be because, up until recently, it has
been heavily dependent on lignite. An interesting finding for Greece was that labor
force seemed to affect renewable energy consumption.
Overall, the present dissertation ultimately aims at contributing to the
promotion of renewable energy consumption and the decarbonization of the
examined regions. It is a fact that Europe faces several problems on climate change,
stratospheric ozone depletion, damage of biodiversity, acidification, depletion of
freshwater resources, forest degradation, waste production and management, urban
stress, and chemical risk (European Environmental Agency). Thus, through the
examination of the relationship of renewable energy consumption and economic
growth, the present dissertation aims at assisting, and hopefully influencing, the
responsible decision-makers, on how the appropriate and targeted policies may lead
the examined variables on having a positive impact on each other, in the long- and
short-run. At this point, it must be recognized that the reason why the present
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dissertation may have a real, and impactful contribution, is due to the significant steps
of the European Union (thus the EU member countries) into dealing with its
environmental issues. As far as the Balkans and Greece are concerned, the neutrality
hypothesis shows that further investments have to be implemented to promote
renewable energy consumption to have a significant impact on GDP.

5.1 Limitations

The present dissertation has several limitations that may lead to spurious
results. Starting with the selected timespan of each region, the decision was taken to
avoid missing data assumptions and modification. Each region is examined in different
periods hence they cannot be compared for their results. Although the minimization
of data modification, several countries needed it in the case of the Balkans (Bosnia
and Herzegovina, North Macedonia, Kosovo, and Montenegro). Furthermore,
renewable energy consumption from hydropower is not considered in the analysis
regardless its share to the total renewable energy consumption in the European
Union. Finally, as mentioned before, regarding the analysis of Balkans, in reality it
includes all the countries that are entirely or partially crossed by the Balkan Peninsula,
thus the findings may be contradicted to those who think the Balkans just of Albania,
Bosnia and Herzegovina, Bulgaria, Kosovo, Montenegro, and North Macedonia.
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