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ABSTRACT The world has relied heavily on non-renewable sources in energy production for a long time. Although renewable energy
investment is costly, especially for developing countries, the energy continuity provided by these sustainable sources can lower
investment costs dramatically in the long run. Improvement of factors like economic growth and social welfare are believed to
increase awareness of sustainable energy production. In this context, this paper examines the relationship between renewable
energy production and the economic growth of Germany, and France, which are low energy-dependent countries, and Turkey,
which is heavily dependent on external sources in terms of energy. The paper uses annual data between 1970-2018. The
stationarity of variables was tested with methods developed by Zivot and Andrews (1992), and Enders and Lee (2012).
Cointegration analysis with structural breaks developed by Gregory and Hansen (1996) was used to evaluate the relationship
between variables. The results from the regime shift model indicate that structural reforms caused a significant regime shift in
the relationship between energy production and economic growth in Germany and Turkey whereas the reforms did not lead to
such a shift in France. The results of the causality analysis indicate a unidirectional causality from GDP to RN for Turkey and
Germany.
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1. Introduction

Inventions such as steam motors, turbines, and other electricity-related apparatus let
us prosper by bolstering the Industrial Revolutions and the subsequent boom in our
collective production abilities; however, these inventions were not enough to
commercialize and improve energy production on their own. Advancements like
Faraday’s scientific groundwaork on alternators and other energy production/storage
materials, the abundance of copper, and developments in wiring and energy
distribution techniques enabled humans to push the frontiers of energy production
(Patton, n.d.). Paralleling advancements in hydroelectricity and hydroelectric
production caused a boom in energy production efforts. The emergence of
hydroelectric power plants (HPPs) pushed our production capabilities so far that even
the smallest companies began building their own HPP facilities at the turn of the 20th
century. Countries like France, Germany, and the US aimed to display their industrial
might by showcasing their latest energy production technologies (Serensen, 1991).

The advent of the internal combustion engine and the emergence of non-renewable
energy sources such as kerosene, oil, and diesel opened another page in global energy
production history. Thanks to oil discoveries in the US and the Persian Gulf, the world
began to adopt oil and diesel for industrial use and energy production. The first
studies on energy production emerged during this era. Hubbert King analyzed the use
of petrol and nuclear fuels in his 1956 article “Nuclear Energy and Fossil Fuels” and
proposed the “peak oil” hypothesis, which stated that the world would reach the
highest level of oil production in 1965 and begin a downward trend. With the effects
of the OPEC crisis in the 1970s, the invention of newer technologies, and the
increasing popularity of nuclear sources, the world began to shift its focus from non-
renewable fuels to more renewable and/or economically viable sources. The crisis also
expedited studies on the relationship between economic and energy indicators. The
first paper examining the relationship between energy and economic growth was
conducted by Kraft and Kraft in 1978, who analyzed the causality relationship
between energy consumption and the GNP of the US. Following their seminal paper,
more and more scientists began studying the energy-economy intersection. Works
such as Akarca and Long (1980), Yu and Hwang (1984), Cheng et al. (1995, 1997,
1998, 1999), and Soytas et al. (2001) all examined the energy-economy nexus from
different perspectives.

Recent studies focusing on the relationship between energy consumption (or
production) and economic growth established four categories to define the energy-
economic growth nexus. These are (Squalli, 2007; Chen et. al., 2007; Apergis and
Payne, 2009; Ozturk, 2010):

= Neutrality hypothesis: This suggests that there is no relationship between energy
and economic growth. As a result, the literature argues that countries that display the
neutrality hypothesis should not adopt expansive nor contractive policies concerning
their energy or economy.

= Conservation hypothesis: This indicates a unidirectional causality from GDP to
energy. In case of a one-way causality from economy to energy, the country is assumed
to be energy independent and their energy policies have no negative or positive effect
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on the economy. The hypothesis also correlates economic growth with energy
consumption.

= Growth hypothesis: A unidirectional causality from energy to GDP. In this situation,
any adverse or positive effect coming from energy causes economic output to increase
or decline. In other words, energy serves as a limiting factor in a country’s economic
performance. As shocks to energy translate to fluctuations in GDP, countries, where
the growth hypothesis exists, should adopt calculated approaches to their energy
policies.

» Feedback hypothesis: A bidirectional relationship between economic growth and
GDP. The existence of this hypothesis indicates that economic growth and energy
move at the same time, and perhaps, are jointly affected by other factors.

Numerous papers have been published that aim to test these hypotheses; some
notable examples are summarized in the Literature Review. The majority of the
literature on the energy-economy intersection has focused on the consumption
aspect of energy. According to the neoclassical production function, one of the
important factors of production is energy consumption. By employing an energy
production standpoint, we intend to better reflect economic output with energy
capabilities. For this purpose, we analyzed the relationship between energy
production and economic growth for the period 1970-2018 in Germany, France, and
Turkey.

Germany has made significant progress in terms of renewable energy production
within the European Union countries while also taking major steps to protect the
environment and use more renewable energy sources with the Renewable Energy law,
which entered into force on January 1, 2021. Compared to other European countries,
France cannot use its renewable energy production potential very efficiently
compared to other European countries. There are only a small number of photovoltaic
and wind production facilities which output a minute amount of energy. Despite this,
the country is ahead of others in terms of renewable energy production through the
application of economic policies that encourage renewable energy production
(Kuldzii, 2005). Turkey shows similarities with France in terms of energy potential,
physical and demographic structure and has taken important steps towards
improving its renewable energy production over the last decade. Renewable energy
production in Turkey has shown a 20 percent growth in 2020 compared to the
previous year. However, considering that the country imports approximately 74
percent of its energy consumption, Turkey needs additional policies to allocate
resources to renewable energy production. The European Union aims to increase the
share of renewable energy production in the energy supply. In accordance, Turkey has
taken remarkable steps for efficient use of renewable energy sources (T.C. Avrupa
Birligi Bakanhgi, 2014). In this context, we conducted a comparative analysis of the
relationship between economic growth and renewable energy production for
Germany, France, and Turkey by employing methods that assume and examine the
existence of smooth breaks. In doing so, we aim to reflect the transitional nature of
energy production and economic growth.

Following the introduction, we will provide a brief overview of the countries in our
sample which will be followed by a summary of recent literature. Then, we will focus
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on our data and methodology. We will provide results of our analysis results and the
article will conclude with a brief discussion of these results.

2. Country Information

The study utilizes annual data between 1978 and 2018 from Germany, France and
Turkey. The following chapter lays out the historical framework of the countries in
this study. The combined GDP and renewable energy production graphs for Germany,
France and Turkey are provided in Figure 1-3, respectively.

Germany's introduction to renewable energy sources was in 1974 after the OPEC
crisis. The country focused its resources almost solely on research and development
for 15 years. Following a brief period of decline, Germany expeditiously shifted its
focus from nuclear energy to alternative sources after the Chernobyl accident in 1986.
Ensuing public discontent pushed the government at the time to direct the country’s
energy production to greener resources. The German government began subsidizing
photovoltaic and wind technologies in the 90s. In 2001, the country decided to phase
out its nuclear energy production facilities (Lauber, 2004). Germany, pledging to
reduce its GHG emissions under the Kyoto Protocol and the EU regulations, enacted
a green tax reform in 2003. The bill raised taxes on mineral oils like petrol, diesel,
natural gas, and other fuels from mineral sources except for coal and nuclear energy-
producing facilities that meet a certain level of efficiency. Energy production and
awareness have been at the heart of Germany’s political arena since 2004, and in
2010 the German government introduced its “Energiekonzept,” which featured very
ambitious goals for Germany’s future such as cutting the country’s GHG emissions by
40 percent by 2020, and by at least 80 percent until 2050 (Hake, 2015).
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Figure 1. Germany’s Renewable Energy Production and GDP between 1970-2018

France’s debut in renewable energy production dates back to the 1950s. After WWII,
the country constructed numerous hydropower plants. They were followed by solar
power projects such as Themis Solar Plant in the 1970s. Despite their rapid
development in renewable energy, France relied heavily on nuclear power. After the
OPEC crisis, they began prioritizing nuclear energy. Aiming to gain its independence in
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energy after a series of oil shocks, France built around 60 nuclear power plants
between 1970 and 1990. Similar to Germany, France also began phasing out its
nuclear efforts in recent years. Since the early 2000s, France has expedited its efforts
in renewable energy production. The energy production from wind and solar power
increased by up to 25 percent. The country also uses biomass-generated power,
which accounts for almost half of the total energy output (Rohwer, 2017). In 2014,
the French government passed a law to promote the use of sustainable and eco-
friendly energy sources (Patel, 2014). The bill aims to decrease taxes and offer low-
interest loans. Former French president Francois Holland stated that the country
aims to decrease the share of nuclear energy in total production down to 50 percent
from the current value of approximately 75 percent (Irfan, 2015).

France
3500
3000
2500
2000
1500
1000
|” 500
I nninnntl -------ll-lllllll'lllllll 0
< O 0 O AN < W0 O N & VWO o AN & VWO N < W
N IS IS 00 00 00 000 O O O O OO O O O O O o o o
A OO OO OO O O O OO OO OOy OO OO OO OO O O o
™ o A e AN AN AN AN AN NN NN
mm Renewable Production(TwH) GDP(billions USDS)

Figure 2. France’s Renewable Energy Production and GDP between 1970-2018

Turkey’s renewable history begins with experimental hydroelectric plants built at the
turn of the 20th century. After a brief pause during WWI, the newly established
republic amped up the efforts to bolster its energy production. The country had
approximately 50 plants generating up to 110 GWh of electricity at the beginning of
the 1930s. Turkey continued its efforts to increase its energy production and bring
electricity to more households. The country established numerous institutions to
promote and regulate the energy sector. Around the 1970s, Turkey began
consolidating its production capabilities under one roof. It launched the Southeastern
Anatolia Project (GAP) which foresaw the construction of 13 HPPs in its rich water
sources in the southeastern region. The energy in Turkey encountered an impactful
transition in 1982 when all local and regional facilities not covered by the prior
decision were transferred to the Turkish Electricity Authority (tr. Tarkiye Elektrik
Kurumu, TEK). The TEK's monopoly over energy ended in 1984 when the government
introduced a law privatizing the energy sector (OECD). The same decision also pushed
the use of thermal resources in electricity generation into the spotlight. Turkey began
investing in geothermal facilities and until 1997, remained dependent on renewable
resources for energy. The agreement with Iran in 1996 secured approximately three
million cubic meters of natural gas (Hepbasli, 2004). This shifted the country’s focus
from hydroelectric and geothermal production but as part of its EU negotiations, the
country began prioritizing solar and wind energy in 2003 (Ozkaya, 2004). The
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following decade saw numerous investments in solar and wind power facilities.
Although the majority of this is still generated by hydroelectric facilities, the country
aims to generate close to 60,000 MWh from renewable sources by 2023 (Karagdl,

2017).
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Figure 3. Turkey’'s Renewable Energy Production and GDP between 1970-2018
3. Literature Review

The relationship between energy and economic growth has been studied extensively
for the past 40 years. A selection of recent studies carried out in the field is
summarized below.

Apergis and Payne (2010) analyzed the connection between renewable energy and
the economic growth of OECD countries using data between 1985 and 2005. The
panel data integration and error correction models showed a long-run relationship
between GDP, renewable energy consumption, real gross fixed capital formation and
labor force. The Granger causality test indicated a bidirectional relationship between
renewable energy and economic growth.

Tiwari et al. (2014) analyzed the relationship between renewable and non-renewable
energy production in 12 Sub-Saharan countries and found mixed unidirectional
causalities with hidden cointegration test. The results point to the growth hypothesis
in some countries while indicating a conservation hypothesis for both renewable and
non-renewable energy production.

Kazar and Kazar (2014) examined the relationship between renewable electricity
generation and economic growth for 154 countries using data between 2005 and
2010 using Granger causality. Their analyses showed that economic development will
lead to higher renewable energy production, confirming the conservation hypothesis.
After separating the sample according to their human development index score,
analyses of subsamples show that there are no causality relationships for countries
with very high development values while pointing to a bidirectional relationship for
countries with mid-level development scores.
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Bhattacharya et. al. (2015) investigates the renewable energy-economic growth
nexus for 38 counties using panel cointegration and causality tests. Their results
show no relationship between renewable energy consumption and economic growth.

Destek and Aslan (2017) studied the relationship between renewable and non-
renewable energy consumption and economic growth in 17 emerging economies
between 1980 and 2012 using bootstrap panel causality analysis. In terms of
renewable energy, the results confirmed the growth hypothesis for Peru; the
conservation hypothesis for Thailand and Columbia; the feedback hypothesis for
Greece and South Korea; and the neutrality hypothesis for the other 12.

Ding et. al. (2017) examined the relationship between renewable energy production
and economic growth for Turkey by using Johansen cointegration, vector error-
correction model (VECM), Granger causality analyses. Their findings indicate that
there is a short and long-run unidirectional causality from GDP growth to renewable
energy production in the case of Turkey, which confirms the existence of conservation
hypothesis.

Zafar et. al. (2018) analyzed the relationship between non-renewable and renewable
energy consumption and economic growth for Asia-Pacific Economic Cooperation
(APEC) countries. The paper used the Westerlund cointegration test and
Continuously-updated Fully Modified OLS(CUPFM) tests to investigate the
relationship between 1990 and 2015. The results indicate that there are bidirectional
causalities between renewable and non-renewable energy consumption, and
economic growth.

Danish et. al. (2018) studied the relationship between energy production, economic
growth and CO2 emissions of Pakistan using the Johansen cointegration test, ARDL
approach and Granger causality. Their results indicate the existence of a cointegration
relationship between the variables however, the causality analysis showed no
evidence of a relationship between energy production and economic growth.

Ntanos et. al. (2018) examined the relationship between renewable energy
consumption and economic growth of 25 European countries applying cluster
analysis and ARDL approach to data between 2007 and 2016. The results indicate a
high correlation between renewable energy production and economic growth.

Singh, Nyuur and Richmond (2019) used data between 1995 and 2016 from 20
developed and developing countries to investigate the relationship between
renewable energy production and economic growth. The study employed the Pedroni
panel cointegration test and the FMOLS method, which revealed that renewable
energy production is associated with economic growth, and its impact varied between
developed and developing countries.

Since there are very few studies focusing on the relationship between renewable
energy production and economic growth, it is thought that this study will expand the
literature on the subject with a new perspective.

4. Analysis

4.1. Data and Model
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In this study, the relationship between renewable energy production (RN) and
economic growth (G) data of Germany, France, and Turkey was analyzed for the period
between 1970 and 2018. The studied data were obtained from the World Bank’s
Database and BP’s Statistical Review of World Energy dataset. Logarithms of
renewable energy production (LNRN) and economic growth (LNG) were included in
the analysis to obtain measurable results with certain elasticity and to ensure
homogeneity between variables. The effect of LNG on LNRN was investigated by
using the following model for each country:

LNRNt = ﬁo + ﬂlLNGt + &t (1)

The missing observations of Turkey between 1980 and 1982, which are most likely
due to the transient environment resulting from the military coup in 1980, were
calculated through the extrapolation method (Durlauf, et al., 2005).

4.2. Methodology

The stationarity of variables was tested with methods developed by Zivet and
Andrews (1992), and Enders and Lee (2012). Zivot and Andrews ADF test with single
breaks (ZA) (1992) was used to determine the susceptibility of the series to structural
breaks. Fourier ADF method (EL), developed by Enders and Lee (2012), was used in
conjunction with the Zivot and Andrews’ ADF test to validate the results of the ZA
test. Unlike ZA, the Fourier ADF makes no assumptions about the structural breaks
in a series i.e., whether they are sharp or not, so it performs very well if structural
breaks occur with smooth transitions. The EL Fourier ADF test allows a structural unit
root analysis for up to three frequencies. For this reason, the EL Fourier ADF test was
included in the structural break unit root analysis of our variables. Thus, an analysis
can be made without the need for prior knowledge and assumptions about the
structural break dates. As the variables contain trends, constant and trend models
were preferred as deterministic variables. The equations of the ZA ADF and EL Fourier
ADF tests with constant and trend are expressed as (Zivot and Andrews, 1992; Enders
and Lee, 2012):

ZA ADF Test

AY; = a¥p—y + po + fot + 1 DU +B1 DT, + X, pgAYe—g + 6, ()
where DU, =1, DT, =(t—T,), t>Th

tand T, denote time and break date, respectively,

EL Fourier ADF test

Y, = aY_q + po + Pot + Xioy asin(2mkt /T) + Xy by 9 cos( 2kt /T)+ Xi, pgAYe_q +

5 (3)

ndenotes the number of frequencies and k is a specific frequency. In the study, the
maximum number of frequencies was taken as 3 and the results obtained with the
optimum frequency were reported in Table 1.

After testing the series for unit root, the cointegration relationship between the
variables was analyzed with the Gregory-Hansen (1996a, 1996b) cointegration test
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with a structural break. This test is a single structural break cointegration method
that can examine the cointegration relationship between variables in the presence of
a structural break with four different models. Our study uses two of them, level and
trend shift, and regime and trend shift models. The equations for the tests are
provided below (Gregory and Hansen, 1996a: 103; Gregory and Hansen 1996b:556):

Model 1: Level and trend shift model;

Ve =Bo+ Prp + art +Vix + € (4)
Model 2: Regime and trend shift model;

Ve = Bo + Brope + art + Vix, + Vo (xe@r) + a2 (tp,) + € (5)
@; is dummy variable of the models and is defined as

_{0, t<T,
Pe=11,  t>T,

T, denotes break date. The null hypothesis of the test is “There is no cointegration
relationship between series under structural breaks. The critical values required to
test this hypothesis were calculated using Monte Carlo simulation by Gregory and
Hansen (1996a, 1996b). The long-term relationship between the variables was
analyzed using the Fully Modified Ordinary Least Squares (FMOLS) method (Phillips &
Hansen, 1990).

The causality relationship between the variables was examined by the Fourier
Granger causality analysis (Enders & Jones, 2016). In a situation where there are
structural breaks with unknown form, date, and/or number, the Fourier approach
assumes the existence of smooth shifts. The Fourier Granger causality equation can
be expressed as (Enders and Jones, 2016);

. 2mkt 2mkt
Y = ag + X1 Yik sm(—T ) + Yk=1 Y2k COS(—T )+ aYe g+t apY, + BiXe g +
ot BuX (6)

n is the number of frequencies, k represents frequency, and y;x and v, denote
trigonometric frequencies.

5. Findings
5.1. Results of the Unit Root Tests

Unit root results are presented in Table 1.

Upon examining Table 1, we can see that the series contain unit root at level but
become stationary when their first differences are taken. This indicates that shocks
to the level variables are not temporary.

The break dates in the table represent shocks to the series, so we should take a closer
look at the specified dates. The shock to Germany’s LNRN is probably due to the
latent effects of Germany’'s new tariff/subsidy on renewable energy and the
agreement between the German government (BDI), VIK, and VDEW, which both took
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Sharp Shift

Zivot and Andrews
-3.5264

-4.46

-7.8747%**
-5.7641***

Zivot and Andrews
-3.7171

-3.6494

-7.1811%**
-5.9915%**

Zivot and Andrews
-3.2638

-3.6929

-9.6032***
-8.3598***

10

place in 1979. The break in LNG is most likely a result of Germany’s increased
economic reforms and other circumstances that led to the eventual fall of the Berlin
Wall, the culmination of economic recovery from the oil crisis, the boom of the West
German economy, and decreased state visibility in the market after the changes of
the new government, elected in 1982.

The break dates of France’s GDP can be explained by the OPEC crisis in the 70s and
the economic decisions of Mitterrand’s government. The effects of compounding
economic crises and the global wave of deregulation pushed the French government
to first assume and then abandon dirigisme, characterized by a strong government
presence in the market. The most prominent events in this process are the
implementation of the ninth and tenth economic plans in 1986 and 1988, which
aimed to improve France’'s economy and devoted plenty of resources to employment
and R&D programs (Sachs et. al. 1986) (Advameg NE). The shift in renewable energy
can be best explained by the EC Directive on energy production in Europe that took
place in 1997, which affected the French energy sector as France’s EDF (Electricité de
France) lost its privileges in the country (Bergman et. al., 1999).

Finally, Turkey’s break date in renewable energy is likely a result of the consolidation
of energy production facilities in 1981 under the TEK, and the re-privatization of these
projects in 1985 (OECD). The break date in GDP can be explained by the recovery from
the economic crisis in 2001 and the economic reforms brought on by the new
government.

Smooth Shift

B CV (%5) EndersandLee k CV(%5)
1980 -5.08 -3.5323 2 -4.05
1989 -5.08 -2.2245 3 -3.78
1991 -5.08 -6.9359*** 1  -4.35
1985 -5.08 -5.0512*** 3 -3.78
B CV (%5) EndersandLee k CV(%5)
1997 -5.08 -3.1514 1 -4.35
1989 -5.08 -2.379 3 -3.78
2005 -5.08 -3.9227* 2 -4.05
1984 -5.08 -5.0708*** 3 -3.78
B CV (%5) EndersandLee k CV(%5)
1981 -5.08 -1.0699 3 -3.78
2003 -5.08 -3.2701 3 -3.78
1985 -5.08 -8.5079*** 3 -3.78
1985 -5.08 -5.3116*** 3 -3.78

Note: *, ** and *** denote stationarity at 10%, 5%, and 1% significance levels, respectively. In unit root analysis (EL), the maximum lag length was chosen
as 2 and the optimal lag length is determined according to the significance level of the t-statistic.

Table 1. Unit

Root Test Results
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5.2. Results of the Cointegration Test

The results of the Gregory-Hansen (1996a; 1996b) cointegration test with a single
structural break are provided in Table 2.

When we check the results of the GH cointegration test, it becomes apparent that
there are cointegration relationships between the variables. The structural break
dates were calculated using ADF and Phillips-Perron (Z;) tests.

The break dates in Germany’s variables are, again, most likely due to the series of
reforms that were implemented during the early 1990s by the German government.
France’'s expedited renewable energy production agenda of the 2000s can be
attributed to the break in 2004, and Turkey’'s break can be a result of economic
recovery from the transient environment created by the 1980 military coup and
economic reforms in the early- to mid-80s, or correction of data irregularities due to
the same reason.

Germany ADF Break Date Zt Break Date
Level and Trend Shift -8.633*** 1991 -8.727** 1991
Regime and Trend Shift -8.836*** 1992 -8.931** 1992
France ADF Break Date Zt Break Date
Level and Trend Shift -5.154** 2004 -5.209** 2004
Regime and Trend Shift | -6.474*** 2004 -7.149** | 2005
Turkey ADF Break Date Zt Break Date
Level and Trend Shift -8.845*** 1982 -8.922** 1982
Regime and Trend Shift = -9.731** 1982 -11.76*** | 1985

Critical Values for ADF and Zt tests with one independent variable (m=1)

%1 %5 %10
Level and Trend Shift -5.13 -4.61 -4.34
Regime and Trend Shift  -6.02 -5.50 -5.24

Note: Critical values are taken from Gregory-Hansen (1996a; 1996b) Table 1. *, ** and *** denote the rejection of the null hypothesis at 10%, 5%, and 1%
significance level, respectively.

Table 2. The results of the cointegration test with a single structural break

5.3. Results of the long-term cointegration coefficient estimation

The long-term relationship between variables with the existence of cointegration
relationship is analyzed by using the Fully Modified Ordinary Least Squares (FMOLS)
(Phillips & Hansen, 1990) method and the results are presented in Table 3.

When the figures in Table 3 are examined, it is clear that while the relationship
between renewable energy production and growth befare the structural break was
statistically insignificant in Germany, there was a serious regime shift after the break
in which one percent increase in growth caused an increase of 4.94 percent in
renewable energy production. This indicates that the renewable energy reforms in the
early 1990s had a major impact on the relationship between the two variables.
Similarly, France’'s growth elasticity of renewable energy generation increased as a
result of the country’s sustainable energy efforts during the 2000s. In Turkey, a
negative and statistically insignificant relationship between the two variables
became positive and significant after 1985. From this, we can also deduce that the
increased awareness on the importance of renewable energy production in Turkey
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LNGGermany
Constantgermany
LNG * DTGermany
DT1991
DT1992

LNGFrance
Constantp,quce
LNG = DTFrance

DT3g04
DT3g04

LNGTurkey
Constantry,yey
LNG * DT 1yriey

DT 19>
DT 1985

2
R Germany
2
R France
2
R Turkey
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has led to a significant regime change. The results of our analyses concur with our
literature as there is a cointegration relationship between variables for each country.

FMOLS (Level and Trend Shift) FMOLS (Regime and Trend Shift)

Coefficient
1.4735**

-40.305**

1.153

0.3863**
-9.9516**

1.8457***

2.09***
-53.436***

-2.6447***

0.70

0.86
0.71

t- stat Coefficient t- stat
2.2453 0.2801 0.834
-2.244 -7.4302 -0.806
-—-= 4,943 1%** 6.186
1.51
-—— -138.8860*** -6.107
2.196 0.384** 2.366
-2.063 -9.900** -2.221
-—-= 4.057* 1.918
6.088 = ==
-—-= -114.175* -1.887
6.443 -0.5312 -0.644
-6.677 10.2368 0.507
-—-- 2.9213%** 3.290
-3.077
-—-- -73.9926*** -3.349

0.91

0.87

0.81

Note: *, **, *** denote that the coefficient is significant at 10%, 5% and 1%, respectively.

Table 3. The long-term cointegration coefficients

ECTt—l,Germany
t statistic
ECTt—l,France
t statistic
ECTt—l,Turkey
t statistic

5.4. Short Term Analysis

The short-term coefficients have been estimated by the error correction model. The
one-period lagged values (Error Correction Term: ECT.1) of the error term series were
obtained using the long-term analysis with the systematic approach and the results
are given in Table 4.

According to the results, we can see that the short-term deviations disappear in the
long term and the series converge at their long-term equilibrium values. This also
shows that there is a long-term causality relationship between variables. The short-
term deviations of approximately 37, 19 and 1 percent for Germany, France and
Turkey, respectively and they all recede in the first period.

ALNRN ALNG
0.371** -0.056***
1.916 -3.868
0.186* -0.075***
1.613 -4.714
-0.014** 0.007***
-1.714 2.899

Note: ¥, **, *** denote that the coefficient is significant at 10%, 5% and 1%, respectively.

Table 4. Error Correction Models

5.5. Fourier Granger Causality Test

The causality among the variables was tested with the Fourier Granger causality
approach which introduces trigpnometric functions in the presence of a smooth
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Causality
GDP to RN
RN to GDP
GDP to RN
RN to GDP
GDP to RN
RN to GDP

Germany

France

Turkey
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2.964
0.919
3.314
3.772
5.055

break. The Fourier Granger causality results (considering only the single frequency)
are reported in Table 5.

The results in Table 5 indicate that there is unidirectional causality from growth to
renewable energy in Turkey and Germany in the short term but there is no causal
relationship in France. These results support the conservation hypothesis for Turkey
and Germany, and the neutrality relationship in the case of France. Our results are
similar to those of Tiwari et. al. (2014), Kazar and Kazar (2014), Bhattacharya et. al.
(2016) and Ding et.al. (2017), and differ from other studies in the literature review
due to mixed results.

Wald Test p-Valuea p-Valueb k p
0.085* 0.092* 11
0.338 0.352 1 1
0.191 0.209 3 2
0.152 0.156 3 2
0.025** 0.026** 3 1
0.798 0.795 3 1

0.065

Note: *, ** and *** denote causality at 10, 5, and 1 percent significance levels, respectively. Maximum & and p are calculated as 3 and 2, respectively.
Optimal kand p are then determined by the Akaike information criterion. p-Value® represents the asymptaotic chi-square distribution with pdegrees of
freedom. p-Value® shows the bootstrap distribution with 1000 replications.

Table 5. Fourier Granger Causality Test Results

6. Conclusion

The adverse effects of climate change lead countries to the production of renewable
energy. The relationship between economy and energy, namely its renewable aspect,
has been studied extensively throughout history. Some researchers categorized the
economic growth-energy nexus into four different hypotheses. Using the data of
Germany, France and Turkey between 1970 and 2018, we examined the causal
relationship between renewable energy production and economic growth. This article
aims to expand the literature on the topic from a new perspective, as there are only a
small number of studies focusing on the relationship between renewable energy
production and economic growth. Our results indicate that there is a cointegration
relationship between renewable energy production and economic growth for all
countries. The long-term estimates show that the countries were affected positively
by the regime changes and the results of causality analysis reveal that there is
unidirectional causality from GDP to RN in Germany and Turkey, which proves the
existence of conservation hypothesis, and no causality in France, proving the
neutrality hypothesis. Specifically, the renewable energy reforms in the early 1990s
caused a schism in the relationship between GDP and RN paositively in Germany.
Likewise, France’s growth elasticity of renewable energy generation increased after
the country’s reforms on sustainable energy production during the 2000s. In Turkey,
increased awareness on the importance of renewable production after 1985 has to
led to a significant regime change. Consequently, the relationship between GDP and
RN became positive and statistically significant. Our analyses show that as a country
prioritizes renewable energy production and innovation of renewable technologies,
its economic growth begins to have a more positive effect on renewable energy
production and governments begin to invest in and develop their renewable energy
production capabilities, notably because of the environmental awareness increases
and easier financing of start-up cost. This effect becomes more pronounced with
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further investments in the area. Therefore, governments should not avoid renewable
technologies for high implementation costs as their long-term yields outweigh short-
term setbacks, and the increase in renewable energy production will reduce external
dependency on energy and the energy production and economic growth will begin to
mutually affect each other. At the same time, the government revised policies
containing restrictions such as taxes, price increases and bureaucratic obstacles that
can be applied to renewable energies will stop the loss of welfare in the country.
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