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DOES A POSITIVE RELATIONSHIP BETWEEN RENEWABLE ENERGY
INVESTMENT AND REAL GDP OF COUNTRIES REALLY EXIST?

SUMMARY

The growth hypothesis suggests that an increase in energy consumption causes an increase in
real GDP. In this study, the association between real GDP and renewable energy investment
are examined. The local nature of renewable energy resources is one of special importance for
sustainable energy due to the fact that their countries reduce dependence on external energy
sources and they are continuous and clean energy sources. For this reason, the contribution of
renewable energy in global final energy production was 8.5% in 2013 while the incentives for
the dissemination of renewable energies in many countries of the world increased from 19.1%
in 2014 to 23.7% in 2015. This situation shows that approximately one fifth of the energy
consumed in the world (1/5) is met from renewable sources. The reason why the issue is so
important is the two major problems facing the world, especially economic reasons. One of
them is the problem of sustainable development which is a socio-economic problem and the
other is the problem of global warming and climate change. Developed and strong economic
structures have begun to find solutions to the energy problem by making necessary structural
changes in their economies and by establishing international organizations on the other hand,
and have taken measures by making some plans. Thus, energy is at the heart of the economic
development to ensure sustainable development. It is not possible for countries that cannot
solve the energy problem to reach their economic targets and to establish their social balances.
Although countries meet their energy needs with two different vehicles, renewable and non-
renewable energy sources; the unstable distribution of non-renewable energy resources around
the world, the high cost of supply for countries without such resources, and the limited
availability of fossil fuel reserves make renewable energy both necessary and compulsory. In
this study, a long-standing issue of energy-economic growth relation is investigated. Firstly,
the theoretical background of this relation is introduced and discussed in the literature review
section. Then, after gathering data, panel data model is used to detect this relation. In the panel
data analysis, due to the multicollinearity, renewable energy and non-renewable energy are
separately handled. Results reveal that there is no statistically significant relationship between

energy and GDP.
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YENILENEBILIR ENERJI KAYNAKLARI VE GSYIH ARASINDA GERCEKTEN
POZITIF BiR ILISKi VAR MIDIR?

OZET

Teknik olarak, enerji; is yapma yetenegi olarak ifade edilir. Is yapabilme yetenegi, maddelerin
tasinmasina veya degismesine neden olarak hayati faaliyetlerin siirdiiriilmesine ve
kolaylastirilmasina katkida bulunur. Nitekim 18. yiizyilin ikinci yarisinda Ingiltere’de baslayan
ve daha sonra kisa stirede ABD ve Avrupa’ya yayilan Endiistri Devrimi, en 6nemli enerji
kaynag1 olan komiirle gerceklestirilebildi. O donem refah seviyelerinin artmasi ve iilkelerin
gelismesiyle vazgecilmez bir unsur haline gelen enerji, zaman i¢inde sadece ekonomik bir
tartisma olmaktan ¢ikmis ve diplomasi, hukuk ve jeopolitik gibi kavramlari i¢ine alarak ¢ok
genis bir goriis kazanmistir. Bu noktada, enerji tiretimi ve tiiketimi, kalkinmadaki en temel
gostergelerden biri olarak kabul edilir. Enerji ihtiyaglarini karsilamak i¢in kullanilan kaynaklar
esas olarak; yenilenebilir enerji kaynaklari ve yenilenemez enerji kaynaklar: olarak iki gruba
ayrilir. Yenilenebilir enerji kaynaklari; giines, riizgar, jeotermal hidroelektrik, biokiitle enerjisi
ve dalga enerjisi olarak siniflandirilirlar. Yenilenemeyen enerji kaynaklari ise; Ham Yag, Dogal
Gaz ve Komiir olarak gruplandirilirlar. Fosil yakitlarda komiir ilk agamada bir 1sitma kaynagi
olarak ortaya ¢ikmis, ancak buhar motoru ile bir yenilik kaynag: haline gelmistir. Siv1 olarak
taginmasi ve depolanmasi daha kolay oldugu ve birim agirlik basina komiirden ¢ok daha fazla
181 Urettigi igin, 20. yiizyilin basindan beri petrol, komiirden daha 6n planda yer almistir.
Ilerleyen siire zarfinda niikleer, baz1 iilkelerin giindemine 6nemli bir enerji kaynagi olarak
girmeyi basarmustir. Ozellikle II. Diinya Savasi'ndan sonra, Avrupa iilkeleri petrol
bagimliliginin yol agtig1 sorunlar hafifletmek ve komiir kullaniminin yol agtig1 ¢evresel zarari
azaltmak i¢in niikleer enerjiye yoneldi. Bu baglamda, 1957'de Roma Antlasmasi imzaland1 ve
Atom Enerjisi Toplulugu kuruldu. Yenilenebilir enerji kaynaklarinin ise dogal yapisi,
tilkelerinin dis enerji kaynaklarina bagimlilig1 azalttig1 ve siirekli ve temiz enerji kaynaklari
oldugu i¢in siirdiiriilebilir enerji icin 6zel bir dneme sahiptir. Biiylime hipotezleri, enerji
tiiketimindeki bir artisin reel GSYIH'de bir artisa neden oldugunu ileri siirmektedir. Dolayistyla
bu ¢alismada, reel GSYIH ile yenilenebilir enerji yatirimlar1 arasindaki iliski incelenmistir.
Yenilenebilir enerjinin kiiresel nihai enerji tiretimine katkis1 2013 yilinda% 8,5 iken, diinyanin

bir¢ok iilkesinde yenilenebilir enerjilerin yayilmasina yonelik tesvikler 2014 yilinda% 19,1'den
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2015'te% 23,7'ye yiikselmistir. Diinyada tiiketilen enerjinin yaklagik beste biri (1/5)
yenilenebilir kaynaklardan karsilanmaktadir. Yenilenebilir enerji tiiketiminin pay1 genel olarak
giiniimiizde yenilenemez enerjiye gore diisiik kalsa da, yenilenebilir enerji kaynaklart ile
ckonomik biiyiime arasindaki iliski akademik ¢evrede sicak bir tartisma olmustur. Sorunun bu
kadar 6nemli olmasinin nedeni, diinyanin ekonomik nedenli, kars1 karsiya kaldigi iki biiytlik
sorundan kaynaklanmaktadir. Bunlardan ilki, sosyoekonomik kalkinma sorunuyken, digeri ise
kiiresel 1sinma ve iklim degisikligi sorunlaridir. Gelismis ve giiclii ekonomik yapilar,
ekonomilerinde gerekli yapisal degisiklikleri yaparak ve diger yandan uluslararasi orgiitler
kurarak enerji sorununa ¢6ziim bulmaya baslamis ve cesitli planlar yaparak bu konuda énlemler
almiglardir. Bu sebeplerden otiirii, enerji; siirdiiriilebilir kalkinmay1 saglamak i¢in ekonomik
kalkinmanin merkezinde yer alacaktir. Enerji sorununu g¢dzemeyen iilkelerin ekonomik
hedeflerine ulasmalar1 ve sosyal dengelerini kurmalari miimkiin degildir. Ulkelerin enerji
ihtiyaclarin1 yenilenebilir ve yenilenemeyen enerji kaynaklar1 ile karsilamasina ragmen;
diinyada yenilenemez enerji kaynaklarinin dengesiz dagilimi, bu tiir kaynaklara sahip olmayan
iilkeler icin yiiksek tedarik maliyeti ve fosil yakit rezervlerinin sinirli olmasi, yenilenebilir
enerjiyi hem gerekli hem de zorunlu kilmaktadir. Bu c¢alismada, uzun vadede yenilenebilir
enerji ve kisi basina diisen GSYH bir arada bulunup bulunmadigi incelenmektedir. Bunu
yapmak ic¢in ¢alismada temel olarak 4 adet arastirma sorusu ele alinarak, cevaplanmaya
calisilmistir: “Reel GSYIH ile yenilenebilir enerji yatirrmi arasinda istatistiksel olarak anlamli
bir iligki mevcut mudur?”, “Mevcut ise, iliski negatif midir pozitif midir?”, “Yenilenebilir ener;ji
yatirimlarinin reel GSYIH iizerindeki etkisi ne kadar énemlidir?”” ve son olarak “’Panel veri
yontemi, yenilenebilir enerji yatirimlari ile reel GSYIH arasindaki iliskiyi hesaba katmak igin
dogru bir yontem midir?” Bu ¢alismada uzun zamandir devam eden bir enerji-ekonomik
biiyiime iliskisi konusu incelenmistir. Tlk olarak, bu iliskinin teorik arka plam literatiir inceleme
boliimiinde tanitilmis ve tartisilmistir. Daha sonra veri toplandiktan sonra bu iliskiyi saptamak
icin panel veri modeli kullanilmistir. Arastirma sorularmmi cevaplamak igin Oncelikle
esbiitiinlesme testine bagsvurulmustur. Esbiitiinlesme testi yapmak i¢in de, kontrol degiskeninin
yani sira isgiicli, yenilenemeyen enerji, yatirim gibi yenilenebilir enerji ve kisi basina diisen
GSYIH duraganligi kontrol etmek igin test edilmistir. Bu nedenle, birim kok testi esbiitiinlesme
testinden Once uygulanmistir. Panel birim kok testlerinde, dncelikle paneli olusturan kesitlerin
arasinda bir iligki olup olmadig arastirilmis, bu noktada, panel veri birimi kok testleri, birinci
ve ikinci nesil panel veri testlerine gore ayrilmistir. Birinci nesil panel veri testlerinde kesitsel
birimler arasinda bir iligski yoktur, ikinci nesil panel birim kok testleri ise kesitsel birimlerin

birbiriyle iliskili oldugu varsayilmaktadir. Bu nedenle, kesitsel bagimlilik testi yapilmis ve bu
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testin sonuglaria gore birim kok testi uygulanmistir. Esbiitiinlesme testinden sonra, kisa ve
uzun vadeli parametreler ortalama grup tahmincisi yontemi ile tahmin edilmistir. Bu
caligmadaki panel verileri de tipik olarak birkac yatay boliimiin zaman serisi gozlemlerini
iceren verileri ifade eder. Bu nedenle, panel verilerindeki gézlemler en az iki boyut igerir; 1 ile
gosterilen boliimiin biiyiikliigii ve t ile gosterilen zaman dizisi blytlikligiidiir. Hem iilkelerin
hem de zaman serilerinin kesitleri mevcut oldugundan, panel veri analizi kullanimi uygun
goriilmistlir. Daha sonra veri toplandiktan sonra bu iligskiyi saptamak i¢in panel veri modeli
kullanilmistir. Panel veri analizinde, ¢ok kutupluluk nedeniyle, yenilenebilir enerji ve
yenilenemez enerji ayri olarak ele alinmaktadir. Calismalar tekrar isaret etmistir ki; enerji
strdiirtilebilir kalkinmay1 saglamak i¢in ekonomik kalkinmanin merkezindedir. Bu ¢alismada
uzun zamandir siiregelen bir enerji-ekonomik biiyiime iliskisi konusu irdelenmistir. Ilk olarak,
bu iligkinin teorik arka plani tanitilmis ve tartisilmistir. Daha sonra veri toplandiktan sonra bu
iligkiyi saptamak i¢in panel veri modeli kullanilmistir. Panel veri analizinde, ¢ok kutupluluk
nedeniyle, yenilenebilir enerji ve yenilenemez enerji ayri olarak ele alinmaktadir. Sonuglar,
enerji ve GSYIH arasinda istatistiksel olarak anlamli bir iliski olmadigin1 ortaya koymaktadir.
Bu sonug, daha sonraki ¢aligmalarda, iiretim verileri yerine enerji tiiketim verilerini igererek
tyilestirilebilir. Ayrica, tilke sayis1 arttirilabilir ve zamana bagli olarak zaman ufku uzatilabilir.
Sonug olarak, enerji kaynaklari, yenilenemez ve yenilenebilir enerji arasinda higbir iligki
olmadigi ve 1990-2016 dénemi i¢in yatirimin ve iggiliciiniin etkisini kontrol ettikten sonra bile

GSYIH iizerinde etkisinin tespit edilmedigi goriilmektedir.
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1. INTRODUCTION

Global warming and climate change have been increasing since the late 1900s, and the interest
of the whole world, especially in developed countries, has been directed to the renewable
energy. Parallel to this situation, in 1997, with the Kyoto Protocol, the importance of
environmental cleanliness and sustainability was recognized by both developing countries and
developed countries. According to this protocol, greenhouse gas emissions were targeted to be
reduced by 5.2% between the years of 2008-2012. In addition, the protocol considered
greenhouse gases, particularly carbon dioxide emissions, as the main causes of global warming,
indicating that carbon dioxide emissions are the most polluting gas known and accounted for
58.8% of greenhouse gases worldwide. However, the protocol pointed to renewable energy
sources as one of the most important solutions to climate change and increasing energy demand
(IEA, 2011).

The environmental damage caused by fossil fuels and the fact that these fuels will be exhausted
soon lead countries to find alternative energy sources. At this point, investments in renewable

energy sources are increasing worldwide.

The negative effects of the energy bottlenecks in the 1970s on economic growth and the
development of econometric methods have enabled empirical investigation of the issue. Four
hypotheses were tested in empirical studies. In the literature, four different hypotheses are
tested, those are hypothesis of growth, hypothesis of consumption, neutral hypothesis and
feedback hypothesis. The growth hypothesis suggests that an increase in energy consumption

causes an increase in real GDP.

Thus, in order to provide a well-founded empirical application to the renewable energy

investment-real GDP relation, a panel data method is, in this study, utilized.

Panel data is defined as bringing together the horizontal cross-section observations of the units
such as individuals, countries, firms and households in a certain period. Panel data consists of
N number of units and T number corresponding to each unit (Gujarati, 2009).



The representation of the panel data methodology as the classical regression model is as
follows:

Yit=ao+ aiXitte€it

where yit dependent variable, xit is the matrix of independent variables, and finally ej is the
random shock.
In this study, the association between real GDP and renewable energy investment are examined.

To do that the following research questions are addressed:

e s there a statistically significant relationship between real GDP and renewable energy
investment?

e |f so, is the relation negative or positive?

e How important is the impact of renewable energy investment on real GDP?

e Does the panel data method work well to account for the relationship between renewable

energy investment and real GDP?

The remainder is as follows. In the second part, literature review is conducted. In the third and
fourth part data and methodology is introduced. In the fifth part, panel data method is presented

and in the sixth part empirical analysis is conducted. In the final chapter concludes.



2. LITERATURE REVIEW

Technically, energy is expressed as the ability to do business (Dolan et al., 2014: 8). The ability
to do business contributes to the continuation and facilitation of vital activities by causing
substances to move or change (Spurgeon and Flood, 2010: 4). As a matter of fact, the Industrial
Revolution, which started in England in the second half of the 18th century and then spread to
the USA and Europe in a short period of time, could be realized through coal which is the most
important energy source of that period. The energy, which has become an indispensable element
with the increase of the welfare levels and the development of countries, has ceased to be just
an economic argument over time and has gained a very wide view by taking concepts such as
diplomacy, law and geopolitics. At this point, energy production and consumption are
considered as one of the most basic indicators of development (Sevim, 2012: 7).

The resources used to meet the energy needs are mainly; renewable energy sources and

renewable energy sources are divided into two groups (Ozsahin et al., 2016).

Renewable Energy sources:
e Solar
e Wind
e Geothermal Hydroelectricity
e Biomass

e Wave Energy

Non-renewable Energy sources:
e Crude Oil
e Natural Gas

e Coal

The IEA’s Renewable Energy Working Group defines renewable energy as energy derived
from continuously renewable natural processes. The concept of renewable energy is used for a
wide range of energy sources such as wind, solar, geothermal, biomass, hydro and hydrogen.
The local nature of renewable energy resources is of special importance for sustainable energy



due to the fact that their countries reduce dependence on external energy sources and they are
continuous and clean energy sources. For this reason, the contribution of renewable energy in
global final energy production was 8.5% in 2013 while the incentives for the dissemination of
renewable energies in many countries of the world increased from 19.1% in 2014 tp 23.7% in
2015. This situation shows that approximately one fifth of the energy consumed in the world

(1/5) is met from renewable sources (Bayrac and Cildir, 2017).

Energy resources that cannot be fulfilled in a short time after being exhausted by their
occurrences are defined as “Non-renewable energy sources”. Coal in fossil fuels has been
demanded as a heating source in the first stage, but has become a source of innovation with the
steam engine. Since it was easier to transport and store as a liquid and generate much more heat
per unit weight compared to coal, it has brought oil to the fore since the beginning of the 20th
century (Montgomery, 2014: 28). During this time, the nuclear has also managed to enter the
agenda of some countries as an important energy source. Especially After World War I,
European states have turned to the nuclear to alleviate the problems caused by oil dependence
and to reduce the environmental damage caused by the use of coal. In this context, the Treaty
of Rome was signed in 1957 and the Atomic Energy Community (EURATOM) was established
and Europe could not establish energy security with coal. On the other hand, the widespread
use of natural gas in the world dates back to the 1960s (TMMOB, 2006: 32).

In the literature, it is accepted that natural resources used in energy production have a significant

impact on the economic output. There are two main approaches: Supply and demand side.

Supply side approach: The effect of natural resources used in energy production on economic
growth is investigated by traditional production function. The causality relationship between
energy consumption and economic growth is analyzed using different country-country groups
and different methods. The results obtained are generally intended to test the causal
relationship. According to the findings, the other natural resources on the economic growth of
renewable energy sources show that labor and capital are as much an effective production
factor. This supports the proposal to give priority to renewable energy sources to combat global

warming (Cinar and Yilmazer; 2015).

Demand side approach: In this approach components of renewable energy consumption are
investigated. In these studies variables which are directed by renewable energy sources and

4



their effects are discussed. The main factors determining the demand of renewable energy

sources are;

* Political Factor: Public policies, tariffs, subsidies, quotas, R&D expenditures,

* Socio-Economic Factors: Income level, net energy imports, CO. emissions, fossil fuel prices,

fossil fuel amounts in energy consumption,

» Country-Specific Factors: Renewable energy potential, deregulation activities in the

electricity market, population growth, rapid urbanization, environmental policies and so on.

Fossil fuels have been widely used over the last two centuries, due to the fact that production
technologies are highly developed and cheap. This environment has caused intense interest in
renewable resources all over the world, and although oil prices fell in the mid-80s, the use of
petroleum based energy was considered risky. The diversification of energy has become an
indispensable element of energy policies due to the necessity of increasing oil and natural gas
prices and energy security. These causes renewable energy sources to be included in the energy

spectrum.

Another development that supports the development of renewable energy resources is the
emergence of environmental consciousness in the 90s. This awareness has led to the
understanding that traditional energy production and consumption have direct negative impacts
on the environment and natural resources at local, regional and global levels, and that the
renewable energy sources that do not give creative pollution to the atmosphere have been

supported as clean energies.

The reason why the issue is so important is the two major problems facing the world, especially
economic reasons. One of them is the problem of sustainable development which is a socio-
economic problem and the other is the problem of global warming and climate change.
Developed and robust economic structures have begun to find solutions to the energy problem
by making necessary structural changes in their economies and by establishing international
organizations on the other hand, and have taken measures by making some plans (Gilman,
1992).



The nexus between economic growth and renewable energy consumption is depicted below.
Surprisingly, the percentage of renewable energy consumption with respect to total energy
consumption has not changed so much 2000-2017. However, World GDP per capita has been
constantly increasing over the same period. By eyeballing, it can be concluded that there is no

clear-cut relationship between GDP per capita and renewable energy consumption.

Figure 2.1: GDP vs. Renewable Energy
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Though the share of renewable energy consumption remains low, the association between
renewable energy sources and economic growth has been a heated debate in academic circle.
Pioneering studies investigating the relationship between energy consumption and economic



growth are Kraft and Kraft (1978) and Akarca and Long (1980), respectively. These two studies
were conducted in the same period and apply the same method, while former found a one-way
relationship between income and energy consumption, the latter found no relationship between
income and energy consumption. The different results of the results have brought the

discussions and many studies have been done on this subject.

Fei et al. (2011) examined the relationship between the annual energy consumption and
economic growth of 30 provinces in China with panel econometric methods based on panel unit
root, panel cointegration and dynamic least squares (OLS). In the study, the whole economy is
analyzed and 30 provinces are divided into two sub-regions, east and west. According to the
results of the study, energy consumption in long term has significant effects on economic
growth. In addition, a one percent increase in real GDP per capita increases energy consumption
by about 0.48-0.50% and CO2 emissions by 0.41-0.43%. It is consistent with previous study
results, which indicate a long-term relationship in both eastern and western China.

Wang et al. (2011) analyzed the relationship between carbon dioxide emissions, energy
consumption and economic growth in 28 provinces of China using Panel co-integration, Panel
VECM techniques using data from 1995-2007 period. There is a two-way relationship between

energy consumption and economic growth.

Chen et al. (2011) analyzed the relationship between rural energy consumption and economic
growth in the Chinese economy with econometric methods of Granger Causality and Impact
Response Functions. In the study, data of 1980-2007 period, energy consumption in agriculture,
forestry, animal husbandry and fishery industry are discussed. As a sign of rural economic
growth, gross output values of farming, forestry, livestock and fisheries were taken. According
to the study, rural economic growth directly affects rural energy consumption. In other words,
the change in rural economic growth is not true, although Granger is the causal factor for rural

energy consumption.

Qi et al. (2011) analyzed the relationship between energy use, environmental quality and
economic development in Shandong province of China using the variables of total energy use,
GDP and waste amount. According to the results of the study, economic growth in Shandong

is largely dependent on natural resources. In addition, the relationship between per capita



income and environmental quality was consistent with the reverse U-shaped Environmental

Kuznets Curve theory.

Bowden and Payne examined the association between US economic growth and renewable and
non-renewable energy consumption and found out that there is no causality between renewable
energy consumption and real GDP in the commercial and industrial sectors. But it is not the

case for residential renewable energy consumption.

Farhani (2015) examined the relation between causality between renewable energy
consumption, economic growth and CO. between the periods of 1975-2008 in 12 MENA
countries by panel cointegration technique. The Granger causality test explained that there is
only one-way relationship between these variables in the short term from renewable energy
consumption to CO.. In the long term, one-way causality relationship from economic growth
and COqto renewable energy consumption has been determined. Panel data analysis showed

that CO.emissions only affect renewable energy consumption.

Chontanawat (2008)'s article examining the relationship between energy and economic growth
by using the data of over a hundred countries. It can be seen that the methods used to examine

the relationship in question are listed as follows:

Firstly, the traditional methods were developed by Granger (1969) and Sims (1972). Most of

these studies conducted in America and the time period spanned is 1950-1980.

In the second type of method, data ranges from 1950 to early 2000s were selected and developed
and developing countries were the subject of these studies. Cointegration and error correction

models (Granger, 1988) were used in many different studies.

Another method used in the literature cover the period of 1940s and 2000s and the selected
countries are America, Latin America and many Asian countries. In these studies, the
relationship between renewable energy sources and economic growth are investigated via

Granger causality and Akaike (1970) uses Hsia’s Final Prediction Error technique.

Apart from these, Zachariadis (2007), which examines the economic growth and energy
relationship in G7 countries by using bivariate models, mentions ARDL (Autoregressive
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Distributed Lag-Delayed Sequential Connected Model-) and Toda-Yamamoto methods. In the
case of small samples, the unit root and cointegration tests have been reported to be low, so that
the use of methods that do not require stability and pre-testing of the cointegration have

increased.

The studies can be categorized based on the results obtained, it is seen that it is possible to
examine under 4 different headings. In terms of energy economy, it is possible to evaluate these

four different cases in the literature (Sen, 2010).

1% Case: The one-way causality relationship obtained from energy consumption to economic
growth is the result that the country is addicted to energy for development and that the energy
saving policies to be followed affect the economic growth negatively. (Akinlo (2009), Narayan
and Singh (2006), Stern (2000), Altinay and Karagol (2005), Sari and Soytas (2007)).

2" Case: One-way causality from economic growth to energy consumption implies that the
country is less dependent on the energy factor to grow and that energy-saving policies can be
applied to the economy in a way that has little or no adverse effects on the economy. (Masih

and Masih (1997), Chen and Lai (2002), Sari and Soytas (2006)).

3" Case: Bi-directional causality relationship. It can be interpreted that both the country is
dependent on energy to grow, and the growing economy will cause energy consumption
increase. (Glasure (2002), Oh and Lee (2004), Yang (2000), Francis et al. (2007), Ghali and al-
Sakka (2004), Paul and Battacharya (2004), Ang (2007)).

4" Case: If there is no causality relationship between economic growth and energy
consumption, this is called neutrality hypothesis and it is concluded that the savings policies to
be implemented do not affect economic growth. (Chiou-Wei et al. (2008), Sari and Soytas
(2003), Karanfil and Jobert (2007), Altinay and Karagol (2004))

In this study, the log-linear specification takes the following form:



INGDPji=ap+a1InGFCFit+azlnLFit+a3sInRESii+asInNONRES;:+eit

where InGDP;t is the logarithm of real GDP of country i at time t. INRES;: is the logarithm of
renewable energy sources, INNONRES;; is the logarithm of non-renewable energy sources of
country i at time t. And two control variables are used as INGFCFitand InLFi:are the logarithm

of gross fixed capital formation and labor force, respectively.
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3. DATA

Jim and Kim (2018) propose a causality from the energy to GDP and suggest that even though
there is no long term relationship between GDP and energy, there is a short-term association.
Besides the model given below is suggested by Svenfelt et al., (2011), Shahbaz et al., (2015),
and Jim and Kim (2018). In these studies, researchers use renewable and non-renewable energy

together with the control variables provided below.

The control variables are employed so that we are able to better grasp the relationship between
GDP and renewable and non-renewable energy. Because there are some other factors indirectly
affect the relation. As Shahbaz et al., (2015) found that renewable energy consumption, capital
and labour boost economic growth as well as feedback effect between economic growth and
renewable energy consumption, gross fixed capital and labor force are the factor used to reveal

the full-fledged relationship between GDP and energy.

Moreover, again these studies suggest log-linear function form due to the fact that log-linear

form is better in capturing the relationship between GDP and energy resources.

In this study, the log-linear specification takes the following form:
INGDPi=aotai1InGFCFit+azInLFir+azlnRESi+asINNONRES;t+eit

where INGDPit is the logarithm of real GDP of country i at time t. INRESit is the logarithm of

renewable energy sources, INONRESIt is the logarithm of non-renewable energy sources of

country i at time t. And two control variables are used as INGFCFit and InLFit are the logarithm

of gross fixed capital formation and labor force, respectively. The data spans the period of 1990-
2016.
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Countries included in this study are as follows:

e Argentina

e Australia

e Brazil

e Canada

e China

e Denmark

e France

e Germany

e India

e Indonesia

e Japan

e Kenya

e Mexico

e Norway

e Pakistan

e Switzerland

e Russian Federation
e Turkey

e United Kingdom
e United States
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4. METHODOLOGY

In this study, it is examined whether renewable energy and GDP per capita are cointegrated in
the long run. In order to perform cointegration test, the renewable energy and GDP per capita
series along with control variable, that is labor force, non-renewable energy, investment, are
test to check the stationarity. Therefore, the unit root test should be done before the
cointegration test. In panel unit root tests, it should first be investigated whether there is a
relationship between the cross-sections forming the panel. At this point, panel data unit root
tests are divided into first and second generation panel data tests. In the first generation of panel
data tests, there is no relationship between the cross-sectional units, while the second-
generation panel unit root tests assume that the cross-sectional units are related to each other.
Hence, cross-sectional dependency test will be performed and unit root test will be performed
according to the results of this test. After cointegration test, short and long term parameters will
be estimated by means of mean group estimator (MGE) method.

Panel data typically refers to data containing time series observations of several horizontal
sections. Therefore, observations in panel data contain at least two dimensions; the size of the
section indicated by i and the time sequence size indicated by t. However, panel data may have

a more complex clustering or hierarchical structure.

When the cross-sections of both countries and time series are available, panel data analysis can
be used.

Panel data analysis, countries, firms, industries, households, etc. It combines cross-sectional
observations within a certain period of time. The advantages of panel data analysis are as
follows (Baltagi, 2005):

* Allows you to use more data than section or only time series data. Thus, the degree of freedom
in the estimation increases and more effective prediction results are obtained.

» Panel data analysis not only takes into account the effect of observable effects on the
dependent variable, but also examines the effect of unobserved or undetected effects on the
dependent variable.

* In panel data analysis, the multiple connection problem between the variables is less common

and therefore more reliable model results are obtained.
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* Since the differences cannot be controlled in time series and section analysis, the results bear

the risk of deviation. Individual differences can be checked in panel data analysis.
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5. PANEL DATA METHOD

5.1. Fixed Effect Model

Fixed-effect panel data analysis is a way of uniting the variation between units, or the
differences caused by differences between units and between time. This model assumes that the
current change leads to a change in some or all of the coefficients of the regression model.
Therefore, models that assume that the coefficients change over time in units are called Fixed
Effect Models. The general formulation of the model assumes that differences between units

can be captured by differences in the fixed term (Stock and Watson, 2003).

In the constant effects model, the fixed term is a linear regression model that varies between
units. The fixed effects regression model has a different fixed term, one for each existing unit.
These fixed terms can be represented by the display variables. These indicator variables include
the effects of all excluded variables that vary from one unit to another but are fixed over time
(Gujarati, 2009).

In addition, it is assumed that the mean of the error term is zero and constant variance. However,
various assumptions are made about the model's constant term, slope coefficients, and error
terms when estimating the model. Depending on the assumptions made, it is possible to estimate

five different models. In these models (Judge et al., 1985):

e Both constant and slope coefficients do not change by unit and time

e The error term may represent differences between time and units.

e While the slope coefficients are constant, the fixed term varies by units, but may remain
constant over time.

e While the slope coefficients are constant, the fixed term may vary by unit and time.

e Both constant and slope coefficients may vary depending on units.

e All coefficients vary depending on both time and unit.
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5.2 Random Effect Model

In the fixed effect model, the degree of freedom decreases due to too many parameters in the
model. However, this problem can be avoided if it is assumed that the individual effect is
random. In this case, the error term has zero mean and constant variance and is distributed
independently. It is appropriate to use the random effects model if the units are withdrawn from
a large population (Baltagi, 2008).
Assumptions of the Random Effects Model (Baltagi, 1995):

e Panel data model is defined correctly.

e A random sample is taken from the horizontal section.

e Xitis external due to unit and / or time effects and is not associated with error terms.

e There is no complete multi-linear connection problem in the panel data model.

e The unit error variable and the residual error variable are fixed to constant variance.

e Error terms do not include autocorrelation.

5.3. Diognostic Test

Before running Panel Data Analysis, stationarity and multicollinearity analysis were conducted

within the scope of diagnostic tests.
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Figure 5.1: Labor Force (% Total Population)
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Figure 5.3: GDP per capita
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Figure 5.5: Non Renewable Energy
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6. EMPRICAL ANALYSIS

6.1. Descriptive Statistics

The values used to compare one or more distributions and also summarize the frequency
distributions by movement from sample data are called descriptive statistics. They are used to
describe the data set and are generally used to summarize the data set taking all elements into

account. It is close to the center point that can represent all the elements in the data set.

The main purpose of these statistical methods can be expressed as streamlining chaos. The main
areas of use of such statistics are the classification of the data and the creation of summary

tables and obtaining the measures of tendency and distribution.

Table-1 shows the descriptive statistics, that is mean standard deviation, minimum, and
maximum. As can be seen, some observations are missing in renewable and non-renewable
energy, Based on the result in Table-1, the mean of inflation is investment proxied by capital
formation is 23.6 and standard deviation is 6.24. Whereas the mean and standard deviation of
GDP per capita is much higher which are 27488 and 24719, respectively. This summary

statistics shows that there is high volatility and maybe data includes some outliers.

Table 6.1: Descriptive Statistics

Observation | Mean Standard | Minimum | Maximum
Dev.
Investment 540 23.6 6.24 10.85 47.6
Labor Force 540 53.8 10.9 33.01 47.6
GDP 540 27488 24719 530 91617
Renewable Energy 537 14.6 22.60 0.0115 114.79
Non Renewable Energy | 537 11.7 19.5 0 101.62
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6.2. Stationarity Analysis

It is common to observe that a variable increase or decreases over time. This increase or
decrease recorded over time is an example of a non-stationary state. In the case of stationarity,
standard errors may be bias and this leads to the statistical determination of the existence of an

important non-existent relationship.

One of the most fundamental issues to be known in time series analysis is that the presence of

unit roots can cause serious problems in the analysis. These problems:

« Spurious regression: In this case, high R? values can be obtained even if the data are
uncorrelated.

* Improper behavior: For example, the t-ratio does not follow a t-distribution.

If the mean, variance and covariance of a time series remain constant over time, the series is
said to be stationary. The difference between two successive values in a fixed time series results
from the time interval, not the time itself. Therefore, the average of the series does not change
over time. The most valid method used to determine whether a variable is static or the degree
of stability is a unit root test. The unit root concept and unit root tests in macro-economic and
financial time series are of great importance in terms of applied and theoretical researches
(Hadri, 2000).

e Mean: E(Yy) =pu
e Variance: var(Yy) = E(Yt-w)? =
e Covariance: Vk = E[(Yt— @ (Yi+k— )]

Since panel data models also include time dimension, first stationarity analysis should be
performed. Some tests can be performed to determine if the series is stationary. The unit root
test is one of the methods of testing the stationarity of the series by looking at whether the time
series contains unit roots. Unit root tests are generally known to have low power at small sample
widths, and the addition of a cross-sectional dimension to the time dimension to increase the
strength of unit root tests is seen as a solution (Hurlin and Mignon, 2006: 2). As the number of
observations increases, panel unit root tests are considered to be statistically stronger than time
series unit root tests. (Im, Pesaran and Shin, 1997).
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There are many tests that determine the existence of the unit root and this number is increasing
every day. Panel data unit root test is applied because | have a panel data structure. One of the
unit root tests commonly used in panel data with cross sectional dependence is developed by

Im-Pesaran-Shin.
The null hypothesis of the test is that all the panels contain one unit of root and that the
alternative hypothesis is that at least one panel is stationary. If the number of panels is finite,

reverse Chi-square method is recommended (Choi, 2001).

Table 6.2: Stationarity Test

Statistics p-value Inverse Chi- | p-value

square (After
(After differencing)
differencing)

Formation -2.2341 0.0007 215.2798 0.0000

Labor Force -1.1615 0.9921

GDP per capita 0.4519 1.0000

Renewable Energy -1.6306 0.8466

Non Renewable Energy | -1.6516 0.4230

6.3. Multicollinearity Analysis

The fact that the independent variables are highly correlated makes it difficult to measure the
direct effects of the independent variables on the dependent variable. A variable that is
associated with another variable, in part, measures the effect of the other variable. If the
independent variables in a regression model are highly correlated, this is called

multicollinearity.

In the case of multicollinearity, the overall effect of the independent variable on the dependent
variable cannot be accurately determined. However, the total effect of the independent variables
is clearly not possible due to the high correlation between the independent variables.
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The apparent multicollinearity is problematic because it can lead to increased variance of
regression coefficients and this can lead to the following results:

* Even if there is a significant relationship between the predictor and the dependent variable,
the coefficients are not significant.

* For highly correlated estimators, the coefficients vary considerably from the sample to the
sample.

* The removal of strongly correlated terms from the model has serious implications for the
estimated coefficients of other highly correlated terms. Even the sign of the coefficients of

strongly correlated variables can be incorrectly estimated.

As a general rule, the fact that the correlation between the independent variables is 80% or
higher indicates the presence of the multicollinearity. In the presence of multicollinearity,

variables that show high correlation cannot be put into the model at the same time.
Table-6.2 indicates that there is high correlation between nonrenewable energy and renewable
energy which is 97 way higher than the general rule of thumb. Therefore, both renewable energy

and non-renewable energy cannot be included in the analysis. They are separately handled.

Table 6.3: Correlation Table

Labor Formation | Non Renewable Energy | Renewable
Energy
Labor 1.0000
Formation 0.1565 1.0000
Non 0.3108 0.4041 1.0000
Renewable
Renewable 0.3211 0.3781 0.9771 1.0000

Before moving to the Panel Data application, autocorrelation and heteroscedasticity of the
model are tested. In order to test heteroscedasticity and autocorrelation, Modified Wald Test

and conducted and Wooldridge test are conducted.

Modified Wald Test results given below shows that there exists heteroscedasticity:
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Table 6.4: Heteroscedasticity Test

chi2 (19) 831.14
Prob>chi2 0.0000

Table-6.4 reveals the fixed effect model result. Accordingly, except for the investment variable,
the estimated coefficient of the variables are not statistically significant. The estimated
coefficient of investment is positive meaning that 1-unit increase in investment leads to an
increase in GDP by 0.0009 and the estimated coefficient is significant at 5% level. In other
words, though the magnitude of the estimated coefficient is not large, it is true to say that
investment boost GDP and energy investment, to some extent, may be a part of this investment.

Similary, Wooldridge test indicates the presence of the autocorrelation:

Table 6.5:; Autocorrelation Test

F(1, 19) 22.902
Prob>F 0.0001

To solve the problems of heteroskedasticity and autocorrelation it has been used a panel data
estimator in Stata, which is “xtgls” and works as fitting panel data models by using GLS. This
function gives the heteroskedasticity consistent errors and also solve the serial auto correlation

problem. The sythax of xtgls is defined as follows:
xtgls depvar [indepvars] [if] [in] [weight] [, options]

In this case it has been used two different options at my model. First; panels(heteroskedastic),
which means use heteroskedastic but uncorrelated error structure. This specifies a
heteroskedastic error structure with no cross-sectional correlation. Secondly; corr(arl) which
means use ARL1 autocorrelation structure. This specifies that, within panels, there is AR(1)

autocorrelation and that the coefficient of the AR(1) process is common to all the panels.

“xtgls” fits panel-data linear models by using feasible generalized least squares. This command
allows estimation in the presence of AR(1) autocorrelation within panels and cross-sectional
correlation and heteroskedasticity across panels. In many cross-sectional datasets, the variance
for each of the panels differs. In this data on countries, it is clear that units have variation of

scale. Thus The heteroskedastic model is specified by including the panels(heteroskedastic)
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option. The limitation of a common autocorrelation parameter is rational when the individual
correlations are almost equivalent and the time series are short. Since the restriction of a
common autocorrelation parameter is here realistic, this allows us to use more information in
estimating the autocorrelation parameter to produce a more reasonable estimate of the
regression coefficients. In such matter the heteroskedasticity and serial correlation issues have

been handled.

6.4. Panel Data Application

In this part of the study, the effect of energy on the GDP is examined by using Panel Data
Method. To do that I first run panel data model and as multicollinearity is detected between

renewable and non-renewable energy, they are separately included into the regression.

Table-6.6 indicates Panel Data Fixed Effect model including non-renewable energy. Based on
the result, similar to the regression result with the renewable energy, only the estimated
coefficient of investment variable is statistically significant at 10% level. The magnitude of the
estimated coefficient and the level of statistical significance are even lower compared to the
result given in the Table-4, the direction of the relationship between investment and GDP is

kept. However, no relationship between energy and GDP is detected in this model as well.

Table-6.6 reveals the panel data application result. Accordingly, except for the labor force
variable, the estimated coefficients of the variables are not statistically significant. Moreover,
the sign of the estimated coefficient of renewable energy is positive indicating that an increase
in renewable energy investment positively effect on GDP. The estimated coefficient of labor
force is positive meaning that 1-unit increase in investment leads to an increase in GDP by

0.00151 and the estimated coefficient is significant at 5% level.

Table 6.6: Panel Data Fixed Effect Result

1)
Variables d_log_gdp
d_labor 0.00151**
(0.000733)
formation -0.000270
(0.000213)
d_renew 3.96e-05
(0.000114)
Constant 0.0221***
(0.00565)
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Observations 517
Number of countries 20
Note: Dependent variable is differenced of

logarithm of GDP per capita. Independent
variables are differenced labor force,
investment, differenced of renewable energy.
Standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1.

Table-6.7 gives us the result of the panel data model with non-renewable energy. Accordingly,
there is no statistically significant estimated coefficient but to interpret except for the labor
force showing a positive association with the GDP per capita. Though no relation is detected,
the sign of the estimated coefficient of non-renewable energy is positive implying that an
increase in non-energy usage boost GDP per capita.

Table 6.7: Panel Data Method Result with Non-Renewable Energy

1)
Variables d_log_gdp
d_labor 0.00176**
(0.000733)
formation -0.000139
(0.000210)
d_non_renew 6.20e-05
(0.000463)
Constant 0.0178***
(0.00557)
Observations 491
Number of countries 19

Note: Dependent variable is differenced of
logarithm of GDP per capita. Independent
variables are differenced labor force,
investment, differenced of non-renewable
energy. Standard errors in parentheses. ***
p<0.01, ** p<0.05, * p<0.1
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7. CONCLUSION

Energy is at the heart of the economic development to ensure sustainable development. It is not
possible for countries that cannot solve the energy problem to reach their economic targets and
to establish their social balances. Although countries meet their energy needs with two different
vehicles, renewable and non-renewable energy sources; The unstable distribution of non-
renewable energy resources around the world, the high cost of supply for countries without
such resources, and the limited availability of fossil fuel reserves make renewable energy both

necessary and compulsory.

In this study, a long-standing issue of energy-economic growth relation is investigated. Firstly,
the theoretical background of this relation is introduced and discussed in the literature review
section. Then, after gathering data, panel data model is used to detect this relation. In the panel
data analysis, due to the multicollinearity, renewable energy and non-renewable energy are

separately handled.

Results reveal that there is no statistically significant relationship between energy and GDP.
This result can be improved in the further studies by including energy consumption data instead
of production data. Moreover, the number of countries can be increased and based on the time

availability, time horizon can be extended.
The bottom line is that no relationship between energy resources, that is non-renewable and

renewable energy, and GDP is detected for the period of 1990-2016 even after controlling for

the effect of investment and labor force.
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