Finans Politik & Ekonomik Yorumlar 2015 Cilt: 52 Sayr: 609

I. DOGAN - N. TOPALLI - N. S. HALICI TULUCE

Ibrahim DOGAN'
Nurgiin TOPALLFP
Nadide Sevil HALICI TULUCE?

! Yrd. Dog. Dr.,
Universitesi, I.1.B.F,

Bozok

ibrahim.dogan@ bozok.edu.tr

2 Yrd. Dog. Dr.,
Universitesi, I.I.B.F,

Bozok

nurgun.topalli@bozok.edu.tr

3 Yrd.
Universitesi,

Do¢. Dr., Meliksah

ntuluce@meliksah.edu.tr

Threshold Effects of Renewable
Energy Consumption Among the
G20 Countries: Asymptotic and
Bootstrap Test for Linearity and
Non-linearity in a TAR Approach

Abstract

The relationship between renewable energy and economic growth is one of the
most attractive subjects in economic literature. The purpose of this study is to in-
vestigate ten different panel data sets for G20 countries in the 1970- 2013 period
using TAR models with two regimes used for panel-data in a non-linear frame-
work. In the literature, there is a limited number of studies using non-parametric
techniques. The estimates indicate that the results may change according to the
linear and nonlinear analysis. The linear model indicates that these countries
have been converging during the last fourthly decades. The result of the non-
linear model is absolute convergence under both regimes.

Keywords: economic growth, energy consumption, renewable energy, panel
TAR, G-20 countries

G20 Ulkeleri Arasinda Yenilenebilir Enerji
Tuketiminin Threshold Etkileri: TAR
Yaklasiminda Dogrusal ve Dogrusal Olmayan

Asimtotik ve Bootstrap Testi
(0)4

Yenilenebilir enerji ve ekonomik blylime arasindaki iliski iktisat yazininda en ca-
zip konulardan biridir. Bu galismanin amaci, dogrusal olmayan panel veri ¢atisin-
da iki rejimli TAR modelini kullanarak 1970-2013 déneminde G20 Ulkelerinde 10
farkli panel grubunu arastirmaktir. Literattrde, sinirli sayida parametrik olmayan
teknik kullanilarak yapilan ¢alisma bulunmaktadir. Tahminler dogrusal ve dogru-
sal olmayan analize gére sonuglarin degisebilecegini gostermektedir. Dogrusal
model son kirk yilda bu Ulkelerde yakinsamayi yansitmaktadir. Dogrusal olma-
yan sonugclar her iki rejimde de mutlak yakinsamayi géstermektedir.

Anahtar Kelimeler: Ekonomik Bliyime, Enerji tiketimi, yenilenebilir Enetji, Pan-
el TAR, G20 Ulkeleri
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1. Inroduction

Energy plays vital role in economic development.
Both developed and developing countries need
more energy to ensure economic growth. Howe-
ver, energy demand derived from fossil fuels cont-
tribute to greenhouse emissions all over the world.

The question of whether or not energy conserva-
tion policies affect economic activity is of great
interest in the international debate on global war-
ming and the reduction of greenhouse gas emis-
sions. Although the causal relationship betwe-
en energy consumption and economic growth has
been widely studied, no consensus regarding this
so-called energy consumption-growth nexus has
yet been reached. The direction of causality is
highly relevant for policy makers. For instance, if
causality runs from energy consumption to econo-
mic growth, energy conservation policies aiming
at reducing energy consumption may have a nega-
tive impact on economic growth.

The literature insists on four main hypotheses re-
garding the possible outcomes of causality (Aper-
gis and Payne, 2009). The growth hypothesis sug-
gests that energy consumption is the most impor-
tant component in growth, directly or indirectly as
a complement to capital and labour as a factor of
production. For this reason, a decrease in energy
consumption causes a decrease in real GDP. This
hypothesis was demonstrated by Damette & Seg-
hir (2013), Acaravci & Ozturk (2013), Shahi-
duzzaman & Alam (2012), Mazbahul & Nazrul
(2011), Chang (2010), Yoo & Lee (2010). By cont-
rast, the conservation hypothesis argues that poli-
cies directed towards lower energy consumption
may have little or no adverse impact on real GDP.
This hypothesis is based on a uni-directional cau-
sal relationship running from real GDP to energy
consumption. The running causality from GDP
to energy consumption was recently demonstra-
ted by Baranzini et al. (2013), Azlina & Mustapha
(2012), Adom (2011), Jamil & Ahmad (2010). Bi-
directional causality corresponds to the feedback
hypothesis, which suggests that energy consumpti-
on and real GDP affect each other simultaneously.
Therefore, policy makers should take into acco-
unt the feedback effect of real GDP on energy con-
sumption by implementing regulations to reduce
energy use. Furthermore, economic growth should
be decoupled from energy consumption to avoid a

negative impact on economic development resul-
ting from a reduction of energy use. This hypothe-
sis was demonstrated by Hu & Lin (2013), Tang
& Tan (2013), Kouakou (2011), Ouédraogo (2010)
and many others. Finally, the neutrality hypothe-
sis indicates that reducing energy consumpti-
on does not affect economic growth or vice ver-
sa. This hypothesis assumes no causality between
energy consumption and economic growth. Hen-
ce, energy conservation policies would not have
any impact on real GDP. The neutrality hypothe-
sis is supported by many recent studies including
Stern & Enflo (2013), Ozturk & Acaravci (2011)
and Ozturk & Acaravci (2010).

The concept of renewable energy and economic
growth has received attention by both policyma-
kers and the general public in the recent years due
to alarming factors in environment quality. Using
renewable resources can reduce carbon dioxi-
de emissions furthermore it may mitigate natural
resource depletion. Renewable energy is expec-
ted to provide a good solution for climate change,
global warming and energy security. Renewable
energy deployment brings economic growth and
sustainable development. Promoting renewables
means providing secure and clean energy supply
while supporting GDP growth, improving trade
balances, creating local value and jobs.

Economic literature has focused on investiga-
ting the relationship between energy and econo-
mic growth by using linear models. If series follow
a nonlinear process, the results may be unbiased.
Therefore, non-parametric approaches are more
appropriate to test the relationship between these
variables. There is a limited number of study con-
ducted using non-parametric techniques in the lite-
rature. This paper aims to fulfill this gap and cont-
ribute to the empirical literature. The causal rela-
tionship between renewable energy consumption
and economic growth is vital for the policy imp-
lications. The purpose of this study is to examine
ten different panel data sets for G20 countries over
the 1970-2013 period using TAR models with two
regimes which is a non-linear panel-data frame-
work. The study is organized as follows: Section 1
introduces the problem and the review of the lite-
rature is given in Section 2, in Section 3 data and
methodology are presented and results are presen-
ted in Section 4. Final section concludes.
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2. Literature Review

Numerous studies have analyzed the relationship
between economic growth and energy consump-
tion by focusing on different countries, time pe-
riods, using different techniques and parameters
Kraft & Kraft, 1978; Yu & Hwang, 1984; Yu &
Jin, 1992; Masih & Masih, 1996; Asufu-Adjaye,
2000; Stern, 2000; Soytas et. al., 2001; Hondro-
yiannis et al., 2002; Wolde-Rufael, 2004; Sarn &
Soytas, 2004; Yoo, 2006; Jobert & Karanfil, 2007;
Lise & Montfort, 2007; Erdal et al., 2008; Man-
dal & Madheswaran, 2010; Wang et al., 2011 Ho-
wever, empirical research has not yielded a con-
sensus on the causal relationship between energy
consumption and economic growth and the results
of these studies are mixed. The literature review
of the subject is widely placed in some (see for
example Payne, 2010; Ozturk, 2010; Omri et al.,
2015) studies. Recently, non-parametric models
have been used to examine the relationship bet-
ween energy consumption and economic growth
(Huang et al., 2008; Chiou-Wei et al., 2008; Park
& Hong, 2013; Ajmi et al., 2013; Dergiades et al.,
2013; Mensah, 2014).

There are number of studies attemped to investiga-
te the relationship between economic growth and
renewable energy by using multi-country samp-
le and time series. For instance Chien and Hu
(2008) analyze the relationship between GDP, ca-
pital formation, trade balance, energy imports, re-
newables, consumption for 116 countries by app-
lying Structural Equation Modelling (SEM). The
result shows that there is a positive relationship
between renewable energy and GDP through the
path of increasing capital formation. Moreover, it
is found that the use of renewable energy increa-
ses GDP. Silva et al. (2011) use structural vector
autogressive approach (SVAR) to find the relati-
onship between renewable energy sources share in
electricity (RES), gross domestic product (GDP),
carbon dioxide (CO,) emissions for US, Denmark,
Portugal, Spain over the period of 1960-2004. The
analysis indicates that a significant part of fore-
cast error variance of GDP was explained by the
share of RES. However, a smaller part of the fo-
recast error variance of CO, per capita is explai-
ned by tha share of RES. Salim and Rafiq (2012)
examine the relationship among real GDP, carbon
emission, oil price, renewable energy consumpti-
ons for Brazil, China, India, Indonesia, Phillippi-

nes and Turkey for the period of 1980-2006. They
find that renewable energy consumption was sig-
nificantly determined by income and pollutant
emission in Brazil, China, India and Indonesa in
the long run. Carbon emission has positive, sig-
nificant elasticity for most of the countries except
for Philippines and Turkey. Hence, it can be in-
ferred through both panel and individual country
analyses that for all the countries except Philippi-
nes and Turkey carbon emission has been a signi-
ficant determinant of renewable energy consump-
tion in the long run. However, for Philippines and
Turkey income has been the only long-run deter-
minant of renewable energy consumption. Causa-
lities between income and renewable energy are
found to be bi-directional both in Philippines and
Turkey. However, there is no causal link between
pollutant emission and renewable energy in these
countries. This result can be interpreted as the out-
come of oil price not significantly contributing to
renewable energy adoption and pollutant emissi-
on per se.

In addition to the multi-country time series analy-
ses, there is another group of studies (Fang, 2011;
Tiwari, 2011; Pao & Fu, 2013; Ocal & Aslan,
2013) dealing with single country time series.
For the US, Sar1 et al. (2008) use distributed lag
(ARDL) approach to indicate cointegration betwe-
en industrial production, employment, coal, fos-
sils fuels, conventional hydroelectric-power, solar
energy, wind energy, natural gas, wood and waste
consumption over 2001:1-2005:6 period. The re-
sults show that in the long run output and labor are
the key determinants of fossil fuel, conventional
hydroelectric power, solar, waste and wind energy
consumption. Fang (2011) analyzes the period of
1978-2008 employing multivariate OLS and find
that 1% increase in renewable energy consumpti-
on increases real GDP by 0.120%, GDP per capi-
ta by 0.162% in China. Tiwari (2011), on the ot-
her hand, investigates Indian’s renewable energy
consumption, economic growth, CO, emission va-
riables. Johansen-Juselius test indicates that the-
re is no evidence of cointegration among the va-
riables. Howewer, structural vector autogressive
approach (SVAR) result shows that consumption
of renewable energy sources increases GDP and
decreases CO, emissions. Futhermore, a positive
shock on GDP has very high positive impact on
the CO, emissions.
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On the other hand, in numerous other studies
(Chang et al., 2009; Sadorsky, 2009a; Sadorsky,
2009b; Apergis & Payne, 2010a; Apergis & Pay-
ne, 2014; Zeb et al., 2014; Omri et al., 2015) panel
cointegration technique is employed to examine
relationship between variables. Sadorsky (2009a)
analyzes the relationship between the renewable
energy per capita, real GDP percapita, CO, emis-
sion per capita, real oil price in case of G7 count-
ries over the period of 1980-2005. Results from
panel cointegration model show that in the long
run increase in real GDP and CO, per capita are
major drivers behind per capita renewable energy
consumption. Similarly, Sadorsky (2009b) obser-
ves the relationship for 18 emerging countries for
the 1994-2003 period. The result reveals that inc-
rease in real per capita income has a positive and
statistically significant impact on per capita rene-
wable energy consumption. Zeb et al. (2014) emp-
loy Panel Fully Modified OLS approach to inves-
tigate the relationship between electricity produc-
tion from renewable energy (ERS), carbon dio-
xide emissions (CO,), natural resource depletion
(NRD), gross domestic product (GDP), poverty
(POV). The results of this study analyzing SA-
ARCH countries for the 1975-2010 period indica-
te that an increase in energy production to a dec-
rease in carbon emissions and an increase in GDP.
Besides, they find that GDP and POV has positive
impact on energy production, while CO, has nega-

tive impact on energy production.

Recently, various studies have analyzed the relati-
onship between economic growth and renewable
energy by using non-parametric approach. Chang
et al. (2009) which has analyzed 30 OECD count-
ries using a panel threshold regression technique
find a relationship between contibution of rene-
wables to energy supply, gross domestic product
and CPI of energy. The results show that countries
with high economic growth are able to respond to
high energy prices by increasing renewable energy
use, however countries with low-economic growth
do not. For some EU countries over the 1971-2009
period, Bilgili (2012) employs linear models and
nonlinear threshold autoregressison models to test
biomass energy supply. The results indicate that
panel of Austria, Denmark, Finland, France and
Portugal follows a nonlinear process and there is
partial convergence while the panel of Belgium,
Greece, Norway, Poland and Sweden indicates li-
nearity and divergence. Apergis and Payne (2014)
examine seven countries in Central America for
the period of 1980-2010 by using linear and non-
linear methods. Nonlinear panel cointegration re-
sults indicate that, the effects of renewable energy
consumption per capita strengthened for the post
2002 period compared to the pre-2002 period. The
general conclusion of studies using causality test is
reported in Table 1.

Table 1. Summary of empirical studies on renewable energy and economic growth

Authors Period and Country Methodolgy Conclusion(s)
P (2009) 1949-2006 Toda-Yamamoto RE<#>GDP,
ayne US Causality NONRE <#> GDP
Granger causality;
GDP#> RE
Sadorsky (2009b) 1394_200.3 ’ i Panel causality test | ELP#>RE
emerging countries ECM for full model:
RE<#>GDP
TEC <£>GDP
<#>
Bowden and Payne |1949-2006, Toda-Yamamoto TTEC <#>GDP
2009 Us it GDP«+CTEC
(2009) causatity GDP—RTEC
ITEC —GDP
1984-2007, 1};111;;>CC%
. . X
Apergis et al. (2010) é9 de;ve!oped anf[i . Panel causality REGDP
eveloping countries GDPCO),
Apergis and Payne | 1985-2005, Error correction
(2010a) Twenty OECD countries | model GDP—RE
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27 Europen countries

model, Causality test

NE— COZ’
>
Menyah and Wolde- |1960-2007, Modified Granger RE<# (O,
Rufael (2010) (0N causalit GDP~CO,,
y NE<#> GDP
GDP— RE
Aperois and Pavne 1992-2007, Heterogeneous panel
bets Y 13 countries within cointegration, Error | GDP—RE
(2010b) . .
Eurasia correction model
Menegaki (2011) 1997-2007, Random effect RE<£GDP

Tugcu et al. (2012)

1980-2009,
G7 Countries

Distributed Lag
(ARDL) approach,
Hatemi-J causality
test

Augmented production function;
RE<#> GDP (in France, Italy,
Canada, USA)

GDP-RE (in England, Japan),
GDP—RE (in Germany)
Classical production function;
GDP«+RE (in all countries)

Salim and Rafiq
(2012)

Brazil, China, India,
Indonesia, Philippines,
Turkey

Granger causality

1949-2010; 1960-2010: gf(iae'ﬁfammo EERE;gg%
Yildirim et al. (2012) [1J9S7O—2010, Bootstrap-corrected | GRE<#> GDP,
causality HRE<#> GDP,
1980-2006,

In the short run;
GDP—RE
CO, «RE

Pao and
Fu (2013)

1980-2010,
Brazil

Johansen
cointegration,
VECM model

NHREC—GDP
GDP < TREC
GDP—NREC
GDP—TEC

Zeb et al. (2014)

1975-2010
SAARC countries

Granger Causality

CO, «<>NRD (in Nepal),
ERE—POV (in Pakistan),
ERE—POV (in Bangladesh and
India),

POV—ERE (in Sri Lanka),

Onmri et al. (2015)

1990-2011,
17 developed and
developing countries

Dynamic
simultaneous-
equation panel data
model

NE—GDP (in Belgium, Spain),
GDP—NE (in Bulgaria, Canada,
Netherlands, Sweden),

GDP«+ NE (in Argentina, Brazil,
France, Pakistan, USA),
GDP<#>NE (in Finland,
Hungary, India, Japan,
Switzerland, U.K.),

RE—GDP (in Hungary, India,
Japan, Netherlands, Sweden),
GDP—RE (Argentina, Spain,
Switzerland),

GDPeRE (in Belgium, Bulgaria,
Canada, France, Pakistan, USA),
GDP<#>RE (in Brazil, Finland,
Switzerland),

For global panel;

GDP«+ NE, GDP—RE
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The empirical results may indicate conflict out-
comes because of using different data, methodo-
logy and investigating different countries. There-
fore, in some studies unidirectional causality run-
ning from renewable energy to economic growth
1s found while in some others, unidirectional cau-
sality running from economic growth to renewable
energy. On the other hand, there are studies finding
no causality and/or bidirectional causality between
renewable energy and economic growth.

3. Methodology

The convergence hypothesis has a long tradition
in economic growth theory . The basis of conver-
gence hypothesis is Barro and Sala Martin (1991).
This study states that the rate of convergence tends
to be higher if we allow for the flow of technolo-
gical advances from developed to developing eco-
nomies. Technology convergence is a widely de-
bated phenomenon by policy makers as well as
experts and researchers. According to Barro and
Salai Martin (1995), in the long run all economi-
es grow at the rate finding in the leading places.
Thus, the rate of discovery takes a more impor-
tant place in this model than the exogenous rate of
technical change plays in the neoclassical model.
The comparison of growth rates across countries
reflects the conditional convergence behavior re-
lated to the cost of copying inventions.

Several studies have employed panel data and
time series techniques, i.e., unit root or cointeg-
ration tests, to investigate the hypothesis of con-
vergence in per capita output (Bernard and Dur-
lauf, 1996; Carlino and Mills, 1993; Oxley and
Greasley, 1995; Maddala and Wu, 1999; Pesa-
ran, 2003; Levin and Lin, 1992; Funk and Strauss,
2003; Carrion-i-Silvestre et al., 2005; Beyaert and
Camacho, 2008; Bilgili, 2012; Kalita and Tiwari,
2012; Yavuz and Yilanci, 2013). Panel convergen-
ce is based on Evans and Karras (1996) that pro-
vides strong evidence for 54 countries in the peri-
od 1950-1990.

The innovative contribution of our paper is to emp-
loy a new approach introduced by Beyaert and Ca-
macho (2008). They used the threshold model, the
panel data unit root tests, and the computation of
critical values by bootstrap simulation. Following
Beyaert and Camacho (2008) and Evans and Kar-
ras (1996), we use a new panel data methodology

to test real convergence in a linear and non-linear
framework.

The method used to test the real convergence with
panel data of Evans and Karras (1996) yields line-
ar and non-linear framework as follows:

Agn,t = 6n + PnOnit-1+ 2?21 (pn,iAgn,t—i t Ent
1

Agn,t = [5111 + pllgn,t—l + Zle §0£L,L' Agn,t—i]l{zt_d<l} +

1 11 p 11
[6n + Pnnt-1 +2 i=1Pni Agn,t—i]l{zt_dzl) + Ent

2

where n=1.2,..N and t=1.2,..T
and where &, p and ¢ are parameters of country
to be estimated and A, d, A and &, denote respec-
tively difference operator, delay parameter, thres-
hold parameter and residual term of country i.

4. Data and Empirical Results

Renewable energy use made up more than 18%
of total global final energy consumption in 2012.
G20 countries account for the bulk of this, and host
80% of existing renewable power capacity around
the world (World Bank, 2015). The G20 countries
will therefore have a key role to play. Today, G20
has a leading role in technology development and
innovation that can help to accelerate renewable
energy deployment. Because of this, countries in
the analysis are chosen to be as G20 countries.

The data for total renewable consumption (Rene-
wables - Other renewables consumption -Twh) of
G20 countries comes from Statistical Review of
World Energy 2014 (http://www.bp.com). Panel
1970-2013 annual data set of renewable energy
consumption covers United States, Brazil, France,
Germany, Italy, Australia and Japan.

As Figure 1 demonstrates, except for US the seri-
es tend to converge on a common mean value in-
dicating a converging pattern among the renewab-
le energy consumption levels. To make a compari-
son we have used the TAR model put forward by
Beyaerth and Camacho (2008). In the paper basi-
cally two main problems have been investigated.
Firstly, is renewable energy consumption in de-
veloped countries showing a difference? And se-
condly, how does this situation varies in the period
of economic expansion and contraction?
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Figure. 1. Plot of renewable energy consumption for US, Brazil, France, Germany, Italy, Australia and

Japan
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The statistical results are showed in Table 2 for the For example, p value for the null of divergence for
linear model (equation 1), and in Table 3 for the panel 1 is equal to 0,0000. We also conclude that
TAR model (equation 2). In the study ten diffe- there is absolute convergence in all panel countri-
rent panels were employed. As expected, the linear  es because the p value for the absolute convergen-
model reflects that these countries have been con- ce is above the standard critical value.

verging during the 1970-2013 for all Panel-1/9.

Table 2. Linearity tests for United States, Brazil, France, Germany, Italy, Australia and Japan.

Results of Evans—Karras Linear Model
Divergence & convergence Absolute & conditional convergence
Panel-1 0,0000 (Convergence) 0,7860 (0,0000)
Panel-2 0,0000 (Convergence) 0,9100 (0,0007)
Panel-3 0,0000 (Convergence) 0,6170 (0,0000)
Panel-4 0,0000 (Convergence) 0,9070 (0,0005)
Panel-5 0,0000 (Convergence) 0,6430 (0,0000)
Panel-6 0,0000 (Convergence) 0,7680 (0,0000)
Panel-7 0,0000 (Convergence) 0,8480 (0,0001)
Panel-8 0,0001 (Convergence) 0,2260 (0,0000)
Panel-9 0,0227 (Convergence) 0,3310 (0,0000)
Panel-10 0,0547 (Divergence) 0,4650 (0,0031)

Panel-1: United States, Brazil, France, Germany, ltaly, Australia and Japan.
Panel-2: Brazil, France, Germany, Italy, Australia and Japan
Panel-3: United States, France, Germany, Italy, Australia and Japan
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Table 3 and Table 4 show the statistical results
for the TAR model. In the analysis according to
Table 3 we didn’t reject the null hypothesis of li-
nearity because both unrestricted and restricted
bootstrap-p values were below the critical value
for panel 1-7. But in panel 8 and 9, we have re-
jected the null hypothesis of linearity with %5 and
in panel 10 we have rejected the null hypothesis
of linearity with %10 confidence. We can conc-
lude that both panel 8 and 9 favor non-linearity
and convergence for the panel countries. We esti-
mated the threshold value as -5,8354 and 4,9659
for panel 8 and 9 and we determined the exogeno-
us variables transition. Threshold value of 4,9659

implies that growth rate of Germany renewable
energy consumption is above the mean of panel
9 renewable energy consumption by 4,9659 unit
in regime 1. Regime I corresponds respectively to
17,0732 and 70,7317% of the total observation.
On the contrary, Regime Il corresponds to 82,92
and 29,27% of observation of the whole samp-
le. Regime II realizes when the relative growth of
Germany renewable energy consumption is above
this level. Threshold value of -5,8354 implies that
growth rate of Brazil renewable energy consump-
tion is under the mean of panel 8 renewable energy
consumption by 4,9659 unit in regime 1.

Table 3. Linear and TAR panel models for renewable energy consumption in G20 countries.

Panel Lag | Linearity Test Bootstrap-p | Transition Country A & OIbeiegrlj\;naetiIon in
Unrestricted | Restricted
Panel-1 1 1,0000 1,0000 UsS -3,0850 53,6585
Panel-2 1 1,0000 1,0000 Brazil -7,9033 14,6341
Panel-3 1 1,0000 1,0000 usS -8,6028 21,9512
Panel-4 1 1,0000 1,0000 [ON -2,8089 56,0976
Panel-5 1 1,0000 1,0000 usS -1,1472 53,6585
Panel-6 1 1,0000 1,0000 [N -3,4493 46,3415
Panel-7 1 1,0000 1,0000 UsS 5,5074 75,6098
Panel-8 1 0,0080 0,0120 Brazil -5,8354 17,0732
Panel-9 1 0,0340 0,0370 Germany 4,9659 70,7317
Panel-10 1 0,0560 0,0580 France 3,9822 65,8537

Table 4 indicates the results of both linear mo-
del and TAR. Turning to the TAR model, there are
some important results. Firstly, according to the
results of linearity, panels 1, 4, 5, 6 and 7 reach
full convergence in both regimes. Secondly, one
can say that panels 2 and 3 converge partially in
regime II. Figures 2 and 3 can be examined respec-
tively through value of the transition variable for
Brazil and Germany. The Figure 2 shows that regi-
me II completely dominates decades from 1970 to

2013 for Brazil, whereas Figure 3 reveals that regi-
me I is the dominant for Germany during the same
period. As for panels 8, 9, and 10, we can suggest
that regime II displays stronger signs of absolute
convergence (p value 0,8190, 0,4590 and 0,7070)
than regime I (p value 0,2220, 0,4220 and 0,3480).
The whole sample conclusion is absolute conver-
gence under both regimes. This may mean that du-
ring this period, renewable energy policy is simi-
lar in those countries.
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Table 4. Convergence test of linear and TAR panel models for renewable energy consumption in G20

countries.
Panel Divergence versus Convergence Absolute versus Conditional Test
Regime I | Regime II Result Regime I | Regime II Both Result
Panel-1 0,0003 0,0003 Full convergence 0,4290 0,6980 0,6560 Absolute
Panel-2 | 04779 | 00000 | Cartalconvergence | 4,00 | (6800 | 08640 | Absolute
Regime I1
Panel-3 | 00927 | o002 | Partialeonvergence | 00, 1 07800 | 03220 | Absolute
Regime II
Panel-4 0,0004 0,017 Full convergence 0,5110 0,6270 0,6940 Absolute
Panel-5 0,0000 0,0073 Full convergence 0,2510 0,8150 0,5860 Absolute
Panel-6 0,0030 0,0000 Full convergence 0,5200 0,3890 0,5200 Absolute
Panel-7 0,0005 0,0135 Full convergence 0,5310 0,5230 0,6580 Absolute
Panel-8 | 00482 | 0,051 | raralconvergence | 5500 | 5100 | 06760 | Absolute
Regime |
Pancl-9 | 00183 | 0849 | Partialeonvergence | 400 1 04500 | 04720 | Absolute
Regime |
Panel-10 | 00038 | 05743 | Partialconvergence | 3 0, 0,7070 | 0,5210 | Absolute
Regime |
Figure 2: Threshold value refer to Brazil for Panel 8
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Figure 3. Threshold value refer to Germany for Panel 9
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Conclusion

Renewable energy is a very important topic all
over the world. Countries have encountered envi-
ronmental degradation because of the use of more
energy to meet economic growth. Energy in all
forms (e.g. power generation, industry use, trans-
portation, residential use) is a major driver behind
economic growth and prosperity. Using renewab-
le resources is a way to avoid environmental dep-
letion and renewable energy has a vital role in mi-
tigating climate change and greenhouse emissions.
Process of shifting resources from non-renewable
to renewable helps reducing environmental prob-
lems. Furthermore, the use of renewable energy
plays an important role to eliminate dependence
on imported energy.

The importance of renewable energy has been
discussed in many studies. Previous studies have
employed linear univariate or panel data methods
to analyze the unit root properties of renewable
energy consumption. This stufy, on the other hand,
has applied a recently introduced nonlinear panel
unit root test that allows two regimes depending
on the threshold variable and we use panel TAR
convergence proposed by Beyaert and Camacho
(2008). We have employed annual 1970-2013 pe-
riods with 10 different panel data sets of G20 co-
untries. TAR models with two regimes propose a
panel-data non-linear framework. One of the ma-
jor advantages of the model is that it allows for the
presence of a unit root. In our work, basically two

main questions have been investigated. Firstly,
does renewable energy consumption in developed
countries follow different convergence path and
secondly, how does this situation vary in the peri-
od of economic expansion and contraction?

We have found the following results. Firstly, ac-
cording to the results of linearity, full convergence
appears for panel 1, 4, 5, 6 and 7 in both of two re-
gimes. Secondly, one can say that there exists par-
tial convergence for panel 2 and panel 3 in regime
II and that panels 8, 9 and 10 reach partial conver-
gence in regime . The other conclusion is that ab-
solute convergence changes according to expansi-
on and contraction of economy. Fourthly, in this
case renewable energy policy of the country sho-
uld be specified according to regime. Especially
in regime II, we may conclude that these count-
ries have shared a common steady state path over
1970-2013. Finally, the results may vary accor-
ding to the linear and nonlinear analyses. The li-
near model reflects that these countries’ renewab-
le energy consumption have been converging du-
ring the last fourthy decades. The non-linear mo-
del shows absolute convergence under both regi-
mes.
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