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Abstract: This paper uses panel cointegration techniques x@ammme the causal
relationship between output, renewable and nonwehk energy consumption, and
international trade for a sample of 69 countriesmduthe period 1980-2007. In the short-run,
Granger causality tests show that there is a lotimeal causality between output and trade
(exports or imports), a bidirectional causalityviee¢n non-renewable energy and trade, and a
one way causality running from renewable energyrade. In the long-run, a bidirectional
causality between renewable energy and importsaamcidirectional causality running from
renewable energy to exports, are noticed. Our lomgOLS, FMOLS and DOLS estimates
suggest that renewable, non-renewable energy cqigsmnrand trade have a positive impact
on economic growth. Our energy policy recommendatiare the followingi) any non-
renewable energy policy should take into accouatithportance of international tradé)

more renewable energy use should be encouragedtimnal and international competent
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authorities in order to increase international eroic exchanges and promote economic
growth without harming the environment, amd)) increasing imports, particularly by
developing countries, is a good vehicle for rendaabnergy technology transfer and
contributes to increase renewable energy consumjtidhe long-run, thus contributing to

reducing greenhouse gas emissions.

Keywords. Renewable and non-renewable electricity consumptidrade; Panel
cointegration.
JEL Classification: C33, F14, Q43

1. Introduction

This paper investigates the interaction betweegrimattional trade and renewable and non-
renewable energy consumption by considering a pain@® countries. This investigation is
interesting because the causal relationship betwaswable and non-renewable energy and
international trade has not been previously studiavertheless, it is admitted that the use of
renewable energy, particularly by developing caesiris greatly influenced by technology
transfer, which mainly operates through internaloaconomic exchanges. The Rio and
Johannesburg conferences recognize that trade teelpshieve more efficient allocation of
scarce resources and facilitates the access oandhpoor countries to environmental goods,
services and technologies (World Trade Organizag26d1).

Several empirical studies analyze the causal oslslip between economic growth and
consumption of renewable energy (Apergis and Pa3@&0a, 2010b, 2011, 2012, Sadorsky,
2009b). Other research papers analyze the causdéionship between economic growth,
renewable energy consumption and carbon dioxide)@®issions (Sadorsky, 2009a). All
these studies agree that renewable energy consaamyflys an important role in increasing
economic growth. Moreover, an energy policy to éase the share of renewable energy in
total energy consumption is very effective in rddgogreenhouse gas emissions. In addition
to capital, labor, and renewable energy consumpiidiner variables such as international
trade can be incorporated into the production fondo explain the growth of gross domestic
product (GDP).

Many studies investigate the causal relationshipvéen energy consumption (total
energy use), international trade, and output. Lead Smyth (2010a) study the dynamic
relationship between economic growth, electricityduction, exports and prices in Malaysia.

Granger causality tests show the existence of alinectional causality running from
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economic growth to electricity production. Lean aS8dhyth (2010b) study the causal

relationship, in Malaysia, between output, elegiriconsumption, exports, labor, and capital
in a multivariate model. They show the existence didirectional causality between output
and electricity consumption. They conclude that ayala should adopt the strategy of
increasing investment in electricity infrastructuaed encouraging electricity conservation
policies to reduce unnecessary use of electri@isilarly, Narayan and Smyth (2009) find

feedback effects between electricity consumptioipoes and GDP, for a sample of Middle

East countries. Sadorsky (2011) uses panel coatiegr techniques for 8 Middle East

countries to study how trade can affect energy womgion. He finds a Granger causality

running from exports to energy consumption anddirdéctional causality between imports

and energy consumption in the short-run. In thgdam, he notices that an increase in both
exports and imports affect the energy demand. étheem paper, Sadorsky (2012) confirms the
long-run causality between trade and energy consampising a sample of 7 South

American countries. He concludes that environmeiptalicies made to reduce energy
consumption will reduce trade.

Ben Aissa et al. (2014) explore the relationshipwvben renewable energy consumption,
trade and output for 11 African countries. Theywghbat there is a bidirectional causality
between output and trade (exports or imports) ih liee short and long-run. However, in the
short-run, these authors find that there is no adydetween output and renewable energy
consumption and between trade and renewable ecerggumption. The present paper differs
from that of Ben Aissa et al. (2014) by the inatmsof non-renewable energy consumption as
a dependent variable, and by considering anothezld countries.

To our knowledge, no research has been reporteth@rcausal relationship between
international trade, renewable and non-renewabdeggnconsumption. The aim of this paper
is to explore the causal relationship between radésvenergy consumption, non-renewable
energy consumption, trade, and output by considexipanel of 69 countries.

This study has the following structure. Section\&g an idea about the renewable energy
sector and international trade. Section 3 desctivesnethods used. Section 4 deals with the
results and their discussions. Finally, Sectionré&sents the main conclusions and policy

implications.

2. Renewable energy and international trade
According to the International Energy Agency (2Q1B)ore than 70 countries are

expected to use renewable energy technologie®ipdiwver sector by 2017. One policy driver
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is environmental concerns which aim to reduce,@missions and local pollutants.
Renewables are also encouraged to stimulate ecespmeinforce energy security and
diversify energy consumption. Renewable energiege hlaeen used principally by the
electricity sector, followed by biofuels. In mosases, subsidies are needed because
renewables are still more expensive than convealti@mergy sources.

Renewable energy use, including traditional biomasas 1684 million tons of oil
equivalent (Mtoe) in 2010 representing 13% of tptaihary energy use (International Energy
Agency, 2012). This share has remained stable €068, but the contributions of different
renewable sources have changed. The share ofidradibiomass in total renewable energy
decreased from 50% in 2000 to 45% in 2010, whitéugls made an increasing share in the
transportation fuel needs. The share of hydropowee, largest source of renewable
electricity, remained stable. The most importacteases are those of electricity generation
from wind which increased by 27% and solar phot@iol(PV) which increased by 42% per
year on average during the period 2000-2010. Thewable sector has been affected by the
international economic crisis. However, weaker @enfances in some regions in Europe and
United States for example, have been largely ofigedn important increase in the rest of the
world, notably in Asia.

Because of governments support, decreasing co€s,pficing in some regions, and
rising fossil fuel prices in the long-term, thedmational Energy Agency (2012) estimates
that the share of renewables in primary energywiencrease. Electricity generation from
renewable will approximately triple from 2010 to3&) attaining 31% of total production. In
2035, hydropower will provide half of renewable gwation, wind nearly one-quarter and
solar PV 7.5%. Solar PV production will increasefa@® from 2010 to 2035. The use of
renewables is expected to reduce,@@issions by over than 4.1 Gt in 2035, contrithatde
diversification of the energy sources, reduce oitl @yas import bills, and decrease air
pollution.

The United Nations Environment Program and the Wadanade Organization (2009)
consider that the 60 years prior to 2008 have lmearked by a considerable expansion of
international trade. In terms of volume, world ®ad approximately 32 times greater now
than it was in 1950. The share in total GDP inadasom 5.5% in 1950 to 21% in 2007.
This considerable expansion in world trade has lm®mouraged by technological progress,
which has considerably reduced the costs of tratepgmn and communications, and by

countries’ use of more open trade and investmericips. The number of countries



participating in international trade has increasedr instance, developing countries have
approximately doubled their share in internatidrede in the last 60 years.

This expansion in international trade poses questabout its impact on greenhouse gas
emissions. The impact of trade on pollution caeX@ained by three principal effects, which
are the scale, composition and technique effeatsriational trade can be used as a channel
for diffusing technologies, especially from deveddpto developing countries, to combat
climate change. International trade can increasatailability of goods and services that are
more energy efficient. The increase in income maaksible by trade openness can lead to a
demand for better environmental quality and a rédnogn greenhouse gas emissions.

It is admitted that international trade and rendwaknergy consumption are linked.
International trade can induce more renewable gnesg, for many reasong:more trade in
goods necessitates more energy and renewable ensegyo produce and transport these
goods from one country to another) because of economies of scale and technology
progress, the price of equipments (for instancarsBV and onshore wind power) used to
produce renewable energy have considerably redpostiing companies to explore new
markets. This makes renewables more affordable farger range of consumers throughout
the world (United Nations Environment Program 2Q13adiii) international trade can play
a significant role in greening the energy sectortas an important vehicle for renewable
energy technology transfer. Indeed, internatioeahmology transfer through trade occurs
when a country imports capital goods, such as mashand equipment to produce renewable
energy. Local firms of the importing country carpgdhe technology of the imported goods,
or acquire knowledge, through training sessionseftgineers and technicians operating the
production line, as customer or distributor, ootigh business relationships with the source
company. As an example, China has mainly acquimdign technologies to create a
domestic PV industry mostly through the internagidnade of manufacturing equipments (De
la Tour et al., 2011). Consequently, China is Hrgdst solar PV cell producer in the world,
with more than one third of worldwide production2@08, exporting more than 95 percent of
what it produces.

More renewable energy production can stimulatermatisonal trade for many reasomk:
the use of more renewable energy implies more mtomiu of goods and the excess of
production in some countries is exported to impgrtcountriesji) according to the United
Nations Environment Program (2013a), there is algarin renewable energy production in
some regions in the world, whereas a deficienagiewable energy production is noticed in

other regions. This has established internationaimercial exchanges in renewable energy
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goods. For instance, in some regions of the wan@jlable biomass is insufficient to meet
growing demand for bioenergy, whereas other regiorluce biomass in excess. This
situation has created important international tredsolid and liquid biomass fuels. Another
example is the Lesotho highlands power project Wil generate 6 GW of wind power and
4 GW of hydropower, mainly for export to South Afi This is equivalent to nearly one
guarter of South Africa’s total current energy dypJnited Nations Environment Program
2013b), andiii) increasing renewable energy production has aifsignt impact on
international trade in rare earth minerals or nsetathich are important inputs for the
manufacture of several renewable energy supplyymtsdsuch as wind turbines and energy
efficient lighting.

In conclusion, the production and consumption ofereable energies and international
economic exchanges are increasing in all parthefworld. It is accepted that renewable
energy consumption and international trade areetinkhowever few researches have

empirically studied this relationship.

3. Material and methods

The data set is a panel of 69 countries followedr dlie years 1980-2007 and includes
annual data on output, renewable and non-renevebtgricity consumption, capital, labor,
exports, and imports. The Appendix lists the 69ntnes included in the analysis which are
distributed on the five continents. Annual timeisgrdata are chosen to include as many
countries as possible by taking into account thalability of data over the selected period.
The multivariate framework for the analysis incladeal gross domestic product (output)
measured in constant 2000 US dollars. Renewablggiensumption is the total renewable
electricity consumption measured in millions ofokiatt hours. It comprises the electricity
produced from geothermal, solar, wind, tide andeydomass and waste, and hydroelectric.
Non-renewable energy consumption is the total morewable electricity produced using oil,
natural gas and coal, and is measured in millidnkilowatt hours. Exports (imports) are
measured using merchandise exports (imports) iresttJS dollars and are converted to real
values by dividing them by the price level of comguion (pc). The capital stock is measured
by the gross fixed capital formation in constan@@@JS dollars. Labor is measured as the
total number of labor force. Data on exports, intpocapital and labor are obtained from the
World Bank (2010). Data on renewable and non-rebé&vanergy consumption are obtained

from the U.S Energy Information Administration (Z);Lland those on pc are obtained from



the Penn World Table version 7.1 (Heston et al1220All estimations are made using
Eviews 8.0.

Following Apergis and Payne (2011, 2012), Lean &mdith (2010a, 2010b), and
Sadorsky (2012), we estimate the relationship betmwenewable and non-renewable energy
consumption, output and trade by using the prodaoctunction. The model presented by
Apergis and Payne (2012) includes renewable andrermewable energy in the production
function in order to investigate the relation betwesnergy and output. The model used by
Sadorsky (2012) includes exports and imports in $eparate empirical models, whereas the
models used by Lean and Smith (2010a, 2010b) ieatudly exports. In the present paper, we
follow the same model specification as SadorskylP20to investigate the relationship
between renewable and non-renewable energy consumeptitput and trade.

The production modeling framework given below shdheat output Y) is written as a

function of renewable and non-renewable eneR§y; NRE), trade Q) capital K), and labor

(L):

Y, = f(RE,,NRE,

it?

O,.K,,L,) Q)
Eq. (1) can be written as follow:

Y, = RE/¥ NRE?2 Q%3 K 4 | /s (2)
The natural log of Eq. (2) gives the following etjoa:

yit :ai +dlt+ﬂlier +182iner +183(JI'( +184kit +185|it +£it (3)

wherei =1,...,N for each country in the pandl=1,..., T denotes the time period arfd)

denotes the stochastic error term. The parameterand o allow for the possibility of

country-specific fixed effect and deterministicrige respectively.

! International trade is incorporated into the prditucfunction by including real exports or real ionfs of
merchandises in two separate specification modsaurse of the high correlation value (0.97) betwegiorts

(ex) and importsim).



To examine the relationship between renewable amdrenewable energy consumption
and trade for a sample of 69 countries, we use |papi@tegration techniques. These
techniques are interesting because estimations éross-sections of time series have more
freedom degrees and are more efficient than esonsafrom individual time series. Panel
cointegration techniques are particularly usefuewkhe time series dimension of each cross-

section is short.

4. Results and discussions

Our empirical analysis follows four steps. we proceed panel unit root tests for
stationary,ii) we look for long-term cointegration between valesbiii) we estimate the
long-run relationships between variables, anjdwe study the causality between variables
using Engle and Granger (1987) approach.

4.1. Sationary tests

In this study four types of unit root tests are pobed in order to examine the order of
integration of variables at level and at first ditnce, namely Levin et al. (2002), Im et al.
(2003), test of Fisher using augmented Dickey aulief (ADF) (1979), and Phillips and
Perron (1988). These tests are divided in two ggotlipe first group of tests includes LLC'’s
test (Levin et al., 2002) assuming a common urot grocess across the cross-section. The
second group of tests comprises IPS-W-statistic étnal., 2003), Fisher-ADF Chi-square
(Dickey and Fuller, 1979) and Fisher-PP Chi-squihillips and Perron, 1988) which
assume individual unit root process across thesesestion. For all these tests, the null
hypothesis is that there is a unit root and theradttive hypothesis is that there is no unit root.
We assume that the test regressions contain arcepteand no deterministic trend. The
numbers of lags are selected automatically usingv8rz information criterion (SIC). The
results of unit root tests are reported in Table 1.

Insert Tablel1 here

Table 1 indicates that, at level, there is a undt rfory, nrec, k, ex, andim panel data
series, whereas after first difference, all ouialgles are integrated of order one, I(1). FeJ (
data series, the result from the IPS test repbasptesence of a unit root at level, whereas
after first difference it confirms that renewableeegy consumption is integrated of order one
at the 1% significance level. Using IPS and ADRgelbor forcel] contains a unit root at
level but becomes stationary after first differerfé@ally, we can conclude that the stationary

of each variable is established and our resultfroothat the integration order is one.
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4.2. Cointegration tests

To check for long-run association in a heterogesgmanel, we use the cointegration tests
of Pedroni (1999, 2004). Pedroni (2004) proposesrsatatistics distributed on two sets of
cointegration tests. The first set comprises foamgb statistics and includes v-statistic, rho-
statistic, PP-statistic and ADF-statistic. Thesgistics are classified by the within-dimension
and take into account common autoregressive coaife across countries. The second set
comprises three group statistics and includes thtisic, PP-statistic, and ADF statistic.
These tests are classified by the between-dimenaimmh are based on the individual
autoregressive coefficients for each country inghael. The null hypothesis is that there is

no cointegration K,:p =1 ), whereas the alternative hypothesis is that thisre

cointegration between variables. Panel cointegnatsts of Pedroni (2004) are based on the
residual of Eq. (3). The estimated residuals afmee as follows:

é:it = [)ié:it—l + Vvit (4)

We assume that the tests are running with indivichiercept and deterministic trend. The
results from the tests for the data set for the ehadth exports and the model with imports
are reported in Tables 2 and 3, respectively.

Insert Table2 here

Table 2 indicates that, for the model with expotitsee panel statistics (v-statistic, PP-
statistic and ADF-statistic) among the four statsstised for the within-dimension, reject the
null hypothesis of no cointegration at the 1% digance level and approve that there is
evidence of cointegration between variables. Twoupgr statistics (PP-statistic and ADF-
statistic) among the three statistics used forbgteeen-dimension reject the null hypothesis
of no cointegration at the 1% significance levetl @pprove the existence of cointegration
between variables. Therefore, five tests among rs@amfirm the existence of long-term
cointegration between the variables.

Insert Table3 here

For the model with imports, Table 3 indicates tl@ahong the four used statistics of the
within-dimension, three panel statistics (v-statjsPP-statistic and ADF-statistic) reject the
null hypothesis of no cointegration at the 1% digance level. Two group statistics (PP-

statistic and ADF-statistic) among the three diatisised of the between-dimension reject the



null hypothesis of no cointegration at the 1% digance level. Thus, the tests of Pedroni

(2004) confirm the existence of long-term cointéigrabetween the variables.

4.3. Long-run estimations

This step consists in the long-run estimation of &) where the dependent variable is
real GDP or output, and the independent variablesenewable energy consumption, non-
renewable energy consumption, real exports (or nsjpocapital stock and labor force. The
ordinary least squares (OLS) estimator is asynqalyi biased and its distribution depends
on nuisance parameters, in the context of a paiehate. To correct this bias, we estimate
the long-run structural coefficients of Eq. (3) lsing the fully modified OLS (FMOLS) and
the dynamic OLS (DOLS) panel approaches proposdeeolyoni (2001, 2004). To correct the
problems of endogeneity and serial correlation, E/8Quses a non-parametric approach,
whereas DOLS uses a parametric approach. As ouables are measured in natural
logarithms, the coefficients estimated from thegloan cointegration relationship can be
considered as long-run elasticities. The resultdoafy-run estimates for the model with
exports and that with imports are reported in Taldleand 5, respectively.

Insert Table4 here

Table 4 reports the results for panel OLS, FMOLS8 BOLS long-run estimates for Eq.
(3) with exports. For the renewable energy, norewable energy, capital and labor variables,
the three approaches produce very close resultsrins of sign, magnitude and statistical
significance’ Indeed, their estimated coefficients are staafliicsignificant at the 1% level
and indicate a positive impact on output. The esttdtt coefficient of exports is not
statistically significant under FMOLS and DOLS amgehes, but is statistically significant at
the 1% level under the OLS approach with a positiyeact on output

? Even though Kao and Chiang (2001) show, by usingtel€arlo experiments, that the DOLS estimator
outperforms the OLS and FMOLS estimators, someoastprefer the DOLS and others the FMOLS, whereas
some other authors use both of them as, in mosiscdbey give very close results. For instance fand
heterogeneous panels, Apergis and Payne (2012hedeMOLS estimator, whereas Sadorsky (2009b) tlnges

FMOLS, DOLS and OLS estimators.
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By using the FMOLS approach, a 1% increase in rabésvenergy, non-renewable
energy consumption, capital and labor increaseutuip 0.04%, 0.09%, 0.79%, and 0.06%,
respectively. By using the OLS approach, a 1% emsxan exports increases output by 0.03%.

Insert Table5 here

Table 5 reports the results for panel OLS, FMOb8 BOLS long-run estimates for Eq.
(3) with imports. For all variables, except for thmaport variable, the three approaches
produce very close results in terms of sign, magietand statistical significance. Indeed,
their estimated coefficients are statistically gigant at the 1% level and indicate a positive
impact on output. The estimated coefficients of ontp are very close and indicate a positive
impact on output with a statistical significancetteg 1%, 10% and 5% levels with the OLS,
FMOLS and DOLS approaches, respectively.

In the long-run, FMOLS estimate results suggest ah#% increase in renewable energy,
non-renewable energy consumption, imports, capitel labor increase output by 0.04%,
0.08%, 0.04%, 0.77%, and 0.06%, respectively.

For all variables except for the export and imp@ntiables, the computed coefficients for
the model with exports and that with imports argy\&@milar in terms of sign, magnitude and
statistical significance, and lead to the same losimns. These long-run estimates are very
different from those found by Apergis and Paynel@0Obecause our estimated coefficients
are relatively very small for the renewable energpn-renewable energy, and labor variables.
We think that this difference is due to the intéigma of international trade as a dependent
variable in our specified model.

4.4. Causality tests

Given that the residual cointegration tests of Bed{1999, 2004) show the existence of a
long-run relationship between variables in the specific models (exports or imports), then
the approach of Engle and Granger (1987) can be tosestimate the error correction model.
Our analysis will focus principally on the outpugnewable energy consumption, non-
renewable energy consumption, exports, and impariables.

The estimation of the dynamic vector error cor@tinodel (VECM) is given as follows:

q q q q q
Ay, = gli + Hl,lijAyit—j + Hl,zj'Aer—j +291,3Anr3t—j +291,4A0n—j +29 1j5Akit—j
=1 =1 i=1

j=1 j=1

q
+Zel,6ij Alit—j + A ECT L + iy, S)
j=1
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q q q q q
Are, :92i +282,]ijAyit—j +zgz,21Aer—j +zgz,aAner—j +ZH 2,4A0n—j +ZH 2j5Akit—j
=1 j=1 j=1 j=1 j=1

q
Zez,ﬁjAlit—j + A ECT, L + Uy (6)
=1

q q q q q
Anre, = 93i + 93,:IijAyit—j +ZH3,21Aer—j +293,3Anr3t—j +ZH3’4A0”_] +29 3J$Akit—j
i=1 =1 =1 i=1

=t
q
263,6ijA|it—j + AL ECT, L + Uy, (7)
=1
q q q q q
Ao, =6, +ZH4,]jjAyit—j +ZH4,2jAer—j +Ze4,qAner-j +264,4A0|t—j +Z€ 450K
=1 =1 =1 =1 =1
q
264,6UA|it—j +ALECT, ., + 4y, (8)
=1
q q q q q
Ak, =6 +ZHS,IjAyit—j +zes,21Aer—j +zg5,aAner—j +295,i4A0|t—j +29 AL o
=t -1 =1 =1 =1
q
zgs,eijAlit—j +AGECT, L + Uy, 9
=t

q q q q q
Alit = Hﬁi + HG,JijAyit—j +296,2jAer—j +zge,aAner—j +29 6,@4A0|t—j +29 6j5Akit—j
j=1 j=1 j=1 j=1

j=1

q
de,eijAlit—j + /]6i ECTit-l + Ugi (10)
j=1

ECTit = Yit _Bﬁer _Bzi nre; —,5’30” _lézi kit _Iéﬁlit (11)

where A is the first difference operator; the autoreg@sdag lengthg, is set at one and

determined automatically by SIQ; is a random error terniECT is the error correction term

derived from the long-run relationship of Eqg. (3).

To investigate the short and long-run dynamic rehet between variables, we follow the
two steps approach of Engle and Granger (19873t,Rire estimate the long-run parameters
in Eg. (3) in order to get the residuals correspagpdo the deviation from equilibrium.
Second, we estimate the parameters related tdhtrersin adjustment of Egs. (5) - (10). The
short-run causality is determined by the signifm@anf F-statistics and the long-run causality
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corresponding to the error correction term is deteed by the significance of t-statistits.
The Granger causality tests are reported in Tablesmd 7, and Fig.1 resumes short-run
causalities for our main variables.
Insert Table 6 here

For the panel VECM with exports, short-run Grangausality tests, reported in Table 6,
show that there is evidence of a bidirectional alitysbetween exports and output at the 1%
significance level. There is also a bidirectionabi$-run causality between exports and non-
renewable energy consumption, which is statisgicaignificant at the 1% and 5% levels
when the causality runs from non-renewable energyl &xports, respectively. A
unidirectional short-run causality running from egrable energy consumption to exports is
validated at the 5% significance level. Howeveer¢his no evidence of a short-run causality
between output and renewable energy consumptiotpubuand non-renewable energy
consumption, and renewable and non-renewable eerggumption.

The long-run test results reported in Table 6, shbat the error correction term is
statistically significant at the 1% level for Eq®), (8) and (10). Let us notice that the
computed error correction terms corresponding &éorémewable energy and non-renewable

energy equations are statistically significant watlslow speed of adjustment whereas their

* The error correction term estimates the speed athwthe dependent variable converges to the long-ru
equilibrium after variations of independent vareghl The value of lagged ECT should be between d10aand

statistically significant.
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signs are not negativVeThis means that there is evidence of a long-rursality running:)
from renewable and non-renewable energy, expodpgital, and labor to outputi) from
output, renewable and non-renewable energy, capitdl labor to exports, anidi) from
output, renewable and non-renewable energy, exmorts capital to labor. We can also
deduce that there is a long-run bidirectional chiydaetween output and exports.

Insert Table7 here

For the panel VECM with imports, short-run Grangausality tests, reported in Table 7,
show that there is evidence of a bidirectional atysbetween imports and output at the 1%
significance level. There is a bidirectional shan- causality between imports and non-
renewable energy consumption, which is statisgcasignificant at the 1% and 10% levels
when the causality runs from non-renewable energg amports, respectively. A
unidirectional short-run causality running from egrable energy consumption to imports is
validated at the 5% significance level. Howeveer¢his no evidence of a short-run causality
between renewable energy consumption and outputyerewable energy consumption and
output, and renewable and non-renewable energyioguteon.

Table 7 reports the long-run test results whichwslilbat the error correction term is
statistically significant at the 1% level for E€S), (6), (8) and (10). Notice that the estimated
error correction terms concerning the non-renewadlergy and capital equations are
statistically significant with a slow speed of agtjment but their signs are not negative. This
means that there is a long-run causality runningirom renewable and non-renewable
energy, imports, capital, and labor to outpytfrom output, non-renewable energy, imports,

capital and labor to renewable energy), from output, renewable and non-renewable energy,

* To be significant, the estimated error correctiennt should be between -1 and 0 and statistically
significant. Our estimated error correction terros fhe non-renewable energy equation are not caegbri
between -1 and O for both the exports and impornsieis. The referee suggested this result may betalue
multicolinearity between renewable and non-renewaiergy variables which may affect the Grangesalau
results. Upon the recommendation of the referedalfmving two models were estimated: (1) renewabiergy
consumption, output, trade (exports or importspiteh and labor, and (2) non-renewable energy comgion,
output, trade (exports or imports), capital ancdbtaWe find no difference in the Granger causalltssboth in
the short and long-run, between the present model these two models. Moreover, the estimated error
correction terms for the non-renewable energy comsion are not significant because they are notprmad

between -1 and 0 as in the present model. Theasktig@se available upon request.
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capital and labor to imports, and) from output, renewable and non-renewable energy,

imports and capital to labor. Also, we deduce thate is a long-run bidirectional causality

between output and imports, output and renewal#@eggnand renewable energy and imports.
Insert Fig 1 here

Fig.1 sums up the short-run Granger causality betvweir main variables. By looking to
the short-run causalities in Fig. 1, and the lomg-causalities in Tables 6 and 7, we can
highlight our main causal relationships.

Indeed, there are both short and long-run bidioeeti causalities between trade (exports
or imports) and output. This signifies that anyia@on in trade affects output, and any
variation in output affects trade. This suggestt #aconomic growth cannot be achieved
without more international trade. These results iaragreement with the findings of Ben
Aissa et al. (2014) who consider a panel of 11 cafri countries, and those of Sadorsky
(2012) who is concerned by a panel of 7 South Ataercountries.

Our short-run Granger causality tests suggest xistemce of a unidirectional causality
running from renewable energy consumption to tréaéhe long-run, there is a unidirectional
causality running from renewable energy consumptionexports, and a bidirectional
causality between renewable energy and importssd hesults suggest that any variation in
renewable energy consumption affects both expartsimports. Moreover, any increase in
imports, increases renewable energy consumptioes& hresults are different from those
obtained by Ben Aissa et al. (2014) who show thatet is no short-run causality between
renewable energy consumption and internationaletrfad the considered panel of African
countries mainly because the consumed renewablegyene most African countries
considered in the panel is much lower than the wmesl non-renewable energy. Sadorsky
(2012) finds a short-run Granger causality runniirgm energy consumption to imports, a
long-run bidirectional causality between energystonption and imports, and short and long-
run bidirectional causalities between renewablegnand exports.

The Granger causality tests show the existencelaflieectional causality between non-
renewable energy consumption and trade in the shortand a one way causality running
from non-renewable energy to trade in the long-itms signifies that any variation in trade
affects non-renewable energy consumption, and amation in non-renewable energy
consumption affects trade. Thus, trade expansionatabe achieved without affecting non-
renewable energy consumption. Sadorsky (2012) fisasilar results by showing the
existence of short and long-run bidirectional rielahip between energy consumption and

exports, and a long-run bidirectional relationdhgiween energy consumption and imports.
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In the short-run, there is no causality betweerewable energy consumption and non-
renewable energy consumption. However, there is©at-sun indirect and unidirectional
causality running from renewable energy consumptiionon-renewable energy consumption
through trade (exports or imports). This means, tivatthe short-run, any variation in
renewable energy consumption indirectly affects-remrewable energy consumption. These
results are new and interesting because this ssuthe first attempt to empirically investigate
the causal relationship between renewable energysutoption, non-renewable energy
consumption and international trade. In the long-and for the model with imports, we find a
unidirectional causality running from non-renewaldaergy consumption to renewable
energy, meaning that any changes in non-renewabkrge affect renewable energy
consumption. However, Apergis and Payne (2012) slilogv existence of a short-run
bidirectional causality between renewable and remewable energy consumption indicative
of substitutability between the two energy sourd¥s. think that this causality obtained by
these authors may be due to the omission of the trariable.

Our Granger causality tests show that there is martgun causality between non-
renewable energy consumption and output, suppottiegneutrality hypothesis. However,
there is an indirect short-run bidirectional caitgabetween non-renewable energy and
output, which occurs through trade (exports or irtg)o Therefore, in the short-run, policies
targeted to reduce non-renewable energy consumyilbmdirectly reduce economic growth
through the impact of non-renewable energy redoabio exports and imports. However, in
the long-run, there is a one way causality runifitogn non-renewable energy consumption to
output. Conversely, Apergis and Payne (2012) detraes a bidirectional relationship
between non-renewable energy consumption and ourtfdth the short and long-run. These
differences can be explained on the basis of ttierdhces in used data and variables. Indeed,
in our study, the integration of exports and impant the production function as explanatory
variables can divert the direction of short-run sadily between variables. Our short-run
Granger causality results confirm those of Sador&@812) who shows that the causality
between output and energy consumption is indidecteed, in the short-run, he shows the
existence of an indirect bidirectional causalitytvieen energy consumption and output
through exports, and an indirect unidirectionalsadity from energy consumption to output
through imports. Many other papers show the absefca short-run causal relationship
between energy consumption and output, and théeexis of an indirect causality. Indeed,
Halicioglu (2009) show the existence of an indiracid bidirectional short-run causality

between energy consumption and output that runsugfir CQ emissions. Ozturk and
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Acaravci (2010) report the absence of short-runsabhuelationship between energy
consumption and output. In fact, the debate on daesal relationship between energy
consumption and growth has been treated by diffeskrdies and the direction of causality
depends on the selected countries, the period denesl, the empirical methodologies, and
included variables. Al-mulali et al. (2013) resuthe findings of 81 studies concerned by the
causal relationship between energy consumptionemottiomic growth. They conclude that
45% of these studies find a bidirectional causgfgdback hypothesis), 10% find no causal
relationship (neutrality hypothesis), 25% find aeoway causal relationship running from
energy consumption to output (growth hypothesig)d €20% find a one way causal
relationship running from output to energy consump{conservation hypothesis).

Our Granger causality tests show that there ishwotgsun causality between renewable
energy consumption and output, and this suppoetséutrality hypothesis. However, there is
an indirect short-run unidirectional causality fraemewable energy to output through trade
(exports or imports). Thus, in the short-run, pekctargeted to increase renewable energy
consumption will indirectly increase economic grbwthrough the impact of renewable
energy increase on exports and imports. In the -tang we show the existence of a
unidirectional causality running from renewable rgiyeto output in the model with exports,
and a bidirectional causality between renewableggnand output in the model with imports.
Thus, in the long-run, increasing renewable en@gysumption is beneficial for economic
growth. Our results are not in agreement with thoképergis and Payne (2010a, 2011,
2012) who show the existence of a bidirectionahtrehship between renewable energy
consumption and output in both the short and lang-These differences can be explained on
the basis of the differences in used data andblasalndeed, in our study, the integration of
exports and imports in the production function apla&natory variables can divert the
direction of short-run causality between variablsmulali et al. (2013) investigate the long-
run relationship between renewable energy conswm@nd GDP growth for 108 countries
categorized as high income, upper middle income&gtfomiddle income, and low income
countries. The results reveal that for 79% of thantries this causality is bidirectional, for
19% of the countries there is no causality, andférof the countries there is a one way long-

run relationship from output to renewable energfram renewable energy to output.
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5. Conclusions and policy implications

This research studies the causal relationship E#tweutput, renewable and non-
renewable energy consumption and trade for a pain@9 countries over the period 1980-
2007. This study is interesting because no reseaadh been reported on the causal
relationship between output, international tradenewable and non-renewable energy
consumption.

We consider two models. In each model the dependardble is GDP (output) and the
independent variables are renewable energy congsumptnon-renewable energy
consumption, trade, the stock of capital and ldboe. In the first model, international trade
is measured by merchandise exports, and in theadenodel, it is measured by merchandise
imports.

Granger causality tests show that there is evidefice bidirectional causality between
output and trade (exports or imports) in both thersand long-run. These results indicate
that any changes in trade affect output and anpgd®in output affect trade. They suggest
that economic growth cannot be achieved withoutaegng international economic
exchanges.

Even though there is no short-run causality betweatput and renewable energy
consumption, there is a long-run and bidirectiotelsality between output and renewable
energy consumption in the model with imports. kdleeconomic growth makes people more
aware of environmental protection leading to amdase in renewable energy consumption.
We provide this reason because we don’t find a aldysrunning from output to non-
renewable energy consumption. However, we findregdun causality running from non-
renewable energy consumption to output. Thus, nmar@renewable energy consumption
boosts economic growth in the long-run.

Also, there is evidence of a one way short-run abtyswithout feedback running from
renewable energy consumption to trade. These sesulggest that increasing renewable
energy consumption increases imports and expontsthé short-run. Thus, any policy
designed to increase renewable energy consumptidhjncrease trade and its benefits.
Policies designed to increase renewable energyuogoison encourage international trade
and promote economic growth. We think that thisrshun unidirectional causality is due to
at least one of the two following reasomsthere are great disparities in the production of
renewable energy between countries encouraging thigirnational exchanges, which are
becoming more and more importan); the increase in renewable energy production has a

significant and positive impact on internationatcleanges in rare earth minerals or metals,
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which are becoming increasingly important. Our shon Granger causality tests suggest that
neither exports nor imports affect renewable enemysumption. However, in the long-run,
there is a bidirectional causality between renewanlergy and imports. This means that, in
the long-run, increasing imports leads to an ineeeia renewable energy consumption. We
think that this long-run causality is due to theewable energy technology transfer occurring
when countries import capital goods, such as mashamd equipment to produce renewable
energy. This causality from imports to renewablergg consumption occurs only in the
long-run because, when renewable energy technadi@msfer occurs through imports, a
relatively long time is needed for importing couedr to build the necessary human and
physical capacities for producing renewable energiée also show the absence of causality
running from exports to renewable energy consumpiioboth the short and long-run. This
means that increasing exports has no impact owedsie energy consumption. This absence
of causality can be attributed to at least oneheftivo following reasons which should be
considered for all our panel of 69 countriésthe proportion of renewable energy used to
produce and to transport exported goods is noifgignt, ii) the exports of equipment needed
to produce renewable energy are not important.

We show the existence of a short-run feedback tgusetween non-renewable energy
consumption and trade, and a long-run unidirecticaasality running from non-renewable
energy to trade. These results suggest that trgoension necessitates more non-renewable
energy consumption. Moreover, any reduction in remewable energy consumption, for

instance due to non-renewable energy conservatbeigs decided to reduc€O, emissions,

will reduce international trade and its benefits.

In our long-run estimates, output is the dependemiable. Long-run elasticities are
estimated using OLS, FMOLS and DOLS panel appraachee results of estimates show
that all coefficients are positive and statistigalignificant at mixed level, except for exports
coefficients which are statistically significantlprwith the OLS panel approach. Therefore,
in the long-run, any increase in capital, laborcé&rrenewable energy consumption, non-
renewable energy consumption and trade (expoitaorts) will increase economic growth.

Our energy policy recommendations are the followkigstly, we show the existence of a
feedback short-run causal relationship betweenrenawable energy consumption and trade,
and a long-run causality running from non-renewalergy to trade. Thus, and as proposed
by Sadorsky (2012), any non-renewable energy posbpuld take into account the
importance of international trade. Secondly, wewslbat renewable energy consumption
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Granger causes trade in both the short and longdious, the use of more renewable energy
should be encouraged by national and internaticoi@petent authorities because it increases
international economic exchanges and promotes eaongrowth. This result is very
interesting as it shows that more renewable enstigyulates trade, thus promoting economic
growth without harming the environment. Thirdly, Wemonstrate a long-run bidirectional
causality between renewable energy consumptionmapdrts. Therefore, increasing imports,
especially by developing countries, is a good Mehior renewable energy technology
transfer and contributes to increase renewableggneonsumption in the long-run. Thus,

more imports do not mean systematically more poltut
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Appendix: 69 countries sample

Algeria, Argentina, Australia, Austria, Banglade®elgium, Bolivia, Brazil, Bulgaria,
Cameroon, Canada, Chile, China, Comoros, Costa, Rleamark, Dominican Republic,
Ecuador, Egypt, El Salvador, Finland, France, Gal@imana, Greece, Guatemala, Honduras
Hungary, Iceland, India, Indonesia, Iran, Irelaitdly, Japan, Kenya, Korea Rep, Malawi,
Malaysia, Mali, Mauritius, Mexico, Morocco, Mozangbie, Netherlands, New Zealand,
Nicaragua, Norway, Pakistan, Panama, Paraguay, Péilippines, Portugal, South Africa,
Spain, Sri Lanka, Sudan, Swaziland, Sweden, Svatzéy Syria, Thailand, Tunisia, United
Kingdom, United States, Uruguay, Venezuela, Zambia
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Table 1. Panel unit root tests

Tables

Panel unit root test method LLC IPS Fisher-ADF  EisRP
y 6.53103 16.9322 27.9805 29.1039
(1.0000) (1.0000) (1.0000) (1.0000)
Ay -19.9102 -20.7862 664.983 669.754
(0.0000j (0.0000j (0.0000j (0.0000j
re -3.88498 -2.04254 217.292 262.121
(0.0000f (0.0205) (0.0000) (0.0000j
Are -34.7766 -37.1259 1239.34 1396.95
(0.0000j (0.0000j (0.0000j (0.0000j
nre -1.45649 6.16964 94.1782 103.004
(0.0726) (1.0000) (0.9984) (0.9886)
Anre -31.1550 -32.8946 1109.17 1338.54
(0.0000f (0.0000f (0.0000f (0.0000f
k 4.11696 8.83988 55.9864 37.5331
(1.0000) (1.0000) (1.0000) (1.0000)
Ak -22.5516 -23.0878 752.298 737.308
(0.0000j (0.0000j (0.0000j (0.0000j
I -11.9254 3.47584 177.046 267.188
(0.0000f (0.9997) (0.0140) (0.0000)
Al -9.00573 -12.7521 486.933 492.611
(0.0000j (0.0000j (0.0000j (0.0000j
ex 0.39704 9.92898 44.2421 40.1834
(0.6543) (1.0000) (1.0000) (1.0000)
Aex -30.1456 -30.3572 1014.52 1135.34
(0.0000j (0.0000f§ (0.0000f§ (0.0000f§
im 4.60742 14.2231 18.0246 17.5201
(1.0000) (1.0000) (1.0000) (1.0000)
Aim -31.5097 -29.9565 997.782 1085.92
(0.0000j (0.0000j (0.0000j (0.0000j

Null hypothesis: Unit root.

All unit root tests regressions are run with inégrc

P-value listed in parentheses.

Automatic lag length selection based on SIC (Schw#brmation criteria).

4Critical values at the 1% significance level.
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Table 2. Pedroni cointegration tests (with exports)

Alternative hypothesis: common AR coefs. (withimginsion)

Weighted
Statistic Prob. Statistic Prob.
Panel v-Statistic 3.000609 0.0000*** 2.956833 .00DO***
Panel rho-Statistic 2.998403 0.9986 2.793275 99
Panel PP-Statistic -2.981728 0.0014*** -2.849749 0.0022***
Panel ADF-Statistic -3.271644 0.0000*** -3.192934 0.0007***
Alternative hypothesis: individual AR coefs. (betmedimension)
Statistic Prob.
Group rho-Statistic 5.459964 1.0000
Group PP-Statistic -3.660259 0.0001***
Group ADF-Statistic -3.927177 0.0000***
Null hypothesis: No cointegration
Trend assumption: Deterministic intercept and trend
Automatic lag length selection based on SIC withax lag of 5.
Newey-West automatic bandwidth selection and Bakkrnel.
*** Critical values at the 1% significance level.
Table 3. Pedroni cointegration tests (with imports)
Alternative hypothesis: common AR coefs. (withimeinsion)
Weighted
Statistic Prob. Statistic Prob.
Panel v-Statistic 3.085872 0.0012*** 3.047974 .00 2%+
Panel rho-Statistic 3.652326 0.9999 3.489442 9998
Panel PP-Statistic -2.708324 0.0034*** -2.076545 0.0189**
Panel ADF-Statistic  -3.022099 0.0013*** -2.504795 0.0061***
Alternative hypothesis: individual AR coefs. (betmedimension)
Statistic Prob.
Group rho-Statistic 6.203968 1.0000
Group PP-Statistic -2.493555 0.0063***
Group ADF-Statistic -2.450293 0.0071***

Null Hypothesis: No cointegration

Trend assumption: Deterministic intercept and trend
Automatic lag length selection based on SIC withax lag of 5.
Newey-West automatic bandwidth selection and Bakkrnel.
*** Critical values at the 1% significance level.

** Critical values at the 5% significance level.
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Table 4. Panel OLS-FMOL S-DOL Slong-run estimates (model with exports)

Variables re nre ex k |

0.040250 0.113815 0.033148 0.725328 0.076066

oLS (0.0000)***  (0.0000)*** (0.0000)** (0.0000)*** (0.0000)***
0.040625  0.089270  0.011540  0.788769  0.058852

FMOLS  (0.0000)*** (0.0002)** (0.5694)  (0.0000)*** (0.0000)***
0.040250  0.113815  0.033148  0.725328  0.076066

DOLS (0.0002)*** (0.0000)** (0.1059)  (0.0000)*** (0.0000)***

Cointegrating equation deterministics: intercept &rand.

All variables are measured in natural logarithms.

*** Critical values at the 1% significance level.

Table 5. Panel OLS-FMOL S-DOL Slong-run estimates (model with imports)

Variables re nre im k I

0.041878 0.112659 0.048148 0.717723 0.072206

oLS (0.0000)***  (0.0000)** (0.0000)** (0.0000)*** (0.0000)***
0.042188  0.082159  0.042819  0.770815  0.057262

FMOLS (0.0000)*** (0.0005)**  (0.0708)* (0.0000)*** (0.0016)***
0.041878  0.112659  0.048148  0.717723 _ 0.072206

DOLS (0.0000)***  (0.0000)**  (0.0446)** (0.0000)*** (0.0001)***

Cointegrating equation deterministics: intercept trand.
All variables are measured in natural logarithms.

*** Critical values at the 1% significance level.

** Critical values at the 5% significance level.

* Critical values at the 10% significance level.
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Table 6. Granger causality tests (model with exports)

Dependent
. Short-run Long-run

variable
Ay Are anre Aex Ak Al ECT

Ay - 0.27709 0.09175 14.9943 0.70006 6.15837| 78582

(0.5987) (0.7620) (0.0001)***  (0.4029) (0.0132)**| 0.0034)**=*

Are 2.05523 - 0.88021 0.27543 1.07893 0.37766 007.26
(0.1518) (0.3483) (0.5998) (0.2991) (0.5389) (0.0543)

Anre 0.87644 0.70423 - 5.20133 0.35917 2.99523 05204
(0.3493) (0.4015) (0.0227)**  (0.5490) (0.0837)* (0.0029)

Aex 34.2832 6.52984 26.5075 - 30.3576 1.38140 82BN6
(0.0000)*** (0.0107)**  (0.0000)*** (0.0000)* (0.2400) (0.0000)***

4k 7.83140 1.33448 1.11353 4.35998 - 2.38113 14184
(0.0052)***  (0.2482) (0.2914) (0.0369)** (0.1230) (0.9040)

Al 0.03283 0.04612 0.01208 3.62611 0.10699 - o047
(0.8562) (0.8300) (0.9125) (0.0570)* (0.7436) oL 3)***

Lag lengths selected is 1 based on the Schwarmmafion criterion.
P-value listed in parentheses.

*** Critical values at the 1% significance level.

** Critical values at the 5% significance level.

* Critical values at the 10% significance level.
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Table.7 Granger causality tests (model with imports)

Dependent
. Short-run Long-run
variable
Ay Are anre Aim Ak Al ECT
Ay - 0.27709 0.09175 13.2892 0.70006 6.15837| 371BB4
(0.5987) (0.7620) (0.0003)***  (0.4029) (0.0132)**| 0.0000)***
Are 2.05523 - 0.88021 0.31788 1.07893 0.37766 042106
(0.1518) (0.3483) (0.5730) (0.2991) (0.5389) (0.0002)**=*
Anre 0.87644 0.70423 - 3.43358 0.35917 2.99523 11006
(0.3493) (0.4015) (0.0640)* (0.5490) (0.0837)* (0.0017)
Aim 36.1896 5.65292 30.4427 - 26.6078 1.64869 47BG4
(0.0000)*** (0.0175)**  (0.0000)*** (0.0000)*** (0.1993) (0.0000)***
4k 7.83140 1.33448 1.11353 4.05661 - 2.38113 428607
(0.0052)***  (0.2482) (0.2914) (0.0441)* (0.1230) (0.0348)
Al 0.03283 0.04612 0.01208 2.55519 0.10699 - 0aneo
(0.8562) (0.8300) (0.9125) (0.1101) (0.7436) QOZ)***

Lag lengths selected is 1 based on the Schwarmmafion criterion.
P-value listed in parentheses.

*** Critical values at the 1% significance level.

** Critical values at the 5% significance level.

* Critical values at the 10% significance level.
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Figures
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Fig.1. Short-run causality between output, renewable and non-renewable energy and trade
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