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Abstract: We use panel cointegration techniques to examieerghationship between
renewable energy consumption, trade and outpusemaple of 11 African countries covering
the period 1980-2008. The results from panel ecarection model reveal that there is
evidence of bidirectional causality between outpatl exports and between output and
imports in both the short-run and the long-run. ldeer, in the short-run, there is no evidence
of causality between output and renewable energguwaption and between trade (exports or
imports) and renewable energy consumption. In tmg-fun, the FMOLS panel approach
estimation shows that renewable energy consumptnthtrade (exports or imports) have a
statistically significant and positive impact ontut. Policies recommendations are that, in
the long-run, international trade enables Africanrtdries to benefit from technology transfer
and to build the human and physical capacities eréd produce more renewable energies,
which in turn increases their output.
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1. Introduction

The interaction between international trade ancwable energy consumption has not
been previously studied, and it is the aim of thespnt paper by considering a panel of
African countries. Nevertheless, it is accepted tha use of renewable energy is linked to the
transfer of technology which is directly linked ii@ternational trade. It was recognized by
both the Rio and Johannesburg conferences thae thadps achieving more efficient
allocation of scarce resources, makes it easierctamtries, rich and poor, to access
environmental goods, services and technologies IdMoade Organization, 2011).

There are several empirical studies analyzing thesal relationship between economic
growth and the consumption of renewable energy. @pgrgis and Payne, 2010a, 2010b,
2011, 2012; Sadorsky, 2009b). Other papers anathiee causal relationship between
economic growth, renewable energy consumption adgletissions (e.g. Sadorsky, 2009a).
All these studies approve that renewable energguwaption plays a vital role for increasing
economic growth, and an energy policy planned ¢toeiase the share of renewable energy in
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total energy consumption is very effective in radgcgreenhouse gas emissions. Capital,
labor, and renewable energy consumption are notottig factors determining economic
growth. Indeed, there are other factors that cambearporated in the production function to
explain the growth of gross domestic product (GBUh as trade openness. This latter can be
defined as exports, or imports, or the sum of lolptided by the value of GDP.

Many papers study the relationship between enesggumption (total energy use), trade,
and output. Lean and Smyth (2010a) examine therdyneelationship between economic
growth, electricity generation, exports and priées Malaysia. The results from Granger
causality tests show the existence of unidirecticaasality running from economic growth
to electricity generation. Lean and Smyth (2010kgneine the causal relationship between
aggregate output, electricity consumption, expdatisor, and capital in a multivariate model
for Malaysia. They find that there is bidirectiorausality between aggregate output and
electricity consumption. They conclude that Malayshould adopt the dual strategy of
increasing investment in electricity infrastructuaed encouraging electricity conservation
policies to reduce unnecessary wastage of eldgtrisiarayan and Smyth (2009) find the
same conclusion for a panel of Middle East coustriedeed, for the panel as a whole, they
find feedback effects between electricity consuomtiexports and GDP. Sadorsky (2011)
uses panel cointegration techniques to show hodetcan affect energy consumption for 8
Middle East countries. He finds Granger causalityrf exports to energy consumption, and
bidirectional relationship between imports and ggetonsumption in the short-run. In the
long-run, he achieves that an increase in both rxpnd imports affect the demand of
energy. A similar study on a sample of 7 South Acaer countries, Sadorsky (2012),
confirms the long-run relationship between tradd anergy consumption. One important
consequence of these results is that environmpalgies designed to reduce energy use will
reduce trade.

To our knowledge, there is no study, in any coumind particularly in Africa, trying to
know the linkage between trade and renewable ermyggumption. The aim of this paper is
to explore the causal relationship between reneavabergy consumption, trade, and output
by considering a panel of 11 African countries.

The paper is structured as follows. Section 2 gaesdea about the renewable energy
sector and trade in Africa. Section 3 describedtta. Section 4 is designated for descriptive
statistics. Section 5 deals with the empirical ni®@ad results, and section 6 concludes.

2. Renewable energy and tradein Africa

Many studies underline the great potential of Adfricegarding renewable energy
production and consumption. Indeed, with their sol@ind, hydropower and geothermal
capacities, among others, many African countriegehset themselves ambitious strategic
objectives and launched large-scale integratedggnprograms from which they expect
benefits involving reduction of greenhouse gas simis, direct and indirect job creation,
local industrial development and the improvementuwhan capital. Renewable energies also
offer the opportunity to serve isolated regions e&arfrom the national electricity grid and so
improve the access to energy particularly for therpst.

According to the United Nations Industrial Develaggrh Organization (2009), the most
used renewable energy sources for large-scalecapipls in Africa are hydropower, modern
biomass, geothermal, wind and solar. These soamgessually grid connected. Only about
5% of Africa’s hydropower potential estimated to6Q7TWh has been exploited. The total
hydropower potential for Africa is equivalent toetlotal electricity consumed in France,
Germany, United Kingdom and Italy put together. Tiga River in the Democratic Republic
of Congo (DRC) holds great potential for hydropoweneration in Africa with an estimated



potential of around 40,000 MW. The DRC alone actsuior over 50% of Africa’s
hydropower potential. Other countries with sigrafit hydropower potential include Angola,
Cameroon, Egypt, Ethiopia, Gabon, Madagascar, Mbrgme, Niger and Zambia. Despite
the low percentage use, large-scale hydropoweras@rovides over 50% of total power
supply for 23 countries in Africa.

The use of wind energy for large-scale electrigitgduction has been increasing faster
than any other renewable energy technology ovep#is¢ decade. In 2007, new installations
were about 21GW, even more than hydropower. Theldpment of wind energy projects is
primarily limited by the lack of precise informaticabout the wind potential. In terms of
installed capacity at the beginning of 2008, Afritad about 476 MW of installed wind
energy generation capacity compared to a globahason of 93,900 MW. Many countries
as Morocco, Egypt, Tunisia, South Africa, and Episoare developing large-scale wind
energy projects.

Large-scale solar energy projects are very limited\frica because of their high cost.
Many studies have established that Africa has gresgntial for concentrated solar thermal
power generation from desert areas like the SadradaNamibia. Egypt plans to install solar
thermal plant of 300 MW by 2020. Several countire®North Africa are planning to install
solar thermal plants in partnership with Europeanntries. The United Nations Economic
Commission for Africa (Office of North Africa, 2012eports a number of current initiatives
such as the Mediterranean Solar Plan (MSP), theo-Baditerranean partnership, the
agreements that exist between the European Unidrsame countries of North Africa, the
DESERTEC project. These partnerships aim to develogects, increase investments,
produce and distribute renewable energies, strengtimterconnections and create an
expanding regional market for electricity.

Small-scale renewable energy systems are use@valprto communities energy services
that are not accessed by existing conventionalggnsupply systems such as the electricity
grid. Unfortunately, poor households have not biggefas much as high income households
from solar photovoltaic (PV) systems because df tiedatively high costs.

Countries in Africa can increase their energy edficy without decreasing economic
output or lowering the standards of living. Studigsthe International Energy Agency show
that in Africa energy intensity, i.e. total energpynsumed per GDP, is at least twice the world
average. Experiences so far show that the adomifoenergy efficiency is inhibited by
barriers including lack of appreciation of the bEseinitial capital requirements, resistance
to change, absence of policy and regulatory framksvoAfrica can increase its energy
efficiency by encouraging the use of renewablesmack efficient technologies.

Recognizing that national energy markets are nari@mited Nations Industrial
Development Organization, 2009), Africa is experiag a shift towards regionally integrated
energy markets. Regional Economic Communities (REBS€Economic Community of West
African States (ECOWAS), East African Community @A and Southern African
Development Community (SADC) are already working m@gionally integrated policy
planning, development and energy access prograheseTefforts should strengthen the use
of renewable energies. Indeed, RECs should plapr mctive role in promoting regionally
integrated markets for renewable energy technaotathiat are commercially viable in order to
realize economies of scale that attracts privattosenvestments. Moreover, RECs should
encourage coherence and greater networking amengrttember states to promote sharing
of experiences and best practices in renewableygn&his could be realized by establishing
regional institutions that promote greater partnigs with similar institutions from other
regions of the world in order to promote researod gechnology transfer, among other
things.



3. Data

Annual data from 1980 to 2008 are collected forampmle of 11 African countries,
namely: Algeria, Comoros, Egypt, Gabon, Ghana, KenMauritius, Morocco, Sudan,
Swaziland and Tunisia. The criterion of selectidrcauntries is based on the availability of
data and on the interest of empirical results. Thdtivariate framework for the analysis
includes real gross domestic product (GDP, outmgasured in constant 2000 US dollars,
renewable energy consumption (REC) defined as tata¢wable electricity consumption
measured in billions of kilowatt hours, exports gionts) are measured using merchandise
exports (imports) measured in current US dollas @ converted to real values by dividing
them by the price level of consumption (PC). Theitedh stock is measured by the gross fixed
capital formation in constant 2000 US dollars. Lalsomeasured as total number of labor
force. Data on exports, imports, capital and ladr@r obtained from the World Bank (2010)
World Development Indicators online data base. Dataenewable energy consumption are
obtained from the U.S. Energy Information Admirasion (2012). Data on PC are obtained
from the Penn World Tables version 7.1 (Hestbal., 2012). All estimations are done using
Eviews 7.0.

4. Descriptive statistics

Figs (1-4) show the variation of each variable eyetl for the empirical analysis for the
sample of 11 African countries over the period 192808, and Table 1 reports some
summary statistics ( Mean, Median, Maximum, andiMum).

Table.l Summary statistics (output, capital, labor, renewable energy consumption, real exports, and real
imports)

Description Output Capital Labor REC Exports Imports
Mean 19.71 4.45 6.29 2.12 73.60 93.67
Median 7.59 1.51 5.59 0.66 35.50 42.51
Maximum 145.59 34.90 26.31 16.18 1085.81 1139.72
Minimum 0.13 0.02 0.13 0.002 0.08 0.35
Cross sections 11 11 11 11 11 11

Source: World Bank (2010) online database and Bnkrgrmation Administration (2012). Output and &ap
are measured in billion of constant 2000 US dollaetor force is measured in millions. Renewablergn
consumption (REC) is measured in billion kilowaduhs. Real merchandise exports and imports areuream
million US dollars.
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Fig.1. Real GDP (billion 2000 US dollars)

Fig. 1 presents the evolution of real GDP (measuresbnstant billion 2000 US dollars).
Egypt has the biggest value of real GDP with 14%#8n of constant 2000 US dollars in
2008 while Comoros has the smallest value with ®il®n of constant 2000 US dollars in
1980. According to Fig.1, we can see that Egypesake first place, then Algeria, Morocco
and Tunisia in the fourth place. Comoros has thheest level of real GDP.
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Fig.2. Renewable ener gy consumption (billion of kilowatt hours)

Fig.2 presents the evolution of the consumptioreokwable energy (measured in billion
of kilowatt hours) and shows that Egypt is the kgjgconsumer over all the period of
observation with 16.18 billion of kilowatt hours 2007, and then we have Ghana and Kenya
with 6.78 billion of kilowatt hours in 1997 and 9.%illion of kilowatt hours in 2007,
respectively. The smallest consumer of renewabdegynconsumption is Comoros with 0.002
billion of kilowatt hours consumed each year duriing period 1980 to 2001.
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Fig.3. Real merchandises exports (million US dollars)

Fig. 3 reports the variation of real merchandisgsogs (million US dollars) and shows
that Algeria is the biggest in exports of merchaadiwith 1085.81 million US dollars in
2008, and the smallest exporter is Comoros witB tmdlion US dollars in 1996.
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Fig.4. Real merchandisesimports (million US dollars)

Fig. 4 reports real merchandises imports (milliod dbllars) and shows that Egypt is the
biggest in imports of merchandises with 1139.72iomlUS dollars in 2008, while Comoros
is the smallest importer with 0.35 million US dedlan 1980.

5. Empirical models and results

Following Lean and Smyth (2010a, 2010b) and Sagadi2B12), the relationship between
economic growth, energy consumption, and tradeadeted using the production function.
The models in Lean and Smyth (2010a, 2010b) incatpoexports as trade variable, while
the model in Sadorksy (2012) incorporates expartsimports in two separate specification
models. The aim of this paper is to investigate ridationship between output, renewable
energy consumption and trade using the same speain model as Sadorsky (2012). Output
(Y) can be written as a function of renewable epdREC), trade opennes®), capital K),
and labor K):

Yit = f (RECit’Oit ! Kit ’Lit) (1)
The natural logarithm of Eq. (1) gives the follogiequation:

Yi =a, +St+ BREC, + 5,0, + B K + BsLi + & (@)

! Trade openness is incorporated into the produdiimetion by including real exports and real imgodf
merchandises in two separate specification models.

8



Wherei =1,...,N for each country in the panal=1,..., T denotes the time period and
(¢) denotes the stochastic error term. The parameternd J allow for the possibility of
country-specific fixed effects and deterministiends, respectively.

To examine the relationship between renewable gneogisumption and trade for a
sample of 11 African countries, we use panel cgmaion techniques. These latter are
interesting because models estimated from crogseeoof time series have more freedom
degrees and are more efficient than models estimiten individual time series. Panel
cointegration techniques are particularly usefuewkhe time series dimension of each cross-
section is short. We begin our empirical analysithywanel unit root test for cointegration,
then we process the causality using Engle and @raii®87), and we finish by the long-run
estimates.

We start the analysis by testing the degree ofjmateon and stationarity of each variable
for panel cointegration tests. To check for paneilt woot we use the test proposed by
Breitung (2000) which is characterized by its grpatver and usually has smallest size
distortions (Hlouskova and Wagner, 2006).

We use the following specification of Breitung (2)@anel unit root test:
B

DY, =AYy * D DYy + 0y + Ot HE, 3)
=1

The null hypothesis assumes that panel series hasraot (H,:a =0), while the
alternative hypothesis assumes that the processat®nary H,:a <0). The Schwarz
Information Criterion (SIC) is used for selectitng thumber of lags( ).

Table.2 Panel unit root test
Panel unit root test method  Breitung t-stat

Y 3.18227(4)
(0.9993)
AY -6.56321(3)
(0.0000)*
REC -1.24424(2)
(0.1067)
AREC -5.09386(3)
(0.0000)*
EX 0.71808(3)
(0.7636)
AEX -6.44933(5)
(0.0000)*
IM 0.45409(2)
(0.6751)
AIM -6.24914(1)
(0.0001)*
K 2.32248(2)
(0.9899)



4K -5.88532(5)

(0.0000)*
L 3.11498(4)

(0.9991)
AL -3.03118(6)

(0.0012)*

Null hypothesis: common unit root process.

Panel unit root test includes intercept and treitt &g lengths in parentheses.
Critical value at the 1 percent significance ledehoted by “*”.

Lag lengths selection is based on SIC.

Table 2 shows the result of the Breitung (2000)epamit root test and indicates that
variables are not stationary at level, while atfir& difference all of them are stationary at
the 1% significance level and the null hypotheséia onit root can be rejected.

Given that the Breitung (2000)’s panel unit rodtteesult suggests that all variables are
stationary after first difference, we proceed tegfior panel cointegration using two kinds of
tests i.e. Pedroni (2004) and Kao (1999). To thset déxistence of cointegration within a
heterogeneous panel, Pedroni (2004) proposes tiggarées of cointegration tests and seven
statistics. The first category is based on foutigttes (panel statistics) including v-statistic,
rho-statistic, PP-statistic and ADF-statistic. Tdestatistics are classified on the within-
dimension and take into account common autoregressiefficients across countries. The
second category is based on three statistics (gsbaipstics) including rho-statistic, PP-
statistic and ADF statistic. These tests are diagson the between-dimension and based on
the individual autoregressive coefficients for eaohntry in the panel. The null hypothesis is
that there is no cointegration, while the altenathypothesis is that there is cointegration
between variables. Panel cointegration tests ofd»e@2004) are based on residuals of Eq.

).

Table 3. Pedroni residual cointegration test results (Y, REC, EX, K, L)
Alternative hypothesis: common AR coefs. (withiméinsion)

Weighted

Statistic Prob. Statistic Prob.
Panel v-Statistic 1.691271 0.0454** 1.941998 0261**
Panel rho-Statistic 1.614396 0.9468 1.417284 9218
Panel PP-Statistic -0.128617 0.4488 -0.805810 1022
Panel ADF-Statistic -0.346780 0.3644 -1.362670 0865***
Alternative hypothesis: individual AR coefs. (betmedimension)

Statistic Prob.
Group rho-Statistic 2.369551 0.9911
Group PP-Statistic -0.936498 0.1745
Group ADF-Statistic  -1.553027 0.0602***

Null hypothesis: No cointegration.

Critical value at the 5 percent and 10 percentifsagmce level denoted by “**” and “***", respectisly.
Trend assumption: Deterministic intercept anddren

Lag selection: Automatic SIC with a max lag of 5.

The results from these tests for the data set exjorts are reported in Table 3 and
suggest that there are two panel statistics (Vsftatand ADF statistic) of the within-
dimension indicating cointegration at 5 and 10 eetcsignificance, respectively. One group
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statistic of the between-dimension (group ADF-stat) indicates cointegration at 10 percent
significance.

Table.4 Pedroni residual cointegration test results (Y, REC, IM, K, L)
Alternative hypothesis: common AR coefs. (withimginsion)

Weighted

Statistic Prob. Statistic Prob.
Panel v-Statistic 1.421514 0.0776*** 1.623290 .0gR 3+
Panel rho-Statistic 1.694911 0.9550 1.677025 953p
Panel PP-Statistic 0.050045 0.5200 -0.660107 548.2
Panel ADF-Statistic -0.387010 0.3494 -2.024870 02D4**
Alternative hypothesis: individual AR coefs. (betmedimension)

Statistic Prob.
Group rho-Statistic 2.568598 0.9949
Group PP-Statistic -1.479789 0.0695***
Group ADF-Statistic ~ -2.092685 0.0182**

Null hypothesis: No cointegration.

Critical value at the 5 percent and 10 percentifsagmce level denoted by “**” and “***", respectisly.
Trend assumption: Deterministic intercept anddren

Lag selection: Automatic SIC with a max lag of 5.

The results from these tests for the data set imijorts are reported in Table 4 and
suggest that there are two panel statistics (Vsftatand ADF statistic) of the within-
dimension indicating cointegration at 10 and 5 eetcignificance, respectively. Two group
statistics (PP-statistic and ADF-statistic) of theftween-dimension indicate cointegration at
10 and 5 percent significance, respectively.

It is useful to confirm the existence of cointegratfor the error correction model by
using a second test for panel cointegration prapdseKao (1999), which is based on ADF
statistic.

Table 5. Kao cointegration test result (Y, REC, EX, K, L)
t-Statistic Prob.

ADF -2.993029 0.0014*
Residual variance 0.001288
HAC variance 0.001549

Null hypothesis: No cointegration.

Trend assumption: No deterministic trend.

Automatic lag selection based on SIC with max I&@.o
Critical value at the 1 percent significance ledehoted by “*”.

The result from Kao (1999) cointegration test foe tdata set with exports reported in
Table 5 indicates that we can reject the null higpsis of no cointegration at the 1 percent
significance level. It means that there is evideoiceointegration between variables whén
(output) is defined as dependent variable.
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Table 6. Kao cointegration test result (Y, REC, IM, K, L)
t-Statistic Prob.

ADF -2.145063 0.0160**
Residual variance 0.001311
HAC variance 0.001627

Null hypothesis: No cointegration.

Trend assumption: No deterministic trend.

Automatic lag selection based on SIC with max I6@.o
Critical value at the 5 percent significance ledehoted by “**”.

The result from Kao (1999) cointegration test floe tdata set with imports reported in
Table 6 indicates that we can reject the null higpsis of no cointegration at the 5 percent
significance level. It means that there is evideoiceointegration between variables whén
(output) is defined as dependent variable.

The finding of cointegration between variables aom$é the existence of long-run and
short-run relationship between variables and thar @orrection model corresponding to each
model can be estimated. To investigate the shortdynamic and the long-run dynamic
relationship between variables, Engle and Gran§@84) propose two-step procedure. The
first step consists in estimating the long-run maosfeecified in Eq. (2). The second step
consists in defining the lagged residual obtainesnfEq. (1) as the error correction term
(ECT). The estimation of the dynamic vector error cctiogn model is given as follows:

AY, =6, + iem AY,_ + i_lelyszReq_ [+ i_fl’ﬁAo‘“ [+ ]ile DK+ Jile sl
+AGECT o+ iy (4)
AREC, =6, + é@m AY,_, + i_lez,szREcn_ o+ i_fz'ﬁm”' o+ jile L wDK_ + Jile .\

+ A, ECT 1+ Uy (5)
AO, =6, + JZ:@““ AY,_, + Jﬁ;ﬁmARECn_ [+ ies,qu,t_ [+ i@ 2y OK + jz:g .\

+A5 ECT,y + g, (6)
AK, =6, + ]ZZ% AY,_, + ]Z(lﬁmARECit_ [+ qu:_leonn_ o+ i@ DK + JZ:Q Bl

+A, ECT, .y + Ly (7)
AL, =0, + iem Y, + Jile&zj AREC,_, + i_f“m”‘ |+ lile 5 DK + Jile 5500

=1

+A5, ECT, Ly + s, 8)
ECTit = Yit - lgli RECn - IBZiOIt - :83 Kit - :84 Lit (9)

where A is the first difference operator; the autoreg@sdag length,q, is set at 2 and
determined automatically by the Schwarz Informai@niterion (SIC); ¢ is a random error
term; ECT is the error correction term derived from the long-relationship of Eq. (2). The
significance of the error correction term and thersrun dynamics can be tested using t-
statistic tests and Granger causality F-statieBtst respectively.
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Table 7. Granger causality tests (model with exports)
Sour ces of causation (independent

Dependent variable

variables)
Short-run Long-run
AY AREC AEX AK AL ECT
0.35791 2.67662 1.46351 0.04431 -0.040860
aY - (0.6994) (0.0704)***  (0.2330) (0.9567) [-2.80796]*
AREC 0.32509 ) 1.33274 0.57230 0.27011 0.006379
(0.7227) (0.2653) (0.5648) (0.7635) [ 0.89085]
AEX 2.92869 0.23770 i 0.69971 0.62006 -0.209228
(0.0549)**=*  (0.7886) (0.4975) (0.5386) [-3.56748]*
AK 0.43421 0.63494 2.06257 ) 0.16158 0.071416
(0.6482) (0.5306) (0.1289) (0.8509) [ 1.48251]
AL 0.61034 0.56512 1.35445 1.08832 ) -0.003168
(0.5438) (0.5689) (0.2596) (0.3381) [-1.65966]

“*” and “***" indicate statistical significance athe 1 and 10 percent level.

Lag lengths: 2.
P-value listed in parentheses and t-statisticdigtebrackets.

Table 7 reports short-run and long-run causalityults of Granger tests for exports
specific model and indicates that there is evidesfckidirectional causality between output
and exports at 10 percent level of significancthenshort-run. However, there is no evidence
of short-run causality between renewable energy expbrts (or exports and renewable
energy) and between output and renewable energye(mwable energy and output). The
error correction term is statistically significaior output and exports equations at 1 percent
level indicating that there is evidence Df long-run causality from renewable energy
consumption, exports, capital and labor to outpumi ii) long-run causality from output,
renewable energy consumption, capital and labexpmrts.
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Table 8. Granger causality tests (model with imports)
Sour ces of causation (independent

Dependant variable

variables)
Short-run Long-run
AY AREC AIM AK AL ECT
0.35791 4.47685 1.46351 0.04431 0.008055
- 0.6994 0.0121)** 0.2330 0.9567) |~
4y (O.6004) (0012 (0.2330)  (09567) | BERCS,
AREC 0.32509 ) 1.54622 0.57230 0.27011 [0i0603629038?i
(0.7227) (0.2147) (0.5648) (0.7635) '
AIM 3.32819 0.62773 i 0.25045 1.95937 |-0.246238
(0.0371)**  (0.5345) (0.7786) (0.1427) |[-3.84318]*
AK 0.43421 0.63494 1.95271 i 0.16158 | 0.066622
(0.6482) (0.5306) (0.1436) (0.8509) |[1.71941]
AL 0.61034 0.56512 2.85333 1.08832 i 0.015146
(0.5438) (0.5689) (0.0592)***  (0.3381) [ 3.45757]

e wekand “**” indicate statistical significance at the 1, 5 and 10 percent level.
Lag lengths: 2.
P-value listed in parentheses and t-statisticdigtebrackets.

Table 8 reports short-run and long-run causalityuits of Granger tests for imports
specific model. In the short-run, there is eviden€didirectional causality between output
and imports at 5 percent level of significance, andnidirectional causality running from
imports to labor at 10 percent level of significanelowever, there is no evidence of short-run
causality between renewable energy and importsnjports and renewable energy), and
between output and renewable energy (or renewalgleyg and output). The error correction
term is statistically significant for output andports equations at 1 percent level indicating
that there is evidence of long-run causality from renewable energy consuomptimports,
capital and labor to output, and) long-run causality from output, renewable energy
consumption, capital and labor to imports.

The last step consists in the long-run estimatiogp (2) where the dependent variable is
real GDP or output, and the independent variablesrenewable energy consumption, real
exports (or imports), capital stock and labor for€ae long-run structural coefficients are
estimated using ordinary least square (OLS) andfullg¢ modified OLS (FMOLS) panel
approach (Pedroni, 2001, 2004). The estimatiomigcle FMOLS is more efficient than OLS
because it resolves the problem of endogeneitydemivindependent variables.

Table 9. Panel OLS-FMOL Slong-run estimates (model with exports)

Variables REC EX K L
0.032927 0.195382 0.468869 0.244243
oLS (0.0051)* (0.0000)* (0.0000)* (0.0000)*
0.034133 0.195467 0.479936 0.236151
EMOLS (0.1736) (0.0001)* (0.0000)* (0.0000)*

Cointegrating equation deterministics: intercept &rand.
Critical value at the 1 percent significance ledehoted by “*”.
All variables are measured in natural logarithms.
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Table 9 reports the results for panel OLS and FM@ic§-run estimates for Eq. (2) with
exports. It indicates that the coefficients of @dlriables are statistically significant at 1
percent level and have a positive impact on ougxtept the coefficient of renewable energy
consumption, which is not statistically significamtder FMOLS For the FMOLS results, a 1
percent increase in exports increases output by Petcent, a 1 percent increase in capital
increases output by 0.48 percent, and 1 percen¢dse in labor increases output by 0.24
percent. The OLS long-run estimates produce alsiostar and very close results than those
estimated with FMOLS. However, with OLS, the coafint of renewable energy
consumption is statistically significant at 1 pericdéevel, and indicates that a 1 percent
increase in renewable energy consumption increagesit by 0.03 percent.

Table 10. Panel OL S-FM OL Slong-run estimates (model with imports)

Variables REC IM K L
0.052444 0.208838 0.508536 0.175659
oLS (0.0001)* (0.0000)* (0.0000)* (0.0000)*
0.053928 0.214332 0.515070 0.163482
EMOLS (0.0500)** (0.0012)* (0.0000)* (0.0008)*

Cointegrating equation deterministics: intercept &rand.
Critical values at the 1 and 5 percent significalesel are denoted by “*” and “**”, respectively.
All the variables are measured in natural logarghm

Table 10 gives the results for panel OLS and FM@itfg-run estimates for Eq. (2) with
imports. It indicates that the estimated coeffitseof all variables are statistically significant
at 1 percent level, excepted the FMOLS coefficamenewable energy consumption, which
is statistically significant at 5 percent level.eTtesults estimated by OLS and FMOLS are
similar and very close and show that each dependei@tble has a positive impact on output.
For the FMOLS results, a 1 percent increase inwabk energy consumption increases
output by 0.05 percent, a 1 percent increase iroftapncreases output by 0.21 percent, a 1
percent increase in capital increases output by pescent, and a 1 percent increase in labor
increases output by 0.16 percent.

6. Conclusion

This paper is an attempt to explore the relatignshetween renewable energy
consumption, trade and output for 11 African coestrduring the period 1980-2008.
Exploring renewable energy and trade in Africantetiesting because many studies underline
the great potential of Africa regarding renewahiergy production and consumption, and
because the use of renewable energy is linkedetaréimsfer of technology which is directly
linked to international trade. The aim of this stuslto determine whether international trade
in African countries has an impact on renewableggneonsumption. Our specific model is
similar to that developed by Sadorsky (2012) inclhihe estimates the impact of trade on
energy consumption in a sample of 7 South Amergzamtries.

In this way, our analysis starts by proving thetigtarity of variables from Breitung
(2000) unit root test. Given that all variables atationary and integrated at order one, I(1),
we run Pedroni (2004) and Kao (1999) for panel tegjration test to know whether variables
are cointegrated or not. Then, we investigate thertgsun and the long-run dynamic
relationship between variables by employing thel&magd Granger (1987) test. Lastly, long-
run structural coefficients are estimated using @bh8 the FMOLS panel approach (Pedroni,
2001, 2004).
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The Granger causality test indicates that therevislence of bidirectional causality
between output and trade (exports or imports) enghort and in the long-run relationship.
Also, in the short-run, there is a one way caugaliinning from imports to labor force.
However, there is no evidence of causality betweaewable energy consumption and trade
or between renewable energy consumption and ouitpuhe short-term. These empirical
results mean that, in the short-term, internatiaraale has a positive impact on the real GDP
of the sample of 11 African countries studied. Thegfirm previous studies and international
organizations’ recommendations that internatiorede is beneficial for developing countries
because of, among other things, the technologsfieargained through trade. Also, it seems
that international trade helps the transfer of nebbgies, but a relatively long time is needed
for African countries to build the human and phgbitapacities needed to produce renewable
energies.

Long-run elasticities estimated show that renewadhergy consumption and trade
(exports or imports) have a positive impact statdlly significant on real GDP. A 1 percent
increase in renewable energy consumption or in ggpacreases real GDP by 0.03 percent or
0.19 percent, respectively. A 1 percent increaseeimewable energy consumption or in
imports increases output by 0.05 and 0.20 percespectively. It seems evident that, in the
long-term, international trade enables African ddes to benefit from technology transfer
and to build the human and physical capacities eeédl produce renewable energies, which
in turn increases their real GDP.
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