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ABSTRACT

In this paper, we analyze the long-run causality relationship between renewable/clean energy consumption and economic growth during the period 
1990-2012 for 42 developing countries, under the Canning and Pedroni (2008) long-run causality test, which indicates that there is long-run positive 
causality running from renewable energy to real gross domestic product (GDP). This means that for developing countries where renewable energy 
consumption has a positive long-run causal effect on real GDP, renewable energy dependent conservation policies have prohibitive impact on economic 
growth. Moreover, government’s\energy policies should encourage the development of clean energy sector instead of polluted energy sector for energy 
security and environmental challenges.
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1. INTRODUCTION

Energy is key variable for growth and competitiveness. For 
producer energy is a key resource and a cost element. For 
consumer energy bills represents significant items in households 
budget and is particular challenge for low-income households. 
However, energy is depleting, any disruptions in non renewable 
energy supply, hitting non renewable-dependent activities and 
households, so leads to serious risks related to energy prices. 
Given the increasing demand and limited supply, it is inevitable 
that non renewable energy supply will be turned out. Moreover, 
non-renewable energy consumption has dependent-challenges 
such as environmental degradation, climate change and global 
warming that caused by rapidly increasing greenhouse gases 
emissions such as CO2 and methane. The International Energy 
Agency (IEA, 2009) suggests that current trends in energy supply 
are still economically, environmentally and socially unsustainable. 
It is projected that the primary energy demand will increase by 
1.5% per year between 2015 and 2030, with fossil fuels being a 
dominant energy source (Apergis and Danuletiu, 2014. p. 579). 
It is expected due to increasing energy demand, energy-related 
CO2 emissions will more than double by 2050. Therefore, many 
countries are faced with energy security and environmental 

challenges, forced to look for energy alternative to fossil fuels. 
These challenges require to be appropriately managed by clean-
renewable energy consumption. Renewable energy commonly is 
defined as energy generated from solar, wind, geothermal, tide, 
wood, waste and biomass. In contrast to conventional energy, 
renewable energy is safe, clean and inexhaustible. Consequently, 
many countries are making investment on renewable energy 
components in order to reduce their greenhouse gas emissions 
and increase the supply of secure energy. Therefore, it is growing 
around the world. In fact, rapidly increasing renewable energy 
demand (8% per year) in the world particularly in USA, Europe 
and China reflects environmental and awareness of public. During 
2011 renewable energy sources supplied an estimated 16.7% of 
global final energy consumption, and global new investment in 
renewable energy increased by 17% due to cost reductions and 
technological innovations in renewable energy (REN, 21).

Although unsustainable economic growth is rapidly continuing 
in developing countries, these countries have potential for 
sustainable growth by substituting renewable energy consumption 
for non renewable energy. Because, in these countries renewable 
technology is suitable for local power generation in rural and 
remote areas, where the cost of provision and accessibility of non 
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renewable energy are very high. Most developing countries have 
attempted to identify and implement programs and policies to 
improve the structure of renewable markets in rural and remote 
areas. Thus, rural-remote energy markets increase more and are 
more attractive to potential investors. IEA anticipates that annual 
investment in the rural energy sectors requires increasing more 
than 5-fold to achieve the wide use of new renewable energy by 
2030 (Pao and Fu, 2013. p. 382). All these factors point to brighter 
future for renewable energy. This study aims to find whether growth 
benefits from substituting renewable energy for non renewable 
energy in developing countries, where there are no publication 
investigate the long-run casual relationship between renewable 
energy consumption and economic growth. The empirical findings 
are based on data selected for upper-lower middle income/
developing countries over the period 1990-2012 under Canning and 
Pedroni (2008) long-run causality methodological approach. The 
remainder of the paper is organized as follows: Section 2 present 
a review of the existing literature. Methodology is described in 
Section 3 and followed by empirical results. Finally, conclusion 
and policy implication are provided in Section 4.

2. LITERATURE

In the literature, there are four hypotheses associated with 
causality direction between economic growth and renewable 
energy consumption:
1. Growth hypothesis that points out unidirectional/one-way 

causality from renewable energy consumption to economic 
growth. In this case, renewable energy dependent conservation 
policy may have prohibitive impact on economic growth.

2. Conservation hypothesis that is contrast to growth hypothesis. 
Based on this hypothesis there is unidirectional causality 
from economic growth to renewable energy consumption. 
Therefore, renewable energy-related conservation policy may 
have little or no effect on economic growth.

3. Feedback effect hypothesis that suggests bidirectional causality 
between renewable energy consumption and economic growth.

4. Neutrality hypothesis implies the absence of causality between 
renewable energy consumption and economic growth. Hence, 
implication of renewable energy conservation policy has an 
insignificant effect (Ozturk, 2010).

There are a lot of studies in the literature that have examined the 
causality relationship between renewable energy consumption 
and economic performance in confirming four above hypotheses. 
In terms of causality and in cross-countries and within country-
specific contexts, several studies have found bidirectional causality 
between renewable energy consumption and economic growth, 
supporting the feedback hypothesis (Apergis and Payne, 2010; 
Fang, 2011; Rafindadi and Ozturk, 2017; Tugcu, 2013). While 
some studies have concluded unidirectional causality from 
renewable energy consumption to economic growth and confirmed 
the growth hypothesis (Bhattacharya et al., 2016; Esso, 2010; 
Fang, 2011; Leitão, 2014; Payne, 2010), some others have found 
unidirectional causality from economic growth to renewable 
energy consumption, supporting therefore the conservation 
hypothesis (Ocal and Aslan, 2013). Moreover, mixed results have 
been derived regarding the direction of causality between different 

proxy variables of renewable energy consumption and economic 
growth (Bowden and Payne, 2010; Jebli et al., 2016; Pao and Fu, 
2013; Tugcu et al., 2012; Yildirim et al., 2012) and the absence of 
causality between renewable energy consumption and economic 
growth, supporting neutrality hypothesis (Menegaki, 2011; 
Payne, 2010). The results of the considered researches differ based 
on using different proxy variables for different types of renewable 
energy consumption. Therefore, the magnitude and the direction of 
causality between renewable energy consumption and economic 
growth are still unclear. Moreover, a general conclusion from 
studies reviewed in this section is that there is no consensus either 
on the existence or on the direction of causality between energy 
consumption and economic growth. This study aims to contribute 
to the literature by identifying the causality effect between two 
variables. Unlike previous works that have been examined this 
relationship in a specific country or whole world, in this paper 
is highlighted to developing countries, where renewable energy 
consumption is increasing, but no publication explore the causality 
relationship between energy consumption-economic growth.

3. EMPIRICAL ANALYSIS

3.1. Data and Model
During the period 1990-2012 data for 42 developing countries1’ 
real gross domestic product (GDP) in billions of constant 2000 
U.S dollars and renewable energy consumption (RE) that defined 
in the share of renewable energy in total final energy consumption 
were obtained from the World Development Indicator and Energy 
Information Administration.

The empirical model is used for examining long-run effect of 
renewable energy on economic growth written as (Apergis, 2014):

GDPit = β0 + β1 REit + εit (1)

Where, i = 1,...,N denotes each country and t = 1,...,T refers to 
the time period.

The parameter β0 allows for the possibility of country specific 
fixed effects. The causality relationship between renewable energy 
consumption and economic growth is examined by the Canning 
and Pedroni (2008) methodological approach. This approach 
considers a dynamic error correction (EC) model but within a 
panel data framework. The EC model employed is:
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1 Algeria, Armenia, Bangladesh, Belarus, Bolivia, Botswana, Brazil, Bulgaria, 
Cameroon, China, Congo Republic, Costa Rica, Cuba, Ecuador, Egypt Arab 
Republic, El Salvador, Gabon, Guatemala, Honduras, India, Indonesia, Iran 
Islamic Republic, Jordan, Kazakhstan, Kenya, Kyrgyz Republic, Macedonia, 
FYR, Malaysia, Mexico, Morocco, Nigeria, Pakistan, Philippines, Romania, 
Senegal, South Africa, Sudan, Tajikistan, Thailand, Tunisia, Turkey, Ukraine.
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Where, Δ is the first difference operator; β1i and β2i are 
the intercept terms; λ1i and λ1i are the speed of adjustment 
coefficients; eit−j is the disequilibrium error, which is the residual 
from the cointegrating relationship; ε1it and ε2it are white noise 
error terms.

3.2. Empirical Findings
In the empirical analysis, before doing the panel cointegration 
tests, the degree of integration and stationary properties of the 
variables need to be examined. In the first step, different types 
of panel unit root tests are performed, including Breitung (2000) 
and Levin et al. (2002) (LLC), that the autoregressive coefficients 
are common across cross section and Fisher-type tests using 
augmented Dickey–Fuller and Phillips–Perron tests (Maddala 
and Wu, 1999 and Choi, 2001), and Im et al. (2003) (IPS) permit 
autoregressive coefficients to vary freely across cross-sections. 
The panel unit root tests, presented in Table 1, show except LLC 
test both variables are non-stationary. The panel unit root results 
recommend the potential presence of panel cointegration, which 
we conduct next.

In the next step, panel cointegration relationships between the 
variables are tested by two tests. The first is the Kao (1999) residual 
based test for panel Kao’s test is essentially a panel version of 
the Engle and Granger (1987) test. The null hypothesis is that 
there is no cointegration. The second test is the Fisher (1932) 
test, proposed by Maddala and Wu (1999) to panel data models, 
where essentially the p-values from the univariate trace test and 
maximum eigenvalue test of Johansen (1988) are combined to test 
the null hypothesis of no cointegration and the null hypothesis of 
at most one cointegration, respectively. Table 2 presents the panel 
cointegration test statistics. Both the Kao residual test and the 
Fisher test statistics reject the null hypothesis of no cointegration. 
So we conclude that for developing countries real GDP and energy 
consumption are cointegrated.

If a set of variables are individually I(1) and a linear combination of 
them is I(0), then the variables can be represented by way of an EC 
model. In this section, we test the direction and sign of  causality 
by employing a panel cointegration causality test (Canning and 
Pedroni, 2008). This test uses of the corresponding to panel 
cointegration EC model as it is presented from equations (2-3). The 
coefficients λ1 and λ2 show the speed of adjustment to equilibrium. 
The results of test is reported Table 3.

The parameter λ1 indicates the presence or absence of long-run 
causality from renewable energy consumption to real GDP and λ2 
indicates the presence or absence of long-run causality from real 
GDP to renewable energy consumption. To test for the existence 
of long-run causal relationship between the variables, Canning 
and Pedroni (2008) construct two tests, viz., group mean based 
test and Lambda-Pearson test. The group mean based test averages 
the individual λ1i and examines whether the long-run causal effect 
is zero on average for the panel. The group mean panel estimate 
for λ1i is computed as given in equation (4).

λ λ1 1i

i

N
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=
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And the joint the panel test statistic (TT) which yields:
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with N being the number of countries in the panel, and tλ1 is the 
individual country test for the null hypothesis that renewable 
energy consumption does not Granger cause GDP, i.e. λ1i = 0. The 
test statistic has a standard normal distribution. The second test 
they develop is the Lambda-Pearson (LP) panel test, which yields:

p lnp1 2i

i

N

λ λ= −
=
∑2
1
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Where, pλ1i is the log of the p value associated with t-test of 
each individual cross section, for the null hypothesis that λ1i = 0. 
Similarly, the Lambda-Pearson test is computed for λ2i. The test 
statistics pλ1 and pλ2 follow χ2 distribution with 2N degrees of 
freedom.

In Table 3, the parameter λ1 indicates the long-run causal effect 
of renewable energy on real GDP, the results of group mean 
based test reject the null hypothesis that renewable energy has a 
zero average long-run effect on real GDP. Similarly, the lambda-
Pearson test rejects the null hypothesis that the long-run effect of 
renewable energy on real GDP is pervasively zero. These results 
show that, renewable energy consumption has long-run causal 
effect on real GDP.

The parameter λ2 indicates the long-run causal effect of real GDP 
on renewable energy consumption. The results of group mean 
based test fail to reject the null hypothesis that real GDP has a zero 

Table 1: Panel unit root test
Variables ADF – Fisher PP – Fisher IPS LLC Breitung
GDP 115.90* 85.21* 0.17* −9.85 8.98*
ΔGDP 177.32 315.53 −5.67 −6.13 −2.29
RE 104.27* 94.58* −0.67* −1.94 1.92*
ΔRE 236.25 759.51 −9.27 −7.22 −8.99
Panel unit root tests include intercept and trend. An *denotes the non-rejection of the 
null hypothesis on unit root at 5%. GDP: Gross domestic product, ADF: Augmented 
Dickey–Fuller

Table 2: Panel cointegration test
Kao (1999) test Fisher (1932) test

From trace test From maximum eigen value 
test

3.75 232.2* 217.4*
*,**,***denotes significance at the 1%, 5%, 10% level. * denotes significance at the 1% level.

Table 3: Long-run panel granger causality tests
Group mean/Lambda-Pearson Estimate Test P value
Renewable energy→GDP

Group mean 0.08 1.32 0.042
Lambda-Pearson 142.7 0.0034

GDP→Renewable energy
Group mean 0.004 0.23 0.53
Lambda-Pearson 21.2 0.48

GDP: Gross domestic product
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average long-run effect renewable energy consumption. However, 
the result of lambda-Pearson test does not reject the null that the 
long-run effect of real GDP on renewable energy consumption is 
pervasively zero.

Moreover, we found that in the long-run renewable energy 
consumption is positively Granger causes real GDP. This means 
that as renewable energy consumption increases, real GDP will 
increase.

4. CONCLUSION

In this paper, we attempt to find whether energy conversation 
policies are meaningful for developing countries by Canning and 
Pedroni panel causality test, a new panel Granger causality test 
that allows the determination not only of the presence of long-
run causality, but also the sign on the direction of causation. The 
results show that at the 5% level renewable energy consumption 
Granger causes real GDP. In other words, growth benefits from 
substituting renewable energy for non renewable energy in 
developing countries. These results are consistent of those Esso 
(2010), and Fang (2011), Payne (2010). Moreover, the sign of the 
impact is positive.

The research findings support the growth hypothesis that points 
out unidirectional/one-way causality from renewable energy 
consumption to economic growth. In this case, renewable 
energy dependent conservation policies have prohibitive impact 
on economic growth. Therefore, to access the sustainable 
growth, policy makers must avoid renewable energy dependent 
conservation policies encourage the development of clean 
energy sector instead of polluted energy sector and introduce the 
appropriate incentive mechanisms for the development and market 
accessibility of renewable energy.
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