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Abstract This paper examines the four-way interrelationship between renewable
energy, environment, foreign trade and growth using simultaneous-equation panel
data models for 24 middle- and high-income countries over the period 1990–2011.
Our findings show that, for the high-income countries, there is a bidirectional causality
between renewable energy and growth, between CO2 emissions and economic growth,
between foreign trade and growth and between renewable energy and CO2 emissions.
However, there is a unidirectional causality between foreign trade and renewable
energy and between emissions and trade. In the case of middle-income countries,
there is also a bidirectional causality between renewable energy and growth, between
CO2 emissions and growth, between trade and growth, between trade and renewable
energy and between CO2 emissions and trade. On the other hand, there is a unidi-
rectional causality, running from renewable energy to CO2 emissions. Understanding
these controversial scenarios is prerequisite to reaching an international agreement on
climate change in order to build sound economic policies and improving the environ-
mental quality to sustain economic development.
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1 Introduction

The relationship between energy consumption and economic growth have beenwidely
examined in the literature of economic energy (e.g. [13,18,23,26,31,36,40,55,67]).
In addition, these previous studies are based on the Granger causality tests which are
widely used in order to investigate the direction of causality.However, their results have
been characterized by the lack of paradoxical consensus. This paradox of economic
energy literature has been explained largely through the omission bias of important
variables, which affects the interaction between energy consumption and economic
growth.

The omission bias, whichmeans the elimination of relevant variables, consists in the
main reason for more recent studies based on the Granger causality tests to investigate
the causality relationship between energy consumption and economic growth includ-
ing other important variables, such as capital, labor (e.g. [6,7,28,37,63,68,70,71]).
Moreover, a more recent paper has included trade, as a relevant variable (e.g.
[37,48,63]) whose studies aim at examining the causality relationship between energy
consumption and economic growth.

Nevertheless, the dynamic interaction between energy consumption, trade and eco-
nomic growth has been well studied in the past few decades, which it has been the
topic of many debates and academic researches that belong to the economic energy
field. Based on the environmental Kuznets curve (EKC) literature, the interaction
between economic growth and energy consumption may generate weigh heavily on
the environmental quality (e.g. [3,8,10,16,30,34,35,38,69,72,76]). Hence, the inter-
action between economic growth and pollutant emissions conformswith an inverted-U
shape, which is consistent with the EKC hypothesis, which states that as economic
growth increases, carbon dioxide increase. When threshold level of growth is reached,
these emissions begin to decline. Indeed, the expansion of production causes more
energy consumption, which puts pressure on the environmental quality leading to
more pollutant emissions. This implies the degradation of the environment, which
will later have a causal impact on economic growth, and also a persistent decline in
the environmental quality which may exert a negative externality to economic growth
through the health violations affecting human health, and consequently it may cause
the reduction of productivity in the long run. The negative externality caused by the
pollutant emissions has not only a negative impact on economic growth via reducing
productivity, but also on the pollutant emissions which can be the main reason of the
increase of the greenhouse gas and consequently it can be the booster of global warm-
ing. Therefore, it is crucial to apply some sorts of pollution control actions and drastic
energy conservation measure such as the adoption of renewable and clean energy. This
latter has been the subject of several academic researches and political debates (e.g.
[11,12,14,19,21,24,25,44,59,62,64,75,77]).

The aim of this study is to investigate the impact of renewable energy con-
sumption on economic growth and on carbon dioxide emissions. In other words,
renewable energy can boost economic growth and/or mitigate pollutant emissions.
This study offers the opportunity to better decide the ability of renewable energy in
order to solve the gap: arbitration between economic growth and environmental qual-
ity by using simultaneous-equation models. Compared to previous studies, we use

123



The four-way linkages between renewable energy. . . 105

a simultaneous-equation modeling approach to investigate the impact of renewable
energy consumption on economic growth and on carbon dioxide emissions in a frame-
work of four-way linkages between renewable energy consumption, CO2 emissions,
trade openness, and economic growth. In the literature, there is no study which has
investigated this relationship using simultaneous equation models procedure. Com-
pared to the above existing literature our paper thus contributes in the two following
ways: First we employ a simultaneous equation models approach in order to investi-
gate the four-way linkages between renewable energy consumption, carbon dioxide
emissions, trade, and economic growth. This modeling approach relies on the GMM-
estimator and helps us simultaneously examine the following combined causality
effects of: (1) CO2 emissions, renewable energy consumption and trade openness on
economic growth, (2) economic growth, renewable energy consumption and trade on
CO2 emissions, (3) economic growth, CO2 emissions and trade openness on renew-
able energy consumption, and (4) economic growth, CO2 emissions and renewable
energy consumption on trade openness.

The remainder of this paper is organized as follows: Sect. 2 outlines the materials
of the modeling frame work. Section 3 contains the results. Section 4 discussions the
empirical findings, and Sect. 5 concludes the paper and shows the policy implication.

2 Methods and materials

2.1 Econometric modeling

The aim of this paper is to examine the ability of renewable energy tomitigate pollutant
emissions and keep a sustainable economic growth in the case of four-way interre-
lationships between renewable energy consumption carbon dioxide emissions, trade,
and economic growth in a comparative framework between middle-and high-income
countries using annual data over the period of 1990–2011. In fact, these four variables
are endogenous. As often mentioned, there is an impressive body of existing literature
where it is generally suppose that, as income increases, CO2 emissions increase but
at some threshold of income is reached, pollutants emissions begin to decline accord-
ing to the environmental Kuznets curve (EKC), which supports that economic growth
would likely lead to changes in CO2 emissions. In addition, it was established that
renewable energy consumption plays a vital role in determining the CO2 emissions.
Moreover, the crucial role of trade in accelerating the adoption of renewable energy,
which is linked to the transfer of technology, means that an indirect effect may exist
in the short term from trade openness to renewable energy consumption through tech-
nology transfer [19,62] examined the causal relationship between economic growth,
renewable energy consumption and CO2 emissions. It is therefore worth investigating
the interrelationship between the four variables by simultaneously considering them
in a modeling framework.

For this purpose, we use the Cobb–Douglas production function to analyze the four-
way linkages between renewable energy consumption, CO2 emissions, trade openness
and economic growth, such as capital and labor as additional factor of production
[4,70,73], among others, included energy consumption, CO2 emissions and trade
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openness variables in their empirical model to examine the impact of these variables
on economic growth. Thus, our proposed model, which is consistent with the broader
literature on the determinants of economic growth cited above; takes the following
form:

Y = AREα1Cα2Tα3K α4Lα5eμ (1)

The logarithmic transformation of Eq. (1) form with a time series specification is
given by:

ln(Yt ) = α0 + α1 ln(REt ) + α2 ln(Ct ) + α3 ln(Tt ) + α4 ln(Kt ) + α5 ln(Li ) + μt

(2)

We then divide both sides of Eq. (4) by L to get variables in per capita terms; but leave
the impact of labor constant, Eq. (2) can be specified as follows:

ln(Yt ) = α0 + α1 ln(REt ) + α2 ln(Ct ) + α3 ln(Tt ) + α4 ln(Kt ) + μt (3)

Since our study is a panel data study, Eq. (3) can be rewritten in panel data form as
follows:

ln(Yit ) = α0 + α1i ln(REit ) + α2i ln(Cit ) + α3i ln(Tit ) + α4i ln(Kit ) + μi t (4)

where:α0 = ln(A0); the subscript i = 1,…,Ndenotes the country (in our study,we have
24 countries) and t = 1,…, T denotes the time period (our time frame is 1990–2011).
Variable Y is the per capita real GDP; RE, C, T and K denote per capita renewable
energy consumption (RE), per capitaCO2 emissions (C), the trade openness (T) and the
capital stock (K), respectively.Aswell as financial development (FD)measured as total
credit of the private sector as a share of GDP that, it is introduced such as a determinant
variable of the level of CO2 emissions [56,71]. A is the level of technology and e is the
residual term assumed to be identically, independently and normally distributed. The
returns of scale are associated with, renewable energy consumption, CO2 emissions
and trade openness and capital are shown by α1, α2, α3 and α4, respectively which we
have a constant returns of scale (

∑4
i=1 αi = 1). The logarithmic transformation aims

at linearizing the form of the non linear Cobb–Douglas production function. It should
be noted that simple linear specification does not seem to provide consistent results.
Therefore, to overcome this problem, we use the log-linear specification to investigate
the interrelationship between economic growth, renewable energy consumption, trade
and CO2 emissions in 24 countries divided into two sub-panels based on the level of
income.

The four-way linkages between these variables are empirically examined bymaking
use of the following four simultaneous equations:

ln(GDPit ) = α0 + α1i ln(REit ) + α2i ln(Cit ) + α3i ln(Tit ) + α4i ln(Kit ) + μi t

(5)
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ln(REit ) = ξ0 + ξ1i ln(GDPit ) + ξ2i ln(Cit ) + ξ3i ln(Tit )

+ ξ4i ln(OPit ) + ξ5i ln(OCit ) + εi t (6)

ln(CO2i t ) = ϕ0 + ϕ1i ln(GDPit ) + ϕ2i ln(REit ) + ϕ3i ln(Tit )

+ϕ4i ln(URBit ) + ϕ5i ln(FD) + λi t (7)

ln(Tit ) = ψ0 + ψ1i ln(GDPit )+ψ2i ln(REit )

+ψ3i ln(Cit ) + ψ4i ln(FDIit ) + πi t (8)

In the above equations, the subscript i = 1, ..., N denotes the country and t = 1, ..., T
denotes the time period.

Equation (5) states the impact of renewable energy consumption (RE), CO2
emissions (C) and capital stock (K) where we take gross fixed capital forma-
tion as a proxy that can potentially determine economic growth (e.g. [4,5,9,10,
38,45,48,63]). Equation (6) postulates that real GDP (GDP), CO2 emissions (C),
trade (T) and other variables namely oil price (OP) and oil consumption can
potentially affect renewable energy consumption (e.g. [9,10,14,19,37,48,62,63]).
Equation (7) suggests that real GDP (GDP), renewable energy consumption (RE),
trade (T), urbanization degree (URB) and financial development can potentially
affect CO2 emissions (e.g. [32,41,43,64]). Equation (8) reveals that real GDP
(GDP), renewable energy consumption (RE), CO2 emissions (C), and other variables,
namely foreign direct investment (FDI) can potentially affect trade openness (e.g.
[32,35,46,56,71]).

Equations (5), (6), (7), (8) were simultaneously estimated by means of the general-
izedmethod ofmoments (GMM). TheGMMis the estimationmethodmost commonly
used in models with panel data and in the multiple-way linkages between certain
variables. This method uses a set of instrumental variables to solve the endogeneity
problem.

2.2 The estimation procedure

2.2.1 Panel unit root testing

We begin our framework by performing the panel unit root test proposed by (LLC)
[42] and (IPS) [33]. Both of LLC and IPS are based on the Augmented Dickey–Fuller
principle.

Levin et al. [42] considered the following basic Augmented Dickey–Fuller model:

	yi,t = αi + βi yi,t−1 +
pi∑

j=1

μi, j 	yi,t− j + εi,t (9)

where 	 is the first difference operator,Xi,t is the dependent variable i over period
t , and the εi,t is a white-noise disturbance with a variance of σ 2

i . Both βiand the
lag order μ in Eq. (9) are permitted to vary across sections (countries). Hence, they
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assumed
{

βi = 0
βi ≺ 0;

where the alternative hypothesis corresponds to Yi,t being stationary.
According to the LLC test, compared with the single-equation Augmented Dickey–

Fuller test, the panel method sensibly raises power in finite samples. The proposed
model is as follows:

	Yi,t = αi + βYi,t−1 +
Pi∑

j=1

μi, j	Yi,t− j + εi,t . (10)

Accordingly, [42] also assumed

{
H0 : β1 = β2 = ....... = β = 0
H1 : β1 = β2 = ....... = β ≺ 0

;

where the statistic of test is tβ = β̂

σ (β̂)
, β̂ is the OLS estimate of β in Eq. (10) and

σ(β̂)is its standard error.
Im et al. [33] proposed a testing procedure based on the mean group approach. The

starting point of the IPS test is also the ADF regressions given in Eq. (10). However,
the null and alternative hypotheses are different from that of the LLC test, where the
rejection of the null hypothesis implies that all the series are stationary. We now have

H0: β1 = β2 = … = βN = 0 vs. H1: Some but not necessarily all βi ≺0
The IPS test is calculated as the average of the t-statistic with and without trend.

Alternative t-bar statistics for testing the null hypothesis of unit root for all individuals
(βi = 0) is as follows

t =

N∑

i=1
tβi

N
(11)

where t is the estimated Augmented Dickey–Fuller statistics from individual panel
members; N is the number of individuals. Using Monte Carlo simulations, this test
shows that the t-bar (t) is normally distributed under the null hypothesis. Accordingly,
it then used estimates of its mean and variance to convert t-bar (t) into a standard
normal z-bar (z) statistics which is given by:

z =
√
N (t − E[t |βi = 0])
√

var [t |βi = 0] → N (0, 1) (12)

where E[t |βi = 0] and var [t |βi = 0] are the mean and variance of ti t . Moreover,
the IPS study shows that the standardized statistics converges weakly to the standard
normal distribution,which allows for comparisonwith critical values of the distribution
N (0, 1).
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2.2.2 The estimation techniques

It is well-known that the GMM method provides consistent and efficient estimates
in the presence of arbitrary heteroskedasticity. Moreover, most of the diagnostic tests
discussed in this study can be cast in a GMM framework. The GMM is the estimation
method most commonly used in models with panel data and in the multiple-way link-
ages between certain variables. Thismethoduses a set of instrumental variables to solve
the endogeneity problem.Moreover,most of the diagnostic tests discussed in this study
can be cast in a GMM framework. In addition, before running the regressions, some
specific tests have been audited.According to [50,74], two important specification tests
are used for simultaneous-equation regression models: test of endogeneity/exogeneity
and test of overidentifying restrictions. First, the Durbin–Wu–Hausman (DWH) test
was used to test the endogeneity for all the four equations. The null hypothesis of the
DWH endogeneity test is that an ordinary least squares (OLS) estimator of the same
equation would yield consistent estimates: that is, an endogeneity among the regres-
sors would not have deleterious effects on OLS estimates. A rejection of the null
hypothesis indicates that endogenous regressors’ effects on the estimates are mean-
ingful, and instrumental variables techniques are required. In fact, the rejection of
the null hypothesis suggests that the ordinary least squares estimates might be biased
and inconsistent and hence the OLS is not an appropriate estimation technique. Sec-
ond, we may test the overidentifying restrictions in order to provide some evidence
of the instruments’ validity, which is tested using the Hansen test by which the null
hypothesis of overidentifying restrictions cannot be rejected. In other words, the null
hypothesis of instrument appropriateness cannot be rejected. In our empirical frame-
work, we apply the GMM technique to estimate the four way interactions between
renewable energy consumption, CO2 emissions, trade and economic growth by using
annual data from a sample of 24 high-and middle-income countries, over the period
1990–2011.

The GMM estimation with panel data proves advantageous to the OLS approach
in a number of ways. First, the pooled cross-section and time series data allow us to
estimate the relationship between economic growth, renewable energy consumption,
trade, and CO2 emissions over a long period of time for several countries. Second, any
country-specific effect can be controlled by using an appropriate GMM procedure.
And last, our panel estimation procedure can control for potential endogeneity that
may emerge from the explanatory variables.

2.3 Data and descriptive statistics

As with [62,64], the variables used in this study are chosen in accordance with the
economic theory and data availability. The sample used is annual data covering the
period 1990–2011 for 24 countries categorized into two country blocks, high-and
middle-income countries. The annual data for per capita GDP (constant 2005 US$),
Gross Fixed Capital Formation as a proxy of capital stock (as a share of GDP) trade
openness (total exports and imports as a share of GDP), CO2 emissions (metric tons
per capita), combustible renewable energy and waste (metric tons of oil equivalent)
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as a proxy for renewable energy consumption, domestic credit to private sector as
share of GDP as a proxy for financial development, total trade as share of GDP is the
proxy of trade openness, urban population as share of total population is the proxy
for urbanization, foreign direct investment net inflows as share of GDP is the proxy
of foreign direct investment and population in millions, oil price (measured using
the spot price on West Texas Intermediate (WTI) crude oil) and oil consumption(in
million tons). Data on CO2 emissions, oil prices, and oil consumption are sourced
from the British Petroleum Statistical Review of World Energy (BP, 2012). Real GDP
and trade openness are taken from the Word Bank’s World Development Indicators
(WDI, 2012).

The specific countries selected for the study and the timeframe are dictated by
the data availability. These include: (1) 12 high-income countries (Australia, Canada,
France, Germany, Japan, Netherlands, Portugal, Spain, Sweden, Switzerland, United
Kingdom and United States); (2) 12 middle-income countries (Algeria, Argentina,
Brazil, Bulgaria, Chile, China, Colombia, Malaysia, Mexico, Thailand, Turkey, and
Venezuela).1

The descriptive statistics of the different variables for individuals and also for the
global panel are given below in Table 1. For the high-income countries, on average,
the highest level of per capita GDP (50,051.15) is found for Switzerland. On the other
hand, the highest average of renewable energy consumption (73,616.99) and CO2
emissions (19.494) are recorded in the United States. In addition, the highest mean
of trade openness is found for Netherlands (124.869). It is also worth highlighting
that, the lowest mean of per capita GDP (16,893.33) is obtained for Portugal, and the
lowest average of trade openness (22.850) and CO2 emissions (2.238) is recorded in
Japan. The lowest average of renewable energy consumption (1855.703) is obtained
for Switzerland. Thereafter, the United Kingdom is the most volatile compared to
the other countries in terms of economic output. It has the highest coefficient of
variation (0.147) as measured by the standard deviation-to-mean ratio. In terms of
CO2 emissions, Australia is the most volatile because it has the highest coefficient of
variation (0.188) compared with the other countries. The same pattern is found for
renewable energy consumption (0.746) and trade openness (0.258) for Italy and Japan,
respectively.

For themiddle-income countries, on average, the highest average of per capita GDP
is obtained for Mexico (7209.649). Moreover, the highest average of trade openness
(185.669) is recorded inMalaysia. The greatest average of renewable energy consump-
tion is obtained for Brazil (56,288.16), while, the highest average of CO2 emissions
(6.402) is for Bulgaria. The lowest average of per capita GDP is found for China
(1406.43), and the lowest average of trade openness (21.660) is for Brazil. Colombia
has also the lowest level of CO2 emissions (1.558). Similarly, the lowest average of
renewable energy consumption is found for Algeria (69.236). Thereafter, China is the
most volatile compared to the other countries in terms of economic output. It actually

1 It should be mentioned that the above classification was consistent with the World Bank definition for
classification based on GNI in 2000, countries are classified as low income if GNI is lower than $826,
as middle income countries if $826=GNI=$10,065, and as high income countries if GNI is greater than
$10,065.
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has the highest coefficient of variation (0.569). In terms of CO2 emissions, China is
the most volatile compared to the overall panel because it has the greatest coefficient
of variation (0.326). The same pattern is found for renewable energy consumption
(0.549) and trade openness (0.267) for Bulgaria and China, respectively.

According to the statistics recorded in both high-and middle- income countries,
it is clear that the greatest average of the per capita GDP is recorded for the high-
income countries compared to the middle-income ones. It is also worth highlighting
that high-income countries’ overall economic wealth is almost seven times as much as
that of middle-income countries. The coefficient of variation, suggests that themiddle-
income countries is the most volatile compared to the high-income ones in terms of
economic output, it is the greatest coefficient of variation (0.434).Moreover, the results
postulate that, high-income countries have the greatest coefficient of variation (0.475),
which explains, in fact that the high-income countries have more pollutants activities.
Moreover, in terms of renewable energy consumption, the middle-income countries
have the highest coefficient (2.190). In addition, the average of FD is the highest for
high-income countries compared to the middle-income ones.

3 Results

3.1 Results of panel unit root tests

The LLC and IPS unit root tests are used in this paper to test for stationarity of the
panel data obtained for two country blocks.

Table 2 shows the results of the panel unit root tests for levels and also for the
first difference of variables. It can be seen from the Table 2, that in the overall all
the variables are statistically significant under the LLC and IPS tests, in the second
difference form. This implies that the variables are integrated at I (2).

While estimating the four-way linkages between trade openness, renewable energy
consumption, CO2 emissions, and economic growth, K, POP, OP, OC, URB, FD and
FDI are included as instrumental variables.

In addition, before running the regressions, two specific tests have been audited.
According to [50,74], two important specification tests are used for simultaneous-
equation regression models: First, we may test the overidentifying restrictions in order
to provide some evidence of the instrument’ validity, which is tested using the Hansen
test bywhich the null hypothesis of overidentifying restrictions cannot be rejected. This
means that, the null hypothesis that the instruments are appropriate cannot be rejected.
First, the Durbin-Wu-Hausman (DWH) test was used to test the endogeneity for the
four equations. The null hypothesis of the DWH endogeneity test is that an ordinary
least squares (OLS) estimator of the same equation would yield consistent estimates,
that is, an endogeneity among the regressors would not have deleterious effects on the
OLS estimates.A rejection of the null hypothesis indicates that endogenous regressors’
effects on the estimates are meaningful, and instrumental variables techniques are
required.

Based on the above diagnostic tests, the estimated coefficients of Eqs. (5), (6), (7),
(8) are given in Tables 3, 4, 5, 6, 7, 8, 9 and 10.
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3.1.1 Results for the high-income countries

The empirical results about Eq. (5) are presented in Table 3, which shows that renew-
able energy consumption has a positive and significant impact on the per capita GDP
for Canada, Germany, Netherlands, Spain, Sweden, Switzerland, the UK, and the US.
For the remaining countries, no significant relationship is found. For the panel results,
RE has a negative impact on economic growth at 1 % level. The magnitude of 0.138
implies that a 1% increase in RE decreases economic growth by around 0.138%. This
result is consistent with the findings of [81]. In addition, CO2 emissions have a positive
and significant impact on economic growth for Japan and Portugal. Besides, the per
capita CO2 emissions have a negative and significant impact on the per capita GDP
for the Netherlands. For the remaining countries, no significant relationship is found.
For the panel results, the per capita CO2 emissions have a positive and significant
impact on economic growth at 1 % level. The magnitude of 0.748 implies that a 1 %
increase in CO2 emissions increases economic growth by around 0.75 %. This result
is consistent with the findings of [57]. On the other hand, trade openness has a positive
and significant impact on economic growth only for Germany, Japan, Portugal, and
Spain. Whereas, a negative relationship is found for Canada. However, for the rest of
countries, no significant relationship is found. The panel estimation shows that trade
openness has a positive and significant impact on economic growth at 10 % level. The
magnitude of 0.158 implies that a 1 % increase in trade openness increases economic
growth by around 0.16 %. This finding is in line with that of Shahbaz et al. (2013).
Finally, the Coefficient of capital significantly affects the per capita GDP for Germany,
the Netherlands, Sweden, Switzerland, the UK and the US. Indeed, a 1 % increase in
capital increases economic growth within a range of 0.089 % (Germany) to 1.204 %
(United States). On the other hand, capital has a negative impact on economic growth
only for Japan. For the remaining countries, no significant relationship is found. The
panel result shows that capital has a negative and significant impact on the per capita
GDP at 1 % level. The magnitude of 0.601 means that a 1 % rise in the capital stock
decreases economic growth by around 0.601 %.This result is in line with the findings
of [63].

The empirical results pertaining to Eq. (7) are reported in Table 4, which shows that
economic growth has a positive and significant effect on renewable energy consump-
tion for Germany, Netherlands, Spain and the United States. Indeed, a 1 % increase in
economic growth increases renewable energy consumption within a range of 1.76 %
(the United States) to 6.787 % (Germany). While, economic growth has a negative on
renewable energy consumption only for Sweden. However, for the remaining coun-
tries, no significant relationship is found. The panel result shows that the per capita
GDP has a negative and significant impact on renewable energy consumption at 1 %
level. The magnitude of 0.779 indicates that a 1 % increase in the per capita GDP
decreases renewable energy consumption by around 0.8 %. This result is consistent
with the finding of [51]. Regarding the pollutant variable, we find that CO2 emissions
have a positive and significant impact on the demand of renewable energy only for
Sweden. This implies that higher CO2 emissions in these countries create demand for
cleaner environment and encourage the use of alternative energy free from this evil
effect. While, CO2 emissions have a negative and significant impact for Canada, Spain
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and the UK. However no significant relationship is found for the rest of the countries.
The panel estimation indicates that CO2 emissions have a positive and significant
impact on renewable energy consumption at 1 % level. The magnitude of 0.699 means
that a 1 % rise in pollutant emissions raises renewable energy consumption by around
0.7 %. This result is in line with the findings of [62]. In addition, trade openness has
a significant impact on renewable energy consumption for 4 countries out of 12. In
the case of Germany and the Netherlands, trade openness has a negative and signifi-
cant impact. For Sweden and the UK, there is evidence of a positive impact of trade
openness on renewable energy consumption. For the rest of countries, no significant
relationship is found. Regarding the panel results, trade openness has a positive impact
on renewable energy consumption at 1 % level. This result is in line with the findings
of [65]. Moreover, the impact of real oil price on the demand of renewable energy is
positive and significant for Netherlands, Portugal and Spain. For the remaining coun-
tries, no significant relationship is found. Regarding the panel results, oil price has
a positive impact on renewable energy consumption at 10 % level. Finally, oil con-
sumption has a significant impact on renewable energy consumption for 3 countries
out of 12. It has a negative and significant impact on renewable energy consumption
for Germany and the US. This indicates that a reduction in oil consumption leads to
an increase in renewable energy demand. Thus, the above results imply that under
the upsurge of international crude oil prices and oil supply shortages, countries can
develop renewable energy to replace their demands for oil. Whereas, it has a positive
impact only for Canada indicating that a 1 % increase in oil consumption increases
the demand of renewable energy by around 1.026 %. However, no significant rela-
tionship is found for the rest of the countries. The panel estimation indicates that oil
consumption has a positive and significant impact on renewable energy consumption
at 1 % level. The magnitude of 0.819 means that a 1 % rise in oil consumption raises
renewable energy consumption by around 0.82 %.

Table 5 presents the estimated results about Eq. (7). It appears that the per capita
GDP has a positive and statistically significant impact on CO2 emissions for Japan,
Portugal and Spain. However, for the remaining countries, no significant relationship
is found. The panel result shows that the per capita GDP has a positive and signif-
icant impact on CO2 emissions at 5 % level. The magnitude of 0.469 indicates that
a 1 % increase in the per capita GDP increases CO2 emissions by around 0.47 %.
These results are consistent with the findings of [16,27,30,35,41,61,78]. Regarding
the renewable energy consumption variable, it is found that renewable energy con-
sumption has a negative and significant impact on CO2 emissions only for Germany
and the US. For the remaining countries, no significant relationship is found. On the
other hand, the panel results show that renewable energy consumption has a significant
positive impact on CO2 emissions at 1 % level. The magnitude of 0.196 indicates that
a 1 % increase in renewable energy consumption increases CO2 emissions by around
0.196 %. These results are consistent with the findings of [15]. Nevertheless, trade
openness has a positive and significant impact on CO2 emissions only for the US. This
result is in line with Andersson et al. (2009). Moreover, trade has a negative impact
on CO2 emissions only for Portugal than in Japan. However, no significant relation-
ship is found for the rest of the countries. The panel estimation shows that openness
has a negative insignificant impact. Thereafter, the coefficient of urbanization has a
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positive and significant impact on CO2 emissions only for Germany. It has a nega-
tive significant impact only for Japan. On the other hand, no significant relationship
is found for the rest of the countries. Regarding the panel estimation, urbanization
has a significant positive impact on CO2 emissions at 5 % level. The magnitude of
2.381 indicates that a 1 % increase in urbanization increases CO2 emissions by around
2.381 %. These results are in line with the findings of [32]. Finally, The Coefficient
of financial development impact on CO2 emissions is insignificant positive for all the
countries. Moreover, for the global panel results, financial development has insignifi-
cant positive impact on CO2 emissions, indicating that financial development has not
taken place at the expense of the CO2 emissions. This result is consistent with the
findings of [72].

The empirical results about Eq. (8) are reported in Table 6, which shows that the per
capita GDP has a positive and significant impact on trade openness for 7 countries out
of 12. This implies that a 1 % increase in the per capita GDP increases trade openness
within a range of 1.242 % (Switzerland) to 9.707 % (Japan). It has a negative signifi-
cant impact on trade openness only for Canada. No significant relationship is found for
the remaining countries. The panel result shows that the per capita GDP has a positive
and significant impact on trade openness at 1% level. Themagnitude of 0.526 indicates
that a 1 % increase in the per capita GDP increases trade openness by around 0.53 %.
This result is consistent with the finding of [71]. Regarding the renewable energy
consumption, we find that renewable energy consumption has a positive and signif-
icant impact on trade openness for 5 countries out of 12. Hence, a 1 % rise in the
renewable energy consumption increases trade openness within a range of 0.227 %
(the United Kingdom) to 2.109 % (Canada). Moreover, it has a negative and signifi-
cant impact for France and Spain. This result is consistent with the findings of [19].
However, no significant relationship is found for the remaining countries. Renewable
energy consumption has no significant impact on trade openness for the panel results.
In addition, the coefficient of CO2 emissions has a negative and significant impact on
trade openness only for Japan and Portugal. Only, for Canada CO2 emissions have a
positive and significant impact on trade openness. But, no significant relationship is
found for the remaining countries. Regarding the panel estimation, we find that the per
capita CO2 emissions have negative and significant impact on trade liberalization at
1 % level. The magnitude of 1.048 indicates that a 1 % increase in pollutant emissions
decreases trade openness by around 1.048 %. This result is consistent with the find-
ings of [2]. Finally, FDI has a positive and significant impact on trade openness for
3 countries out of 12. This implies that a 1 % increase in the FDI rate increases the
foreign trade ratio to GDP within a range of 0.036 % (the Unites States) to 0.064
% (Canada). For the panel estimation, the coefficient of FDI is positive and sig-
nificant at 1 % level. The magnitude of 0.159 implies that a 1 % increase in FDI
increases trade openness by around 0.16 %. This result is consistent with the findings
of [1].
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3.1.2 Results for the middle-income countries

The empirical results about Eq. (5) presented in Table 7 show that renewable energy
consumption has a statistically significant impact on the per capita GDP for 8 coun-
tries out of 12. It has a positive and significant impact on the per capita GDP for
Algeria, Argentina, Brazil, Bulgaria and Chile. However, it has a negative and signif-
icant impact on the per capita GDP for China, Mexico and Turkey. For the remaining
countries, no significant relationship is found. For the panel results, renewable energy
consumption has a positive and significant impact on economic growth at 5 % level.
The magnitude of 0.109 implies that a 1 % increase in renewable energy consump-
tion increases economic growth by around 0.11 %. This result is consistent with the
findings of [77]. In addition, the per capita CO2 emissions have a negative and sig-
nificant impact on the per capita GDP for Algeria. This seems to be consistent with
the findings of [35]. However, CO2 emissions have a positive and significant impact
on the per capita GDP for 4 countries out of 12. This suggests that a 1 % increase
in the CO2 emissions increases economic growth within a range of 0.366 % (Bul-
garia) to 1.355 % (Mexico). For the panel results, we find that the effect of the CO2
emissions on economic growth is statistically significant at 1 % level. Moreover, trade
openness has a significant positive impact on the per capita GDP for Algeria, China,
Mexico and Turkey. However, for Argentina it has a significant negative impact. The
panel estimation indicates that trade openness has a negative and significant impact
on the per capita GDP at 1 % level. The magnitude of 0.720 implies that a 1 % rise
in trade openness decreases economic growth by around 0.72 %. This result is in
line with the findings of [46]. Finally, the coefficient of capital is positive and sig-
nificant for 7 countries out of 12. But, no significant relationship is found for the
remaining countries. For the panel results, this coefficient has a positive and signifi-
cant impact on per capita GDP at 5 % level. This implies that a 1 % increase in capital
increases economic growth by around 0.82%. The result is consistent with the findings
of [53].

The empirical results pertaining toEq. (6) are given inTable 8.Wefind that realGDP
has a positive and significant impact on renewable energy consumption for Argentina,
Brazil, Bulgaria, Chile, and China. However, no significant relationship is found for
the remaining countries. The panel result shows that the per capita GDP has a positive
and significant impact on renewable energy consumption at 1 % level. The magni-
tude of 2.925 indicates that a 1 % increase in the per capita GDP increases renewable
energy consumption by around 2.925 %. This result is consistent with the finding of
[15]. Regarding the pollutant variable, we find that CO2 emissions have a positive
and significant impact on the demand of renewable energy for Colombia and Mexico.
This implies that higher CO2 emissions in these countries create demand for cleaner
environment and encourage the use of renewable energy. In fact, a 1 % increase in
pollution increases the share of renewable energy in the global mix by nearly 2.205,
0.849 %, in Colombia and Mexico, respectively. However, pollutant emissions have
a negative impact on renewable energy for Argentina and Bulgaria. No significant
relationship is found for the remaining countries. The panel result shows that CO2
emissions have a negative impact at 1 % level. The magnitude of 8.380 indicates that
a 1 % increase in CO2 emissions increases renewable energy consumption by around
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8.38 %. This result is consistent with the finding of [45]. Nevertheless, trade openness
has a positive and significant impact on renewable energy consumption for Brazil
and Bulgaria. On the other hand, it has a negative impact in Malaysia. For the panel
result trade openness has a positive impact on renewable energy consumption at 1 %
level. The magnitude of 4.190 implies that a 1 % increase in foreign trade increases
renewable energy consumption by around 4.19 %. This result is in line with that of
[65]. We also find that real oil price has a negative and significant impact on renew-
able energy demand for China and Mexico. However, no significant relationship is
found for the remaining countries. The panel result shows that oil price has no sig-
nificant relationship on renewable energy consumption. Finally, the coefficient of oil
consumption has a statistically significant impact on renewable energy consumption
for 4 countries out of 12. In fact, it has a positive impact in Bulgaria and Malaysia.
However, it has a negative impact in Brazil and China. However no significant rela-
tionship is found for the rest of the countries. The panel estimation indicates that oil
consumption has a positive and significant impact on renewable energy consumption at
1 % level.

The estimation results about Eq. (7) are reported in Table 9. It appears that the per
capita GDP has a positive and statistically significant impact on CO2 emissions for
5 countries out of 12. However, no significant relationship is found for the remain-
ing countries. The panel result shows that the per capita GDP has a positive and
significant impact on CO2 emissions at 5 % level. The magnitude of 0.291 indi-
cates that a 1 % increase in the per capita GDP increases CO2 emissions by around
0.29 %. These results are consistent with the findings of [41]. Regarding the renew-
able energy consumption variable, it is found that renewable energy consumption
has a statistically significant impact only for 2 countries out of 12. It has a negative
impact on CO2 emissions only for Bulgaria. However, for Malaysia, it has a posi-
tive and significant impact on CO2 emissions. Whereas, for the remaining countries
no significant relationship is found. For the panel results, no significant relation-
ship is found. This result is consistent with the findings of [45]. The coefficient of
trade openness has a negative and significant impact on pollutant emissions only for
Venezuela. However, it has a positive and significant impact only for Thailand. For
the remaining countries, no significant relationship is found. For the panel estima-
tion, the coefficient of trade openness is positive and significant at 5 % level. The
magnitude of 0.278 implies that a 1 % increase in trade openness increases CO2
emissions by around 0.28 %. This result is consistent with the findings of [60]. On
the other hand, the coefficient of urbanization has a negative and statistically signif-
icant impact on CO2 emissions for Chile and Malaysia. For the remaining countries,
and the panel estimation, no significant relationship is found. Finally, the coefficient
of financial development has a statistically significant impact on pollutant emissions
for 5 countries out of 12. It has a positive and significant impact for Chile, Colom-
bia, and Malaysia, whereas it has a negative impact only for Bulgaria and China.
For the remaining countries, and the panel estimation, no significant relationship is
found.

The empirical results pertaining to Eq. (8) are given in Table 10. In this table, we
present the impact of real GDP has a positive and significant impact on trade openness
for Algeria, Colombia, Mexico and Turkey. This result is consistent with the finding
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of [17,71]. Moreover, the per capita GDP has a negative and significant impact on
trade openness for Argentina. For the remaining countries, no significant relationship
is found. For the panel estimation, the coefficient of per capita GDP is negative and
significant at 1 % level. The magnitude of 0.766 implies that a 1 % increase in the
per capita GDP decreases trade openness by around 0.77 %. However, the coefficient
of renewable energy consumption is positive and significant on trade openness for
Argentina and Thailand. On the other hand, it has a negative and significant impact
on trade openness for China. For the remaining countries, no significant relationship
is found. For the panel estimation, the coefficient of renewable energy consumption
is positive and significant at 10 % level. The magnitude of 0.089 implies that a 1 %
increase in renewable energy consumption increases trade openness by around 0.09 %.
This result is consistent with the findings of Lean and Smyth, 2010. Moreover, the
pollutant emissions have a statistically and significant impact on trade openness for 6
countries out of 12. Indeed, it has a positive and significant impact on trade openness
for Argentina, China, and Malaysia. In addition, pollutant emissions have a negative
and significant impact on trade openness for Algeria, Mexico and Venezuela. For the
remaining countries, no significant relationship is found. For the panel estimation, the
coefficient of CO2 emissions is positive and significant at 1 % level. The magnitude
of 3.457 implies that a 1 % increase in CO2 emissions increases trade openness by
around 3.46 %. This result complies with the findings of [2]. Finally, FDI have a
positive and significant impact on trade openness for 4 countries out of 12. This
implies that a 1 % increase in the FDI rate increases the level of trade openness
within a range of 0.051 % (Malaysia) to 0.557 % (China). This result is consistent
with the findings of [47]. However, for Argentina, it has a negative impact on trade
openness. For the remaining countries and the panel result, no significant relationship
is found.

4 Discussion

4.1 Discusses the empirical highlights for the high-income countries

Regarding the links between renewable energy and economic growth for individual
cases, there is a positive unidirectional causality running from renewable energy con-
sumption to economic growth in Canada, Switzerland and the UK. This indicates that,
in these countries, increases in renewable energy consumption caused increases in eco-
nomic growth, which implies that energy conservation policies that adversely impact
renewable energy consumption may have an adverse effect on economic growth. This
indicates the presence of the ‘growth hypothesis’. Moreover, the positive effect of
the use of renewable energy on economic growth further enhances the viability of
the renewable energy sector, which provides an additional support for the assertion
that renewable energy can serve as an important energy source for these countries.
This is in line with the findings of [58,77]. No causality is found between renewable
energy consumption and economic growth in Australia, France, Japan and Portugal,
which demonstrates the ‘neutrality hypothesis’. This finding means that energy con-
servation policies do not affect the income, and as such, they may be pursued without
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adversely affecting the real income (see [39,80]). This finding is in line with the
results showed by [51]. In contrast, in Germany, Netherlands, Spain, Sweden and the
US, there is a bidirectional causality between renewable energy consumption and eco-
nomic growth. The presence of a bidirectional causality between renewable energy
and economic growth lends support to the ‘feedback hypothesis’ whereby renewable
energy consumption and economic growth are interdependent. This interdependency
suggests that energy policies aimed at increasing the production and the consump-
tion of renewable energy will have a positive impact on economic growth. This is in
line with the results showed by (Apergis and Payne 2010,2012). We further find a
positive a unidirectional causality running from CO2 emissions to economic growth
in the Netherlands. This result is consistent with the findings of [22,54]. In Spain,
there is evidence of a positive unidirectional causality running from economic growth
to CO2 emissions. This result is in accordance with [29]. In contrast, no causality is
found between CO2 emissions and economic growth in Australia, Canada, France,
Germany, Sweden, Switzerland, the UK and the US. This means that an increase in
economic activity may be pursued without adversely affecting environmental quality.
In addition, the adoption of a set of measures for environmental quality can be realized
without pressure or adversely economic growth. However, the presence of a bidirec-
tional causality between CO2 emissions and economic growth has been supported in
Japan and Portugal. These results are in line with the findings of [52]. Moreover, there
is evidence of a positive unidirectional causality running from trade openness to eco-
nomic growth in Netherlands. As a consequence, economic conservation measures
that reduce economic activities may not have an adverse effect on trade openness
aims. Besides, there is a causal unidirectional relationship running from economic
growth to trade for France, Switzerland and the US. This indicates that economic
conservation pressures that adversely have an impact on economic growth may have
an adverse effect on trade openness, however, no causal relationship is found for Aus-
tralia, Sweden, and the UK. Finally, a bidirectional causal relationship is found for
Canada, Germany, Japan, Portugal and Spain. These results conform with the finding
of [49]. Regarding the linkage between renewable energy consumption and CO2 emis-
sions, we find that there is evidence of a negative unidirectional causal relationship
running from CO2 emissions to renewable energy consumption in Canada, Spain and
the UK. However, a positive unidirectional link is found for Sweden. Moreover, there
is evidence of a negative unidirectional causal link running from renewable energy
consumption to CO2 emissions in Germany and the US. This implies that renewable
energy consumption has a meaningful and crucial role in the reduction of pollutant
emissions. Thus, there is evidence that is no causal link is found for Australia, France,
Japan, the Netherlands, Portugal and Switzerland. These results are consistent with
findings of Slim and Rafiq (2012). Concerning the linkage between trade openness
and renewable energy consumption, there is a negative unidirectional causal rela-
tionship running from trade openness to renewable energy consumption in Germany
and Netherlands. The presence of a positive unidirectional relationship running from
renewable energy consumption to trade openness is found in Australia and Canada,
but, a negative relationship in France. However, in Japan, Portugal and Switzerland no
causal relationship is found. In Sweden and the UK, there is evidence of a bidirectional
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causality between trade openness and renewable energy consumption. This result is in
line with the finding of [19]. Finally, looking at the causal linkage between trade open-
ness and CO2 emissions, we find a positive unidirectional causal relationship running
from trade openness to CO2 emissions for the US. Moreover, there is evidence of a
unidirectional causal relationship running from CO2 emissions to trade openness in
Canada. In addition, there is evidence of no causal link in Australia, France, Germany,
Netherlands, Spain, Sweden, Switzerland and the UK. Finally, there is evidence of a
bidirectional causal relationship found for Japan and Portugal. This result is in line
with the findings of [2].

Regarding the global panel, the findings reveal that there is a bidirectional causality
between renewable energy consumption and economic growth. This is in line with
the result found by Apergis and Payne 2012. The presence of a bidirectional causal-
ity between renewable energy and economic growth lends support to the ‘feedback
hypothesis’ whereby renewable energy consumption and economic growth are inter-
dependent. This interdependency suggests that energy policieswhich aim at increasing
the production and the consumption of renewable energy will have a positive impact
on economic growth. The presence of a bidirectional causality between CO2 emis-
sions and economic growth. This result is in line with the findings of [52]. In addition,
we find that the existence of a bidirectional causality between trade openness and
economic growth. This result is consistent with the finding [49]. Regarding the link-
age between renewable energy consumption and CO2 emissions, we find that there is
evidence of a bidirectional causal link. Moreover, there is a unidirectional causal link
running from trade openness to renewable energy consumption. This result is in line
with the finding of [19]. Finally, looking at the causal linkage between trade openness
and CO2 emissions, we find a positive unidirectional causal relationship running from
CO2 emissions to trade openness. This result is in line with the findings of [2]. These
results are summarized in the Fig. 1 below.

4.2 Discusses the empirical highlights for the middle-income countries

Regarding the links between renewable energy and economic growth for individual
cases, there is a positive unidirectional causality running from renewable energy con-
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Fig. 1 The four-way linkages for the high-income countries
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sumption to economic growth in Algeria, Mexico, and Turkey. This indicates that,
energy conservation policies that adversely impact renewable energy consumption
may have an adverse effect on economic growth. This indicates the presence of the
‘growth hypothesis’. This is in line with the findings of [58]. However, no causality is
found between renewable energy consumption and economic growth for Colombia,
Malaysia, Thailand, and Venezuela, which postulates the ‘neutrality hypothesis’ for
renewable energy consumption. This finding is similar with the results showed by [51].
In contrast, in Argentina, Brazil, Bulgaria, Chile, andChina, there is evidence of a bidi-
rectional causality between renewable energy consumption and economic growth. The
presence of a bidirectional causality between renewable energy and economic growth
lends support to the ‘feedback hypothesis’. This is in line with the results showed by
Apergis and Payne 2012. We further find a positive unidirectional causality running
from CO2 emissions to economic growth in Algeria and Brazil. This implies that, in
this country, increases in CO2 emissions caused increases in economic growth. This
result is consistent with the findings of [22]. In Colombia there is evidence of a positive
unidirectional causality running from economic growth to CO2 emissions implying
that increases in economic growth caused increases in pollutants emissions. This result
is similar with that of [29]. In contrast, no causality is found between CO2 emissions
and economic growth in Chile, China, Malaysia, Thailand, Turkey, and Venezuela.
This means that an increase in economic activity may be pursued without adversely
affecting environmental quality. Moreover, the adoption of a set of measures for envi-
ronmental quality can be realized without pressure or adversely economic growth.
However, the presence of a bidirectional causality between CO2 emissions and eco-
nomic growth has been supported in Argentina, Bulgaria and Mexico. These results
are in line with the findings of [52]. On the other hand, there is evidence of a positive
unidirectional causality running from trade openness to economic growth in China. As
a result, economic conservationmeasures that reduce economic activitiesmay not have
an adverse effect on trade openness. In addition, we find a causal unidirectional rela-
tionship running from economic growth to trade openness for Colombia. This implies
that economic conservation pressures that have adversely impact on economic growth
may have an adverse effect on trade openness. However, no causal relationship is
found for Brazil, Bulgaria, Chile, Malaysia, Thailand, and Venezuela. Finally, a bidi-
rectional causal relationship found for Algeria, Argentina, Mexico, and Turkey. These
results are consistent with the finding [2]. Regarding the linkage between renewable
energy consumption and CO2 emissions, we find that there is evidence of a negative
unidirectional causal relationship running from CO2 emissions to renewable energy
consumption in Argentina. Nevertheless, a positive unidirectional link running form
CO2 emissions to RE is found for Colombia and Mexico. Moreover, there is evidence
of a unidirectional causal link running from renewable energy consumption to CO2
emissions in Chile and Malaysia. However, the presence of a bidirectional causality
between CO2 emissions and renewable energy consumption has been supported in
Bulgaria. Therefore, there is evidence of no causal link for Algeria, Brazil, China,
Thailand, Turkey, and Venezuela. These results are consistent with findings of [66].
Concerning the linkage between trade openness and renewable energy consumption,
we find the presence of a negative unidirectional causal relationship running from trade
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openness to renewable energy consumption in Malaysia, while a positive relationship
is found for Brazil, and Bulgaria. A positive unidirectional relationship running from
renewable energy consumption to trade openness is found for Argentina and Thai-
land. In contrast, in Algeria, Chile, Colombia, Mexico, Turkey and Venezuela, there
is evidence that no causal relationship found. In China, there is evidence of a bidi-
rectional causality between trade openness and renewable energy consumption. This
result is in line with the finding of [19]. Finally, by looking at the causal linkage
between trade openness and CO2 emissions, we find a positive unidirectional causal
relationship running from CO2 emissions to trade openness for Algeria, Argentina,
China, Malaysia, andMexico. In addition, there is evidence of no causal link in Brazil,
Bulgaria, Chile, Colombia, Thailand andTurkey. Finally, there is evidence of a bidirec-
tional causal relationship for Japan and Portugal. This result is in line with the finding
of [60].

Regarding the middle-income panel, the findings reveal that there is a bidirectional
causality between renewable energy consumption and economic growth. This is in
line with the result found by [77]. The presence of a bidirectional causality between
CO2 emissions and economic growth. This result is in line with the findings of [52].
In addition, there is evidence of a bidirectional causality between trade openness
and economic growth. This result is consistent with the finding of [49]. Regarding the
linkage between renewable energy consumption and CO2 emissions, we find that there
is evidence of a negative unidirectional causal link, running from renewable energy
consumption to CO2 emission, which supports the findings of [13]. Moreover, we find
a bidirectional causal link between trade openness and renewable energy consumption.
This result is in line with the finding of [19]. Finally, looking at the causal linkage
between trade openness and CO2 emissions, we find a bidirectional causal relationship
running from CO2 emissions to trade openness. This result is in line with the findings
of [2]. These results are summarized in the Fig. 2 below.

T 

G 

C RE 

Fig. 2 The four-way linkages for the middle-income countries
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5 Conclusions and policy implications

The aim of the present study is to examine the four-way linkages between renewable
energy, CO2 emissions, trade openness, and economic growth using simultaneous-
equation panel data models for 24 countries over the period 1990–2011. However, to
the best of our knowledge, none of the empirical studies focused on the investigation
of the four-way linkages between these variables in a comparative framework between
high- and middle-income countries via the simultaneous-equation panel data models.

Our results for the high-and middle-income subpanels can be summarized as fol-
lows. For the high-income countries, the highlights reveal that there is a bidirectional
causality between renewable energy consumption and economic growth. Further, there
is a bidirectional causality between CO2 emissions and economic growth. In addition,
we find that the existence of a bidirectional causality between trade openness and
economic growth. Regarding the linkage between renewable energy consumption and
CO2 emissions, we find that there is evidence of a bidirectional causal link. Moreover,
there is a unidirectional causal link running from trade openness to renewable energy
consumption. Finally, looking at the causal linkage between trade openness and CO2
emissions, we find a positive unidirectional causal relationship running from CO2
emissions to trade openness.

On the other hand, our highlights for the middle-income countries support the
evidence of a bidirectional causality between renewable energy consumption and
economic growth. Furthermore, there is a bidirectional causality between CO2 emis-
sions and economic growth. In addition, there is evidence of a bidirectional causality
between trade openness and economic growth. Regarding the linkage between renew-
able energy consumption and CO2 emissions, we find that there is evidence of a
negative unidirectional causal link, running from renewable energy consumption to
CO2 emission. Moreover, we find a bidirectional causal link between trade openness
and renewable energy consumption. Finally, we find a bidirectional causal relationship
between CO2 emissions to trade openness.

These insights have varied implications on policy instruments to manage the
dynamics among these key variables. The interdependence between renewable energy
consumption and economic growth suggests that energy policies designed to increase
the production and consumption of renewable energy will have a positive effect on
economic growth. Moreover, the environmental quality can negatively affect produc-
tivity by affecting human health. In addition, given the reduction in the emissions of
air pollution and greenhouse gases associated with renewable energy, there is also
a positive spillover to the environment. Indeed, international trade with its positive
impact on technology transfer can greatly help the middle-income countries to dif-
fuse the adoption of production technologies using renewable energy, and building
the human, technological and financial capacities in order to establish the renewable
energy technologies, and to promote their share in the global mix in order to keep
a clean environment. As a crucial recommendation, middle-income countries with
the help of the high-income ones should to reduce the legal and institutional bar-
riers in order to improve the international exchange as well as enhance the use of
renewable energy sources through financial incentives, access to emerging technolo-
gies, and technical expertise in the development and assessment of the renewable
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energy sector. Furthermore, fiscal incentives (emissions taxes, pollution permits, sub-
sidies etc.) should be important enough to induce producers to use renewable energy,
because abandoning a polluting technology for a green technology still needs important
investments, and also realize economies of scale that attract private sector investments
especially in middle-income countries. Finally we recommend, both high-and-middle
income countries to build a partnershipwith the international organization and between
themselves in order to promote research and development in renewable energy tech-
nologies, and boost innovation, to realize economies of scale that attract private sector
investments and effectively develop the PPP (i.g. Public-private partnership).

References

1. Aizenman, J., Noy, I.: FDI and trade—two way linkages? Q. Rev. Econ. Finance 46, 317–337 (2006)
2. Al-mulali, U., Sheau-ting, L.: Econometric analysis of trade, exports, imports, energy consumption

and CO2 emissions in six regions. Renew. Sustain. Energy Rev. 33, 484–498 (2014)
3. Ang, J.B.: CO2 emissions, energy consumption and output in France. Energy Policy 35, 4772–4778

(2007)
4. Ang, J.B.: Economic development, pollutant emissions and energy consumption in Malaysia. J. Policy

Model. 30, 271–278 (2008)
5. Anwar, S., Sun, S.: Financial development, foreign investment and economic growth in Malaysia. J.

Asian Econ. 22, 335–342 (2011)
6. Apergis, N., Payne, J.E.: Energy consumption and economic growth in Central America: evidence

from a panel co integration and error correction model. Energy Econ. 31, 211–216 (2009a)
7. Apergis, N., Payne, J.E.: Energy consumption and economic growth: evidence from the commonwealth

of independent states. Energy Econ. 31, 641–647 (2009b)
8. Apergis, N., Payne, J.E.: CO2 emissions, energy usage, and output in Central America. Energy Policy

37, 3282–3286 (2009c)
9. Apergis, N., Payne, J.E.: Energy consumption and growth in South America: evidence from a panel

error correction model. Energy Econ. 32, 1421–1426 (2010a)
10. Apergis, N., Payne, J.E.: The emissions, energy consumption, and growth nexus: evidence from the

commonwealth of independent states. Energy Policy 38, 650–655 (2010b)
11. Apergis, N., Payne, J.E.: Renewable energy consumption and economic growth: evidence from a panel

of OECD countries. Energy Policy 656–660 (2010c)
12. Apergis, N., Payne, J.E.: Renewable energy consumption and growth in Eurasia. Energy Econ. 32,

1421–1426 (2010d)
13. Apergis, N., Payne, J.E., Menyah, K., Wolde-Rufael, Y.: On the causal dynamics between emissions,

nuclear energy, renewable energy, and economic growth. Ecol. Econ. 69, 2255–2260 (2010)
14. Apergis, N., Payne, J.E.: The renewable energy consumption-growth nexus in Central America. Appl.

Energy 88, 343–347 (2011)
15. Apergis, N., Payne, J.E.: Renewable energy, output, CO2 emissions, and fossil fuel prices in Central

America: evidence from a non linear panel smooth transition vector error correction model. Energy
Econ. 42, 226–232 (2014)

16. Arouri, M.H., Ben Youssef, A., M’henni, H., Rault, C., : Energy consumption, economic growth and
CO2 emissions in Middle East and North African countries. Energy Policy 45, 342–349 (2012)

17. Awokuse, T.O.: Trade openness and economic growth: is growth export-Led or import-Led? Appl.
Econ. 40, 161–173 (2008)

18. Belke, A., Dobnik, F., Dreger, C.: Energy consumption and economic growth: new insights into the
co-integration relationship. Energy Econ. 33, 782–789 (2011)

19. Ben Aîssa, M.S., Ben Jebli, M., Ben Youssef, S.: Output, renewable energy consumption and trade in
Africa. Energy Policy. (2013). doi:10.1016/j.enpol.2013.11.023i

20. BP Statistical Review of World Energy. http://www.Bp.com/statisticalreview (2013)
21. Chien, T., Hu, J.L.: Renewable energy and macroeconomic efficiency of OECD and non OECD

economies. Energy Policy 35, 3606–3615 (2007)

123

http://dx.doi.org/10.1016/j.enpol.2013.11.023i
http://www.Bp.com/statisticalreview


142 S. Tiba et al.

22. Cowan,W.N., Chang, T., Lotz, R.I., Gupta, R.: The nexus of electricity consumption, economic growth
and CO2 emissions in the BRICS countries. Energy Policy (2013). doi:10.1016/j.enpol.2013.10.081i

23. Dahmardeh, N., Mahmoodi, M., mahmoodi, E.: Energy consumption and economic growth: evidence-
from 10 Asian developing countries. J. Basic Appl. Sci. Res. 2, 1385–1390 (2012)

24. Ewing, B.T., Sari, R., Soytas, U.: Dissagregate energy consumption and industrial output in the United
States. Energy Policy 35, 1274–1281 (2007)

25. Fang, Y.: Economic welfare impacts from renewable energy consumption: the China experience.
Renew. Sustan. Energy Rev. 15, 5120–5128 (2011)

26. Farhani, S., Ben Rejeb, J.: Energy consumption, economic growth and CO2 emissions: evidence from
panel data for MENA region. Int. J. Energy Econ. Policy 2, 71–81 (2012)

27. Fodha, M., Zaghdoud, O.: Economic growth and environmental degradation in Tunisia: an empirical
analysis of the environmental Kuznets curve. Energy Policy 38, 1150–1156 (2010)

28. Ghali, K.H., Al-Sakka, M.I.T.: Energy use and output growth in Canada: a multivariate co-integration
analysis. Energy Econ. 26, 225–238 (2004)

29. Govindaraju, V.G.R.C., Foon Tang, C.: The dynamic links between CO2 emissions, economic growth
and coal consumption in China and India. Appl. Energy 104, 310–318 (2013)

30. Halicioglu, F.: An econometric study of CO2 emissions, energy consumption, income and foreign trade
in Turkey. Energy Policy 37, 1156–1164 (2009)

31. Hamdi, H., Sbia, R.: Dynamic relationship between oil revenues, govemment spending and economic
growth in oil-dependent economy. Econ. Model. 35, 118–125 (2013)

32. Hossain, M.S.: Panel estimation for CO2 emissions, energy consumption, economic growth, trade
openness and urbanization of newly industrialized countries. Energy Policy 39, 6991–6999 (2011)

33. Im, K.S., Pesaran, M.H., Shin, Y.: Testing for unit roots in heterogeneous panels. J. Econ. 115, 53–74
(2003)

34. Jalil, A., Mahmud, S.F.: Environment Kuznets curve for CO2 emissions: a co-integration analysis for
China. Energy Policy 37, 5167–5172 (2009)

35. Jayanthakumaran, K., Verma, R., Liu, Y.: CO2 emissions, energy consumption, trade and income: a
comparative analysis of China and India. Energy Policy 42, 450–460 (2012)

36. Lau, E., Chye, X.H., Choong, C.K.: Energy-growth causality: Asian countries revisited. Int. J. Energy
Econ. Policy 1, 140–149 (2011)

37. Lean, H.H., Smyth, R.: CO2 emissions, electricity consumption and output in ASEAN. Appl. Energy
87, 1858–1864 (2010a)

38. Lean, H.H., Smyth, R.: Multivariate Granger causality between electricity generation, exports and
GDP in Malaysia. Energy Econ. 35, 3640–3648 (2010b)

39. Lee, C.C.: Energy consumption and GDP in developing countries: a co-integrated panel analysis.
Energy Econ. 27, 415–427 (2005)

40. Lee, C.C., Lee, J.D.: A panel data analysis of the demand for total energy and electricity in OECD
countries. Energy J. 31, 1–23 (2010)

41. Lee, J.W.: The contribution of foreign direct investment to clean energy use, carbon emissions and
economic growth. Energy Policy 55, 483–489 (2013)

42. Levin, A., Lin, C.F., Chu, C.J.: Unit root tests in panel data: asymptotic and finite-sample properties.
J. Econ. 108, 1–24 (2002)

43. Lotfalipour, M.R., Falahi, M.A., Ashena, M.: Economic growth, CO2 emissions, and fossil fuels
consumption in Iran. Energy 35, 5115–5120 (2010)

44. Menegaki, A.N.: Growth and renewable energy in Europe: a random effect model with evidence for
neutrality hypothesis. Energy Econ. 33, 257–263 (2011)

45. Menyah, K., Wolde-Rufael, Y.: Energy consumption, pollutant emissions and economic growth in
South Africa. Energy Econ. 32, 1374–1382 (2010)

46. Menyah, K., Nazlioglu, S., Wolde-Rufael, Y.: Financial development, trade openness and economic
growth in African countries: new insights from a panel causality approach. Econ. Model. 37, 386–394
(2014)

47. Mitze, T., Aleck, B., Untied, G.: Trade-FDI linkages in a simultaneous equations system of gravity
models for German regional data. Int. Econ. 122, 121–162 (2010)

48. Narayan, P.K., Smyth, R.: Multivariate Granger causality between electricity consumption, exports
and GDP: evidence from a panel of Middle Eastern countries. Energy Policy 37, 229–236 (2009)

123

http://dx.doi.org/10.1016/j.enpol.2013.10.081i


The four-way linkages between renewable energy. . . 143

49. Nasreen, S., Anwar, S.: Causal relationship between trade openness, economic growth and energy
consumption: a panel data analysis of Asian countries. Energy Policy (2014). doi:10.1016/j.enpol.
2014.02.009

50. Newey, W.K.: Semi-parametric estimation if limited dependent variable models with endogenous
explanatory variables. Annales de l’INSEE 59, 219–237 (1985)

51. Ocal, O., Aslan, A.: Renewable energy consumption-economic growth nexus in Turkey. Renew. Sus-
tain. Energy Rev. 28, 494–499 (2013)

52. Omri, A.: CO2 emissions, energy consumption and economic growth nexus in MENA countries:
evidence from simultaneous equations models. Energy Econ. 40, 657–664 (2013)

53. Omri, A., Kahouli, B.: Causal relationships between energy consumption, foreign direct investment
and economic growth: fresh evidence from dynamic simultaneous equations models. Energy Policy
67, 913–922 (2014)

54. Ozcan, B.: The nexus between carbon emissions, energy consumption and economic growth in Middle
East countries: a panel data analysis. Energy Policy (2013). doi:10.1016/j.enpol.2013.07.016i

55. Ozturk, I., Aslan, A., Kalyoncu, H.: Energy consumption and economic growth relationship: evidence
from panel data for low and middle income countries. Energy Policy 38, 4422–4428 (2010)

56. Ozturk, I., Acaravci, A.: The long-run and causal analysis of energy, growth, openness and financial
development on carbon emissions in Turkey. Energy Econ. 36, 262–267 (2013)

57. Pao, H.T., Tsai, C.M.: CO2 emissions, energy consumption and economic growth in BRIC countries.
Energy Policy 38, 7850–7860 (2010)

58. Pao, H.T., Fu, H.C.: Renewable energy, non-renewable energy and economic growth in Brazil. Renew.
Sustain. Energy Rev. 25, 381–392 (2013)

59. Payne, J.E.: On biomass energy consumption and real output in the US. Energy source 6, 47–52 (2011)
60. Ren, S., Yuan, B., Ma, X., Chen, X.: International Trade, FDI (foreign direct investment) and embodied

CO2 emissions: a case study of China’s industrial sectors. China Econ. Rev. 28, 123–134 (2014)
61. Saboori, B., Sulaiman, J.,Mohd, S.: Economic growth andCO2 emissions inMalaysia: a co-integration

analysis of the environmental Kuznets curve. Energy Policy 51, 184–191 (2012)
62. Sadorsky, P.: Renewable energy consumption, CO2 emissions and oil prices in theG7 countries. Energy

Econ. 31, 456–462 (2009)
63. Sadorsky, P.: Energy consumption, output and trade in South America. Energy Econ. 34, 476–488

(2012)
64. Salim, R.A., Rafiq, S.: Why do some emerging economies proactively accelerate the adoption of

renewable energy? Energy Econ. 34, 1051–1057 (2012)
65. Sbia, R., Shahbaz, M., Hamdi, H.: A contribution of foreign direct investment, clean energy, trade

openness, carbon emissions and economic growth to energy demand in UAE. Econ. Model. 36, 191–
197 (2014)

66. Shafiei, S., Salim, R.: Non-renewable and renewable energy consumption andCO2 emissions in OECD
countries: a comparative analysis. Energy Policy 66, 547–556 (2014)

67. Shahbaz, M., Tang, C.F., Shahbbir, M.S.: Electricity consumption and economic growth nexus in
Portugal using co-integration and causality approach. Energy Policy 39, 3529–3536 (2011)

68. Shahbaz, M., Lean, H.H.: Does financial development increase energy consumption? The role of
industrialization and urbanization in Tunisia. Energy Policy 40, 473–479 (2012)

69. Shahbaz, M., Lean, H.H., Shabbir, M.S.: Environmental Kuznets curve hypothesis in Pakistan: coin-
tegration and Granger causality. Renew. Sustain. Energy Rev. 16, 2947–2953 (2012)

70. Shahbaz, M., Zeshan, M., Afza, T.: Is energy consumption effective to spur economic growth in
Pakistan? New evidence from bounds test to level relationships and Granger causality tests. Econ.
Model. 29, 2310–2319 (2012)

71. Shahbaz, M., Khanb, S., Tahir, M.I.: The dynamic links between energy consumption, economic
growth, financial development and trade in China: Fresh evidence from multivariate framework analy-
sis. Energy Econ. 40, 8–21 (2013a)

72. Shahbaz, M., Hye, Q.M.A., Tiwari, A.K., Leitâo.: Economic growth, energy consumption, financial
development, international trade and CO2 emissions in Indonesia. Renew. Sustain. Energy Rev. 25,
109–121 (2013b)

73. Sharma, S.S.: The relationship between energy and economic growth: empirical evidence from 66
countries. Appl. Energy 37, 3565–3574 (2010)

74. Smith, R., Blundell, R.: An exogeneity test for a simultaneous equation tobit model with an application
to labor supply. Econometrica 54, 679–685 (1986)

123

http://dx.doi.org/10.1016/j.enpol.2014.02.009
http://dx.doi.org/10.1016/j.enpol.2014.02.009
http://dx.doi.org/10.1016/j.enpol.2013.07.016i


144 S. Tiba et al.

75. Tiwari, A.K.: A structural VAR analysis of renewable energy consumption, real GDP and CO2 emis-
sions: evidence from india. Econ. Bull. 31, 1793–1806 (2011a)

76. Tiwari, A.K., Shahbaz, M., Hye, Q.M.A.: The environmental Kuznets curve and the role of coal
consumption in India: cointegration and causality analysis in an open economy. Renew. Sustain. Energy
Rev. 18, 519–527 (2013)

77. Tugcu, C.T., Ozturk, I., Aslan, A.: Renewable and non-renewable energy consumption and economic
growth relationship revisited: evidence from G7 countries. Energy Econ. 34, 1942–1950 (2012)

78. Wang, S.S., Zhou, D.Q., Zhou, P., Wang, Q.W.: CO2 emissions, energy consumption and economic
growth in China: a panel data analysis. Energy Policy 39, 4870–4875 (2011)

79. World Bank. World Development Indicators. http://www.worldbank.org/data/onlinedatabases/
onlinedatabases.html (2010)

80. Yang, H.Y.: A note on the causal relationship between energy and GDP in Taiwan. Energy Econ. 22,
309–317 (2000)

81. Yildirim, E., Sukruoglu, D., Aslan, A.: Energy consumption and economic growth in the next 11
countries: the bootstrapped autoregressive metric causality approach. Energy Econ. 44, 14–21 (2014)

123

http://www.worldbank.org/data/onlinedatabases/onlinedatabases.html
http://www.worldbank.org/data/onlinedatabases/onlinedatabases.html

	The four-way linkages between renewable energy, environmental quality, trade and economic growth: a comparative analysis between high and middle-income countries
	Abstract
	1 Introduction
	2 Methods and materials
	2.1 Econometric modeling
	2.2 The estimation procedure
	2.2.1 Panel unit root testing
	2.2.2 The estimation techniques

	2.3 Data and descriptive statistics

	3 Results
	3.1 Results of panel unit root tests
	3.1.1 Results for the high-income countries
	3.1.2 Results for the middle-income countries


	4 Discussion
	4.1 Discusses the empirical highlights for the high-income countries
	4.2 Discusses the empirical highlights for the middle-income countries

	5 Conclusions and policy implications
	References




