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Abstract
For the last three decades, both China and India are considered as the largest emerging market economies in the world. Both of
these economies play an essential role in the global economy in terms of economic output and CO2 emissions. Hence, these
countries are expected to play an important role in setting up environmental and sustainable development policies. Therefore, our
paper aims to examine the role of natural gas and renewable energy consumptions on CO2 emissions and economic growth
during 1965–2016 within a multivariate framework. The autoregressive distributed lag bounds testing approach to cointegration
and vector error correction model (VECM) is employed to explore the long-run and causal nexus among the natural gas
consumption, renewable energy consumption, coal and petroleum consumption, CO2 emissions, and economic growth, respec-
tively. The empirical results show existence of long-run equilibrium association among the variables. The Granger causality
results indicate that the short-run bidirectional causality between renewable energy consumption and economic growth in India,
while no causality is found between these two variables in China. However, natural gas consumption causes economic growth in
China whereas no causality is confirmed in India in the short-run. The findings further suggest that there is long-run bidirectional
causality among the considered variables in both countries. Our paper addresses several important policy implications.
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Introduction

Greenhouse gas (GHG) is one of the key causes of global
warming and climate change, which are mainly affected by
carbon dioxide (CO2) emissions. The proliferation of CO2

emissions comes from the combustion of fossil fuels, which
account for 84% of the world energy consumption in 2012
(IEO 2013). Due to the pressure on the nations to reduce CO2

emissions, governments are formulating policies to encourage
natural gas and renewable energy rather than fossil fuels.
Therefore, the demand for natural gas and renewable energy

has increased over the period in the world. Natural gas has
several advantages over fossil fuels and for becoming the al-
ternative future energy source. First, it is less carbon intensive
than other non-renewable energy sources, i.e., coal and oil.1

Second, it is used not only in the household sector, but also in
the electric power and industrial sector. Third, unlike nuclear
energy, natural gas is free from controversial issues.

Therefore, the demand for natural gas is increasing over the
period in the world due to pressure on the nations to mitigate
CO2 emissions. The world natural gas consumption has in-
creased from 53.86 quadrillion Btu in 1980 to 120.72 quadril-
lion Btu in 2012. However, the consumption of natural gas has
significantly increased in developing countries than in devel-
oped nations.2 It has predicted that natural gas consumption
will increase by 2.5% per year in the developing countries and
1.1% per year in the developed world during 2012–2040.
Over the same period, the share of world natural gas consump-
tion will grow from 52% in 2012 to 62% in 2040 (IEO 2016).

1 In 2012, CO2 emissions from coal consumption accounted for 43%, while
natural gas accounted for 20% of the world CO2 emissions (IEO 2016).
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Therefore, it is expected that the share of natural gas use will
increase over than that of fossil fuels in developing countries.

Over the past two decades, China and India have been the
fastest growing emerging economies in the world. During
1990–2010, these two countries accounted for average growth
of gross domestic product (GDP) at 10.4% and 6.4% per
annum, respectively. Globally, both countries accounted for
10% of world total energy consumption in 1990 and 24% in
2010, respectively. Further, it is predicted that both nation’s
energy use will be accounted for 34% of world total energy
consumption and the major emitters of the GHGs in the world
by 2040 (Energy Information Administration 2013).
Therefore, both nations’ energy use choices will have more
influence on GHG emissions. Both countries have fixed their
range in the target to reduce GHG emissions by 19 to 34% in
China and 13 to 17% in India, below the 1990 level by 2030.
Therefore, energy economists, environmental scientists, and
policymakers are more emphasizing the role of natural gas and
renewable energy use in reducing GHG emissions in both
emerging market economies.

Natural gas is becoming a major source for both nations
because of its low carbon intensity. According to the Central
Intelligence Agency 2014 China is the third largest natural gas
consumer in the world. In 2012, it accounted for 4.9% of total
energy consumption and expected to grow by about 10% by
2020. The natural gas consumption of China will increase by
6.2% per annum, from 5.1 trillion cubic feet (Tcf) in 2012 to
27.5 Tcf in 2040. To meet its rising demand for natural gas,
China has been increasing production as well as the import of
natural gas over the past two decades. In 2012, it has produced
3.8 Tcf and imported 1.8 Tcf of natural gas, and toped sixth
and fifth largest in production and import in the world, respec-
tively. Similarly, India was the tenth largest natural gas con-
sumer by utilizing about 8% of total energy consumption in
2012, almost double share in China’s energy mix. In India,
natural gas consumption is expected to increase by 2.8% per
annum, from 7.9 Tcf in 2012 to 17.2 Tcf in 2040. Due to
inadequate natural gas infrastructure and domestic natural
gas production to meet its domestic demand, India has been
importing natural gas since 2004. However, India has occu-
pied the 21 and 22 positions in natural gas production and
natural gas import in the world, respectively.

Similarly, China and India are endowed with enor-
mous renewable energy sources to meet their increasing
demand for energy. Their share of renewable energy use
has significantly increased over the period. Both nations
had adopted targets for deployment of renewable energy
by 2030. These targets are both in terms of total
installed capacity and contribution of renewable energy
in total electricity generation.3 In 2014, renewable

energy expanded significantly in terms of capacity
installed and power generation in the world. However,
the top five countries regarding the deployment of re-
newable energy capacity are China, the USA, Germany,
Spain, and India. These countries accounted for more
than half of the capacity added during the same period
(REN 21 2015). The primary objective of the deploy-
ment of renewable energy is to mitigate CO2 emissions
and energy efficiency for sustainable development.
Further, these two emerging market economies have
made a significant investment in renewable energy
sources. Therefore, investigating the impact of natural
gas and renewable energy consumption on CO2 emis-
sions and economic growth in both emerging market
economies is essential in the world and results to play
a s ign i f i can t ro le for energy economis t s and
policymakers.

With the growing emergence of natural gas and renewable
energy use for sustainable economic development, the
previous studies have investigated the impact of natural gas
and renewable energy consumption on economic growth in
both developed and developing countries. However, the
existing literature on natural gas, renewable energy use, and
economic growth in China is limited, and the results are
ambiguous. For instance, Lin andMoubarak (2014) suggested
that economic growth has a positive impact on renewable
energy consumption. Bloch et al. (2015) reported that renew-
able energy use has a significant positive impact on economic
growth in China. Long et al. (2015) documented that natural
gas and renewable energy use have a positive impact on
economic growth. Similarly, Salim and Rafiq (2012) found
that renewable energy consumption has a positive effect on
economic growth in India. More specifically, no study was
conducted on the relationship between natural gas consump-
tion and economic growth in the case of India. Therefore, the
present study aims to fill the gap in the research by investigat-
ing the impact of natural gas and renewable energy use on
CO2 emissions and economic growth in both emergingmarket
economies.

The present paper contributes to the energy growth
literature in several ways. First, to the best of our
knowledge, this is the first study that empirically exam-
ines the effect of natural gas and renewable energy con-
sumption on CO2 emissions and economic output in
China and India, spanning the period 1965–2016.
Second, most of the previous studies are conducted on
bivariate models which may give invalid results.
Therefore, we apply the multivariate framework to get
more reliable and better results. Third, we investigate
the long-run equilibrium relationship among the vari-
ables using the ARDL bounds testing approach which
is better for small sample properties and more reliable
than the conventional cointegration tests. Finally, we

3 China and India had targeted renewable energy of 30% and 40%,
respectively.
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examine the direction of causality among the considered
variables to regulate appropriate policies based on the
VECM.

The remainder of the paper is organized as follows. The
BLiterature review^ section deals with a brief review of the
literature related to the present study. The data, model speci-
fication, and estimation techniques are described in the BDate
measurement and methodology^ section, while the
BEmpirical results and discussion^ section presents empirical
results and discussion. Finally, the BConclusions and policy
implications^ section provides conclusions and policy
implications.

Literature review

Renewable energy use, gas consumption,
and economic growth

Several studies have examined the relationship between re-
newable energy consumption and economic growth in both
advanced and emerging market economies. However, the
results are ambiguous. For instance, Apergis and Payne
(2010b) investigated the nexus between renewable energy
consumption and economic growth in 20 OECD countries
over the period 1985–2005. They found that renewable energy
consumption has a positive impact on economic growth. Their
causality results indicated bidirectional causality between re-
newable energy consumption and economic growth. Further,
they suggest that government policies should encourage
renewable energy production by providing tax credits,
renewable energy portfolio standards, and the establishment
and expansion of a renewable energy system which reduces
environmental degradation. Similar results were found by
Apergis and Payne (2011) in 6 central American countries,
Apergis and Payne (2012) in 80 countries, Ohler and Fetters
(2014) in 20 OECD countries, Lin and Moubarak (2014) in
China, and Bloch et al. (2015) in China. However, Menyah
and Wolde-Rufael (2010) found unidirectional causality run-
ning from economic growth to renewable energy consumption
in the USA. Salim and Rafiq (2012) documented that econom-
ic growth has significantly increased renewable energy in six
emerging economies over the period 1980–2006. Further,
they reported bidirectional causality between renewable ener-
gy consumption and economic growth in Brazil, China, the
Philippines, and Turkey, while unidirectional causality from
economic growth to renewable energy in India and Indonesia.
Likewise, Ocal and Aslan (2013) found that renewable energy
consumption has a negative impact on economic growth in
Turkey covering the period 1990–2010. Further, they reported
that unidirectional causality running from economic growth to
renewable energy consumption. Finally, another strand of
studies has not established any causal relationship between

renewable energy consumption and economic growth. For
example, using the Toda-Yamamoto causality test, Payne
(2009) found that no causal relationship between renewable
energy consumption and economic growth in the USA during
1949–2006. The same results were documented by Menegaki
(2011) in 27 European countries and Ben Aïssa et al. (2014) in
11 African countries. Recently, few studies also reported that
renewable energy consumption has a positive impact on eco-
nomic growth. Inglesi-Lotz (2016) found that renewable en-
ergy consumption has a positive and significant impact on
economic growth in 34 OECD countries. Similarly,
Bhattacharya et al. (2016) also documented that renewable
energy consumption has a positive impact on economic
growth for 57% of top 38 renewable energy consuming coun-
tries in the world during the period 1991–2012. Paramati et al.
(2017c) reported that renewable energy use has a positive
impact on economic growth in Next 11 countries, spanning
the period 1990–2012. Further, they could not establish any
causal relationship between these two variables. Kutan et al.
(2018) and Paramati et al. (2018) also revealed that renewable
energy consumption has a positive and significant impact on
economic output for major emerging market economies and
across a panel of G20 nations, respectively. Further, their stud-
ies find an absence of any causal relationship between renew-
able energy consumption and economic output. Lee and Jung
(2018) reported that renewable energy consumption has a
negative impact on economic growth in South Korea during
1990–2012. Further, their Granger causality test results re-
vealed unidirectional causality running from economic
growth to renewable energy consumption. Recently, Gozgor
(2018) reported that renewable energy consumption and eco-
nomic complexity have a positive impact on economic growth
in the USA during 1965–2016. Most recently, Gozgor et al.
(2018) documented that renewable energy and non-renewable
energy use and economic complexity have a positive impact
on economic growth in a panel of 27 OECD countries, span-
ning the period 1990–2013.

Recent studies were conducted on the relationship between
non-renewable energy consumption and economic growth in
general, natural gas consumption and economic growth in
particular. Some of the studies have examined the
relationship between economic growth and energy
consumption both in aggregate and disaggregate categories,
including coal, oil, natural gas, and electricity. For instance,
Yang (2000) investigated the causal relationship between eco-
nomic growth and energy consumption both in aggregate and
disaggregate, including coal, oil, natural gas, and electricity in
Taiwan during the period 1954–1997. The author found uni-
directional causality running from natural gas consumption to
economic growth. Similar results were found by Lotfalipour
et al. (2010) in Iran. However, Hu and Lin (2008) explored the
nexus between disaggregate energy consumption and eco-
nomic growth in Taiwan during the period 1982–2006. They
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found bidirectional causality between natural gas
consumption and economic growth. At disaggregate analysis
inMalaysia, Saboori and Sulaiman (2013) found unidirection-
al causality running from natural gas consumption to econom-
ic growth in the short-run, while bidirectional causality be-
tween two variables in the long-run. Similarly, Bildirici and
Bakirtas (2014) examined the relationship between economic
growth and disaggregate energy consumption in the BRICTS
counties, spanning the period 1980–2011. They found natural
gas consumption and economic growth cause each other in
Brazil, Russia, and Turkey.

Another strand of studies has explored the relationship be-
tween natural gas consumption and economic growth.
Apergis and Payne (2010a) examined the nexus between nat-
ural gas consumption and economic growth in 65 countries,
spanning the period 1992–2005. Using the panel Granger
causality test, they found bidirectional causality between nat-
ural gas consumption and economic growth in both the short-
run and the long-run. Kum et al. (2012) examined the rela-
tionship between natural gas consumption and economic
growth in G7 countries over the period 1970–2008. They
found unidirectional causality running from natural gas con-
sumption to economic growth in Italy, while unidirectional
causality running from economic growth to natural gas con-
sumption in the UK and bidirectional causality between two
variables in France, Germany, and the USA. Das et al. (2013)
found unidirectional causality running from economic growth
to natural gas consumption in Bangladesh during the period
1980–2010. However, Shahbaz et al. (2013) documented that
natural gas consumption Granger causes economic growth in
the short-run in Pakistan during 1972–2010. Shahbaz et al.
(2014) examined the nexus between natural gas consumption
and economic growth in Pakistan during 197Q1-2011QIV.
They found no causal relationship between natural gas use
and economic growth in the short-run, while bidirectional
causal relationship in the long-run. Ozturk and Al-Mulali
(2015) examined the relationship between natural gas con-
sumption and economic growth in 7 Gulf Cooperation
Council (GCC) Countries, spanning the period 1980–2012.
Using the panel Granger causality test, they found bidirection-
al causality between natural gas consumption and economic
growth in both the short-run and the long-run. Similar results
were documented by Solarin and Shahbaz (2015) in Malaysia
and Long et al. (2015) in China.

Recently, Balitskiy et al. (2016) examined the nexus be-
tween natural gas consumption and economic growth in 26
European Union countries over the period 1970–2011. They
found bidirectional causality between natural gas
consumption and economic growth. Similarly, Alam et al.
(2017) explored the relationship between natural gas con-
sumption, trade, and economic growth in top 15 natural gas
consumers of developing countries, spanning the period
1990–2012. They found that natural gas consumption has a

positive impact on economic growth. Further, they reported
bidirectional causality between natural gas consumption and
economic growth. However, Zhi-Guo et al. (2018) examined
the nexus between natural gas consumption and economic
growth in the Northeast Asian countries, namely, China,
Japan, and Korea. The causality test results declared the
short-run unidirectional causality running from natural gas
consumption to economic growth in China, while no causality
between these variables in Japan and Korea. Further, they
found no long-run causal relationship between natural gas
consumption and economic growth in China, Japan, and
Korea.

Finally, a few of the studies found no causal relationship
between natural gas consumption and economic growth. For
example, Fatai et al. (2004) investigated the causal relation-
ship between economic growth and disaggregate energy con-
sumption in New Zealand and Australia during the period
1960–1999. They could not establish any causal relationship
between natural gas consumption and economic growth.
Similarly, Kum et al. (2012) found no causal relationship be-
tween these two variables in Japan and Canada during 1970–
2008.

Renewable energy use, gas consumption, and CO2

emissions

It is widely accepted that energy consumption leads to CO2

emissions. Over the last two decades, numerous studies have
reported that advanced and emerging market economies are
consuming the higher level of energy to reach their targeted
economic growth rates, in turn, leads to CO2 emissions.
Therefore, in recent years, there has been increasing interest
to examine the impact of renewable energy consumption and
natural gas consumption on CO2 emissions. For instance,
Salim and Rafiq (2012) investigated the determinates of re-
newable energy consumption in 6 emerging economies over
the period 1980–2006. They found that renewable energy
consumption was significantly determined by economic
growth and CO2 emissions in emerging economies,
including China and India. Further, they reported
bidirectional causality between renewable energy and CO2

emissions in Brazil, China, and India. Lin and Moubarak
(2014) examined the nexus between renewable energy con-
sumption and economic growth by incorporating CO2 emis-
sions in China during the period 1977–2011. They found no
causal relationship between renewable energy consumption
and CO2 emissions. Long et al. (2015) examined the impact
of renewable energy and non-renewable energy consumption
on CO2 emissions and economic growth in China during the
period 1977–2011. They reported that renewable energy con-
sumption has significantly reduced CO2 emissions. Similar
results were documented by Jaforullah and King (2015) in
the USA and Paramati et al. (2017b) in Next 11 countries.
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However, Menyah and Wolde-Rufael (2010) found that nu-
clear energy consumption helps reduce CO2 emissions, while
renewable energy use does not significantly reduce CO2 emis-
sions in the USA during the period 1960–2007. Further, the
authors found that nuclear energy causes CO2 emissions,
while no causality running from renewable energy consump-
tion to CO2 emissions. Bloch et al. (2015) found coal con-
sumption increases CO2 emissions, while renewable energy
consumption reduces them in China. Similarly, Al-Mulali
et al. (2016) found fossil fuel energy consumption has a pos-
itive effect on CO2 emissions, while renewable energy con-
sumption significantly reduces CO2 emissions in Kenya dur-
ing the period 1980–2012. Dogan and Seker (2016) examined
the impact of renewable and non-renewable energy consump-
tion on CO2 emissions in 15 European Union countries, span-
ning the period 1980–2012. They documented that renewable
energy consumption has significantly reduced CO2 emissions,
while non-renewable energy consumption increases them.
Further, they found bidirectional causality between renewable
energy consumption and CO2 emissions and unidirectional
causality running from non-renewable energy consumption
to CO2 emissions. Bhattacharya et al. (2017) investigated the
impact of renewable energy use and institutions on economic
growth and CO2 emissions in 85 developed and developing
countries, spanning the period 1991–2012. They reported that
renewable energy consumption has a positive impact on eco-
nomic growth and a negative impact on CO2 emissions.
Further, they documented that institutions also have a
positive impact on economic growth and a negative impact
on CO2 emissions. Most recently, Paramati et al. (2017b)
found that renewable energy use reduces CO2 emissions and
increases economic growth in a panel of G20 economies.

Several studies have examined the nexus between non-
renewable energy consumption and CO2 emissions.
However, only a few studies have explored the relationship
between natural gas consumption and CO2 emissions in their
analysis. For example, Lotfalipour et al. (2010) found that
natural gas consumption has a positive impact on CO2 emis-
sions in Iran. Further, they declared unidirectional causality
running from natural gas consumption to CO2 emissions.
Saboori and Sulaiman (2013) found bidirectional causality
between natural gas consumption and CO2 emissions in
Malaysia during the period 1980–2009. Long et al. (2015)
reported that natural gas consumption has a positive impact
on CO2 emissions in China during the period 1952–2012.
Similar results were found by Solarin and Lean (2016) in
China and India.

Overall, the review suggests that most of the previous stud-
ies have examined the relationship between renewable energy
consumption, natural gas consumption, and economic growth.
However, a few studies have explored the nexus among these
variables by incorporating CO2 emissions in their analysis.
Further, the previous studies largely rely on the bivariate

models which may give invalid and misleading results.
Finally, to date, no specific study examined the impact of
natural gas and renewable energy consumption on CO2 emis-
sions and economic growth in China and India. Therefore, it
motivates us to empirically explore the nexus among the var-
iables in these emerging market economies.

Data measurement and methodology

Data measurement

In light of the above discussion, our study considers
annual data of China and India over the period 1965–
2016. The variables in this study consist of per capita
natural gas consumption (GAS, measured in millions of
tonnes of oil equivalent (Mtoe)), per capita renewable
energy consumption (REC, measured in Mtoe), per
capita coal and petroleum consumption (CPC, measured
in Mtoe), per capita GDP (GDP, measured in constant
2010 US$), and per capita CO2 emissions (CO2, mea-
sured in million metric tons). The data on natural gas
consumption, renewable energy consumption, coal and
petroleum consumption, and CO2 emissions are obtained
from the BP Statistical Review of Worldinterpreted as
elasticities Energy, 2017, and the data on population
and per capita GDP are collected from the World
Development Indicators (WDI) online database. Since
the variables of this study are measured in different
units, therefore, it is important to normalize the data se-
ries and transform all the variables into a uniform mea-
surement. This transformation of data into natural loga-
rithms helps to avoid the problems associated with their
distributional properties. Therefore, the estimated coeffi-
cients in the regression model can be interpreted as elas-
ticities (Paramati et al. 2016; Paramati et al. 2017a;
Ummalla and Samal 2018).

Econometric model

The main objective of the present study is to explore
the impact of natural gas and renewable energy con-
sumption on CO2 emissions and economic growth for
both China and India. To achieve this objective, our
study use of following equations:

CO2t ¼ f RECt;CPCt;GASt;GDPtð Þ ð1Þ

GDPt ¼ f RECt;CPCt;GASt;CO2tð Þ ð2Þ

These functional relationships in Eqs. (1) and (2) can be
expressed in log-linear functional form as:

Environ Sci Pollut Res (2019) 26:20893–20907 20897



lnCO2t ¼ α0 þ α1lnRECt þ α2lnCPCt þ α3lnGASt

þ α4lnGDPt þ μ1t ð3Þ
lnGDPt ¼ α0 þ α1lnRECt þ α2lnCPCt þ α3lnGASt

þ α4lnCO2t þ μ2t ð4Þ

where REC, CPC, GAS, GDP, and CO2 represent per
capita renewable energy consumption, per capita coal
and petroleum energy consumption, per capita natural
gas consumption, per capita GDP, and per capita CO2,

respectively. The ln is natural logarithm, α0 is the inter-
cept, α1, α2, α3, and α4 are the slope coefficients of this
model, and μ1t and μ2t are the error terms which is as-
sumed to be normally distributed and white noise term.

Estimation techniques

Unit root test

We first aim to avoid the problem of spurious and inva-
lid results associated with all the non-stationary data. For
this purpose, our study uses Augmented Dickey-Fuller
(ADF) and Phillips-Perron (PP) unit root tests to check
the order of integration of all the selected variables. The
null hypothesis is the presence of a unit root, and the
alternative hypothesis is no unit root. If all the variables
are stationary at first difference, i.e., I(1), then this indi-
cates that all variables are non-stationary level but be-
came stationary at their first difference. This result may
suggest that these variables in our study have the long-
run equilibrium.

ARDL cointegration test

In order to investigate the long-run equilibrium associa-
tion among the natural gas consumption, renewable en-
ergy consumption, coal and petroleum energy consump-
tion, CO2 emissions, and economic growth in the case of
China and India, we employ autoregressive distributed
lag (ARDL) bounds testing approach to cointegration,
as proposed by Pesaran and Shin (1999) and Pesaran
et al. (2001). This method is preferred over other con-
ventional methods of cointegration for the following rea-
sons: It can be applied irrespective of order of integration
either I(1) or I(0) or mix of both; the unrestricted error
correction models (UECM) of ARDL bounds testing ap-
proach can be obtained through the simple linear trans-
formation; finally, it is very much suitable for small size
sample. The unrestricted error correction models
(UECM) of ARDL bounds testing approach can be rep-
resented as follows:

ΔlnCO2t ¼ α0 þ αClnCO2t−1 þ αGlnGDPt−1

þ αRlnRECt−1 þ αGAlnGASt−1

þ αCPlnCPCt−1 þ ∑
p

i¼1
λiΔlnCO2t−i

þ ∑
q

j¼0
λ jΔlnGDPt−i þ ∑

r

k¼0
λkΔlnRECt−i

þ ∑
s

l¼0
λlΔlnGASt−i þ ∑

t

m¼0
λmΔlnCPCt−m þ μt ð5Þ

ΔlnGDPt ¼ α0 þ αGlnGDPt−1 þ αClnCO2t−1

þ αRlnRECt−1 þ αGAlnGASt−1

þ αCPlnCPCt−1 þ ∑
p

i¼1
βiΔlnGDPt−i

þ ∑
q

j¼0
β jΔlnCO2t− j þ ∑

r

k¼0
βkΔlnRECt−k

þ ∑
s

l¼0
βlΔlnGASt−l þ ∑

t

m¼0
βmΔlnCPCt−m þ μtð6Þ

ΔlnCPCt ¼ α0 þ αCPlnCPCt−1 þ αClnCO2t−1

þ αGlnGDPt−1 þ αRlnRECt−1

þ αGAlnGASt−1 þ ∑
p

i¼1
ωiΔlnCPCt−i

þ ∑
q

j¼0
ω jΔlnCO2t− j þ ∑

r

k¼0
ωkΔlnGDPt−k

þ ∑
s

l¼0
ωlΔlnRECt−l þ ∑

t

m¼0
ωmΔlnCPCt−m

þ μt ð7Þ

ΔlnGASt ¼ α0 þ αGAlnGASt−1 þ αClnCO2t−1

þ αGlnGDPt−1 þ αRlnRECt−1

þ αCPlnCPCt−1 þ ∑
p

i¼1
θiΔlnGASt−i

þ ∑
q

j¼0
θ jΔlnCO2t−i þ ∑

r

k¼0
θkΔlnGDPt−i

þ ∑
S

l¼0
θlΔlnRECt−i þ ∑

t

m¼0
θmΔlnCPCt−m þ μt ð8Þ
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ΔlnRECt ¼ α0 þ αRlnRECt−1 þ αGlnGDPt−1

þ αClnCO2t−1 þ αGAlnGASt−1

þ αCPlnCPCt−1 þ ∑
p

i¼1
πiΔlnRECt−i

þ ∑
q

j¼0
π jΔlnGDPt− j þ ∑

r

k¼0
βkΔlnGASt−k

þ ∑
s

l¼0
πlΔlnCO2t−l þ ∑

t

m¼0
πmΔlnCPCt−m þ μt ð9Þ

where Δ denotes first difference operator, μt is the error
term, and α0 is the constant. The confirmation of the long-
run equilibrium association among the variables is based on
Wald test or F-statistics which verify the null hypothesis of no
long-run relationship against the alternative hypothesis of the
presence of the long-run relationship among the variables. The
null hypothesis of no cointegration relationship in Eq, (5) can
be tested as H0 : αC =αG =αR =αGA =αCP = 0 against the al-
ternative hypothesis of the presence of the long- run
cointegration H1 : αC ≠αG ≠ αR ≠αGA ≠ αCP = 0. The similar
procedure applied for Eqs. (6)–(9). The selection and rejection
of the long- run relationship among the variables are decided
based on upper critical bounds (UCB) and lower critical
bounds (LCB). If the computed F-statistics is greater than
the upper critical bounds (UCB), then we conclude that the
long-run relationship is an existence among the variables. If
the computed F-statistics is lower than lower critical bounds
(LCB), then there is non-existence of cointegration relation-
ship among the variables. We use Akaike information criteria
(AIC) to select the optimal lag order of the underlining above-
mentioned models.

The VECM granger causality test

Next, we aim to investigate the causal relationship among the
natural gas consumption, renewable energy consumption, coal
and petroleum energy consumption, CO2 emissions, and eco-
nomic growth after confirming the long-run relationship
among the variables. The specification of Granger causality
model is as follows:

ΔlnCO2t ¼ π1 þ ∑
m

i¼1
π11ΔlnCO2t−i þ ∑

n

j¼1
π22ΔlnGDPt− j

þ ∑
0

k¼1
π33ΔlnRECt−k þ ∑

p

l¼1
π44ΔlnGASt−l

þ ∑
q

m¼1
π55ΔlnCPCt−m þ λ1ECMt−1 þ μ1i ð10Þ

ΔlnGDPt ¼ α1 þ ∑
m

i¼1
α11ΔlnGDPt−i

þ ∑
n

j¼1
α22ΔlnCO2t− j þ ∑

0

k¼1
α33ΔlnRECt−k

þ ∑
p

l¼1
α44ΔlnGASt−l þ ∑

q

m¼1
α55ΔlnCPCt−m

þ λ2ECMt−1 þ μ2i ð11Þ

ΔlnCPCt ¼ δ3 þ ∑
m

i¼1
δ11ΔlnCPCt−i þ ∑

n

j¼1
δ22ΔlnGDPt− j

þ ∑
0

k¼1
δ33ΔlnRECt−k þ ∑

p

l¼1
δ44ΔlnCO2t−l

þ ∑
0

m¼1
δ55ΔlnGASt−m þ λ5ECMt−1 þ μ3i ð12Þ

ΔlnGASt ¼ β1 þ ∑
m

i¼1
β11ΔlnGASt−i

þ ∑
n

j¼1
β22ΔlnGDPt− j þ ∑

0

k¼1
β33ΔlnCO2t−k

þ ∑
p

l¼1
β44ΔlnRECt−l þ ∑

q

m¼1
α55ΔlnCPCt−m

þ λ3ECMt−1 þ μ4i ð13Þ

ΔlnRECt ¼ γ1 þ ∑
m

i¼1
γ11ΔlnRECt−i þ ∑

n

j¼1
γ22ΔlnGDPt− j

þ ∑
0

k¼1
γ33ΔlnGASt−k þ ∑

p

l¼1
γ44ΔlnCO2t−l

þ ∑
q

m¼1
γ55ΔlnCPCt−m þ λ4ECMt−1 þ μ5i ð14Þ

where Δ is the difference operator; ECMt − 1 is the lagged
error correction term, which is derived from the long-run
cointegration relationship;λ1, λ2, λ3, λ4, and λ5 are the speed
of adjustment parameter. μ1i, μ2i, μ3i μ4i,and μ5i are the ran-
dom error terms. The negative and significant coefficients of
the lagged error correction term indicate the presence of the
long-run causality among the variables. However, the short-
run causality is derived from the F-statistics on explanatory
variables.

Empirical results and discussion

Preliminary analysis

We present average annual growth rates of selected var-
iables from two emerging market economies, namely,
China and India during 1965–2016. These growth rates
are presented in Table 1. The growth rate of renewable
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energy consumption during 1965–1974 to 2005–2014
has increased from 7.80 to 13.52%, whereas growth rates
of natural gas and coal and petroleum consumption have
been experiencing a declining trend from 24.70 to
16.58% and 9.24 to 5.57%, respectively during 1965–
1974 to 2005–2014. Therefore, the rate of growth of
CO2 emissions is also reduced from 8.96 to 5.73%. It
suggests that there is an inverse relationship between
renewable energy consumption and CO2 emissions, and
a positive relationship between natural gas, coal and pe-
troleum consumption, and CO2 emissions in China.
Further, it suggests that increasing the consumption of
renewable energy has reduced CO2 emissions in China.
During the same period, China’s economic growth has
increased from 3.74 to 9.49%. From Table 1, it is also
observed that on an average, China accounts for 7.43%
of economic growth, 6.12% of CO2 emissions, 9.28% of
renewable energy consumption, 11.36% of natural gas,
and 6.23% of coal and petroleum consumption during
1966–2016.

In the case of India, there is an increasing trend of all the
selected variables except natural gas consumption from
1965–1974 to 2005–2014. The growth rates of renewable
energy consumption and coal and petroleum consumption
have increased from 7.12 to 7.92% and 3.91 to 6.18%,
respectively, whereas the growth rate of natural gas con-
sumption has been declining from 16.73 to 6.18% during
the same period. However, the rates of growth of CO2

emissions and economic growth have increased from 4.12
to 6.43% and 0.91 to 6.21%, respectively from 1965–1974
to 2005–2014. On an average, India accounts for 3.51% of

economic growth, 5.28% of CO2 emissions, 5.42% of re-
newable energy consumption, 12.49% of natural gas con-
sumption, and 5.18% coal and petroleum consumption dur-
ing 1966–2016. It depicts that there is a positive relation-
ship between renewable energy consumption and coal and
petroleum consumption with CO2 emissions in India since
both the renewable energy consumption and coal and pe-
troleum consumption are increasing along with CO2 emis-
sions over the period, whereas there is a negative relation-
ship between natural gas consumption and CO2 emissions.

Results of unit root tests

We use ADF and PP unit root tests in order to examine
the integration properties of all the selected variables,
and results are documented in Table 2. The results of
unit root tests suggest that the null hypothesis of a unit
root cannot be rejected at a level for all variables.
However, on their first difference, the null hypothesis
of a unit root can be strongly rejected for the consider-
able variables at the 5% and 1% level of significance for
both countries. Hence, these results suggest that all these
variables are following the first order of integration, i.e.,
I(1). Therefore, we employ the ARDL bounds testing
approach to investigate the long-run equilibrium associa-
tion among the variables.

Results of the ARDL cointegration test

As we find that all the variables are integrated of order
I(1) and none of the variables follow I(2), we apply
ARDL bounds testing approach to cointegration toTable 1 Average annual growth rates, 1966–2016 (percent)

Time Period CO2 GDP CPC REC GAS

China

1965–1974 8.96 3.74 9.24 7.80 24.70

1975–1984 5.66 6.67 5.73 7.90 5.60

1985–1994 5.44 8.86 5.80 7.91 3.40

1995–2004 6.29 8.26 6.25 8.68 8.76

2005–2014 5.73 9.49 5.57 13.52 16.58

2015–2016 −0.55 6.24 −0.33 11.69 5.69

Average 6.12 7.43 6.23 9.28 11.36

India

1965–1974 4.12 0.91 3.91 7.12 16.73

1975–1984 4.90 2.29 4.96 4.89 19.57

1985–1994 6.42 2.97 6.10 5.02 16.39

1995–2004 4.45 4.37 4.60 2.75 6.88

2005–2014 6.43 6.21 6.18 7.92 6.18

2015–2016 4.35 6.32 4.83 2.84 1.61

Average 5.28 3.51 5.18 5.42 12.49

The growth rates were calculated using original data

Table 2 Unit root test results

Variable China India

ADF PP ADF PP

Level

CO2 − 0.799 − 0.640 1.729 1.931

GDP 1.450 2.207 4.339 6.602

CPC − 0.859 − 0.750 1.933 1.933

REC 2.365 2.720 − 0.922 − 0.922

GAS − 0.668 − 0.860 − 2.400 − 2.695
First difference

CO2 − 3.865*** − 3.247** − 4.686*** − 8.336***
GDP − 6.223*** − 4.477*** − 6.064*** − 6.258***
CPC − 3.887*** − 3.316** − 4.914*** − 7.883***
REC − 6.447*** − 6.431*** − 6.736*** − 6.737***
GAS − 3.066** − 3.125** − 7.877*** − 7.851***

**, ***Rejection of null hypothesis of unit root at the 5% and 1% sig-
nificance levels, respectively
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examine the long-run relationship among the natural gas
consumption, renewable energy consumption, coal and
petroleum consumption, CO2 emissions, and economic
growth in both countries. The optimal lag length is se-
lected based on AIC and SBC criterion. The results of
the ARDL bounds test are reported in Table 3. The re-
sults illustrate that the computed F-statistics (6.397)
which are higher than the upper critical bounds at the
1% level of significance when GDP is a dependent var-
iable. It indicates that there is a long-run relationship
between the variables in China. Similarly, computed F-
statistics (7.123 and 5.120) are also higher than upper
critical bounds at the 1% level of significance when nat-
ural gas consumption and renewable energy consumption
are the dependent variables. The results also suggest that
there exists a long run relationship among the variables
when natural gas and renewable energy consumption are
the dependent variables. However, the study failed to
establish the long-run relationship when CO2 emissions
and coal and petroleum energy consumption are the de-
pendent variables since computed F-statistics (1.085 and
1.617) are lower than the lower critical bounds.
Therefore, we could not reject the null hypothesis of no
cointegration relationship among the variables.

However, the results are quite the opposite in the case of
India. The results suggest that the computed F-statistics
(4.278) which is higher than the upper critical bound at the
5% level of significance when CO2 emissions is a dependent
variable. It implies that there is a long-run relationship be-
tween the variables in India. Similarly, computed F-statistics
(7.308, 3.876, and 3.812) are also higher than upper critical

bounds at the 1% and 10% level of significance, respectively
when GDP, coal and petroleum energy consumption, and re-
newable energy consumption are the dependent variables.
These results also suggest that there is an existence of the
long-run relationship among the variables. However, when
natural gas consumption is a dependent variable, computed
F-statistics (1.655) are lower than the lower critical bounds,
this implies the non-existence of a long-run relationship
among the variables.

Next, we have conducted the diagnostics test of the long-
run bounds testing approach to cointegration, and tests results
are displayed in Table 4. The diagnostics test reveals that the
models satisfy all the diagnostic tests of no serial correction
and the absence of heteroscedasticity for both countries.

Results of Granger causality

In determining the short-run as well as the long-run caus-
al nexus among the natural gas consumption, renewable
energy consumption, coal and petroleum energy con-
sumption, CO2 emissions, and economic growth in two
major emerging market economies, this study applies the
VECM Granger causality test. The short-run causality
results are derived from the F-statistics of lagged explan-
atory variables, whereas the results of long-run causality
are obtained from the negative and significant coeffi-
cients of t-statistics of lagged error correction term. The
results of the short-run and long-run Granger causality
test in China and India are reported in Table 5. We find
in the short-run bidirectional causality between coal and
petroleum energy consumption and CO2 emissions in
China. We also find that unidirectional causality running
from coal and petroleum energy consumption to econom-
ic growth, whereas causality running from renewable en-
ergy consumption to natural gas consumption in the short
run. However, the study failed to establish any causal
relationship between renewable energy consumption,
economic growth, and CO2 emissions, and natural gas
consumption, economic growth, and CO2 emissions in
the short-run in China. With regard to the long-run cau-
sality, the results show that coefficients of lagged error
correction terms are negative and significant in all the
five estimated equations from Eqs. (10) to (14). It indi-
cates evidence of bidirectional causality between natural
gas consumption, renewable energy consumption, coal
and petroleum energy consumption, CO2 emissions, and
economic growth.

In the case of India, the results of Granger causality
test show that there is an existence of bidirectional cau-
sality between coal and petroleum energy consumption
and CO2 emissions, and renewable energy consumption
and economic growth in the short-run. The study also
reveals the short-run unidirectional causality running

Table 3 Estimated ARDL models and bounds F-statistics for
cointegration

Model China India

FCO2 (CO2/ GDP, CPC,
GAS, REC)

1.085 4.278**

FGDP (GDP/CO2, CPC,
GAS, REC)

6.397*** 7.308***

Fcpc (CPC/CO2, GDP,
GAS, REC)

1.617 3.876*

FGAS (GAS/CO2, GDP,
CPC, REC)

7.123*** 1.655

FREC (REC/CO2, GDP,
CPC, GAS)

5.120*** 3.812*

Critical Values

Significance level Lower bond I(0) Upper bond I(1)

10% 2.45 3.52

5% 2.86 4.01

2.5% 3.25 4.49

1% 3.74 5.06

*, **, ***Rejection of null hypothesis of no cointegration at the 10%,
5%, and 1% significance levels, respectively
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from natural gas consumption to coal and petroleum en-
ergy consumption and causality running from coal and
petroleum energy consumption to renewable energy con-
sumption. However, no causal relationship was found
between natural gas consumption, economic growth,
and CO2 emissions in the case of India. Further, the
results also indicate that there is bidirectional causality
among natural gas consumption, renewable energy con-
sumption, coal and petroleum energy consumption, CO2

emissions, and economic growth in the long run.
To sum up this Granger causality test results between all

considerable variables, we can highlight that there is short-run
and long-run bidirectional causality between coal and petro-
leum energy consumption and CO2 emissions in China. These

results suggest that China is highly reliant on coal and petro-
leum to achieve economic growth. However, any change in
this energy use can effect on CO2 emissions. Similarly, there is
evidence of short-run unidirectional and long-run bidirection-
al causality between coal and petroleum energy consumption
and CO2 emissions in India. Therefore, we argue that both
countries’ governments should take appropriate energy poli-
cies to mitigate CO2 emissions without compromising in eco-
nomic growth. Besides, there is a long-run bidirectional cau-
sality between renewable energy consumption and economic
growth in China. Similar results are drawn in the case of India
in both the short-run and long-run. These findings suggest that
renewable energy consumption positively affects economic
growth, and on the other hand, an increase in economic

Table 5 Granger causality analysis

Dependent variable Shor-run causality Long-run

F-statistic and P value t-statistic

ΔCO2 ΔGDP ΔCPC ΔGAS ΔREC ΔECM-1

China

ΔCO2 – 0.842 (0.363) 4.401** (0.042) 0.564 (0.456) 1.734 (0.195) − 2.437** (0.019)

ΔGDP 0.747 (0.531) – 18.318*** (0.000) 0.211 (0.647) 0.601 (0.442) − 3.972*** (0.000)
ΔCPC 6.165*** (0.017) 0.933 (0.339) – 0.014 (0.903) 0.841 (0.364) − 2.981*** (0.004)
ΔGAS 0.578 (0.451) 1.161 (0.287) 0.477 (0.493) – 3.482 (0.069)* − 3.222*** (0.002)
ΔREC 0.486 (0.489) 0.002 (0.958) 0.263 (0.610) 1.676 (0.202) – − 4.995*** (0.000)

India

ΔCO2 – 2.054 (0.159) 17.299*** (0.000) 0.621 (0.434) 0.894 (0.349) − 4.079*** (0.000)
ΔGDP 0.034 (0.852) – 0.396 (0.532) 0.521 (0.474) 21.679*** (0.000) − 5.662*** (0.000)
ΔCPC 3.612* (0.064) 1.037 (0.314) – 10.044*** (0.002) 0.381 (0.540) − 2.861*** (0.006)
ΔGAS 1.112 (0.297) 0.5465 (0.463) 0.065 (0.798) – 0.002 (0.960) − 3.513*** (0.001)
ΔREC 1.876 (0.166) 5.142** (0.010) 2.519* (0.093) 0.069 (0.793) – − 3.836*** (0.000)

*, **, ***Significance at the 10%, 5%, and 1% levels, respectively

Table 4 Diagnostic tests

χ2 serial P value χ2 ARCH P value

China

FCO2 (CO2/ GDP, CPC, GAS, REC) 0.502 0.608 0.084 0.771

FGDP(GDP/CO2, CPC, GAS, REC) 4.719 0.074 0.227 0.635

Fcpc(CPC/CO2, GDP, GAS, REC) 0.889 0.418 0.079 0.779

FGAS(GAS/CO2, GDP, CPC, REC) 2.137 0.130 1.006 0.320

FREC((REC/CO2, GDP, CPC, GAS) 0.005 0.994 0.064 0.800

India

FCO2 (CO2/ GDP, CPC,GAS, REC) 1.939 0.156 1.655 0.204

FGDP (GDP/CO2, CPC, GAS, REC) 1.233 0.301 0.356 0.553

Fcpc(CPC/CO2, GDP, GAS, REC) 4.924 0.061 0.087 0.768

FGAS(GAS/CO2, GDP, CPC, REC) 0.693 0.505 1.018 0.318

FREC (REC/CO2, GDP, CPC, GAS) 0.379 0.686 0.363 0.549
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growth can promote renewable energy consumption through
various economic activities. It indicates that any energy con-
servation policies which reduce renewable energy consump-
tion can affect economic growth adversely.

Similarly, there is long-run bidirectional causality between
natural gas consumption and economic growth in both China
and India. This bidirectional causality between natural gas
consumption, renewable energy consumption, coal and petro-
leum, and economic growth indicates that economic growth in
China and India has a strong influence on the use of these
energy sources. On the other way, all of these selected energy
sources lead to economic growth, and conservative policies on
these energy sources are reduce economic growth in the one
hand; on the other hand, economic growth supports the con-
sumption of these energy sources in two emerging market
economies. However, China and India should increase the
consumption of natural gas and renewable energy to reduce
CO2 emissions for sustainable development. Further, the
Granger causality test shows that natural gas consumption,
coal and petroleum energy, renewable energy, and CO2 emis-
sions have long-run bidirectional causality in China and India.
This result is consistent with Solarin and Lean (2016) who
documented bidirectional causality among natural gas use,
economic growth, and CO2 emissions in China and India.
Similarly, this finding is also similar to Saidi and Ben
Mbarek (2016) who found bidirectional causality among the
renewable energy consumption, economic growth, and CO2

emissions in nine developed countries.
Further, the study also checked the stability of the models

which are explained by CUSUM and CUSUMSQ test. The
results of CUSUM and CUSUMSQ test are presented in Figs.
1 and 2 for China and Figs. 3 and 4 for India. The results of
CUSUM and CUSUMSQ test indicate the stability of the
models over the period in both counties because both the lines
are lies within the critical bound at the 5% level of
significance.

Conclusions and policy implications

The present study investigates the impact of natural gas
and renewable energy consumption on CO2 emissions
and economic growth in two major emerging market
economies during 1965–2016. Using the ARDL bounds
testing approach to cointegration, the study finds the ex-
istence of the long-run relationship among the variables.
The results of Granger causality test show that there is
evidence of short-run unidirectional causality running
from coal and petroleum energy consumption to
economic growth. It suggests that coal and petroleum
energy consumption plays a signif icant role in
promoting economic growth in China. The study also
finds unidirectional causality running from renewable

energy consumption to natural gas consumption in the
short run. However, no causality was found between
renewable energy consumption, economic growth, and
CO2 emissions in China. This finding contradicts with
Salim and Rafiq (2012) who found bidirectional causality
among renewable energy, economic growth, and CO2

emissions in their study countries, especially Brazil and
China.

In the case of India, the results reveal the existence of
bidirectional causality between renewable energy con-
sumption and economic growth in the short-run. This
result is consistent with Apergis and Payne (2010b) in
OECD countries and Bloch et al. (2015) in China.
Therefore, we argue that an increase in renewable energy
consumption positively affects economic growth, and an
increase in economic growth can promote renewable en-
ergy consumption through various economic activities on
the other hand. It also indicates that any energy conser-
vation policies which reduce renewable energy consump-
tion can affect economic growth adversely. The study
also reveals the short-run unidirectional causality running
from natural gas consumption to coal and petroleum en-
ergy consumption and causality running from coal and
petroleum energy consumption to renewable energy con-
sumption. It suggests that the consumption of coal and
petroleum energy leads to increase the CO2 emissions.
Therefore, additional use of coal and petroleum energy
has led to shifting the consumption towards renewable
energy consumption which reduces CO2 emissions and
helps to achieve rapid and sustainable economic growth.
Further, there is an existence of bidirectional causality
between coal and petroleum energy consumption and
CO2 emissions in the short-run for both China and
India, which suggests that coal and petroleum energy
consumption promotes CO2 emissions, and at the same
time an increase in CO2 emissions further increases the
demand for coal and petroleum energy for both China
and India.

However, in the short-run, no causal relationship was
found between natural gas consumption, economic growth,
and CO2 emissions for both India and China. The finding of
this study is consistent with Fatai et al. (2004) and Kum et al.
(2012) who documented that no causal relationship was
established between natural gas consumption and economic
growth. With regard to the long-run causality, the results indi-
cate that there is bidirectional causality among natural gas
consumption, coal and petroleum energy consumption, re-
newable energy consumption, CO2 emissions, and economic
growth for both China and India. All these variables play a
preeminent role in the process of adjustment to bring them
into equilibrium when there is disequilibrium in the long
run. These findings suggest that the feedback hypothesis is
established among the variables.
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Given these findings, we highlight the following im-
portant policy implications: (i) Since bidirectional cau-
sality existed between coal and petroleum use and CO2

emissions in the short-and long-run, both the Chinese
and Indian governments should formulate effective
short-and long-term energy policies to mitigate CO2

emissions. (ii) The establishment of bidirectional causal-
ity between natural gas consumption, renewable energy
consumption, and economic growth implies that conser-
vative policies on natural gas and renewable energy use
are detrimental to economic growth and reduction in the
economic growth will adversely affect the demand for
natural gas and renewable energy. Therefore, expansion-
ary natural gas and renewable energy policies are boosts
to these two emerging market economies. (iii) Natural

gas and renewable energy are promoting CO2 emissions
in the long-run for both countries. Hence, the
policymakers should change the energy structure by in-
creasing the share of clean energy in the total energy
mix to reduce CO2 emissions. (iv) Policymakers of
these countries should take appropriate policy measures
to attract huge funds in clean and renewable energy
projects (Alam et al. 2015). (v) The establishment of
the public and private partnership would help in trans-
ferring the technology in the process of market accessi-
bility for clean and renewable projects. Further, the gov-
ernment should focus on investing in renewable energy
sources which not only expand the energy consumption
capacity but also increases demand for clean and renew-
able energy consumption. Therefore, increasing the
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consumption of clean and renewable energy reduces the
dependence on fossil fuel consumption and minimizes
the macroeconomic problem of oil price volatility which
eventually reduces CO2 emissions and helps for attend-
ing sustainable economic development.

The main limitation of our study is that it was con-
ducted on two emerging market economies, i.e., China
and India because these economies play a major role in
the world in terms of economic growth and CO2 emis-
sions. However, considering the significance of natural
gas and renewable energy use, a study may be conduct-
ed in other developed and developing regions of the
world. Further, this study has not incorporated other

drive factors of CO2 emissions and economic growth
in the model. In spite of these limitations, this study
makes a significant contribution to the body of knowl-
edge from both policy and literature perspectives.
Besides these limitations, our study also provides direc-
tion for future research. Researchers may also examine
the dynamic relationship among natural gas consump-
tion, renewable energy consumption, CO2 emissions,
and economic growth in developed and developing
countries by incorporating other potential determinates
of CO2 emissions and economic growth such as foreign
direct investment and stock market development in the
model.
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