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Most of developing countries are facing environmental degradation challenges as these countries use energy from fossil fuels to
enhance economic activities and that leads to environmental degradation. +e use of renewable energy is required to mitigate
environmental degradation; however, developing countries may not yet have reached the desired level to acquire renewable
energy. It is important for developing countries to make polices to shift from nonrenewable energy to renewable energy use to
protect environmental quality. In this regard, the importance of different energy sources and financial development in enhancing
environmental quality in 21 developing countries is examined from 1970 to 2018.+e study employed dynamic estimator, and the
results indicate that the sources of renewable energy enhance environmental quality as compared to nonrenewable energy and its
sources. Financial development also lowers environmental quality in our results. +e study recommends reducing carbon
emissions by reducing the use of fossil fuel energy and acquiring new technologies, attracting foreign investors in clean energy that
provide clean technologies for green production, and investing in renewable energy sources to evade nonrenewable energy. Policy
makers should adopt environmentally-friendly strategies and equipment to protect environmental quality, while striving for
achieving economic growth.

1. Introduction

Developing countries are trying to raise the level of eco-
nomic growth and development by establishing policies
which are helpful to increase the investment level. An
economy can grow if it is enough developed financially.
Financial institutions are important for a country to enhance
investment by providing credit facilities and provide op-
portunities of capital. Financial development promotes the
energy sector which accelerates economic activities [1].
Energy consumption also plays an important role to enhance
economic growth by facilitating production with capital and
labor. Both financial development and energy consumption
promote production levels and economic growth, but they
increase carbon emissions and cause environmental deg-
radation [2]. +e use of energy is important to promote

economic activity, and it also creates environmental-related
problems, such as the depletion of natural resources and
carbon emissions. In this context, developing countries
urgently need to promote economic growth. +erefore, for
decades, they have widely used fossil fuel energy to promote
economic and developmental activities. +e reason of en-
vironmental degradation faced by developing countries is
the reason of energy from fossil fuels being used to increase
economic activities. Increasing these activities for the pur-
pose to enhance economic growth in developing countries is
important; however, the quality of environment also needs
to be protected. In such cases, fossil fuels are used in in-
dustries to enhance economic growth, which leads to
degrading of the environment as industries have high de-
mand for energy and thus use fossil fuels to meets their
increasing demand. Wolde-Rufael and Menyah [3] argue
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that environmental degradation is the reason of nonre-
newable energy use as it releases high amount of carbon
dioxide. +e use of renewable energy sources that includes
wind, hydro, and solar can be the substitute to overcome
such environmental issues. +e use of renewable energy can
fulfil the production requirement for energy and enhance
environmental quality as well as it does not cause pollution
by replacing nonrenewable technologies and does not de-
grade environmental quality [4, 5]. On the contrary, some
studies suspect the role of renewable energy in environment
protection such as Jebli and Yossef [6] claim that waste and
combustible renewables are not clean energy and the use of
combustible renewables and wastes increases emission.
However, the theoretical literature considers that renewable
energy consumption is beneficial for environment quality;
however, some studies have given mixed results. Some
studies indicate that renewable energy usage reduces carbon
emission such as [5, 7–13], while some studies argue that
renewable energy usage increases emission such as [14–16].
On the other side, some of the previous studies claim that
there is no effect or insignificant impact of renewable energy
on carbon emission [17]. Developing countries should es-
pecially focus to make polices and convert from nonre-
newable sources of energy and invest in projects to convert
to renewable energy. Financial sector contribution is also
important to fund green energy projects to facilitate re-
newable energy. +e developing countries’ financial devel-
opment can enhance the renewable energy if it is well
developed. +e improvement in financial sectors and energy
in turn keeps enhancing the level of economic growth as well
can achieve higher environmental quality in developing
countries. Based on the ongoing debate on the role of re-
newable and nonrenewable energy sources usage in carbon
emission and considering environmental degradation as a
global challenge for countries, especially for developing
countries, requires empirical research and policy implica-
tions.+e current study, therefore, examines both renewable
and nonrenewable energy and its sources on carbon emis-
sion to identify the contribution of each energy sources to
environmental quality.+e focus of the study is to determine
that whether conversion from nonrenewable energy to re-
newable energy may significantly improve the environ-
mental quality of the sample countries. In our research, we
also pay attention to the impact of financial development on
carbon emissions. +e developed financial system can
promote renewable energy projects. Green finance can help
improve the quality of the environment. However, if fi-
nancial development does not fund renewable energy
projects, finance will cause environmental degradation. +e
study used the latest data downloaded from BP statistics and
World Development Indicators between 1970 and 2018.+is
study implemented static and dynamic models including
OLS, FE, and SGMM and examined the impact of energy use
on carbon emissions in developing countries. Based on the
above discussion, this research is very important for de-
veloping countries to obtain advice when using nonre-
newable energy to promote their economic growth. +e
study was implemented for the first time and provided very
useful suggestions for the sample countries to invest in

renewable energy projects to meet the energy needs of
production and achieve higher environmental quality. It is
better to invest in the energy sector than to focus solely on
economic growth because in the long run, investing in re-
newable energy projects can bring double benefits, economic
growth and environmental quality. Our results confirm that
the use of nonrenewable energy sources for production in
developing countries leads to degradation of the environ-
ment, while renewable energy sources are the safeguard of
environmental quality. Financial development in the sample
countries has also been found a weak determinant to en-
hance environmental quality which needs attention. +e
countries should strengthen financial institutions to fund
renewable energy projects.

+e rest of the paper is structured in the given sequence.
Section 2 is composed of related literature, Section 3 presents
the study methodology, Section 4 is composed of empirical
results and discussion, while Section 5 gives the conclusion
and policy implication.

2. Literature Review

A large number of existing studies uses panel and time
series data and conduct research studies on the impact of
the use of renewable and nonrenewable energy on envi-
ronmental quality in samples of different countries and
regions and have achieved different results. For example,
Zaidi et al. [18] examined carbon emission and renewable
and nonrenewable energy in Pakistan. +ey used ARDL
estimator and found insignificant effect of renewable en-
ergy while positive effect of nonrenewable energy on
carbon emission. In case of sub-Saharan Africa, Hanif [19]
investigated the same association and found that the in-
fluence of renewable energy is smaller on carbon emission.
Similarly, in [20], the authors studied energy use and
carbon emissions from 1980 to 2015 and found that the
impact of natural gas and oil on carbon emissions is
asymmetric. +ey further discovered that the impact of
nonrenewable energy on carbon emissions varies from
country to country. Khan et al. [21] studied the impact of
energy consumption on carbon emissions from 1965 to
2015 and found that there is a short-term and long-term
relationship between variables and carbon emissions. +ey
believe that renewable energy usage reduces carbon
emissions. In the United States, Ongan et al. [22] studied
the impact of renewable energy and fossil fuels on carbon
emissions. +ey proved the EKC hypothesis in their
findings and pointed out that fossil fuels have a negative
impact on Texas’ carbon emissions, while energy con-
sumption increases Florida’s emissions. Anser et al. [23]
studied renewable and fossil fuels energy along industrial
growth on carbon emission in Caribbean and Latin
America for the year 1990 to 2015. +ey used the two-step
system GMM model and found the inverted U-shaped
relationship of carbon emission and economic growth
which is evident in EKC hypothesis. +ey further found
that industrial growth and fossil fuels’ energy increase
carbon emission. Zhao et al. [24] investigated the effect of
energy consumption and geopolitical risk on carbon

2 Mathematical Problems in Engineering



emission in BRICS countries. +ey used the ARDL method
and found that geopolitical risk negatively affects energy
consumption in some countries as well carbon emission in
few countries. +ey further state that a decrease in geo-
political risk negatively and positively affects carbon
emission in different countries of BRICS. Karimi et al. [25]
studied the association of renewable energy, economic
growth, and carbon emission in Iran for the period of 1975
to 2017. +ey used cointegration and asymmetric method
where the findings indicate that renewable energy use and
carbon emission increase economic growth in the long run,
while decrease in renewable energy also has the same effect;
however, economic growth strongly increases renewable
energy. +ey further found that carbon emission has in-
significant impact on economic growth. Yuping et al. [26]
studied the effect of renewable and nonrenewable energy
use and globalization on carbon emission in Argentina
from 1970 to 2018. +ey used the ARDL model and found
that globalization and renewable energy consumption re-
duce, while nonrenewable energy increases emission in
short as well in the long run. On the contrary, Majeed and
Luni [27] used panel data from 166 countries to study the
impact of water withdrawal, energy use, and economic
growth on carbon emissions. +eir research period was
1990–2017, and they used two-stage least squares and fixed
and random effects’ models. +ey found that the use of
renewable energy had a negative impact on emissions and
that water intake would increase emissions. +ey further
proved the EKC hypothesis. Khan et al. [28] studied the
impact of foreign direct investment on carbon emissions in
developing and developing countries. Using long-term
estimates and static and dynamic models, they found that
the impact of trade openness on carbon emissions in de-
veloping countries is diminishing, while the impact of trade
on carbon emissions in developing countries is the op-
posite. +ey further formulated regulations for renewable
energy to reduce emissions in developed and developing
countries. Likewise, in [29], the authors believe that it is
difficult for developing countries to switch from fossil fuels
to renewable energy, and because the economic and
technological level and energy structure are different in
developing and developed countries, the transition from
developing countries to renewable energy is a challenge.
Similarly, Khan et al. [28] studied trade, foreign direct
investment, and carbon emissions in developing countries.
Using static, dynamic, and long-term estimates, they found
that open trade and renewable energy use reduced carbon
emissions in developing countries. +ey also pointed out
that foreign direct investment has increased emissions in
developed countries, while reducing emissions in devel-
oping countries. Similarly, in [29], the authors believe that
it is a challenge for developing countries to switch from
fossil fuel energy to renewable energy use. Due to different
economic and technological conditions, the energy
structure of developing countries and developed countries
is different, which is why it is difficult for developing
countries to switch to renewable energy. Ali et al. [30]
investigated the impact of Pakistan’s energy consumption,
financial development, and trade on carbon emissions from

1980 to 2015. Applying ADF testing and ARDL to the data,
it is found that the influence of research variables is in-
creasing with regard to carbon emissions. For a summary of
the relevant literature on the impact of renewable energy
and nonrenewable energy consumption on carbon emis-
sions, detailed information is given in Table 1 below.

On the contrary, Khan et al. [43] examined energy
consumption, the inflow of foreign direct investment, and
carbon emissions in the global countries. +ey found the
interinfluence of these variables on each other, while the
consumption of renewable energy has reduced carbon
emissions and, at the same time, reduced the inflow of FDI.
+ey found that FDI promotes economic growth, while the
use of renewable energy reduces economic growth. How-
ever, as Khan et al. [44] pointed out by studying the impact
of FDI inflows in Pakistan on governance, the increase in
FDI is the cause of good governance. +ey found that
governance indicators are important to the increase in FDI
inflows. Cetin et al. [45] examined trade openness, economic
growth, and energy consumption in Turkey. +eir study
time period was from 1960 to 2013, and they found that
trade, energy consumption, and financial development have
long-run association.

Likewise, Dogan and Ozturk [8] investigated carbon
emission and nonrenewable and renewable energy in US
for the time 1980 to 2014. +ey found the existence of
cointegration of the study variables, while the ARDL
results show that carbon emission is reduced by the use of
renewable energy, while increased by nonrenewable en-
ergy use. However, they found that the EKC assumption is
invalid for the United States of America. Khan et al. [46]
studied trade, quality institutions, and innovation of
global carbon emissions. +ey found that open trade and
FDI reduced carbon emissions, where the impact of in-
stitutional quality indicators was significant for carbon
emissions. +ey further found the increasing influence of
innovation in emission. Similarly, Bhat [47] studied the
carbon emissions of renewable and nonrenewable energy
in a sample of five emerging countries from 1992 to 2016.
+ey employed the panel model and found that capital
and labor were positively correlated in long run with
nonrenewable energy; however, the impact of renewable
energy on carbon emissions was insignificant. Similarly,
Khan et al. [48] studied the relationship between envi-
ronmental factors in the global panel by considering the
technological progress and institutional quality in the
association. +ey used static and dynamic GMM to dis-
cover the positive impact of technology progress, financial
development, and the use of nonrenewable energy on
carbon emissions, while the negative impact of renewable
energy and FDI on carbon emissions. However, in their
research results, the impact of institutions on carbon
emissions is negative. Ito [9] studied carbon emissions,
renewable energy consumption, nonrenewable energy
consumption, and economic growth and found that the
consumption of nonrenewable energy has a negative
impact on economic growth, while the consumption of
renewable energy has a positive impact on the economic
growth of developing countries.
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3. Methodology

3.1. EmpiricalModels andVariables. +is study investigates
the role of renewable and nonrenewable energy use in
environmental quality for the period of 1970 to 2018 in 21
developing countries listed in Table 2. +e nonrenewable
energy sources used in this study are coal, oil, and natural
gas, while the renewable energy sources used in this study
are wind, solar, and hydropower, which are collected from
BP statistics. Similarly, the study also used fossil fuel
energy consumption collected from WDI (World De-
velopment Indicators) as a percentage of total final energy
consumption and renewable energy consumption (per-
centage of total final energy consumption). Financial
development is also used, expressed as a percentage of
GDP in private sector domestic credit. +e control var-
iables used in the study are urban population and labor
force.

+e list of variables and data sources is shown in Table 3,
and the conceptual model is shown in Figure 1. First, this
study examines the impact of renewable energy sources and
financial development on carbon emissions. Second, the
study examines the impact of nonrenewable energy sources
on carbon emissions. Next, we study the effects of the total
renewable energy consumption and nonrenewable energy
consumption in equations (3) and (4), respectively. +e
following models have been built:

CO2 � β0 + β1SLRit + β2HDRit + β3WNDit

+ β4FD + β5UOP + β6LF + εit,
(1)

CO2 � β0 + β1OLit + β2GSit + β3CLit

+ β4FD + β5UOP + β6LF + εit,
(2)

CO2 � β0 + β1RETit + β2FDit + β3UOPit + β4LF + εit, (3)

CO2 � β0 + β1ENTit + β2FDit + β3UOPit + β4LF + εit. (4)

In above equations, carbon dioxide is represented by
CO2 used for environmental degradation, SLR is solar en-
ergy, HDR is hydropower, WND is wind energy, FD is the
financial development proxy by private sector domestic
credit, RET is the total renewable energy consumption, ENT

Table 1: Summary of literature.

Study Time Main variables Countries Methodology

Alqaralleh [31] 2000–2018 CO2, GDPPC, RE, NRE, and
POP

30 European
countries Panel smooth transition regression

Fatima et al. [32] 1998–2014 GDPPC (per capita GDP),
RE, NRE, TO, and CO2

High emitter
countries

Kao cointegration, GMM, and random and
fixed effect

Ibrahim and Ajide
[33] 1990–2018 Coal, gas, fuel, TO, and CO2 G-20 countries

Augmented mean group (AMG), common
correlated effect mean group (CCEMG), and

mean group

Sharma et al. [34] 1990–2016
Stock market, GDPPC, TO,

RE, and technological
innovation

South Asian
countries CS-ARDL

Fu et al. [35] - RE, CO2, and economic
growth BRICS countries “Cross-dependency” test, the unit root test,

and “CIPS” IPS, DOLS, and FMOLS

Kula [36] 1980–2008 GDP and RE OECD countries Pedroni cointegration tests, DOLS, and
VECM Granger causality test

Charfeddine and
Kahia [37] 1980–2015 GDP, CO2, REC, LF, and FD

Middle East and
North Africa, 24

countries

Panel VAR model and Westerlund ECM
panel cointegration test

Adewuyi and
Awodumi [38] 1980–2010 GDP, CO2, RE, FD, POP, and

TO
West African
countries +ree-stage least squares (3SLS)

Inglesi-Lotz [39] 1990–2010 GDP, RE, and LF OECD countries FE and panel cointegration test REC

Cho et al. [40] 1990–2010 GDP, RE, and LF
31 OECD and 49

non-OECD
countries

Panel VECM and FMOLS

Dogan [41] 1990–2012 GDP, REC, NRE, and LF Turkey
ARDL bounds test, Johansen panel
cointegration, and Gregory–Hansen

cointegration tests

Shahbaz et al. [42] 1972Q1–2011Q4 REC, LF, and capital
formation Pakistan ARDL bounds test and VECM Granger

causality test
Source: author tabulation.

Table 2: List of countries.

Bangladesh Iran Islamic Rep Singapore
Brazil Iraq South Africa
Chile Israel Sri Lanka
China Pakistan Turkey
Colombia Philippines United Arab Emirates
Ecuador Qatar Venezuela
Egypt Arab Rep. Saudi Arabia RB Vietnam
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is nonrenewable energy, UOP is the urban population, LF is
the labor force, and ε is the error term.

3.2. Econometric Models. +e current study explores the
impact of energy sources and financial development on
carbon emission. +ree econometrics techniques were
employed to the data which are OLS, fixed effect, and system
GMM [49]. System GMM is the recent application con-
cerning the theme; therefore, the current study is focusing
on the object, and results are mostly concerned on this. In
the first phase, the study has made the OLS and FE method
estimation which is used for inspecting the issues of het-
erogeneity of countries. +e GMM techniques are in the first
difference and its permit taking to deal with the endogeneity
problem concerned with variables of the study. System
GMM has the ability to deal with the grouping of both
difference and equations in the level. +e instruments which
specified for the difference equations are variables’ delayed
values in levels. Furthermore, the variables of the study are
instrumented by the level equation and first differences. +e
system of the equations has been estimated by generalized
method of moments simultaneously. +e simulation about
this of Monte Carlo made by Blundell and Bond [50] stated
that SGMM model is efficient the most to estimate such
issues. +e overidentifying restriction tests are the Sargan
test replaced as the Hansen test, and also, the serial corre-
lation test of Arellano and Bond is used. Most of the results
regarding these tests confirmed our study expectations. +e
Hansen test value gives the acceptance and shows the

validity of the instruments. +e serial correction tests shows
whether the hypothesis is validated of second serial corre-
lation of residuals. In the results of regression, the SD of
coefficients is validated and heteroscedasticity problem has
been checked. OLS and FE static models are employed along
the SGMMmodel because to compare the results and check
the robustness with preceding studies’ outcomes; however,
we especially focus on the system GMM results. +e reason
is that static models’ results may not be efficient as these
models may have several econometric issues, and the GMM
model is considered the most efficient estimator. +e
equation for the system GMM model is given below:

CO2it � β0 + β1CO2i,t−1 + β2Yi,t + β3Xi,t + εi,t, (5)

where CO2 is carbon emission, Y is the explanatory variable
used in the study, X represents the control variables, and
CO2i,t−1 is the lag of the dependent variable, while ε is the
error term.

4. Findings and Discussions

4.1. Renewable Energy Sources and Environmental
Degradation. +e lagged dependent variable is significant as
given in Table 4, which validates the model fitness. AR2 and
Sargan test also validate the instruments used in the model.

+e impact of hydro energy on carbon emissions is
significant at the level of 1% in the three measurements, and
the impact on carbon emissions is negative. +is shows that,
in the sample of 21 developing countries, the increase in
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Figure 1: +e impact of renewable and nonrenewable energy on carbon emission.

Table 3: Variables and data sources.

Variables Symbols Data source
Carbon emission CO2 — WDI
Oil OL

Nonrenewable energy sources
BP statistics

Coal CL BP statistics
Natural gas NG BP statistics
Hydroelectricity HDR

Renewable energy sources
BP statistic

Solar energy SLR BP statistics
Wind energy WND BP statistics
Renewable energy consumption RET — WDI
Nonrenewable energy consumption NRT — WDI
Financial development FD — WDI
Urban population UP — WDI
Labor force LF — WDI
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water energy reduces carbon emissions. More specifically,
the results of the system GMM show that if hydropower is
increased by 1 percentage point, carbon emissions will be
reduced by 0.007 percentage points. +e results confirmed
that hydropower energy is beneficial to environmental
quality, supports the theory of social choice, and confirms
the theory of environmental degradation that human ac-
tivities lead to environmental degradation. Countries still
need to use the domestic new energy technology market to
explore the field of renewable energy, but under current
economic conditions, developing countries may not be able
to obtain financial support for new technologies. It can be
suggested that developing countries should promote and
attract foreign investors who use green technologies in
production. Similarly, solar energy is also very important as
a source of renewable energy. +e negative coefficient shows
that it reduces carbon emissions and improves environ-
mental quality. +e results further show that if there is a unit
change in solar energy, the carbon emissions will be reduced
by 0.55, 0.25, and 0.18%, respectively, indicated by OLS, FE,
and system GMM. Solar energy is conducive to environ-
mental quality and overcoming the energy crisis, especially
in developing countries. Nowadays, some developing
countries are facing energy crisis. +ey are trying to in-
troduce solar energy for consumption, but they also need
funds to obtain such technologies. +erefore, countries
should also focus on economic development to overcome
the energy crisis and protect the environment.

+e estimated coefficient of wind energy on carbon
emissions is significant, and its impact of carbon emissions is
positive. +e results show that due to the limited technology
market in developing countries, the renewable energy sector,
such as wind energy, may not be well developed. Alternative
energy sources such as natural gas have also reduced at-
tention to the development of the renewable energy sector
because natural gas is easily used as an energy source, but
natural gas consumption is harmful to the environment.
Another reason may be that low-income countries may not
be able to explore and fund renewable energy. +e financial
crisis has also reduced the level of investment and affected
the exploration and development of the renewable energy

sector. Technical standards lack of the reduction rate of
renewable energy investment costs.

+e estimated coefficient of domestic credit to the pri-
vate sector (financial development) is highly significant and
positive in OLS and system GMM, but not significant in the
fixed effects’ model. +e results show that financial devel-
opment has increased the carbon emissions of developing
countries. +e system GMM results show that a unit excess
of domestic private sector credit will increase carbon
emissions by 0.001%. +is is also determined by [51–56].
+ese differences may be due to different countries and
different sample sizes.

Similarly, the urban population coefficient is significant
and positive in the OLS regression and the system GMM
model, indicating that the increase in urban population
significantly increases carbon emissions. Urbanization is an
important factor in increasing carbon emissions because as
the population increases, the demand for transportation and
energy increases, which in turn increases carbon emissions.
Our results are consistent with the findings of Poumanyvong
and Kaneko [57] but contrary to those of Rauf et al. [58]. Due
to size and sample, results may vary. +e labor force in the
model shows that it reduces carbon emissions. +e system
GMM results show that, in the sample countries of devel-
oping countries, the percentage change in the labor force can
reduce carbon emissions by 2.88%.

4.2. Nonrenewable Energy Sources and Environmental
Quality. Developing countries still rely mainly on nonre-
newable energy use for production, such as coal, oil, and
natural gas, which leads to environmental degradation. +e
results of the impact of nonrenewable energy on carbon
emissions are shown in Table 5. Table 5 below shows the
results of the Sargan test and AR2 correlation test, which
support the effectiveness of the current research model tools.
+e estimated coefficient of coal as a nonrenewable energy
source is positive and significant in all three models. +e
results showed that the use of coal energy increased the
carbon emissions of the sample countries. More specifically,
the systemGMM results show that if there is a unit change in

Table 4: +e impact of renewable energy sources on carbon emission.

Dependent variable: CO2 OLS regression Fixed effect System GMM
HDR (hydro energy) −1.970∗∗∗ (0.247) −0.024∗∗∗ (0.006) −0.007∗∗∗ (0.001)
SLR (solar energy) −0.556∗∗∗ (0.106) −0.256∗∗ (0.109) −0.181∗∗∗ (0.013)
WND (wind energy) 0.337∗ (0.191) 0.072 (0.057) 0.031∗∗∗ (0.002)
FD (financial development) 0.020∗∗∗ (0.006) 0.003 (0.005) 0.001∗∗ (0.0005)
UP (urban population) 3.130∗∗∗ (3.920) 3.870 (2.730) 5.100∗∗∗ (9.861)
LF (labor force) −1.350∗∗∗ (2.320) −3.130∗∗ (1.512) −2.880∗∗∗ (7.221)
CO2i,t−1 — — 1.005∗∗∗ (0.087)
Constant 2.909∗∗∗ 60.48∗∗ 0.000 (0.000)
Obs 43 59 506
Number of id — 5 21
R-squared 0.937 0.937 —
AR1 — — −2.64 (0.008)
AR2 — — −1.67 (0.094)
Sargan test — — 859.20 (0.000)
Note: ∗∗∗, ∗∗, and ∗ show the significance level at 1, 5, and 10 percent, respectively. Data source: BP statistics and WDI.
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coal energy consumption, carbon emissions will increase by
0.005%. +e research results further show that coal energy is
a nonrenewable energy source and is harmful to environ-
mental quality. +e result was supported by [42, 59, 60].

+e survey results further guide countries’ policies to
reduce carbon emissions by reducing the use of coal energy
because coal will increase carbon dioxide emissions and
enhance technologies that may help reduce environmental
impact. Since our research sample is developing country
rather than a developed country, it is still possible to use coal
as an energy source, which is more harmful to the envi-
ronment, but compared to using coal, using natural gas may
be better because natural gas consumptionmay not be as bad
as coal. +e economic growth of these countries may not be
conducive to the financing of renewable energy projects to
obtain renewable energy, so it can be suggested that natural
gas may be better than coal consumption, but in the future,
these countries should strive to promote economic growth
and invest in renewable energy to avoid the use nonre-
newable energy sources such as coal and natural gas.
Alkhathlan and Javid [61] also pointed out that compared
with other nonrenewable energy sources, Saudi Arabia uses
natural gas better, but the effect of coal on carbon emissions
is the opposite. Similarly, the results of the natural gas
coefficients in the three models are also significant, and the
impact on carbon emissions is positive, indicating that the
use of natural gas energy has an increasing impact on carbon
emissions, leading to environmental degradation.+e results
of the system GMM model show that, for every 1% increase
in natural gas energy use, the carbon emissions of the sample
countries will increase by 0.001%. However, it is believed
that natural gas is much lower than other fossil fuels such as
coal or oil.

Similarly, oil consumption as a nonrenewable energy
source has a positive and significant impact on carbon
emissions in all estimators. +e results show that petroleum
energy has increased the carbon emissions of the sample
countries. From these results, it can be seen that oil is still
used as the energy source in developing countries, which will
indeed reduce the quality of the environment. Our results
are consistent with the results of [52, 62, 63].

In all estimates, financial development has a positive
impact on carbon emissions. +e research results show that
financial development is the reason for the increase in
carbon emissions in developing countries. +e system GMM
results show that, for every additional unit of credit in the
private sector, carbon emissions will increase by 0.001%,
while the urban population coefficient is negatively corre-
lated with carbon dioxide emissions. +e labor force is
positive and significant in OLS and FE, but the result is not
significant and negative in the system GMM model, indi-
cating that when labor is used as a control variable for the
impact of nonrenewable energy on emissions, labor has no
effect on carbon emissions.

4.3. Total Renewable Energy Consumption and Carbon
Emission. Table 6 shows the results of the impact of re-
newable energy consumption on carbon emissions, where

the RET estimation coefficient is negative and significantly
confirms that it reduces carbon emissions. For example, a
unit change of RET reduces carbon emissions by 0.38, 0.31,
and 0.18, respectively, shown by OLS, FE, and SGMM. Our
research results support modern ecological theory, em-
phasizing that the increase in technology and innovation will
improve environmental quality. Bilgili et al. [5] also pointed
out that the use of renewable energy can improve envi-
ronmental quality because it replaces traditional machinery
and technologies that rely on fossil fuels. Compared with the
use of traditional energy, the use of renewable energy will
not cause a burden on the environment and sustainability
and can also ensure energy security. Our research results are
consistent with the results of Sharif et al. [13].+ey also
proved that the impact of renewable energy consumption on
carbon emissions is decreasing. Our research results are
consistent with the claimed impact of renewable energy on
carbon emissions [13, 64].

Similarly, the urban population coefficient is highly
significant and positive in both the OLS regression and the
system GMM model, indicating that the increase in urban
population significantly increases carbon emissions, while it
is negatively significant in the fixed effects model. +e es-
timated coefficient of financial development is significant
and positive in all models. +e results show that financial
development has increased carbon emissions in developing
countries. System GMM results show that if domestic credit
to the private sector increases by 1%, it will increase carbon
emissions by 0.183%. +e labor force in the OLS and system
GMM models shows that it reduces carbon emissions. +e
system GMM results show that the percentage change in the
labor force in developing countries reduces carbon emis-
sions by 0.35%, while the result in the fixed effects model is
negative and significant.

4.4. Total Nonrenewable Energy Consumption and Environ-
mental Degradation. Several researchers have debated that
those developing countries are trying to increase economic
growth and that is why these developing countries depend on
nonrenewable energy to increase economic activities as these
countries have not yet reached the level to fully use renewable
energy for production in order to increase economic growth.
+e use of nonrenewable energy in these countries may lead to
degradation of environment. For this purpose, to identify
whether there exists the positive impact of nonrenewable
energy used by these countries, we investigate this association,
and the results are shown in Table 7. +e results indicates that
the use of nonrenewable energy reduces the quality of envi-
ronment by increasing carbon emission. For instance, the
GMM results show that a percent increase in NRT causes an
increase in emission by 1.26 percent.+e results are in line with
Table 4 findings, and they are also reinforced by the outcomes
of Danish and Wang [65]. Previous studies have also shown
that nonrenewable energy sources will reduce environmental
quality by increasing carbon emissions. Most of the nonre-
newable resources are used to promote economic growth in
developing countries, which is the reason for the deterioration
of the environment in these developing countries. +e
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governments of these developing countries should take mea-
sures to diversify energy supply to meet demand and promote
and attract foreign investors to provide funds and technologies
for green production.

+e results on the impact of financial development on
carbon emission are also significant and positive, which indi-
cates its increase in emission in the sample countries.+is result
also matches Table 4 results. For instance, the GMM system

model shows that a percent increase in financial development
increases carbon emission by 0.08 percent in the sample
countries.

Urban population is also positive and significant
which also increases carbon emission, while labor forces
are negative. Its means that a percentage change in the
labor force reduces the carbon emissions of developing
countries by 0.9 percent.

Table 6: +e effect of renewable energy consumption on carbon emission.

Dependent variable: CO2 OLS regression Fixed effect System GMM
RET (renewable energy consumption) −0.387∗∗∗ (0.013) −0.312∗∗∗ (0.039) −0.183∗∗∗ (0.046)
FD (financial development) 0.013∗∗∗ (0.000) 0.005∗∗∗ (0.000) 0.200∗∗∗ (0.022)
UOP (urban population) 3.530∗∗∗ (9.341) −7.971∗∗ (6.821) 1.910∗∗ (7.111)
LF (labor force) −2.780∗∗∗ (6.731) 8.720∗∗∗ (1.950) −0.357∗ (0.189)
Constant 1.185∗∗∗ (0.059) 0.964∗∗∗ (0.130) 0.000∗∗∗ (0.000)
CO2i,t−1 — — 0.889∗∗∗ (0.030)
Obs 479 479 479
R2 0.712 0.481 —
No. id — 20 20
AR1 — — −1.45 (0.147)
AR2 — — −0.92 (0.357)
Sargan test — — 426.46 (0.950)
Note: ∗∗∗, ∗∗, and ∗ show the significance level at 1, 5, and 10 percent, respectively. Data source: BP statistics and WDI.

Table 5: +e effect of nonrenewable energy sources on carbon emission.

Dependent variable: CO2 OLS regression Fixed effect System GMM
CL (coal) 0.001∗∗ (0.000) 0.001∗∗∗ (0.000) 0.005∗ (0.002)
NG (natural gas) 0.007∗∗ (0.003) 0.004∗∗∗ (0.000) 0.001∗∗ (0.000)
OL (oil) 0.021∗∗∗ (0.002) −0.002∗∗ (0.001) 0.031∗∗∗ (0.011)
FD (financial development) 0.011∗∗∗(0.001) 0.005∗∗∗ (0.000) 0.001∗∗ (0.000)
UP (urban population) −2.380∗∗∗ (2.500) −6.430∗∗ (2.570) −0.025∗ (0.015)
LF (labor force) 4.550∗∗∗ (1.220) 1.780∗∗∗(3.220) −0.006 (0.013)
Constant 0.527∗∗∗ (0.103) 0.235∗∗ (0.093) 0.496∗∗∗ (0.187)
CO2i,t−1 — — 0.954∗ (0.011)
Obs 506 506 413
No. id 21 21 18
R2 0.378 0.413 —
AR1 — — −8.28 (0.000)
AR2 — — −1.60 (0.109)
Sargan test — — 387.15 (0.730)
Note: ∗∗∗, ∗∗, and ∗ show the significance level at 1, 5, and 10 percent, respectively. Data source: BP statistics and WDI.

Table 7: Total nonrenewable energy consumption on carbon emission.

Dependent variable: CO2 OLS regression Fixed effect System GMM
NRT (nonrenewable energy use) 0.053∗∗∗ (0.001) 0.034∗∗∗ (0.001) 1.269∗∗ (0.607)
FD (financial development) 0.007∗∗∗ (0.001) 0.002∗∗∗ (0.000) 0.085∗∗∗ (0.025)
UP (urban population) 2.490∗∗ (9.771) 1.630∗∗∗ (5.721) 3.720∗∗∗ (2.750)
LF (labor force) −2.460∗∗∗ (7.031) 7.791 (1.690) −0.961∗∗∗ (0.301)
Constant −3.456∗∗∗ (0.134) −1.831∗∗∗ (0.135) 0.000∗∗∗ (0.000)
CO2i,t−1 — — 1.028 (0.031)
Observations 493 493 493
R2 0.726 0.638 —
No. id — 21 21
AR1 — — −1.62 (0.105)
AR2 — — −1.26 (0.209)
Sargan test — — 646.50 (0.000)
Note: ∗∗∗, ∗∗, and ∗ show the significance level at 1, 5, and 10 percent, respectively. Data source: BP statistics and WDI.
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5. Conclusion and Policy Implication

+is study uses data from 21 developing countries down-
loaded from WDI and BP statistics from 1970 to 2018 to
examine the impact of energy consumption on carbon
emissions. By adopting the OLS model and fixed effects and
dynamic system GMM, the research results show the sig-
nificant negative effect of renewable energy and its sources
on carbon emissions means that it has improved the en-
vironmental quality of 21 developing countries. On the
contrary, in Model 2 and Model 4, the impact of nonre-
newable energy and its sources, including oil, natural gas,
and coal, has a positive impact on carbon emissions, indi-
cating that it has an increasing impact on carbon emissions
in developing countries and the environmental quality has
declined. It is found in all models that financial development
is positive, which indicates that financial development will
increase carbon emissions. +e results of various indicators
are summarized in Table 8, showing the positive and neg-
ative impacts of indicators on carbon emissions.

+e results of the survey guide countries to formulate
policies to reduce carbon emissions by reducing the use of
fossil fuel energy sources such as coal, oil, and natural gas, as
this will increase carbon dioxide emissions and to develop
technologies that may help reduce environmental impact.
Since our research sample is a developing country rather
than a developed country, they may still use fossil fuels such
as coal, oil, and natural gas to meet the more environ-
mentally unfavorable energy needs, but compared to coal, it
may be better to use natural gas because compared with coal,
natural gas consumption may not be too harmful. +e
economic growth of these countries may not be conducive to
financing renewable energy projects to obtain renewable
energy, so it can be suggested that natural gas may be better
than coal consumption, but in the future, these countries
should strive to promote economic growth and invest in
renewable energy to avoid the use of nonrenewable energy
sources, such as coal and natural gas.

+e governments of these developing countries must call
for high-level initiatives to diversify energy supply to meet
growing demand of energy and promote the attraction of
foreign investors who provide green production technolo-
gies and capital. By doing so, renewable energy will be used,
which will help reduce emissions and help promote eco-
nomic growth. In developing countries, nonrenewable en-
ergy is used as fuel for industrial production and household

consumption. +erefore, it is recommended to switch to
renewable energy sources that have minimal or no envi-
ronmental impact. Policy makers should adopt policies and
encourage environmentally-friendly equipment, vehicles,
and utilization to minimize environmental degradation in
developing countries. +e use of nonrenewable energy is
harmful to the quality of the environment, and developing
countries use this energy to promote economic activities that
lead to carbon emissions and environmental degradation.
Obviously, developing countries continue to focus on
promoting economic growth. +ey are using energy to in-
crease production and promote economic growth, and the
use of energy consumption has increased the level of carbon
emissions in these countries. Compared with the environ-
mental quality of developed countries, developing countries
have more serious pollution.

Most researchers found that the degree of environmental
degradation in developed countries is low because these
countries use renewable energy and the quality of institu-
tions in these countries is better. +is is also the reason for
the harmful effects of environmental quality protection and
other factors on environmental quality if they use nonre-
newable energy. Our research results conclude that non-
renewable energy is mainly used in developing countries to
promote economic growth. At the same time, we also believe
that this effect may be different in different countries such as
developing and developed countries. For developing
countries, while focusing on promoting economic growth, it
is important not to ignore the environmental impact of using
nonrenewable resources. In the future, research on the same
topic should be conducted on different samples to compare
these findings. Future researchmay also include institutional
quality variables and test environmental Kuznets curve.
Developing countries focus on improving economic growth
by using nonrenewable energy to understand whether
economic growth will improve environmental quality when
income reaches a certain level.
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Bank World Development Indicators and BP Statistics. +e
WDI link is https://databank.worldbank.org/source/world-
development-indicators.
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