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ABSTRACT

The use of fossil energy highly contributes to the CO, emissions. Compared to other countries, China and the USA were responsible for approximately
half of the global CO, emissions in 2022. The SDG7 agenda, which aims to preserve the use of renewable energy, has made people aware of the need
to switch from fossil-based to renewable energy sources by 2030. Thus, this paper aims to analyze the implications of fossil and renewable energy
consumption on environmental degradation in the USA and China. This study uses the linear and nonlinear autoregressive distributed lag (ARDL)
model to examine the cointegration of the fossil and renewable energy toward the CO, emissions from 1985 to 2021. The estimation results for USA
using linear ARDL shows that fossil energy lead to higher CO, emissions, meanwhile renewable energy reduces the CO, emissions. Similar finding in
the nonlinear ARDL, most of the models for China and the USA found significant impact of renewable energy consumption, where higher renewable
energy transition contributes in lowering environmental degradation. This provide justification for policymakers in both countries to continue their
efforts in renewable energy transition to archive the SDG7 agenda in 2030.
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1. INTRODUCTION

Global warming refers to the steady rise in average Earth-
atmosphere temperatures. It causes sea level rise, more severe
weather, and ecosystem changes. Through a process known as
the greenhouse effect, specific gases in Earth’s atmosphere (also
called greenhouse gases) trap heat from the sun and maintain a
habitable climate. Earth’s average temperature would be around
—18°C (0°F) without the greenhouse effect, making it too cold
for most living forms to survive. Human actions such as burning
fossil fuels and clearing forests have led to a dramatic increase
in atmospheric concentrations of greenhouse gases, particularly
carbon dioxide (CO,) (Mcleon et al., 2021). Global warming
is a phenomenon where the Earth’s temperature rises due to
an intensified greenhouse effect brought on by an increase in

greenhouse gas concentration. You et al. (2021) have stated that
CO, is the primary cause of global climate change.

The world is moving toward heavy industry and technology. As
a result, global competition is continually increasing economic
growth and escalating energy consumption, leading to more CO,
emissions, according to Appiah etal. (2018) and Su et al. (2021). Li
etal. (2018) stated that the consumption of fossil fuels, particularly
coal-fired power production, is the main source of CO,. Several
policies have been presented to reduce and prevent increasing
temperatures due to the uncontrollable CO, emission in the past.
The Sustainable Development Goals (SDGs) is one of the most
potential policies to ensure that the world has a healthy ecosystem
in the long term. The United Nations General Assembly adopted
the SDGs in 2015 as part of the 2030 Agenda for Sustainable
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Development. By 2030, the SDGs aim to end poverty, safeguard
the environment, and secure peace and prosperity for all people.
Sustainable policies may include measures to reduce greenhouse
gas emissions, protect natural resources, promote renewable
energy, improve access to education and healthcare, and ensure
fair and equitable distribution of resources.

The greenhouse effect must be addressed and the impacts of

climate change must be mitigated by reducing greenhouse gas

emissions and switching to renewable energy sources. Sustainable

Development Goal 7 (SDG7) is one of the 17 global objectives

set up in 2015 by the United Nations General Assembly as part

of the 2030 agenda for Sustainable Development. SDG7 aims

to ensure that everyone has access to energy that is inexpensive,

trustworthy, environmentally friendly, and modern. The SDG7

objectives are as follows:

1. Guarantee universal availability of affordable, dependable,
and modern energy services by 2030

2. Significantly increase the proportion of renewable energy in
the worldwide energy mix by 2030

3. Double the pace of improvement in energy efficiency at the
global level by 2030

4. Enhance international collaboration by 2030 to make it easier
for people to access clean energy research and technology,
such as improved and cleaner fossil fuel technology, renewable
energy, and energy efficiency, and also encourage spending
on energy infrastructure and clean energy technology.

The excessive demand for energy for household use and heavy
industrial needs is one of the greatest obstacles to achieving the
SDG7 agenda. Rapid economic development has highlighted the
problem of global climate change, and carbon dioxide emissions
have exacerbated the situation. According to the SDGs report of
2022, there has been a notable increase in the global electricity
access rate, which has risen from 83% in 2010 to 91% in 2020.
The number of individuals without electricity decreased from
1.2 billion to 733 million throughout this time.

The use of electricity is a critical necessity that cannot be avoided.
Therefore, countries with large populations, such as China, India,
the USA, Indonesia, and Pakistan, should adopt more sustainable
energy use to manage carbon emissions that are far too high each
year. Figure 1 shows a comparison of the use of electricity derived
from fossil fuels, specifically from oil, coal, and natural gas. China
consumed the most electricity from fossil resources among the
five largest population nations, followed by the USA and India.
Meanwhile, Indonesia and Pakistan have the lowest consumption
of electricity from fossil fuels. China has an increasing trend from
2011 to 2021, but the USA has a nearly static trend in the use of
fossil fuel electricity.

According to a report published by the Center in 2020, China’s
energy resource endowment is composed of coal (58%), 0il (20%),
gas (8%), hydro (8%), nuclear (2%), and renewable resources
(5%) (Center, 2020). Zhao et al. (2021) reported that China is
the largest population with the highest CO, emissions. China’s
economic growth is heavily dependent on the use of non-renewable
energy sources, and from 1978 to 2017, its energy consumption

rose from 397.1 million tons to 3.1 billion tons oil equivalent (Lei
et al., 2022). This rise is equivalent to 5.4% annually on average,
but the global average for this time period was closer to 2.8%
(BP Statistical Review of World Energy, 2018).

Figure 2 compares CO, emissions in the world and China from
2019 to 2021. Wu et al. (2022) reported that both China and the
USA are responsible for nearly half of global carbon emissions.
Another study reported that China and the USA emit 44% of
CO, annually (Xu et al., 2022). It is critical to remember that the
Chinese economy is still rapidly expanding and has plenty of
room to expand. As a result, there will be an even greater demand
for per capita energy consumption. Policymakers in China must
consider alternative energy sources in light of this development if
the country’s energy needs are to be met in the future. On the other
hand, the USA, as the world’s largest economy, urgently needs to
reduce its use of fossil fuels to achieve the goal of a sustainable
and green environment.

Although the use of electricity from fossil sources is high, there
are efforts from all over the world to adapt to clean energy sources.
Inglesi-Lotz (2016) reported that renewable energy sources are
rising in developed and emerging countries to enhance new energy
resources and reduce CO, emissions. Most of the developed
countries replace fossil source such as coal to less polluting
fuels (Nejat et al., 2015; Li et al., 2022). The transformation to
a clean energy source country not only has a great impact on the
environment (Bhutta et al., 2022; Xia and Wang, 2020) but also has
a positive impact on the economy because many investors choose
to invest in sustainable industries (Hysa et al., 2020; Zhou et al.,
2022). The EIA report stated that there has been a significant surge
in the consumption of renewable energy sources, with an annual
increase of 3.0% (Apergis and Payne, 2010).

This paper aims to analyze the implications of non-renewable and
renewable energy consumptions on environmental degradation for
the USA and China. This study contributes the body of knowledge
by evaluating the renewable energy by sources, namely, hydro,
solar, and wind energy. The findings of this study will shed light
on whether renewable energy consumption significantly helps to
reduce carbon emission in both countries.

2. LITERATURE REVIEW

Studies comparing China and the USA in relation to CO, emissions
have recently gained much attention among researchers. Some
studies directly focus on the impact of CO,. Shui and Harriss
(2006) studied the effects of the USA and China trade on national
and world emissions of CO, from 1997 to 2003. In their study,
Xu et al. (2022) compared the trade effects between the USA and
China and analyzed the spatial characteristics of CO, emissions in
greater detail. From 2001 to 2018, Zhang et al. (2022) compared
the carbon abatement in commercial buildings between China
and the USA.

In their study, Dai et al. (2021) examine the effect of China-US
trade on CO, emissions across 189 countries, with a greater
emphasis on 26 specific sectors. The study is based on annual
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Figure 1: Electricity from fossil resources
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data from 1996 to 2015 and concludes that there are countries in
Europe, Africa, and Asia that experience negative effects from
CO, emissions. Furthermore, China is one of the most important
economic generators in the world, but it has high CO, emissions
from its manufacturing sector. In contrast, the USA has high CO,
emissions from its service sector. A comparison of CO, emission
intensities between these two countries was conducted for the
years 2002, 2005, and 2007 using an input-output analysis based
on the “emergy/dollar ratio.” The study shows that there has been
a gradual decrease in CO, emissions in China’s exports to the USA
due to the development of green technology (Du et al., 2011).

Lietal. (2020) compared the amount of CO, emissions from 1993
to 2013 that were caused by final consumption in both countries.
The study discovered that both domestic and foreign countries
contributed to final consumption, resulting in CO, emissions. Both
countries have also recognized that their CO, emissions are high
on an annual basis and have implemented environmental policies.
Carbon reduction policies in the USA and China have been
compared, and the USA has begun to drastically reduce carbon
emissions. On the other hand, China policy is still in the relative
carbon emission reduction phase, which is the lowering of carbon

emission intensity. The increase in CO, emissions continues,
but at a slower rate than before. The study also included that the
reasons were unavoidable because China has the world’s largest
population (Wu et al., 2022).

During the COVID-19 pandemic, comparisons regarding the
forecasting of CO, emissions and the share of renewable energy
in primary energy consumption were made between China and the
USA. The nonlinear gray model was used to make a prediction until
2025, and the results have a positive impact on achieving the SDG7
goal in the future (Sahin, 2022). Khochiani and Nademi (2020)
compared the three most polluting countries, including the USA and
China, by using the wavelet coherence approach to determine the
nexus between CO, emissions, energy consumption, and economic
growth. The study conducted between 1971 and 2013 in China
showed that there is a strong significant correlation between CO,
emissions and Gross domestic product (GDP) in the short term
horizon. This is almost similar to the USA, as there was a positive
correlation in all frequencies between GDP and CO, emissions.

Several studies also focus on the element of renewable energy
in China. Lei et al. (2000) studied the use of renewable and non-
renewable energy in terms of the asymmetric impacts in China
from 1990 to 2019. The results show that, in China, positive
and negative shocks to bank deposits and general money have a
significant growing influence on the use of renewable energy over
the long term. Destek and Aslan (2017) also used the bootstrap
panel causality study on renewable and non-renewable energy
consumption and economic growth in 17 emerging nations,
including China, from 1980 to 2012. During that time period,
China continued to consume a large amount of non-renewable
energy than renewable energy. The study by Zhao et al. (2020)
using time series econometric techniques determined that from
1980 to 2016, the trade openness factor was the cause of massive
non-renewable energy consumption.

Jiang et al. (2022) conducted the nonlinear autoregressive
distributed lag (NARDL) approach to analyze the asymmetric
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effect of renewable energy consumption in China. The study
found that a decrease in the use of renewable energy may lead to
an increase in CO, emissions because most people in China do
not have a choice but to depend on non-renewable energy. Ali
et al. (2022) conducted an empirical study on carbon emissions in
China from 1990 to 2019 using dynamic autoregressive distributed
lag (ARDL). Results showed that there is a strong correlation in
the long and short term between the consumption of renewable
and non-renewable energy and CO, emissions. Moreover,
Abbasi et al. (2022) analyzed the data using dynamic ARDL and
obtained a similar finding. From 1980 to 2018, China’s fossil
fuel energy was a major contributor to CO, emissions. However,
adopting renewable energy is the appropriate strategy to achieve
sustainability goals.

Empirical studies on renewable energy have also been conducted
to prove its great sustainable effect in the USA. Dabboussi and
Abid (2022) analyzed, using a threshold approach, that renewable
energy consumption has a positive impact on economic growth.
Emirmahmutoglu et al. (2021) analyzed the relationship between
renewable and non-renewable energy consumption and the US
real GDP using the Toda- Yamamoto approach. Another study also
used a similar method to analyze the consumption of renewable
energy and trade policy in the USA. The results determined that
there was a positive impact on the US GDP due to renewable
energy (Usman et al., 2020). The past studies in the literature
have done many comparisons between two biggest world trade
countries. However, there is still a lack of studies that directly
compare the impacts of fossil and renewable resources between
China and the USA, especially on the renewable energy by
sources.

3. DATAAND METHODOLOGY

The study aims to examine whether ARDL bound test in the
long-run cointegrate exists among the CO, emissions per capita,
GDP per capita, GDP per capita square, population, foreign
direct investment (FDI), and electricity from fossil and renewable
sources. The study also identifies the segment of renewable
energy (hydro, solar, and wind) that can impact the degradation
of CO, emission. This empirical analysis uses annual data from
1985 to 2021 (37 years) to examine the renewable energy model
and electricity based on hydro power. However, separation of
renewable energy for segment energy such as solar and wind are
suffocated of data. Thus, in certain models, this study is only using
31 observations from 1990 to 2021. All data are transformed into
natural log to standardize the data distribution.

The model coefficients are B—f3,, where time is calculated
through 7. To identify interactions among variables, we will first
establish the ARDL approach developed by Pesaran et al. (2001).
To avoid the heteroscedasticity issue and generate more accurate
estimates, all the variables in equation are transformed into
their logarithmic forms. This study aims to determine the long-
run ARDL cointegration only. In the direction of encountering
relationships for variables, the specification of an ARDL model
(long-run) was characterized as follows:

P q
AlnCO2, =+ a;AlnCO2,_; + Y o, AlnGDF,_,
i=1 i=0

r s k
+Y 0y AlnGDP?, + ayAln POP_; +» as,Aln FDI,_,
i=0 i=0 i=0

i m
+Y 0gAInFOS,_; + ayAlnRE,_; + BInGDF,_,
i=0 i=0

+B,InGDP2, | + 5InPOP_, + B,InFDI, ,

+BsInFOS,_; + BsInRE,_; +¢, (1)

Where CO, is CO, emissions per capita (mt), GDP is gross
domestic product per capita ($), GDP? is the square term of GDP,
POP is the total population, FDI is foreign direct investment ($),
FOS is fossil energy consumption (exajoules), and RE is renewable
energy consumption (exajoules). As an extension from existing
studies, this study evaluates the impact of renewable energy by
sources on the carbon emission. This is done by substituting the
RE variables with solar, wind, and hydro. The process is repeated
to obtain the coefficients for each renewable energy source. The
comparisons between China and the USA as both are closely
comparable nations, and these countries not only have great
economic power but also contribute to the largest CO, emissions
in the world. Therefore, this study is using CO, per capita as the
dependent variable, to clarify of the impact toward CO, emission
from both of the countries, and include the population variable
as independent as for reason both countries are among top three
largest global population in the world.

Gross domestic product (GDP) per capita and GDP per capita
square are important independent variables to be selected to this
model, since both countries have enormous national income and by
using the GDP per capita square to able the capture of the nonlinear
relationship in Kuznets theory. In early 1950, an economist named
Simon Kuznets initially suggested the Kuznets curve, commonly
referred to as the environmental Kuznets curve (EKC) (Kuznets,
1962). EKC was familiar among the environmental study to
analyze the inverted U-shape between pollution and economic
factors (Ahmad et al., 2021). The FDI is representing the element
to use the nonlinearity for the ARDL model, and there have been
several studies that indicate the same variable to analyze the
NARDL of FDI toward the CO, emissions (Abid et al., 2022;
Haug and Ucal, 2019). The NARDL is enabled to FDI because it
has been the positive and negative effect toward the CO, emission.

However, in this study, FDI remain natural, while the focus of
study are the sustainable factors that indicate the renewable
electricity resource, solar, hydro, and wind that are in positive
and negative impacts. The fossil electricity resource is also an
independent variable used to analyze the effect to CO, emission.
Many previous studies showed that electricity from the source of
fossil is greatly polluting the environment and releasing a lot of
CO, emissions (Ullah et al., 2022; Ali et al., 2021).

The long-run relationship can be examined using various methods,
such as the Pedroni test (2004) used by Prohl and Schneider (2006)

International Journal of Energy Economics and Policy | Vol 13 « Issue 6 « 2023




Mohamad, et al.: Does Renewable Energy Transition in the USA and China Overcome Environmental Degradation?

or the Johansen cointegration test (Johansen, 1988). However, this
paper uses the bound test in ARDL and NARDL models to analyze
the impact of renewable and non-renewable energy consumption
to sand fossil electricity resources toward the CO, emissions.
Pesaran and Shin (1996) reported that there are many accurate
issues among researchers on the Johansen cointegration method.
Therefore, the ARDL cointegration technique was created to gain
more accurate result of the long-run relationship. The ARDL
approach requires that all variables must be stationary at I(1) and/
or [(O) for the unit root test (Pesaran and Shin, 1996; Pesaran et al.,
2001). The ARDL model for this study is as follows:

The nonlinear ARDL is an extension to the ARDL technique
where Granger and Yoon (2002) develop the concept of “hidden
cointegration,” wherein cointegrating relationships between the
positive and negative components of the underlying variables can
be identified (Shin et al., 2014). Shin et al. (2014) approach will
be used to decompose the variables as electricity power source
(hydro, solar, and wind) with positive and negative shocks (RE*;
HYDRO*; SOLAR*; WIND") being taken into consideration. The
variables are as follows:

t t
FOS* = ZAFOS+i = zmax(AFos*,.,O) 2)
i=1 i=1
t t
FOS™ = ZAFOS’i = zmin(AFos*,.,O) 3)
i=1 i=1
t t
RE* = ZARE*,. = Zmax(ARE*i,O) 4)
i=1 i=1
t t
RE™ = ZARE‘i = Zmin(ARE_i,O) 5)
i=1 i=1
t t
SOLAR" = ZASOLAR*,. = Zmax(ASOLAR*i,O) (6)
i=1 i=1
t t
SOLAR™ = ZASOLAR‘,. = Zmin(ASOLAR‘,.,O) (7)
i=1 i=1
t t
WIND" = » AWIND"; = > max(AWIND",,0) (8)
i=1 i=1
t t
WIND™ = ZAWIND’,. = Zmin(AWIND’i ,0) )

i=1 i=1

t t
HYDRO" = ZAHYDR0+,. = Zmax(AHYDRO*i,O) (10)
i=1 i=1

! 1

HYDRO™ = ZAHYDRO‘i = Zmin(AHYDRO_i,O) (11)
i=1 i=1

Based on Shin et al. (2014), this study substitutes Egs. (2) and

(11) into the ARDL equation to estimate the nonlinear ARDL for
fossil energy. The nonlinear equation is as follows:

P q
AlnCO2, =+ a;AlnCO2,_; +» o, AlnGDP,_,
i=1 i=0
r K k
+Y 0, AGDFZ; + ayAn POP_; + ) as,Aln FDI,_,
i=0 i=0 i=0

/ m n

+> agAInFOS,_; + ) ayAlnRES + agAln RE,,
i=0 i=0 i=0

+B,InGDP_, + B,InGDP2, | + B InPOP._, + B,InFDI, ,

+B5INFOS,”; + BInFOS,_; + BeInRE; + B;InRE; +¢, (12

Based on this latest equation, the study can identify the asymmetric
effects in renewable energy consumption changes. Similarly, to
obtain the asymmetric effects of renewable energy by sources,
this study substitutes (4) to (11) into the linear ARDL to obtain
the nonlinear equation for each renewable energy source. Table 1
shows the detailed description for each variable used in this study
and also the respective data sources.

4. RESULTS AND DISCUSSION

Prior to the ARDL estimations, this study conducted unit root test
as a preliminary test to ensure all variables are stationary either in
level or first differences. Table 2 shows the results from the unit
root test using Phillips-Perron (PP) for China and the USA. For the
USA, almost all the variables in the first difference are significant
at 1% except for the population and solar variables. The population
are significant 1% at the levels, and also the same the solar variable
at 10% significancy. China in the levels is having 2 significant at
5% for wind and population variables, and having all variables are
significant a first different except for population, thus enabling the
estimation for bootstrap ARDL test, as all variables are significant
at levels and/or first difference (Pesaran et al., 2001).

Table 3 indicates eight models of ARDL for China and the USA.
This paper prior toward the linear ARDL in the long-run context
as the issues was to look forward for the SDG7 agenda to intensify
the renewable and clean energy in 2030. China linear ARDL
models resulting splendid for the GDP and GDP2, and almost
all the models are significant except for hydro (Model 4). The
U-shape of EKC is accurate to the theory with results as the GDP
all are in positive values and GDP2 are relatively negative. These
results are continuously to the other researchers as before, Shahbaz
etal. (2017), conducted the cointegration of ADRL bound test for
CO, emissions in China from the impact of the globalization has
identify the exist of U-shape of the Kuznets curve in short and
long-run cointegration.

Similar results also happened to the USA models, however, by
comparing to the USA only have solar (Model 2) to gaining
significant to the U-shape of EKC. A previous study also showed
that the inverted U-shape of Kuznets curve existed toward
the pattern of USA economic growth (Aslan et al., 2018). The
USA is among the Organization for Economic Cooperation and
Development countries that have inverted U-shape Kuznets
(Maneejuk and Yamaka, 2022); thus, this paper also indicates that
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Table 1: Variables description

CO, CO, emissions Per Capita (mt) Our World in Data
GDP Gross Domestic Product Per Capita ($) World Bank
GDP2 Gross Domestic Product Per Capita Square ($) World Bank

POP Population (total) World Bank

FDI Foreign Direct Investment ($) World Bank

FOS Fossil Energy Consumption (exajoules) Our World in Data
RE Renewable Energy Consumption (exajoules) Our World in Data
SOLAR Solar Energy Consumption (exajoules) BP World Energy
WIND Wind Energy Consumption (exajoules) BP World Energy
HYDRO Hydro Energy Consumption (exajoules) BP World Energy

Source: World Bank (2023); BP World Energy (2023)

Table 2: Unit root results

LCO2 —1.6907 —2.9929%* 0.5588 —6.0728%**
LGDP —0.9295 —2.7146* —1.5034  —5.1491%%**
LGDP2 —2.0733 —2.8694* —1.4106  —5.2134%**
LPOP —3.8681%* —0.4113 —4.0492*%**  —(.3802

LFDI —1.4597  —4.3101%*** —3.0373%*%  —8.8331%**
LFOSSIL  —0.6215  —3.8365%** —2.833%  —5.5933%**
LRE —1.9539 —6.843%%* —2.833*%  —5.5933%**
LSOLAR  —1.5765 —3.1069%* —1.6654* —1.9607

LWIND  —3.6513**  —4.5]5%** 0.1181 —3.7614%**

LHYDRO  —-1.928 —6.9269%** —2.9298* —8.024***
(*) Significant at 10%; (**) Significant at 5%; (***) Significant at 1%

the income of the USA has impact the CO, emissions and closely
tandem with the Kuznets theory.

The population for the ARDL are all significant for China and the
USA, however report as negative impact toward CO, emissions,
which are not usually toward the most previous researches (Ahmed
et al., 2017; Hashmi and Alam, 2019; Rahman et al., 2020).
However, the Organization of Islamic Cooperation countries found
that population does not affect the CO, emissions in the long-run
(Shaari et al., 2020). Mamipour et al. (2019) also found that the
population in Iran has a negative effect toward the CO, emissions.

The significant FDI for the USA are showing negative values, while
China has a positive impact to the CO, emissions. This indicates
that the USA is more aware of the incoming of the sustainable
investment that is reflex the negative impact for USA (Model 2)
toward the CO, emissions. Compared to China (Models 1 and 4),
are showing the FDI has causing the increasing of CO, emissions.
Wang et al. (2022) reported that the main source of environmental
damage in China is the inflow of FDI from 1980 to 2019. Other
researchers also reported that the FDI inflow to China will highly
contribute to the CO, emissions leading to environmental pollution
(Rahman et al., 2019; Zheng and Sheng, 2017).

Hassan et al. (2021) reported that the CO, emissions are the by-
product of fossil fuel, coal, and natural gas, which cause high
damage to the environment. In Pakistan, proven that CO, emissions
were strongly contributed by the fossil-based energy likely coal
and oil resources (Rahman and Ahmad, 2019). Indeed, this paper
finds that both countries are having significant and positive impact

for the consumption based on fossil for all of the models. By
comparing China is more polluted as report with 0.9161 (Model 1),
while the USA (Model 4) with the amount of 0.8307. Hu and Wu
(2013) also reported that China still heavily relies on fossil fuels
to meet energy consumption for households and heavy industry.
Other studies showed that China’s heavy industries and rapid
development led to high energy consumption and drive toward
increasing CO, emissions (Zhang et al., 2019).

For the renewable energy consumption, we can clarify that the USA
(Model 1) is the only significant model with —0.1055, indicating
that renewable energy can reduce the CO, emissions in the USA.
On the other hand, China resulting unexpected impact to the CO,
emissions for the linear ARDL as there are three of the significant
(Model 1, 2, and 4) are report to be positive value (0.2992, 0.0737
and 0.2148). However, previous studies also have similar results.
Maji and Adamu (2021) reported that although several studies
showed that renewable energy consumption plays a significant
role to reduce the CO, emissions, the case is different in Nigeria.

Other countries in the Middle East and North Africa countries also
found that the renewable energy does not significantly improve the
environmental quality (Nathaniel et al., 2020). In some cases, there
is a possibility that the renewable energy is negatively correlated
with the CO, emissions (Ponce and Khan, 2021). Overall, Table 3
shows that there are strong cointegrations of fossil and renewable
resources toward the CO, emissions. The F-statistics for all the
models are significant, and most of the CUSUM and CUSUM
square are stable and the normality test also conducted, resulting
a normal distribution.

Similar with the linear ARDL, the nonlinear ARDL also focus on
the long-run relationships. Firstly, the F-statistics shown are for
the bound test results that show that all variables in the model have
long-run relationship. The estimation results for nonlinear ARDL
provide consistent results for the GDP and GDP? as all models have
positive coefficients for the former and negative coefficients for the
latter. This is consistent with the EKC hypothesis, where economic
growth at first leads to higher environmental degradation and till one
point, increase in economic growth will decrease the environmental
degradation, thus creating an inverted U-shaped curve.

All models show that the population has negative and significant
impact on the carbon emission in both countries. Although it
contradicts most previous studies, we can explain the relationship
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Table 3: Long-run estimation results for linear ARDL

In GDP 1.2654%* 8.7338%** 3.3068%* 0.1125 21.9588* 35.0198%* 21.3848 7.2012
In GDP? —0.0950%** —0.4433%%%* —0.1428** -0.0174 —0.9894 —1.5863%%* -0.9567 -0.2963
In POP —5.6120%%** —21.1413%%** —10.8087*** —4.5464%** —1.885%** —2.5905%%#* —2.3456%*** —2.7645%%%*
In FDI 0.0274%** —0.0386 -0.0118 0.0408%*%* -0.0183 —0.0296%** -0.0149 -0.0165
In FOS 0.9161%** 0.4878%*** 0.6757%*%* 0.8348%**%* 0.4021%** 0.6556%** 0.6362%** 0.8307%*%*
InRE 0.2992 %% —0.1055%*

In SOLAR 0.0737%*** 0.0044

In WIND -0.0158 -0.0101

In HYDRO 0.2148%%** —0.0622
Constant 105.8953 %3 401.0952%%*%* 206.0560%** 88.5484#** —84.1321 —144.1461* —75.283 7.8361
F—statistics 8.5572%** 15.7953%** 3.0746* 8.2821#** 15.4540%** 13.6519%** 3.9857** 9.5794%*%*
Normality 1.3188 0.8714 0.4071 0.6655 3.0700 3.9951 2.0443 4.4557
LM 2.8221%* 3.1433* 3.8385%%* 5.7795%%* 3.3557* 2.7280%* 2.0824 6.5675%**
BPG 0.5741 0.9235 0.5459 0.5273 0.4686 0.4186 1.1430 0.2943
RESET 0.0039 5.9906%* 4.5352%* 0.0704 3.6967* 5.4257%* 18.4949%** 4.5358%*
CUSUM Stable Stable Stable Not stable Stable Stable Stable Stable
CUSUM? Stable Not Stable Stable Stable Stable Stable Stable Stable
CointEq(—1)* —1.0386%*** —1.7182%%*%* —1.0911%*%* —1.1091%%*%* —0.5597%*%*%* —0.6377%%* —0.9031%*%*%* —0.6998*%%*
* %% and *** denotes significant level at 10%, 5% and 1%, respectively

Table 4: Long-run estimation results for non-linear ARDL

In GDP 4.3437%%* 4.3954* 1.4119* 28.2022%** 31.9576%%** 42.4959%** 30.8674%**
In GDP? —0.2570%** —0.2269%** —0.112%%* —1.2685%*%* —1.4388%*** —1.929%*%* —1.3922%**
In POP —8.8500%*%** —12.1338%** 7 77333%** —0.822%* —1.973%%*:* —1.6147%%** —0.7286**
In FDI —0.0045 0.0224 0.05927%*%* —0.033%%*%* 0.0029 0.0017 —0.0233%**
In FOSSIL* 1.3407%** 0.9621%*** 1.0684%**%* 0.0419 0.0202 0.3281%*%%* -0.0978
In FOSSIL™ —3.6675%%%* -3.0113* —3.8707*%* 0.8257%%*%* 0.4107%%*%* 0.5468%%*%* 0.6673%*%*
In RE* -0.0552 -0.0377

In RE~ 4.5033%%%* 0.125%%*

In SOLAR" —0.0088**

In SOLAR™ 0.5616%*%*

In WIND* —0.0068 —0.0318%***

In WIND™ —0.0058 0.5929%*

In HYDRO* 0.2215%%*%* —0.048

In HYDRO™ —1.832%* 0.0805%*
Constant 167.1832%** 233.2865%**  156.016***  —136.5601***  —135.7605%**  —199.3972%**  —]520532%*%*
F-statistics 8.1274%** 3.9173%%* 6.4104%*** 7.6036%** 36.4581%%* 14.0876*** 7.8695%**
Normality 3.6028 6.6460** 0.9610 1.2239 0.3148 0.6284 1.8999
LM 5.1514%%* 9.2925%* 18.4105%%** 7.6238%* 15.2975%%%* 0.7747 5.4592%*
BPG 0.3878 0.7056 1.0244 1.4833 1.1667 11.2621%*%* 0.6838
RESET 1.4848 23.4276%** 1.7857 0.4124 1.0052 0.8883 1.6180
CUSUM Stable Stable Stable Stable Stable Stable Stable
CUSUM? Stable Stable Stable Stable Stable Stable Stable
CointEq(—-1)*  —1.0386*** —1.8582%*** -2 1066*** —2.3435%%%* —2.1693%%** —2.5065%** —2.2822%**

* ** and *** denotes significant level at 10%, 5% and 1%, respectively

based on increased awareness throughout time that led to lower
carbon emission (Wu et al., 2021). The FDI have mixed impact,
where for China (Model 4), we can see positive impact of FDI on
carbon emission, while for the USA, we found negative impact
(Models 1 and 4). The positive implications are consistent with
Salahuddin et al. (2018) and Khan et al. (2020), while Abdo
et al. (2020) and Nguyen et al. (2020) found negative impact.
The economic intuitions behind this foreign investment in China
are not green investment, while the opposite is true for the USA.

For the energy indicators as shown in Table 4, the nonlinear
ARDL applied in this study found interesting results. Increases
in the non-renewable energy consumptions (fossil) lead to higher

carbon emission for China (Models 1, 3, and 4) and the USA
(Model 3). On the other hand, reduction in the fossil energy
consumption causes lower carbon emissions in China (Models
1, 3, and 4). However, contradicting results are obtained for the
USA (all models) where positive relationships are found between
reduction in the fossil energy consumption and carbon emission.
We can support our findings based on the study by Solaymani
(2019) among the seven top carbon emitters including the USA,
found that USA still fail to reduce the CO, emissions in term of
carbon from transportation sector.

For the renewable energy, both countries found no significant
impact of aggregated renewable energy (Model 1) on carbon
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emissions. Meanwhile, reduction in renewable energy consumption
led to higher carbon emission. The positive signs are consistent
with Dong et al. (2019) and Xinmin et al. (2022) studies. The
specific renewable energy sources for the USA highlight clearly
that renewable energy transition does significantly reduce carbon
emission in the USA as higher renewable energy decreases carbon
emission and reduction in renewable energy consumption increases
carbon emissions.

On the other hand, China found inverse relationship for hydro
energy consumption. This means that the current hydro energy
consumptions in China do not lead to lower carbon emissions
in China. This might be due to high carbon emission during the
current industrialization era. Moreover, China is now focusing
more on the solar energy in the renewable energy that led to strong
cointegration toward the environmental degradation (Crijns-Graus
etal., 2020; Li and Huang, 2020; Zhang et al. 2020). This study is
unable to estimate the nonlinear ARDL for solar energy in China
due to the lack of variation in solar energy and hence unable to
capture the positive and negative changes. Last but not the least,
this study also conducted few diagnostic checking to evaluate the
model used in this study. Overall, this study concludes that there
are no issues in terms of the data distribution, parameter stability,
and error term distribution.

5. CONCLUSION

The global take the energy crisis and climate change as serious
issues to overcome, especially in countries with large populations
like China and the USA. Both countries hold the record as the
highest CO, emissions (Wu et al., 2022) and as having the major
role in global manufacturing (Goldstein, 2022). Most countries
also depend on China and the USA to gain the economic scale,
meaning both countries are strongly oriented with the heavy
industries. Thus, these countries definitely need a lot of electricity
supply sources.

Many parties are concerned about this issue because China and
the USA continue to rely on fossil-based energy sources to meet
domestic demands. The use of fossil energy will of course release
CO, and cause pollution to the environment. As a result, the UN
has established an agenda of SDG7, which is critical to the long
term viability of clean energy consumption. This paper concludes
that it is possible to achieve the long-run goal in 2030. In the linear
ARDL examine fossil energy will enhance the CO, emissions, and
the renewable model for the USA defines that renewable energy
will reduce the CO, emissions.

This study also found that China ARDL model is not having
positive effect to reduce the CO, emissions. However, in the
nonlinear ARDL, most of the models for China and the USA have
records to have significant and positive impacts on environmental
degradation. There are strong efforts from both countries to
transform the energy supply to renewable energy, and many
renewable energy policies will gain more benefits to sustain the
environment and enhance the economic growth (Hou et al., 2021;
Wei et al., 2022). Thus, this concludes that China and the USA are
moving forward to sustainable energy in the future.

This paper only aims to focus on fossil and renewable energy
consumption. This study has limitation, which did not include
nuclear power for comparison. Whether nuclear energy is
sustainable or not remains a debate. Due to the possibility of severe
radioactive consequences in the event of a nuclear reactor accident,
such as the Chernobyl disaster in Russia in 1986, its position as
environmentally friendly also remains a debate (Berger, 2010;
Ludovici et al., 2020). However, nuclear energy is considered
clean energy because it does not emit CO, (Lau et al., 2019; Zhan
et al.,2021). Since both countries are also producing the electricity
from nuclear energy, there is still room for improvement for this
paper. Hence, it is more appropriate to evaluate both countries’
performance to determine how well positioned they are to meet
the SDG7 goals by 2030.
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