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JAbstract

:Introduction: Given the need for stable economic growth in middle-income countries, the
:deteriorating air pollution situation in these,and the need to adopt appropriate policies to
ireduce pollutants, it is essential to provide energy from clean sources. what should be
:considered is that on the one hand, continuing the current path of achieving economic
:growth with the current pattern of energy consumption from conventional non-renewable
:sources will lead to increased environmental damage, and on the other hand, replacing
:renewable energies with fossil fuels should not be in a way that stops the continuation of
‘the path of economic development. Providing from renewable sources with planning, in
‘addition to creating special capacity for economic growth, will improve energy security by
édiversifying the country's energy portfolio and reduce air pollution.

‘Materials and Methods: The present study seeks to what impact energy consumption
:from renewable and non-renewable energy sources has had on air pollution in upper-
:middle-income and lower-middle-income countries over the period 1992 to 2022. Short
:and long-term coefficients have been specified from the research model and estimated
:using the panel data method including CS-ARDL

:Findings: The coefficient of the variable per capita income for both upper-middle-income
:and lower-middle-income countries is higher in the long run than in the short run.
:Accordingly, according to the new approach, the environmental Kuznets hypothesis is not
:accepted for these two groups of countries at conventional statistical levels. In addition, in
‘the long run, the coefficient of CO2 gas emissions from fossil energy consumption is
:positive. Also, the effect of renewable energy consumption in middle-income groups
:causes a reduction in pollution emissions and, along with an increase in the level of

development, is more effective in reducing pollutant emissions.

Conclusion: policymakers can strengthen their key role in international energy supply and
reduce carbon dioxide emissions by developing renewable energy sources and preserving
non-renewable fossil fuel resources. In addition, investing in clean energy sources over
time generates a wide range of other socio-economic benefits, such as creating more jobs,
increasing incomes, and promoting environmental sustainability. It is inevitable that
middle-income countries will sign agreements to adopt efficient methods of renewable
energy production at the regional level in order to implement pollution control policies
and reduce CO2 emissions. In the process of implementing these policies, countries will
not only reduce their dependence on dirty energy, but also contribute to the fight against
global warming.
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Extended Abstract

Introduction

With population growth and economic
development  following the  Industrial
Revolution, global energy consumption and
carbon dioxide emissions have increased
dramatically;  therefore,  studying the
mechanism of carbon dioxide reduction is a
necessary and immediate transformation of
energy consumption (2).

Studying the  Kuznets  environmental
hypothesis by considering the simultaneous
consumption of renewable and non-renewable
energies in the model can be of great help in
the field of environmental policies (5).

The main purpose of this study is to identify
and compare the effect of renewable energy on
CO2 emissions in middle-income countries.
According to Narayan's approach, it has not
been tested yet. In middle-income countries. If
the elasticity of income in the long-term is less
than its elasticity in the short-term, it means
that an increase in income over time leads to
less carbon dioxide emissions (24).

Materials and Methods

In order to estimate the effects of renewable
energy consumption on carbon dioxide
emissions, the following experimental model
(which is linearly logarithmic) is specified:
C02,, = f(RECP,,Z,) (1)

In model, CO2 per capita carbon dioxide
emissions, Z are other variables. In order to
estimate the research model, statistical data
Variable statistical data for middle-income
countries in the upper and lower levels of the
world during the period of years 1992-2022
are based on the latest statistics released by
the World Bank (40) and the US Energy
Information Administration (41).

The linear-logarithmic specification of model
(2) is as follows:

IC02, =a, + IRGDPP, +IRECP, + IPECR, +10P, + IFD. +5,  (2)

In relation (3) the definition of variables is as
follows:

ICO2: logarithm (natural) per capita dioxide
emission (metric ton)

i and t: respectively section (country) panel
member and time (year)

@; which is assumed to differ between the
panel member sections (panel member
countries).

IRGDPP: Natural logarithm of real per capita
income (fixed price 2010 USD)

IRECP: Natural logarithm of per capita
renewable energy consumption (in billion Btu)
IPECP: Natural logarithm of per capita fossil
energy consumption (in million Btu)

IOP: Natural logarithm of the degree of trade
openness (exports + imports as a percentage of
GDP)

IFD:  Natural logarithm of financial
development (domestic credit to the private
sector by banks (as a percentage of GDP)

. Regression Error Term
The following model is specified and
estimated by the CS-ARDL method:

P P P P P
AIC02; = e+ z 9y MIRGDPE, 1 + z BualRECE, +z P IPECE, + Z B lOF;- + Z B FD;;y (4)
=1 =0 1=0 1=0 1=0
P P P P
+) tBRCOPR, 1+ ) R 1+ ). PR + ) OB
1=0 1=0 l=0 1=0

v
+ Z TalFDi
=

Equation (4) is derived by estimating and
extracting  short-term  and  long-term
coefficients of independent variables. Middle-
income countries in the statistical population
of the study According to the World Bank
classification in two groups of 31 upper
middle-income countries, 30 countries are in
the lower middle-income countries.

Findings

The results of the unit root test for the
enumerated cases of middle and upper middle
income countries are presented in Table (1),
respectively. Table (2) presents the numerical
value of the unit root test statistic and its
probability value. Based on the results of the
unit root test, the average income groups are at
least at the level of statistical error of 5% I (1).
CS-ARDL method is used to estimate short-
term and long-term relationships based on
Equation (4). The estimation results of this
equation for middle-income and middle-
income income are presented. Table (3) for
each commodity group presents long-term as
well as short-term relationship coefficients
with standard value of coefficients, t-statistic
and probability value of t-statistic. For upper
middle income countries, the (1, 1, 1, 1, 1,1)
CS-ARDL method and for lower middle
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income countries, the (3, 1, 1, 1, 1,1) CS-
ARDL method have been selected as the
optimal model with the lowest numerical value
of the Akaike statistic.

The research findings show that all long-term
coefficients are significant at the five percent
level. The results of estimating the IGDPP
coefficient for the long-term period show that
the numerical value of the estimated
coefficient for upper-middle-income and
lower-middle-income countries is 0.206 and
0.135, respectively. It is expected that one unit
of economic growth in the long term will lead
to an increase of 0.206 and 0.135 percent in
CO2 emissions in these countries. The results
of estimating the IGDPP coefficient of this
variable are significant for upper-middle-
income and lower-middle-income countries at
conventional statistical levels in the short term.
A comparison of the short-term and long-term
IGDPP coefficients between the upper-middle-
income and lower-middle-income countries
shows that the coefficient of this variable is
higher for both upper-middle-income and
lower-middle-income countries in the long
term than in the short term. Therefore,
according to the approach of Naryan and
Naryan, the  "Kuznets  environmental
hypothesis" for the upper-middle-income and
lower-middle-income countries in the sample
is rejected at the five percent statistical error
level. According to the environmental Kuznets
theory, these two groups of countries have not
yet reached the high stages of economic
development.

The IRECP coefficient in the long run for
upper and lower middle-income countries is -
0.263 and -0.089, respectively. Based on this
finding, a one percent increase in renewable
energy consumption leads to a 0.263 and 0.089
percent reduction in CO2 emissions in these
countries in the long run. Based on the results,
CO2 emissions are elastic to renewable energy
consumption in these countries in the long run.
The IPECP coefficient in the long run for
upper-middle-income  and  lower-middle-
income countries is 0.606 and 0.389. This
finding shows that due to the high share of
industrial products in upper-middle-income
countries and the energy intensity of these
products, their production and export will be
associated with higher pollution emissions
compared to lower-middle-income countries.
Based on the estimated long-term results for
upper-middle-income  and  lower-middle-

income countries, a one percent increase in
trade liberalization leads to a 0.041 and 0.031
percent increase in CO2 emissions in these
countries, respectively. Also, the estimated
IBANK coefficient for upper-middle-income
and lower-middle-income countries is 0.018
and 0.058, respectively. Based on this finding,
it shows that as the level of development of
countries increases, the impact of financial
development on reducing CO2 emissions will
increase.

Discussion and Conclusion

The estimation results show that in the long
run, economic growth leads to an increase in
CO2 emissions in these countries. According
to the environmental theoretical foundations of
Kuznets, in the early stages of economic
development of countries with low per capita
income, the agricultural sector is the dominant
sector of the economy and economic
development will not lead to an increase in
pollution. As the process of economic
development continues, the share of the
industrial sector in the economy increases,
which in turn increases energy consumption.
Economic development is accompanied by
environmental degradation. When economies
pass the industrialization stage and enter the
third phase of economic development and
increase the share of services in the economy,
economic  development becomes more
environmentally  friendly and economic
development will be accompanied by a
reduction in pollution. Therefore, these two
groups of countries have not yet reached the
high stages of economic development.

Based on this finding, the growth in renewable
energy consumption in upper-middle-income
and lower-middle-income countries leads to a
long-term reduction in pollution in these
countries. Also, comparing the effectiveness of
renewable energy between middle-income
groups shows that the effectiveness of
renewable energy consumption on pollution
reduction has not yet reached a high stage of
efficiency. The use and exploitation of
renewable energies brings benefits such as
being clean, renewable, affordable, reducing
air pollution, and also reducing greenhouse gas
emissions.

The research model based on the approach of
Narian and Narian (2010) states that if the
income elasticity in the long run is less than its
elasticity in the short run, it means that
increasing income over time leads to a
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reduction in carbon dioxide emissions.

To estimate the short-term and long-term
coefficients, the research model specified with
CS-ARDL panel data was used. The research
results show that in the long run there is no
inverse N relationship between per capita
income and pollution emissions in the two
groups of upper- and lower-middle-income
countries. Accordingly, the environmental
Kuznets hypothesis is not accepted at
conventional statistical levels and in the long
run, the effectiveness of renewable energy
consumption among middle-income groups in
reducing pollutant emissions has not yet
reached the stage of complete reduction
efficiency. CO2 emissions decrease further
with the consumption of renewable energy
along with an increase in the level of income
growth.

In the short term, in middle-income countries,
an increase in per capita income leads to an
increase in CO2 emissions. CO2 emissions
also increase with increasing fossil energy
consumption.

The results of this study are in line with the
results of the study by Bosso and Ndelko
(2021), Hassaniseh et al. (2019), and Zondovi
(2017) in the short term, and are contrary to
the results of the study by Ostadzadeh and
Bahlouli (2015).

According to the results of this article, policy
recommendations and suggestions can be
made regarding the group of middle-income
countries. Since, on the one hand, the use of
renewable energy reduces pollution, and on
the other hand, the increase in GDP with more
energy consumption causes an increase in
environmental pollution, policymakers should
simultaneously focus on economic growth and
environmental issues in these countries. . In
this context, it is necessary to adopt effective
environmental policies to reduce the effects of
pollution and implement policies to increase
production efficiency in these countries. In this
regard, policymakers should revise energy
policies by reducing dependence on fossil
fuels and speed up the transfer of green
technologies, and promote innovation in
energy to ensure sustainable development and
achieve the ambitious emission goals under
Kyoto and Paris.

Keeping in mind that the consumption of fossil
fuels has adverse effects on the environment,
the increase in its domestic demand in
countries can intensify the decrease in the

quality of the environment through the
emission of carbon dioxide. As a result, these
countries should adopt some policy measures
such as increasing energy efficiency and
rational and optimal energy consumption.
These strategies should be focused on sectors
such as buildings, transportation and industry,
which are heavily dependent on fossil fuels
and always have the highest energy
consumption. For example, these policies may
be implemented through building public
transportation networks within cities, using
fuel-efficient vehicles, improving insulation
methods in buildings, and encouraging the use
of energy-efficient technology. With these
measures, the country can reduce its fossil fuel
consumption and thus reduce CO2 emissions.
By developing renewable energy sources in
middle-income countries, policymakers can
strengthen their key role in international
energy supply and reduce carbon dioxide
emissions by preserving non-renewable fossil
fuel sources. In addition, investing in clean
energy sources over time creates a wide range
of other socio-economic benefits such as
creating more jobs, increasing income and
promoting  environmental  sustainability.
Signing agreements between middle-income
countries to adopt renewable energy
production methods at the regional level in
order to implement pollution control policies
and reduce CO2 emissions is inevitable.
During the implementation of these policies,
countries not only reduce their dependence on
dirty energy, but also contribute to the fight
against global warming.

In Future research could examine the impact
of future technologies such as artificial
intelligence, augmented reality, and 3D
printing on CO2 emissions or other variables
such as carbon footprint in a country or group
of countries. It would also be a good idea for
future research to examine how specific green
technologies such as solar panels, wind
turbines, direct air capture, electric vehicles,
long-term storage batteries, plastic recycling,
and LED lighting efficiency affect
environmental pollution. Other determinants
of CO2 emissions such as economic
complexity, institutional quality, political
stability, industrialization, oil price
fluctuations, etc. could also be included in the
model specifications to examine their effects
on environmental quality. In addition, using
the nonlinear simultaneous distributed lag
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(NARDL) model to examine the presence of
asymmetric cointegration between variables
could be a suitable solution for future research.
Finally, the model framework could be
expanded by changing the specifications of the
model used, such as introducing a dynamic
autoregressive component related to the
dependent variable.
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