International Journal of Energy Economics and
Policy

ISSN: 2146-4553

ZJ

Eauny ol

available at http: www.econjournals.com /<

International Journal of Energy Economics and Policy, 2022, 12(6), 224-229.

Effects of Fossil Fuel Usage in Electricity Production on CO,
Emissions: A STIRPAT Model Application on 20 Selected

Countries

Ekrem Yilmaz'*, Fatma Sensoy?

'Faculty of Law and Political Science, Greifswald, Greifswald University, Germany, “Istanbul Health and Technology University,

Istanbul, Turkey. *Email: ekremyilmaz3491@gmail.com

Received: 02 August 2022

Accepted: 26 October 2022

DOI: https://doi.org/10.32479/ijeep.13707

ABSTRACT

This article examines the causes of air pollution while paying particular attention to the effects of fossil fuel use in electricity generation. Dietz and
Roza’s (1994) STIRPAT model, which is a reformulated version of the IPAT model, was used. The data includes the 20 countries with the highest
CO, emission levels and covers the years 1991-2015. According to the empirical results of this article, increases in population and GDP per capita are
followed by a proportional increase in CO, emissions. Moreover, the results show that the share of coal in electricity generation has a negative impact
on CO, emissions in selected countries. On the other hand, the results show that the share of gas in electricity generation does not have a significant

impact on CO, emissions in selected countries and selected period.
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1. INTRODUCTION

Any formation or effect that disrupts the ecological system can
be defined as environmental pollution. These pollutions damage
the nature and directly or indirectly cause negative effects on
all living things living in nature. As a result of the increasing
environmental pollution and the deterioration of the ecosystem
balance, the geography of the world is changing, and as a result
of global warming, climate changes occur. Moreover, food and
water resources are depleted, energy and food scarcity occur,
and biodiversity decreases as a result of the extinction of living
things. With the emergence of such strong effects, studies on
environmental pollution are gaining importance day by day.

Environmental problems that have evolved from local to global
have also accelerated the search for policies to reveal and eliminate
the causes and effects of these problems, both in the academic,

social and political arenas. Many economic, social, political,
technological and cultural factors are decisive in the emergence
of environmental problems. Determining how important these
factors are and separating their effects is essential in tackling
emerging and future problems and policy making. In this context,
it would not be misleading to say that there has been a significant
increase in the number of studies on environmental problems in
the economic literature in recent years. In the literature, it is seen
that many environmental indicators such as carbon dioxide, sulfur
dioxide, methane, and deforestation are used in the investigation
of environmental damage. These listed environmental indicators
are a specific and partial indicators of environmental impact. On
the other hand, ecological footprint (EF), which is accepted as a
more comprehensive representative of environmental problems
(Saboori et al., 2016), is a more general environmental indicator
that has been used recently in the environment and economics
literature.
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Electricity production has an important share in CO, emissions.
Cutting our electricity consumption is a way to decrease our
carbon footprints, but there is a limit to that. Alternatively, there
are different ways to produce electricity. Different in their costs,
their efficiency and also their CO, emissions. So, how we produce
electricity matters a lot. There are clean ways to produce electricity,
for example, by using nuclear, solar or wind energy. And there
are dirtier ways, using coal or gas. some countries are lucky to
have rivers that they can build dams on; one of the cleanest ways
to produce electricity. Some aren’t that lucky. This study’s aim
in this papers is to examine the driving forces of air pollution, as
well as examining the effects of different methods in producing
electricity on CO, emissions. Thus, the literature will be further
expanded, especially in the context of selected countries.

In the first part, selected studies from the relevant literature will be
included. In the second part, it briefly gives a comparison of the
IPAT and STIRPAT models, methodology and some information
about the data used. The last section gives the empirical results
and conclusion.

In the first part, selected studies from the relevant literature will be
included. In the second part, it briefly gives a comparison of the
IPAT and STIRPAT models and some information about the data
used. The last section gives the empirical results and conclusion.

2. LITERATURE REVIEW

York et al. (2003a) investigated the determinants of carbon dioxide
emissions and energy footprints around the world within the
framework of the STIRPAT model. In the study, which includes
the year 1996 and 148 countries for CO,, the year 1999 and 138
countries were selected for the energy footprint. According to the
results of the regression analysis, the square of the population
aged 15-65 and the urbanization rate were found to be statistically
insignificant. On the other hand, other variables affect statistically
significant and environmental variables positively. In addition, the
population has been determined as an important determinant on
both CO, and energy ecological footprint. Theoretical findings
regarding the validity of the Environmental Kuznets Curve (EKC)
hypothesis for CO, were obtained in the model in which the square
of the per capita income was used. However, it was stated that the
validity of the hypothesis would not be possible in practice, since
the turning point involved a very high-income level.

York et al. (2003b) investigated the determinants of global
warming potential of CO,, CH4 and both pollutants together
for 1991 in 137 countries representing approximately 95% of
the world’s population and income, using the Least Squares
Method. Findings from the study show that other variables, except
the working-age population, positively affect CO, emissions.
However, the total population and industrialization are the most
important determinants of CO, emissions. Only population and
urbanization have a statistically significant and positive effect
on the other pollutant CH,. In the model in which the global
warming potential is used, results similar to CO, were obtained.
Accordingly, increases in variables also increase the potential for
global warming. There was no evidence that the EKC hypothesis

and modernization theory are valid for all pollutants used in the
study.

Rosa et al. (2004) investigated the determinants of 6 different
ecological footprints for 142 countries in 1998 by using a cross-
section analysis. According to the results of the study, it has been
determined that the most important determinant of the ecological
footprint is the population size. In the study, no conclusion was
reached regarding the validity of the EKC hypothesis.

Fan et al. (2006) investigated the determinants of CO, emissions
in countries with different income levels in the 1975-2000 period
using the PLS method. According to the results obtained in the
study, the effects of population, economic growth and technology
on CO, differ according to the income levels of the countries.
Accordingly, economic growth and population are the most
important determinants of CO, in all country groups. Energy
intensity and working-age population are the most important
causes of CO, emissions in the low-middle-income country
group. In addition, the working-age population negatively affects
CO, emissions in high-income countries. On the other hand, the
most important determinants of emissions in these countries are
economic growth, population and urbanization. Findings on a
global scale reveal that the biggest contribution to CO, emissions
is made by economic growth and energy intensity. However, in the
study, it was determined that the contribution of energy intensity
to CO, emissions decreased with economic growth. Based on this
determination, the authors stated that one of the biggest obstacles
to economic growth is access to energy and efficient use of energy.

Jia et al. (2009) investigated the determinants of ecological
footprint for the 1983-2006 period in Henan, China, using the
PLS method. According to the findings, while urbanization affects
the ecological footprint negatively, economic growth affects the
shares of sectors other than the total population and services sector
in GDP positively. On the other hand, the authors found that the
major determinant of ecological footprint is total population size.

Tang et al. (2011) investigated the determinants of ecological
footprint with the LCC method for the period 1995-2008 in
Sichuan, China. According to OLS estimation results, the main
determinants of ecological footprint were determined as population
and urbanization. On the other hand, economic growth and the
size of the industrial sector reduce the ecological footprint.
However, variables other than the size of the industry sector have
a statistically insignificant effect.

Shahbaz et al. (2016) investigated the determinants of CO,
emissions for Malaysia in the period 1970Q1-2011Q4. In the study,
in which ARDL methods, which take into account Bayer-Hanck
cointegration and structural break, were used, all variables were
divided by population and expressed per capita, and the effect
of the population on CO, was considered constant. According
to the findings obtained from the study, economic growth is the
most important determinant of CO, emissions. Similarly, energy
intensity also increases CO, emissions. In addition, foreign trade
has a positive effect on CO, emissions by creating an income
effect. On the other hand, there is an inverted U-shaped relationship
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between urbanization and CO, emissions. Accordingly, as
urbanization increases, CO, emissions increase initially and
decrease in later stages.

Bello et al. (2018) investigated the determinants of ecological
footprint, carbon footprint and water footprint in addition to CO,
for Malaysia in the period 1971-2016 using ARDL bounds test
approach. According to the findings obtained from the study,
economic growth affects all environmental variables positively.
Accordingly, the most important determinant of environmental
quality is income level. On the other hand, the authors concluded
that the EKC hypothesis was valid in the period under review.
In addition, hydroelectric consumption and urbanization affect
all footprint variables negatively and CO, emissions positively.

Daietal. (2018) investigated the determinants of CO, emissions in
China and its different regions during the period 1970-2008 with
panel data analysis. According to the findings obtained from the
study, the explanatory variables used, total population, per capita
income, urbanization and the share of the manufacturing industry
in GDP are statistically significant and have a positive effect on
CO,. In addition, population and urbanization have been identified
as the most important determinants of CO, emissions in cities
located in the interior and east coast parts of China. Another result
obtained from the study is that the EKC is valid in the east coast
parts, but invalid in the whole of China and inland.

Waueetal. (2018) investigated the determinants of carbon intensity by
panel data analysis for 30 regions of China. According to the findings
obtained in the study, in which the data for the period 1995-20014
were used, the carbon intensity of economic growth, openness and
foreign direct investment is negative. Coal consumption, urbanization
and industrialization have a positive effect. On the other hand,
urbanization was determined as the most important determinant of
carbon intensity in regions with low and medium carbon intensity,
and coal consumption in regions with high carbon intensity.

Usman et al. (2022) investigated the effects of nuclear energy
and human capital on the ecological footprint of 12 developed
economies during the 1980-2015 period. They applied the (CS-
ARDL) estimation technique, which can solve the Cross-sectional
Dependency (CSD) problem and also handle the mixture of I(0)
and I(1) variables. The results show that nuclear power could prove
to be a panacea for problems of energy security and environmental
degradation. Therefore, they concluded that increasing nuclear
energy production should be a part of the energy and environmental
policies of all countries in the world.

3. METHODS AND MATERIALS

The STIRPAT (Stochastic Impacts by Regression on Population,
Affluence, and Technology) model is a modified version of the
IPAT model, which was first proposed by Ehrlich and Holdren
(1971) and formulated and tested by Commoner et al. (1971), in
accordance with regression analysis. IPAT is a simple mathematical
equation, represented by equation (1):

I=PxAxT (1)

In this equation, I, P, A and T represent the environmental variable,
population, welfare level and technology variable, respectively.
This mathematical equation is a useful model for showing the
effect of a change in its components on the environmental variable.
However, it establishes a constant and linear relationship between
the components and the environmental variable; does not allow
linear or non-proportional relationships (York et al., 2003a). In order
to compensate for this inadequacy of the IPAT model, the model was
reformulated by Dietz and Rosa (1994) and arranged in a stochastic
form suitable for hypothesis testing as shown in equation (2):

I=aP)AT e, 2)

The IPAT model accepts a=b=c=d=ei=1 as a constant proportionality
assumption in equation (2). Therefore, the [IPAT model is not suitable
for hypothesis testing as it assumes that each variable has the same
effect proportionally. However, the STIRPAT model considers a, b, c,
d, and ei as parameters and coefficients to be calculated (York et al.,
2003a). On the other hand, it is not possible to say that a variable in
the IPAT model affects the environmental indicator independently
from other variables. Since, IPAT is a multiplicative specification.

Therefore, the change in one of the variables is multiplied by the other
variables. Within the framework of this problem, the STIRPAT model
creates a framework in which the net effect of each variable can be
analyzed separately and used in other social, political and economic
variables as well as environmental factors. In this context, equation
(3) is obtained when equation (2) is rewritten in logarithmic form.

Inl. =a+pBInP+0Ind +ynT+e 3)

In equation (3), o, constant term [3, 6 and y represent the coefficients
or elasticities obtained from the estimation of the model, and €
the residuals. Therefore, the STIRPAT model can be a guide in
policy making by revealing the factors affecting the environment
and the relative importance of these factors (Hummel et al., 2009).

The STIRPAT model, like the IPAT model, accepts that environmental
change or environmental pollution is determined by population,
wealth or income level, and technology. However, the STIRPAT
model can be extended with many variables. Because technology is
not considered as a specific variable in the model. Economic, social,
cultural and other factors other than population and income level can
be considered as T (Dietz and Rosa, 1997:175). On the other hand,
with the same logic, the technology variable can also be evaluated
in error terms (Rosa et al., 2004). In this context, it is noteworthy
that many variables are used to represent technology in the literature.
Some of these variables are urbanization (Dai et al., 2018; Bello
etal., 2018), size of the industry sector (Wu et al., 2018; York et al.,
2003b; Tang et al., 2011), fossil fuel-based electricity generation
(Thombs, 2018), energy density (Fan et al., 2006) may be listed as.

In this article’s datas consist of 20 countries' which are among the
highest polluters in the world in terms of CO, emissions. The data
covers the period between 1991 and 2015. The dependent variable is

1 Australia, Brazil, China, Egypt, France, Germany, India, Indonesia, Iran,
Italy, Japan, South Korea, Mexico, Poland, Russia, South Africa, Saudi
Arabia, Spain, UK and USA.
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“CO, emissions (kt)”” and the independent variables are “Population
(total)”, “GDP per Capita, PPP (constant 2015 International $)”,
“Industry, Value Added (% of GDP)”, “Energy use (kg of oil
equivalent) per $1,000 GDP (constant 2015 PPP)”. Additionally, it
has been used two more variables, namely, Electricity production
from coal sources (% of total) and Electricity production from natural
gas sources (% of total). All of the data is taken from the World Bank.

Our activities produce many pollutants that are harmful for the
environment, but since there are not sufficient amount of data for
most of these pollutants that covers large number of countries
and time, the studies usually take CO, emissions as proxy to
environmental “Impact”. As a proxy for “Technology”, “share of
industry in GDP” along with energy intensity which is measured
as energy use per unit of GDP are generally used. Although, some
studies use “share of manufacturing in GDP” instead of “share of

industry in GDP,” but this is not a big difference.

To see the effects of different sources in electricity production on the
CO, emissions, we have chosen “coal” (Coal) and “natural gas” (Gas).
There are other sources to produce electricity (e.g. nuclear, wind and
solar energies and oil). The reason why we didn’t include them in
our analysis is that; nuclear, wind and solar sources produce very
little CO, to have a significant effect on CO, emissions. Also their
usage is very low. And the “oil” nearly has the same CO, emission
levels as “coal,” so adding this variable would be like adding the
same variable to the equation. Another reason is the usage of oil in
electricity production has been dramatically decreased over the years.
It is now mostly used in generators. Since this study aims to show the
effects of widely used fossil fuels in electricity production on the CO,
emissions, ain’t thought of it was necessary to add this variable. One
can argue that decreases in the usage of oil in electricity production
cause the demand for oil to decrease and thus the price of it, therefore
encouraging its usage in other areas (e.g. transportation) and will
result in higher CO, emissions. But since the demand for oil is not
so price-elastic, it has been assumed this will not have a significant
effect, therefore preferred to exclude this variable from the model.

4. EMPIRICAL RESULTS

The estimation results for CO, emissions are shown in Table 1.
Before doing any estimation, it has been checked if the variables
have unit root, since non-stationary variables cause coefficients and
standard errors to be biased. According to two first generation unit
root tests, namely, Levin et al. (2002) and Pesaran et al. (2007),
all of the variables are non-stationary.?

The first and second equations are as follows:

MODELI :InCO, = a +96,,inGDP,,

+06, ;Inpop + 65 ;Indshare + 6, ; InEnint + &

2 According to LLC and IPS ‘population’ is stationary and, its first difference
looks nonstationary. But other first generation unit root tests (e.g. Phillips
and Perron (1998) and ADF) suggest population is non-stationary. To be
sure, we took first difference and checked with two of the second generation
unit root tests, namely, Moon and Perron (2004) and Pesaran (2007).
Results show that first-difference of population is stationary. These results
are not reported. Available on request.

Table 1: Regression results for CO, emissions

Variable (In) Case
Model I Model IT
Population 0.986 (2.98) 0.890 (2.86)"
(0.0576)*** (0.0576)***
GDP per capita 1.065 (4.95)® 1.059* (5.22)®
(0.019)** (0.019)**
Enint 0.796 (3.23)® 0.812 (3.18)"
(0.003)* (0.003)*
dshare 0.095 (1.05)® 0.131 (0.96)®
(1.00) (0.953)
Coal N 0.09 (1.25)®
(0.0325)**
Gas N 0.016 (0.21)®
(0.605)
Adj. R, 0.26 0.28
Observations 560 560
No. of 20 20
countries

All variables are held in natural log form and estimated in first differences. “denotes
heteroskedasticity consistent z-values. *, ** and *** denote significance at 1%, 5% and
10% levels, respectively. The first difference causes R? values to become lower.

and,

MODELII :InCO, = a +6,;InGDP,, + 6, ;Inpop

+05Indshare + 6, ; InEnint + 65 ;InCoal + 6 ;Ingas + &

We have estimated two models with random effects. The result of
Hausman Test is as follows:

X?(4)=1.65and Prob > X* =0.926

In the first model, column 1 of the Table 1, we have estimated the
effects of “Population” (InPop), “GDP per capita” (InGDPpc),
“Energy Intensity” (InEnint) and the “Share of Industry in GDP”
(Indshare) on CO, emissions. The results support the findings
reported by Dietz and Roza (1997), York et al. (2003a) and
Neumayer (2004). Logged form of variables allows the coefficients
to be interpreted as elasticities. The population has a positive and
significant effect on the CO, emissions. Its elasticity is nearly
equal to unitary (0.986). Therefore we can say that, 1% increase
in total population increases CO, emissions by nearly the same
amount. GDP per capita also has a positive and significant effect
on the CO, emissions. Its elasticity is just below unitary (1.065).
1% increase in GDP per capita increases CO, emissions by nearly
the same amount, but a little bit less. Energy Intensity has a positive
and significant, but lesser effect than the first two variables. Its
elasticity is 0.796. 1% increase in energy intensity increases CO,
emissions by 79.6%. Like in the literature, the share of industry in
GDP doesn’t have a significant effect on CO, emissions.

It has been solved this problem by taking the first-difference of
the variables. The results are shown in Table 2:

In the second model, we added two more variables. “Coal” (Coal)
represents the share of coal in producing electricity and “Gas” (Gas)
represents the share of gas in producing electricity. This modification
didn’t change the coefficients or significance of the variables in
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Table 2: Panel unit root tests (the first generation)

co, Constant  —1.865** —13.990%* 1.115 —13.646*
(0.038) (0.000) (0.132) (0.000)
Constant 0.032 —13.102* —1.118*** _—11.651*
and Trend  (0.489) (0.000) (0.098) (0.000)
GDP,,C Constant 0.102  —10.065* 3.902 -10.213*
(0.745) (0.000) (1.000) (0.000)
Constant 1.998  —10.996* 2.012 -8.661*
and Trend  (0.992) (0.000) (0.99) (0.000)
Pop Constant ~ —6.995% 2. 117%**% _]1.865%** 3 955%*
(0.006) (0.078) (0.055) (0.048)
Constant ~ —1.860** 8.378 -3.030* 0.267
and Trend (0.015) (0.98) (0.001) (0.695)
dshare Constant  —1.675*% -9.685* -1.019  -12.005*
(0.003) (0.000) (0.196) (0.000)
Constant ~ —1.285% —11.962%* -3237** —10.742*
and Trend  (0.000) (0.035) (0.012) (0.000)
Enint Constant 1.238  —14.059* 0.991 -8.655*
(0.438) (0.000) (1.000) (0.000)
Constant  —0.453* —10.565* -2.510%** _7325%%*
and Trend  (0.000) (0.000) (0.064) (0.042)
Coal Constant 0.876  —10.998* 2.724 —10.174*
(0.215) (0.000) (0.882) (0.000)
Constant 0.939  —12.585* 0.956 —13.864*
and Trend  (0.775) (0.000) (0.556) (0.007)
Gas Constant  —8.102* —11.890* —-1.985* -7.207*
(0.000) (0.000) (0.000) (0.000)
Constant  —5.553*  -7.556*  —-1.362* —-6.993*
and Trend  (0.000) (0.000) (0.000) (0.000)

The null hypothesis for both tests are unit root. All variables are held in natural log form.
The numbers in parentheses are P-values. *, ** and *** denote significance at 1%, 5%
and 10% levels, respectively.

the Model I. The results show that “coal” is significant, but “gas”
is are not significant. As expected, “coal” and “gas” variables
have a positive relationship with CO, econometrically. We were
expecting, because approximately 20% of CO, emissions comes
from electricity production and not all of it comes from “coal.”
This positive relationship means that CO, emissions increase as
the percentage of “coal” use in electricity generation increases.
However, only the “coal” coefficient is significant, “gas” is not.

Coal has a positive and significant effect on the CO, emissions.
Its elasticity is just below unitary (0.09). 1% increase in coal, CO,
emissions increases 9%.

Average shares of coal and gas in electricity production in our data
are 40.1% and 26.4% respectively. Countries like South Africa,
Poland, Australia and China produce most of their electricity by
coal sources (average 82.8%), while countries like Brazil, Egypt,
France, Iran and Saudi Arabia nearly don’t use coal in electricity
production at all (average 1.2%).

This result is very important because coal has a very high CO,
emission compared to other sources when producing electricity.?

3 CO2 emissions of coal and gas are, 888 and 499 tonnes per GWh of
electricity; while nuclear and hydroelectric sources have 29 and 26 tonnes
of CO2 emissions per GWh of electricity, respectively. Source: World
Nuclear Association Report (2011). (The World Nuclear Association, 2011)

5. CONCLUSION

Air pollution caused by industrial development in the world is
becoming a more important problem day by day. In this study,
in order to draw more attention to this problem, with the help
of STIRPAT model, GDP per capita, electricity production from
natural gas sources (% of total), electricity production from natural
coal sources (% of total), population, Industry Value Added (%)
of GDP)”, energy use (kg of oil equivalent) were analyzed by
econometric methods.

The results give us an idea of why we should turn to renewable
energy. In this study, analysis was made only on coal and gas used
in electricity production. Although “gas” is meaningless in our
research, the negative effect of gas use in electricity production
on CO, emissions is an undeniable fact. Considering that these
two sources are also used in other sectors, this rate will be even
higher with our results. The increase in CO, emissions of Coal and
Gas has reached life-threatening levels according to many studies.

REFERENCES

Bello, M.O., Solarin, S.A., Yen, Y.Y. (2018), The impact of electricity
consumption on CO, emission, carbon footprint, water footprint
and ecological footprint: The role of hydropower in an emerging
economy. Journal of Environmental Management, 219, 218-230.

Commoner, B., Corr, M., Stamler, P.J. (1971), The causes of pollution.
Environment Science and Policy for Sustainable Development,
13(3), 2-19.

Dai, D., Liu, H., Wu, J. (2018), Urbanization, energy use, and CO2
emissions: A provincial-level analysis of China. Energy Sources
Part B Economics Planning and Policy, 13, 205-210.

Dietz, T., Rosa, E. (1997), Effects of population and affluence on
CO, emissions. Proceedings of the National Academy of Sciences,
94(1), 175-179.

Dietz, T., Rosa, E.A. (1994), Rethinking the environmental impacts of
population, affluence, and technology. Human Ecology Review,
1(2), 277-300.

Ehrlich, P.R., Holdren, J.P. (1971), Impact of population growth. Science,
171(3977), 1212-1217.

Fan, Y., Liu, L.C., Wu, G., Wei, Y.M. (2006), Analyzing impact factors
of CO, emissions using the STIRPAT model. Environmental Impact
Assessment Review, 26(4), 377-395.

Hummel, D., Lux, A., de Sherbinin, A., Adamo, S.B. (2009),
Theoretical and Methodological Issues in the Analysis of
Population Dynamics and Supply Systems. PERN Background
Paper on PE Theory and Methods. Available from: https://www.
populationenvironmentresearch.org/pern_files/papers/PERN_P-E
theory-methods_paper_final.pdf [Last accessed on 2022 Jul 04].

Jia, J., Deng, H., Duan, J., Zhao, J. (2009), Analysis of the major drivers
of the ecological footprint using the STIRPAT model and the
PLS method--a case study in henan province, China. Ecological
Economics, 68(11), 2818-2824.

Levin, A., Lin, C.F., Chu, C.S.J. (2002), Unit root tests in panel data:
Asymptotic and finite-sample properties. Journal of Econometrics,
108(1), 1-24.

Neumayer, E. (2004), Examining the impact of demographic factors on
air pollution. Population and Environment, 26(1), 5-21.

Pesaran, M.H. (2007), A simple panel unit root test in the presence of
cross-section dependence. Journal of Applied Econometrics, 22(2),
265-312.

International Journal of Energy Economics and Policy | Vol 12 « Issue 6




Yilmaz and Sensoy: Effects of Fossil Fuel Usage in Electricity Production on CO2 Emissions: A STIRPAT Model Application on 20 Selected Countries

Rosa, E.A., York, R., Dietz, T. (2004), Tracking the anthropogenic drivers
of ecological impacts. AMBIO, 33(8), 509-512.

Saboori, B., Al-mulali, U., Baba, M.B., Mohammed, A.H. (2016), Oil-
Induced environmental Kuznets curve in organization of petroleum
exporting countries (OPEC). International Journal of Green Energy,
13(4), 408-416.

Shahbaz, M., Loganathan, N., Ahmed Taneem Muzaffar, K.A., Jabran,
M.A. (2016), How urbanization affects CO, emissions in Malaysia?
The application of STIRPAT model. Renewable and Sustainable
Energy Reviews, 57(C), 83-93.

Tang, W., Zhong, X., Liu, S.Q. (2011), Analysis of major driving forces
of ecological footprint based on the STRIPAT model and RR method:
A case of Sichuan Province, Southwest China. Journal of Mountain
Science, 8(4), 611-618.

The World Nuclear Association. (2011), Comparison of Lifecycle
Greenhouse Gas Emissions of Various Electricity Generation
Sources. United Kingdom: The World Nuclear Association. Available
from: https://www.world-nuclear.org/uploadedFiles/org/WNA/
publications/working_group_reports/comparison_of lifecycle.pdf

[Last accessed on 2022 Jul 11].

Thombs, R.P. (2018), Has the relationship between non-fossil fuel energy
sources and CO, emissions changed over time? A cross-national
study, 2000-2013. Climatic Change, 148(4), 481-490.

Usman, A., Ozturk, 1., Naqvia, S.M., Ullah, S., Javed, M.I. (2022),
Revealing the nexus between nuclear energy and ecological footprint
in STIRPAT model of advanced economies: Fresh evidence from
novel CS-ARDL model. Progress in Nuclear Energy, 148, 104220.

Wu, R., Dong, J., Zhou, L., Zhang, L. (2018), Regional distribution of
carbon intensity and its driving factors in China: An empirical study
based on provincial data. Polish Journal of Environmental Studies,
27(3), 1331-1341.

York, R., Rosa, E.A., Dietz, T. (2003a), STIRPAT, IPAT and ImPACT:
Analytic tools for unpacking the driving forces of environmental
impacts. Ecological Economics, 46(3), 351-365.

York, R., Rosa, E.A., Dietz, T. (2003b), A rift in modernity? Assessing the
anthropogenic sources of global climate change with the STIRPAT
model. International Journal of Sociology and Social Policy, 23(10),
31-51.

International Journal of Energy Economics and Policy | Vol 12 « Issue 6 * 2022




