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Abstract
This study investigates the energy security and income roles in testing environmental Kuznets curve (EKC) for developing 
countries from 1990 to 2019. The panel quantile regression approaches are employed to examine the relationship between the 
variables, considering that income and energy security effects on carbon emissions may vary across distributions. Findings 
revealed that the EKC hypothesis was inconsistent at low and high quantiles when estimating energy availability, affordability, 
and acceptability. The validity of inverted U-shaped EKC is supported at high quantiles for energy affordability and accessi-
bility in developing countries. However, given the energy accessibility and acceptability, the EKC hypothesis becomes invalid 
in developing countries. Notably, developing countries have yet to progress toward achieving energy security as a switch 
component to low carbon emissions. This study contributes to the literature by revealing the effect of availability, accessibil-
ity, affordability, and acceptability of energy security on carbon dioxide emissions (CO2). Thus, it suggests implications for 
improving environmental quality in developing countries by enhancing energy security. Diversifying energy sources with 
nuclear, renewable, and developing technologies reduces dependence risks on a single source while improving efficiency 
through technology and demand management lowers carbon emissions and strengthens energy security. Beyond energy 
security, this study emphasises sustainable urban planning to promote compact development, effective transportation, and 
green infrastructure to reduce energy use and improve environmental sustainability, ultimately reducing carbon emissions.
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Introduction

In the twenty-first century, climate change is among the most 
significant global issues, which disrupts national economies 
and affects lives. Scientists concur that preventing the worst 
effects of climate change will require maintaining the global 
temperature below 2 °C. This degree should be above prein-
dustrial levels since burning fossil fuels has already raised 
global temperatures by 1.1 °C (Hansen et al. 2013; Robinson 

and Shine 2018; Welsby et al. 2021). Concerning this issue, 
most countries have vowed to keep global warming below 2 
°C. Optimising energy efficiency can be achieved through a 
cleaner energy transition, which reduces fossil fuel use and 
carbon dioxide (CO2) emissions (Fernando and Hor 2017; 
Solaymani 2019; Shah et al. 2023).

As a strategy for combating climate change, countries 
worldwide are taking steps towards energy security (Wang 
and Liu 2015; Gasser 2020). Countries can improve their 
energy security by decreasing their reliance on fossil fuels. 
This diversification often involves combining renewable 
energy sources such as solar, wind, hydropower, and geo-
thermal. In addition, countries can lower their carbon foot-
print and promote a more sustainable energy future by uti-
lising these rich and sustainable resources (Wang and Liu 
2015; Gasser 2020). Bangladesh, for instance, is extremely 
responsive to the effects of climate change, such as increas-
ing sea levels and an increased frequency of natural disas-
ters. The country has actively invested in renewable energy 
to promote electricity to remote areas, particularly solar 

Responsible Editor: Roula Inglesi-Lotz

Highlights   
• The energy security and income roles in testing Environmental 
Kuznets curve (EKC) are investigated for developing countries.
• This paper adds to the existing literature by examining the impact 
of the availability, accessibility, affordability, and acceptability (4As) 
of energy security on carbon emissions.
• It is believed that EKC is justified at high quantiles for energy 
affordability and accessibility in developing countries.

Extended author information available on the last page of the article

/ Published online: 27 September 2023

Environmental Science and Pollution Research (2023) 30:108802–108824

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-023-29965-w&domain=pdf
http://orcid.org/0000-0002-5513-0537


household systems (Allard et al. 2018; Islam et al. 2014; 
Islam and Salma 2016). These initiatives increase the avail-
ability of electricity, reduce reliance on fossil fuels, improve 
energy security, and reduce emissions, particularly in remote 
and off-grid areas.

Climate change and energy security are considered major 
global concerns in the modern world. They necessitate low-
ering greenhouse gas (GHG) emissions while ensuring peo-
ple access to ample, dependable, reasonably priced, modern, 
and clean energy supplies. Thus, considerable empirical 
work has been performed to analyse the link between climate 
change and energy security in developing (Bazilian et al. 
2011; Shakya and Shrestha 2011; Toke and Vezirgiannidou 
2013; Seriño 2022) and developed countries (Chalvatzis and 
Hooper 2009; Bang 2010; Le et al. 2022). These studies 
demonstrated that rapid industry expansion and fossil fuel 
consumptions (which produced GHG emissions) were the 
foremost causes of climate change. In addition, ensuring 
adequate, dependable, and environmentally friendly sup-
plies could reduce emissions and address climate change 
concerns. Several studies have investigated the primary 
GHG emission based on the relationship between energy 
security and carbon emission (Chalvatzis and Hooper 2009; 
Bang 2010; Bazilian et al. 2011; Shakya and Shrestha 2011; 
Le et al. 2022). Energy security associated with energy effi-
ciency and decarbonisation reduces fossil fuel demands and 
lowers CO2 levels in the atmosphere. Particularly, CO2 
emissions reductions became noticeable in environmental 
outcomes, enhancing environmental quality and coherent 
with carbon neutrality goals. Energy security has often been 
depicted as a priority tool for environmental quality and a 
catalyst for significant economic development and prosper-
ity. Typically, the energy security improvements positively 
affected the entire economy, with direct and indirect impacts 
on economic activity through GDP, employment, trade bal-
ances, and energy prices. For example, the European Com-
mission estimated the energy efficiency improvement effects 
at various scenario levels by 2030 compared to the 2007 
baseline year (IEA 2019). Each scenario positively affected 
GDP, ranging from a 0.1 to 2.0% increase (from least ambi-
tious to higher energy efficiency scenario) (IEA 2019). 
Hence, energy security could hinder emission accelerations 
while enhancing the economic growth of a country.

Given the above discussion, this paper aims to extend the 
literature review on the relationships between environmen-
tal quality, economic growth, and energy security. For the 
past three decades, the environmental Kuznets curves (EKC) 
was focused on, which was considered a significant envi-
ronmental economics research field that attracted numer-
ous academics and researchers. Shittu et al. (2021) stand 
as the sole empirical research examining the relationship 
between energy security and environmental degradation, 

which measured energy security from the perspective of 
energy availability in 45 resource-rich Asian countries using 
two-stage least squares. The study revealed substantial evi-
dence that energy security is negatively related to ecological 
footprint, reducing the environmental degradation in Asian 
countries, besides highlighting the non-existence of EKC 
patterns. However, not only did Shittu et al. (2021) focused 
solely on Asian countries, but they also measured energy 
security differently. Moreover, the study did not address 
developing countries’ efforts to establish energy security 
to reduce emissions by restricting their analysis to Asian 
countries. Additionally, Shittu et al. (2021) study’s approach 
to measuring energy security was based on the difference 
between electricity supply and demand, primarily addressing 
the energy availability dimension. The study offers valu-
able insight, but they do not provide a comprehensive under-
standing of the role of energy security on environmental 
emissions. This constraint might be explained by the focus 
on the 4As—availability, affordability, accessibility, and 
acceptability—that serve as a common initial approach in 
contemporary energy security studies. Thus, the discussion 
above raised the following questions: (1) how do the 4As of 
energy security impact the state of environmental emissions 
in developing countries? (2) Does EKC hold to the role of 
energy security in developing counties?

Considering the questions raised, this study examines the 
impact of 4As energy security on environmental degradation 
in developing countries since each dimension contributes to 
achieving the primary goal of lowering emissions and imple-
menting sustainable energy practices. Accessibility encour-
ages broader adoption of clean energy options, acceptability 
emphasises adopting environmentally friendly technologies, 
availability ensures a reliable energy supply for switching 
to cleaner sources, while affordability enables equitable 
access to sustainable energy solutions. Further, the present 
study also investigates the impact of energy security on the 
nature of EKC for developing countries. The EKC implies 
that environmental emissions decrease in high-income levels 
where economic growth observes environmental improve-
ment. Energy security drives economic growth, as evidenced 
by Le and Nguyen (2019), Wei et al. (2020), Fu et al. (2021), 
as well as Khan et al. (2021). Given these findings, it is 
imperative to determine whether energy security is a sig-
nificant variable impacting the dynamics of the EKC. By 
exploring this relationship, this study will advance knowl-
edge of how developing countries’ energy security, eco-
nomic growth, and environmental emissions interact.

The remainder of this research is structured as fol-
lows. Firstly, the literature review is presented. Secondly, 
the empirical model and data description discussions are 
reported in the “Data and methodology” section. Thirdly, 
the empirical findings and their corresponding discussions 
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are presented. The final section discusses the conclusion and 
the potential policy implications.

Literature review

The literature review section in the study is divided into 
two sections as follows:

(a)	 studies on how energy security affects environmental 
quality;

(b)	 specific literature since only several studies were study-
ing the EKC hypothesis.

Energy security and environmental quality nexus 
studies

Several literatures on the nexus between energy secu-
rity and the environment were observed. Studies done by 
Bauen (2006), Leiby (2007), Dowling and Russ (2012), 
Anwar (2016), Lin and Raza (2020), He et al. (2020), 
Sun et al. (2021), and Shittu et al. (2021) focused on the 
benefits of energy security leading to emission reduc-
tion. Meanwhile, the study by Leiby (2007) examined 
the impact of reduced energy imports on environmental 
emissions from 2005 to 2050 for the USA, which esti-
mated roughly the marginal social benefits from a decline 
in US oil imports. Additionally, this study used savings 
and decreased fuel import costs as rough indicators for 
improved energy security. Hence, the study discovered that 
an oil import decrease could produce marginal economic 
benefits. Similarly, Anwar (2016) considered the energy 
security issues under energy import reduction targets for 
Pakistan by analysing the reduced energy import effects 
on environmental emissions. This study analysed how 
decreased reliance on energy imports improved environ-
mental quality and increased energy security of Pakistan.

In another study, Fu et al. (2021) examined the energy 
security role using fuzzy-TOPSIS, which corresponded 
to the emission reduction dilemma and economic growth 
of the ten best-performing countries. The study discov-
ered that energy production was crucial, with a significant 
CO2 amount released through coal and oil. Furthermore, 
higher energy efficiency and renewable energy promotion 
led to less dependence on oil consumption, which created 
new pathways in lowering CO2 emissions and develop-
ing a green economy. From 2010 to 2050, Kumar (2016) 
evaluated the renewable energy of Indonesia and Thai-
land for energy security and carbon emission reduction. 
The LEAP energy model in the simulation revealed that a 
significant portion of renewable electricity in the energy 

mix decreased CO2 emissions in Thailand and Indonesia. 
Particularly, the share of renewable energy in the 2050 
energy mix was projected to be 40% and 39% for Indonesia 
and Thailand, respectively. Hence, these projections could 
result in 81% (Indonesia) and 88% (Thailand) carbon emis-
sion reductions. Using the current wind and solar energy 
project invested by China, Gu and Zhou (2020) demon-
strated the effect of renewable energy projects on the Belt 
and Road Initiative (BRI) emission reduction of China and 
their corresponding benefits for BRI-related countries. The 
study discovered that supporting renewable energy pro-
jects in China (through investment and development) could 
assist BRI-related countries in promoting the development 
of low-carbon energy systems, combating climate change 
and achieving sustainable development.

Lin and Raza (2020) used scenario analysis to study 
Pakistan’s energy security indicators and carbon emis-
sions. Several scenarios were examined to assess the 
changes in carbon emissions, and each showed a decrease 
in emissions. The use of cleaner energy sources and tech-
nological developments contributed to this reduction. 
Recently, Shittu et al. (2021) conducted an empirical study 
from 1990 to 2018 for Asian countries using a two-stage 
least square estimator to examine the role of energy secu-
rity on ecological footprint. The ecological footprint meas-
ure for environmental degradation and the energy security 
measure, calculated as the sum of energy supply minus 
energy demand, showed a negative relationship between 
energy security and ecological footprint, indicating that 
countries must have secure energy supplies to mitigate 
environmental degradation. When a country has a stable 
supply of solar, wind, hydro, and geothermal power, it can 
adopt cleaner, more sustainable energy to replace fossil 
fuels and lower greenhouse gas emissions.

In summary, Bauen (2006), Dowling and Russ (2012), 
Kumar (2016), Leiby (2007), Anwar (2016), Lin and 
Raza (2020), He et al. (2020), Gu and Zhou (2020), Fu 
et al. (2021), and others predominantly relied on alterna-
tive methods including scenario, theoretical frameworks, 
simulations, and mathematical approach (Table 1). These 
methods analysed hypothetical scenarios, develop models, 
and make assumptions instead of directly analysing data 
from the real world. While these techniques have offered 
insightful information on the subject, very likely that they 
do not fully represent the complexity and variety of the 
real-world dynamics between energy security and car-
bon emissions. In addition, the 4As of energy security as 
influences on carbon emissions have not been extensively 
explored in previous studies despite their significance. The 
earlier studies employed a broader definition of energy 
security and often used renewable energy as an indica-
tor. Renewable energy is a crucial component of energy 
security, but it overlooks the availability, affordability, 

108804 Environmental Science and Pollution Research  (2023) 30:108802–108824

1 3



Ta
bl

e 
1  

S
um

m
ar

y 
of

 e
ne

rg
y 

se
cu

rit
y 

an
d 

en
vi

ro
nm

en
ta

l q
ua

lit
y 

ne
xu

s s
tu

di
es

A
ut

ho
rs

Ti
m

e 
pe

rio
d

C
ou

nt
ry

M
et

ho
ds

Re
su

lts
Li

m
ita

tio
ns

B
au

en
 (2

00
6)

-
G

lo
ba

l
-

Em
is

si
on

 re
du

ct
io

ns
 re

su
lt 

fro
m

 
im

pr
ov

in
g 

en
er

gy
 se

cu
rit

y.
a)

 N
on

e 
of

 th
e 

stu
di

es
 a

pp
lie

s t
he

 
4A

s o
f e

ne
rg

y 
se

cu
rit

y.
b)

 L
ac

k 
of

 e
m

pi
ric

al
 v

al
id

at
io

n 
us

in
g 

re
al

 w
or

d 
da

ta
D

ow
lin

g 
an

d 
Ru

ss
 (2

01
2)

-
A

si
a

Si
m

ul
at

io
n 

m
od

el
 P

O
LE

S 
(p

ro
-

sp
ec

tiv
e 

ou
tlo

ok
 fo

r t
he

 lo
ng

-te
rm

 
en

er
gy

 sy
ste

m

Lo
w

er
 e

ne
rg

y 
pr

ic
es

 su
pp

or
t t

he
 

em
is

si
on

 re
du

ct
io

n 
eff

or
t

K
um

ar
 (2

01
6)

-
In

do
ne

si
a 

an
d 

Th
ai

la
nd

LE
A

P 
(lo

ng
-r

an
ge

 e
ne

rg
y 

al
te

rn
a-

tiv
es

 p
la

nn
in

g 
sy

ste
m

) m
od

el
 

(s
ce

na
rio

 a
na

ly
si

s)

Re
ne

w
ab

le
 e

le
ct

ric
ity

 in
 th

e 
en

er
gy

 
m

ix
es

 d
ec

re
as

ed
 C

O
2 

em
is

si
on

s

Le
ib

y 
(2

00
7)

20
05

 to
 2

05
0

U
ni

te
d 

St
at

es
M

ar
gi

na
l c

os
t a

nd
 b

en
efi

t a
na

ly
si

s 
(m

at
he

m
at

ic
al

 a
pp

ro
ac

h)
M

ar
gi

na
l b

en
efi

t o
f e

ne
rg

y 
se

cu
rit

y 
is

 lo
w

er
 g

re
en

ho
us

e 
ga

s e
m

is
-

si
on

s b
y 

re
du

ci
ng

 U
S 

oi
l i

m
po

rts
.

A
nw

ar
 (2

01
6)

20
05

–2
05

0
Pa

ki
st

an
In

te
gr

at
ed

 e
ne

rg
y 

sy
ste

m
 m

od
el

 
(s

im
ul

at
io

n 
an

al
ys

is
)

En
er

gy
 se

cu
rit

y 
de

cr
ea

se
s g

as
 

em
is

si
on

s b
y 

re
du

ci
ng

 e
ne

rg
y 

im
po

rts
Li

n 
an

d 
R

az
a 

(2
02

0)
20

12
–2

04
0

Pa
ki

st
an

M
A

R
K

A
L 

fr
am

ew
or

k 
(s

ce
na

rio
 

an
al

ys
is

)
En

er
gy

 se
cu

rit
y 

le
ss

en
s c

ar
bo

n 
em

is
si

on
H

e 
et

 a
l. 

(2
02

0)
-

Pa
ki

st
an

Li
ne

ar
 p

ro
gr

am
m

in
g 

m
od

el
Tr

an
si

tio
ni

ng
 to

 re
ne

w
ab

le
 e

ne
rg

y 
so

ur
ce

s, 
su

ch
 a

s w
in

d-
ge

ne
ra

te
d 

po
w

er
, i

m
pr

ov
es

 e
ne

rg
y 

se
cu

rit
y 

an
d 

re
du

ce
s e

m
is

si
on

s.
G

u 
an

d 
Zh

ou
 (2

02
0)

-
C

hi
na

C
om

pa
ris

on
 o

f r
en

ew
ab

le
 e

ne
rg

y 
pr

oj
ec

ts
Re

ne
w

ab
le

 e
ne

rg
y 

in
ve

stm
en

t i
ni

-
tia

tiv
es

 in
cr

ea
se

 e
ne

rg
y 

se
cu

rit
y 

w
hi

le
 lo

w
er

in
g 

ca
rb

on
 e

m
is

si
on

s.
Fu

 e
t a

l. 
(2

02
1)

20
18

D
en

m
ar

k,
 S

w
itz

er
la

nd
, S

w
ed

en
, 

th
e 

N
et

he
rla

nd
s, 

U
K

, S
lo

ve
ni

a,
 

G
er

m
an

y,
 N

ew
 Z

ea
la

nd
, N

or
w

ay
, 

an
d 

Fr
an

ce

Fu
zz

y-
TO

PS
IS

 m
et

ho
d 

(m
at

he
m

at
i-

ca
l a

pp
ro

ac
h)

H
ig

h 
en

er
gy

 e
ffi

ci
en

cy
 re

du
ce

s 
em

is
si

on

Su
n 

et
 a

l. 
(2

02
1)

19
90

–2
01

8
A

si
a

Tw
o-

st
ag

e 
le

as
t s

qu
ar

e 
es

tim
at

or
En

er
gy

 se
cu

rit
y 

re
du

ce
s t

he
 d

eg
ra

-
da

tio
n 

of
 th

e 
en

vi
ro

nm
en

t

108805Environmental Science and Pollution Research  (2023) 30:108802–108824

1 3



acceptability, and accessibility dimensions of energy secu-
rity, which may influence environmental emissions.

Studies investigating of the EKC hypothesis

Over the past few years, the environmental Kuznets curve 
(EKC) has been extensively studied in the context of eco-
nomic development and environmental degradation. Gross-
man and Krueger (1991) pioneered an inverted U-shaped 
relation design based on income level and environmental 
degradation degree. In addition, income and income squared 
impacted degradation positively and negatively, respectively. 
In the early stage of economic growth, environmental degra-
dation could rise with income until reaching a turning point. 
After this turning point, an increase in income could contrib-
ute to environmental improvement.

Following the work of Grossman and Krueger (1991), the 
EKC hypothesis using various sets of samples and methods 
was examined in numerous empirical studies (Saboori et al. 
2016; Dong et al. 2018; Abumunshar et al. 2020; Ahmad 
et al. 2021; Fatima et al. 2021; Shittu et al. 2021; Awan et al. 
2023). Nonetheless, several studies provided contradictory 
results (Halkos and Polemis 2017; Destek and Sinha 2020; 
Ntarmah et al. 2021; Zeraibi et al. 2022; Djellouli et al. 
2022). Several studies also demonstrated the non-existence 
of EKC, indicated by either U-shaped (Begum et al. 2015; 
Destek and Sinha 2020), N-shaped (Halkos and Polemis 
2017; Zeraibi et al. 2022), or monotonic-shaped (Djellouli 
et al. 2022; Mensah et al. 2021) relationship between envi-
ronmental degradation and economic growth.

Recently, researchers have used a different method to 
investigate whether the EKC hypothesis is true by consid-
ering more factors in the relationship between income and 
environmental degradation. For example, Jebli et al. (2016) 
studied how the EKC hypothesis applied to renewable and 
non-renewable energy consumption and trade in OECD 
countries. The findings successfully confirmed the inverted 
U-shaped EKC hypothesis: higher renewable energy 
decreased carbon emissions while lower non-renewable 
energy increased carbon emissions. Meanwhile, Sarkodie 
and Ozturk (2020) investigated the EKC validity for Kenya 
which included energy use and urban population using 
ARDL, SIMPLS regression, and U-test techniques. For 
Kenya, the estimation result confirmed an inverted U-shaped 
curve, depicting how urbanisation and rising energy con-
sumption could worsen CO2 emissions. Eren (2022) investi-
gated the linear and nonlinear relationships between democ-
racy, income, and emissions for 72 countries between 1993 
and 2019 using a panel quantile regression approach. The 
study produced an inverted U-shaped relationship between 
income and emission for both low- and medium-emission 
countries, supporting the validity of the EKC hypothesis.

The results in the following studies contradict those dis-
cussed above. Zilio and Recalde (2011) utilised panel data 
for 21 Latin American and Caribbean countries, covering 
1970 to 2007. The study implied that the estimation results 
do not support the idea that the variables have a long-term 
relationship, which was against the EKC. The ARDL bounds 
testing approach and dynamic OLS were studied by Begum 
et al. (2015) to investigate the dynamic effects of income, 
energy consumption, and population growth on CO2 emis-
sions in Malaysia. Their findings demonstrated a negative 
and significant relationship between GDP and CO2 emis-
sions, with carbon emissions declining as GDP increased. 
In addition, a positive correlation between GDP in quadratic 
form and carbon emissions was observed. Consequently, 
Malaysia acquired a U-shaped curve opposite to EKC, con-
cluding that the EKC theory was invalid for this country. 
Alternatively, Djellouli et al. (2022) discovered that the EKC 
does not hold for a sample of 20 African nations between 
2000 and 2015 using panel autoregressive distributed lag 
(panel ARDL). This observation suggested that pollution 
levels were rising along with economic growth, which was 
against the EKC hypothesis and in line with the findings of 
He et al. (2021), Zeraibi et al. (2022), Djellouli et al. (2022), 
and Xue et al. (2022).

Given the above literature, most studies considered the 
EKC hypothesis in the presence of energy consumption, 
renewable and non-renewable energy, urbanisation, and 
population growth, while others invalidated an EKC rela-
tionship. A summary of research literature review in Table 2 
attests that no study on the linkage between energy security 
and carbon emissions within the context of the EKC hypoth-
esis, except for Shittu et al. (2021). According to Shittu 
et al. (2021), Asian countries do not exhibit environmental 
Kuznets curve (EKC) patterns when there is energy security, 
indicating that the relationship between environmental deg-
radation and economic growth in those countries does not 
exhibit the inverted U-shaped pattern often associated with 
the EKC theory. The non-existence of EKC might be influ-
enced by the traditional regression approach of two-stage 
least squares, which deliver the mean impacts of energy 
security on the entire conditional distribution of the envi-
ronmental emissions. This regression approach assumes that 
energy security variables have the same influence across the 
distribution of environmental emissions, thus hindering the 
identification of potential variations in how energy security 
may affect environmental emissions.

Research gap

Based on the research inadequacies of prior studies, this 
study will considerably contribute to the body of literature 
in two ways.
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	 (i)	 The 4As of energy security have received less atten-
tion in past studies, which frequently employed 
energy availability or renewable energy as indica-
tors for energy security. Despite having a consider-
able impact on carbon emissions, these dimensions 
of energy security have not been analysed in prior 
studies. This study offers a more comprehensive 
understanding of the linkage between energy security 
and environmental emissions by including the 4As in 
the analysis.

	 (ii)	 This study contributes significantly by investigating 
the relationship between energy security and carbon 
emissions within the context of the environmental 
Kuznets curve (EKC) hypothesis. Except for Shittu 
et al. (2021), earlier studies have comprehensively 
studied the EKC theory using diverse variables. 
This study fills the gap by employing panel quan-
tile regression, which allows for a more thorough 
analysis by considering potential variations in the 
impact of energy security on emissions across dif-
ferent quantile ranges. Thus, in the framework of the 
EKC hypothesis, this methodology enables a more 
thorough investigation of the role of energy security 
in emissions.

Data and methodology

Data description

This study focused on the energy security effect of carbon 
emissions for selected developing countries. Based on the data 
availability, 112 developing countries were included. Since 
the period under consideration was tied to energy security 
measures, the annual sample data from 1990 to 2019 was 
selected. In EKC literature, the CO2 emissions per capita 

(in tonnes) were the main contributor to global warming and 
commonly used as a pollutant indicator. Thus, CO2 emissions 
per capita were chosen as the dependent variable for this cur-
rent study. The key independent variable for testing the EKC 
hypothesis was the GDP per capita (constant 2010 US dol-
lars), employed as an economic growth measure.

This study utilised the 4As of energy security. In this 
context, the primary energy production/population (kg/per-
son) (quadrillion btu) was utilised as an energy availability 
indicator, access to electricity (% of population) as an acces-
sibility indicator, consumption of renewable energy (% of 
total final energy consumption) as an acceptability indica-
tor, and primary energy consumption (quadrillion btu) as an 
energy affordability indicator. The World Development Indi-
cators (WDI) database of the World Bank and the Interna-
tional Energy Agency’s data (IEA) and statistics were used 
to extract the independent and dependent variables’ data. 
Table 3 tabulates the variable definitions and data sources.

Table 4 provides the descriptive statistical analysis. All 
the variable distributions were skewed, with the kurtosis 
values illustrating a longer tail for each variable. Addition-
ally, the kurtosis values depicted a more concentrated con-
tribution than what would be expected from a distribution 
with a normal shape. The unconditional distribution was 
not normal, as indicated by the Jarque-Bera statistical test, 
which also strongly rejected the normality hypothesis for all 
variables. Consequently, quantile regression was employed 
as a more efficient estimation method as OLS regression 
approach may demonstrate biased results (Koenker 2004; 
Salman et al. 2019).

Empirical model

Based on Grossman and Krueger (1991), Zeraibi et  al. 
(2022), Shittu et al. (2021), and Qashou et al. (2022), the 

Table 3   Summary of the variable descriptions and data sources

Variable Description Source

GDP Real GDP per capita (constant 2010 USD) World Bank (2022)
CO2 CO2 emissions per capita in tonnes
Energy security (accessibility, ESACC) Access to electricity (% of population)
Energy security (acceptability, ESACCE) Consumption of renewable energy (% of total final energy 

consumption)
Energy security (availability, ESAVA) Primary energy production/population (kg/person) (quadril-

lion btu)
World Bank (2022) 

and International 
Energy Agency’s 
data (IEA)

Energy security (affordability, ESAFF) Primary energy consumption (quadrillion btu) World Bank (2022) 
and International 
Energy Agency’s 
data (IEA)
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empirical model proposed is based after the framework of 
the EKC hypothesis as follows:

In Eq. (1), the level of CO2 emissions was hypothesised 
to be significantly influenced by energy security and was 
incorporated into the EKC framework. Hence, this study 
uses the 4As of energy security to analyse the relationship 
between carbon emissions and energy security. The rela-
tionship between carbon emissions and the 4As of energy 
security is indicated by the following model:

Model 1

In the log-linear form, Eq. (2) is expressed as follows:

Model 2

In the log-linear form, Eq. (4) is expressed as follows:

Model 3

In the log-linear form, Eq. (6) is expressed as follows:

(1)CO2it = f

(
GDP

�1

it
,GDP

2 �2

it

)

(2)CO2it = f

(
GDP

�1

it
,GDP

2 �2

it
,ESAVA

�3

it

)

(3)
LCO2it = �0 + �1LGDPit + �2LGDP

2
it + �3LESAVAit + �it

(4)CO2it = f

(
GDP

�1

it
,GDP

2 �2

it
,ESACC

�3

it

)

(5)
LCO2it = �0 + �1LGDPit + �2LGDP

2
it + �3LESACCit + �it

(6)CO2it = f

(
GDP

�1

it
,GDP

2 �2

it
,ESACCE

�3

it

)

(7)
LCO2it = �0 + �1LGDPit + �2LGDP

2
it + �3LESACCEit + �it

Model 4

In the log-linear form, Eq. (8) is expressed as follows:

From Eq. (2) until Eq. (9), LCO2it is the level of CO2 
emissions in natural logarithmic form in country i at time t, 
LGDPit and LGDP2

it are the income level and the squared 
income level in the natural logarithmic form in county i at 
time t, respectively, while LESAVAit, LESACC​it, LESACCEit, 
and LESAFFit are the level of energy availability, accessi-
bility, acceptability, and affordability in country i at time t, 
respectively. The error term is represented by εit.

The graphical illustration of the EKC hypothesis was 
shaped by the β1 and β2 coefficients, which depicted the 
association between carbon emissions and income. The EKC 
hypothesis was valid when these coefficients were β1 < 0 and 
β2 > 0, indicating a quadratic inverted U-shaped relationship. 
When the coefficients supported the EKC hypothesis β1 and 
β2, the income turning point became −

[
�1

2�2

]
.

The statistical distribution of data demonstrated that the 
unconditional distribution was not normal. This demonstra-
tion indicated the biasing of the conventional regression 
approach concentrating on the mean impacts and even failed 
to reveal significant correlations (Binder and Coad 2011). 
In this study, the panel quantile regression approach was 
utilised to assess the impact of the 4As of energy security 
on carbon emissions within the context of the EKC hypoth-
esis. The quantile regressions examined the different points 
on the conditional distribution of the dependent variables. 
Thus, a more comprehensive picture of the relationship 
between the variables could be provided (Cade and Noon 
2003; Eren 2022). Additionally, unlike the OLS, the panel 

(8)CO2it = f

(
GDP

�1

it
,GDP

2 �2

it
,ESAFF

�3

it

)

(9)
LCO2it = �0 + �1LGDPit + �2LGDP

2
it + �3LESAFFit + �it

Table 4   Summary of 
descriptive statistics

*** refers to statistical significance at the 1% level

Variable CO2 GDP ESACC​ ESACCE ESAVA ESAFF

Mean 0.9159 8.6399 2.6496 1.2882 1.2660 4.3678
Std. dev 1.3539 1.0357 0.4896 1.8995 0.9270 1.4397
Min 3.6891 5.3182 6.3399 1.1182 2.3452 0.8459
Median 1.2131 8.5070 3.0855 0.9226 0.6808 4.6031
Max 9.9305 11.6299 4.5884 4.8188 5.0228 4.6051
Skewness − 0.6595 − 0.1594 − 0.4450 − 0.6116 − 2.8735 − 2.7659
Kurtosis 3.0097 2.1564 5.7651 3.6619 2.1994 3.5315
Jarque–Bera 196.65*** 93.336*** 55.390*** 27.452*** 35.75*** 85.885
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quantile technique could capture the heterogeneous structure 
of different income groups.

The conditional distribution of the dependent variable 
was divided into quantiles in quantile regressions, where 
the 50th quantile represents the median (Allard et  al. 
2018). Quantile regressions were more resistant to outli-
ers than other estimation methods which uses mean. For 
variables like CO2 emissions and economic development, 
Hübler (2017) claimed that there were significant differ-
ences between the median and mean. Therefore, quantile 
regression is an interesting method for testing the EKC 
hypothesis as it allows for estimation of various slopes for 
different quantiles. Given that, the conditional quantile of 
Yi given xi is expressed as follows:

where Qyit = (τ| xit) represents the τth quantile of the depend-
ent variable, x�

it
 is the vector of explanatory variables for 

country i at year t for quantile τ, and βτ denotes the slopes of 
the explanatory variables for quantile τ (Allard et al. 2018). 
Taking Eq. (10) into consideration, Eqs. (11) to (14) were 
formulated to analyse the impact of the 4As of energy secu-
rity on carbon emissions at quantile levels, as follows:

Model 1

Model 2

Model 3

Model 4

where Qτ is the regression parameters of the τth distribu-
tional point, while τ denotes the distributional point for 
the independent variables. Before we estimate the quan-
tile regression model, normality and stationarity check-
ing are performed among the selected variables. The first 
step involves testing the cross-section dependence of each 
variable using Pesaran’s cross-sectional dependence (CD) 
test (Pesaran 2004). Then, the unit root test was performed 
using cross-sectionally augmented Dickey-Fuller (CADF) 
and cross-sectional dependence (CIPS) panel unit root tests. 
The basis of the CADF test is augmenting the augmented 
Dickey-Fuller (ADF) regression with the lagged cross-sec-
tional mean and first difference to capture cross-sectional 
dependence, which originates from a single factor model 

(10)Qyit =

(
�|xit

)
= x�

it
��

(11)
Q�

(
LCO2it

)
= �� + �1�LGDPit + �2�LGDP

2
it + �3�LESAVAit + �it

(12)
Q�

(
LCO2it

)
= �� + �1�LGDPit + �2�LGDP

2
it + �3�LESACCit + �it

(13)
Q�

(
LCO2it

)
= �� + �1�LGDPit + �2�LGDP

2
it + �3�LESACCEit + �it

(14)
Q�

(
LCO2it

)
= �0 + �1�LGDPit + �2�LGDP

2
it + �3�LESAFFit + �it

and tests the existence of a unit root for cross-sections. 
The CIPS statistics were employed, which are based on the 
cross-sectional average of the individual CADF statistics. 
Thirdly, a co-integration test was performed using Wester-
lund (2007), followed by estimating long-term coefficients 
using the panel quantile regression method.

Empirical results and discussion

Preliminary check‑ups

The cross-sectional dependence provided preliminary 
evidence of the heterogenous distribution by revealing a 
simple unconditional distribution across countries (You 
et al. 2015). Moreover, Pesaran’s cross-sectional depend-
ence (CD) test was employed (Pesaran 2004). Table 5 pre-
sents the findings of the CD analysis and illustrates that 
the null hypothesis of the cross-sectional dependence was 
rejected for all variables. Hence, this observation dem-
onstrated that the dependent and independent variables 
in this country-based panel data analysis exhibited cross-
sectional dependence.

The unit root computation was performed using the 
cross-sectionally augmented Dickey-Fuller (CADF). 

Table 5   Summary of the CD 
test

Variables CD test p-value

LCO2 17.342 0.000
LGDP 292.730 0.000
LGDP2 176.901 0.000
LESACC​ 20.057 0.000
LESACCE 57.840 0.000
LESAVA 96.829 0.000
LESAFF 171.120 0.000

Table 6   Summary of the panel unit root tests

** and *** refer to statistical significance at the 5% and 1% levels, 
respectively

Variables CIPS test CADF test

Level 1st difference Level 1st difference

LCO2 − 0.465 − 5.716*** − 0.607 − 3.854***
LGDP − 2.667 − 4.486*** − 1.925 − 6.388***
LGDP2 − 2.328 − 2.908*** − 1.608 − 5.867***
LESACC​ − 2.892 − 2.467*** − 0.277 − 5.618***
LESACCE − 0.759 − 3.016*** − 1.960 − 4.467***
LESAVA − 0.287 − 1.558*** − 2.151 − 2.809***
LESAFF − 3.026 − 1.9382** − 1.868 − 5.527***
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Furthermore, the cross-sectionally augmented IPS 
approaches were based on cross-sectional dependence 
(CIPS). Table 6 reports the results of the CIPS and CADF 
tests, illustrating that the null hypothesis could not be 
ruled out for all the variables. The series was determined 
to produce a unit root at the level while becoming station-
ary at the first difference. Thus, the long-term coefficients 
were estimated using panel quantile regression.

Cointegration test

As can be seen from Table 7, Westerlund (2007) cointegra-
tion test was employed to explore the long-run correlation 
among the variables. Westerlaud’s cointegration includes 
four normally distributed tests, namely, Ga (among groups), 
Gt (between groups), Pa (among panels), and Pt (between 
panels) (Westerlund 2007; Salman et al. 2019). Gt and Ga 
denote t-test statistics and the estimated coefficient for group 
mean tests, while Pt and Pa for whole panel tests. The results 
reveal that all four test statistics rejected the null hypothesis 
of no co-integration, proving that the variables are correlated 
in the long run.

Panel quantile regression results

The empirical results of a quantile regression analysis that 
examined the link between carbon emissions and energy 

security in 112 developing nations are presented in Table 8. 
The four model specifications were created to determine 
the disaggregated impact of the 4As of energy security 
on carbon emissions. Moreover, the models were primar-
ily estimated using the pooled OLS regression method to 
comprehend panel quantile regression better and facilitate 
comparison. In Table 8, column 1 illustrates the pooled OLS 
regression estimates. The following columns represent the 
10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, and 90th per-
centiles of conditional carbon emissions distribution. Per-
centiles below 50th were classified as lower quartiles, while 
those above 50th represented upper quartiles.

The findings of the OLS regression suggested that the 
estimated GDP and GDP2 coefficients are significant with a 
positive and a negative sign, respectively. According to the 
long-term coefficients, a 1% rise in GDP led to an increase 
in carbon emissions of 1.8% to 2.8%. Alternatively, a rise 
in GDP2 is predicted to result in a decrease from 0.095 to 
0.140%. The findings mentioned above support the pres-
ence of the EKC hypothesis indicated by Isik et al. (2021) 
for OECD countries, Altarhouni et al. (2021) and Qashou 
et al. (2022) for Turkey, Fatima et al. (2021) for high-emitter 
countries, Zeraibi et al. (2022) for China, and Shittu et al. 
(2021) for Asian countries. The EKC prediction, which sug-
gested an inverted U-shaped relationship between carbon 
emissions and economic growth, was also verified for mod-
els 1 to 4, thus indicating that while economic growth ini-
tially causes increased CO2 emissions, it eventually causes 
CO2 emissions to decline. Hence, the findings for the panel 
of countries demonstrated that the EKC hypothesis holds in 
these nations.

Concerning the 4As of energy security, the variable 
energy security observed a mixed effect on carbon emis-
sion. Energy availability is the key factor in reducing envi-
ronmental emissions due to their significant negative impact 
on carbon emissions. According to the significant negative 
coefficient of energy availability, a nation with a larger 
energy supply capacity might have lower levels of carbon 
emissions. This result is consistent with that of Shittu et al. 
(2021), who measured energy security as energy availabil-
ity and discovered that it reduced environmental emissions 
in Asian countries. The finding that more energy supply 
capacity may result in lower levels of carbon emissions 
can be directly linked to the acquisition of abundant energy 
resources by developing countries, such as biomass, geo-
thermal energy, solar energy, and wind power. For instance, 
India has emerged as one of the world’s leaders in solar 
energy deployment owing to its geographic location, which 
provides adequate sunlight all year round. Likewise, Bra-
zil has a substantial amount of biomass resources, mainly 
sugarcane bagasse and other agricultural waste. Bagasse is 
a biomass fuel in the country’s sugar and ethanol industries 
to generate energy and heat, which decreases dependency 

Table 7   Summary of Westerland’s cointegration test

*** refers to statistical significance at the 1% level

Tests Value p-value Cointegration

Model 1
  Gt 3.861 0.000*** Yes
  Ga 11.989 0.000*** Yes
  Pt 12.487 0.000*** Yes
  Pa 7.470 0.000*** Yes
Model 2
  Gt 2.816 0.000*** Yes
  Ga 19.296 0.000*** Yes
  Pt 22.082 0.000*** Yes
  Pa 13.119 0.000*** Yes
Model 3
  Gt 3.951 0.000*** Yes
  Ga 16.928 0.000*** Yes
  Pt 19.797 0.000*** Yes
  Pa 10.683 0.000*** Yes
Model 4
  Gt 4.386 0.000*** Yes
  Ga 17.412 0.000*** Yes
  Pt 25.756 0.000*** Yes
  Pa 14.739 0.000*** Yes
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on fossil fuels and contributes to lower carbon emissions. 
However, energy acceptance, accessibility, and affordability 
acquired a positive impact on carbon emissions, indicating 
that these factors are a cause of increasing emissions. The 
obstacle to energy security, such as lack of adequate techno-
logical capacity, high energy supply costs, poor distribution 
infrastructure, insufficient regulation, and a lack of com-
prehensive understanding of energy, can impede emissions 
reduction initiatives.

The results of the quantile regression analysis indicated 
several significant differences between the percentiles and 
that the influence of independent factors on carbon emis-
sions was heterogeneous. At the 10th, 20th, 30th and 40th 
quantiles of model 1, the GDP and GDP2 coefficients were 
significantly positive and negative, respectively, implying 
the existence of an inverted U-shaped relationship between 
income and emission, similar to You et al. (2015), Salman 
et al. (2019), and Eren (2022). On the contrary, the results 
did not support the EKC hypothesis for the remaining quan-
tiles, which stated that GDP raised CO2 emissions and that 
the GDP2 impact on carbon emission was insignificant at 
upper quantiles. The results of this study align with Zhu 
et al. (2016), Gorus and Aslan (2019), as well as Halliru 
et al. (2020), providing support for the invalid EKC hypoth-
esis at low quantiles. Although the OLS results supported 
the EKC hypothesis, the results of models 2 to 4 demon-
strated that the EKC hypothesis was unsupported at all quan-
tile levels. The GDP coefficient and GDP2 coefficient were 
negligibly positive and negative at specific lower and upper 
quantiles, respectively. Here, it can be seen that there were 
significant differences between quantiles in the relation-
ship between income and carbon emission. These findings 
are consistent with those of You et al. (2015), Zhang et al. 
(2016), and Allard et al. (2018), who found that the use of 
quantile regressions resulted in the inconclusive shape of 
the EKC.

The findings from the quantile regressions regarding the 
4As of energy security were ambiguous across different 
quantiles. The estimated coefficient for energy availability 
was negative at the lower and upper quantiles but insignifi-
cant at the upper quantiles. While there was an indication 
for carbon emissions to decline as energy availability rose, 
the insignificant coefficient at the upper quantiles suggests 
that energy availability alone might not be the main factor 
in reducing carbon emissions. Instead, the lack of signifi-
cance suggested that at higher stages of economic develop-
ment, other factors, such as changes in industrial structure, 
laws, regulations, or technology breakthroughs, may have 
a higher influence in determining carbon emissions. The 
other energy security dimensions involved in models 2 to 4 
were also insightful. The influence of energy accessibility 
on carbon emission was heterogeneous across quantiles, as 
it was significant and positive at the 10th and 20th quantiles. 

Conversely, the coefficient became insignificant at the 30th 
quantile and above. This observation inferred the small size 
of energy security in developing countries and insufficient 
to mitigate carbon emissions. For instance, a significant por-
tion of the population in sub-Saharan Africa lacks access 
to reliable electricity. The shift to low-carbon alternative 
options is hampered by inadequate access to modern, clean 
energy services, making it challenging to effectively reduce 
carbon emissions. As a result, people depend on alternate 
energy sources like kerosene lights and diesel generators, 
which have substantial carbon emissions and adverse envi-
ronmental effects.

The energy affordability and acceptability coefficients 
were positive and significant at lower quartiles, support-
ing the pooled OLS regression result. Higher carbon emis-
sions may arise as energy prices rise. When energy options 
are more expensive, people might be less likely to spend 
money on renewable energy sources or energy-efficient 
technologies, which could result in an ongoing reliance on 
less expensive but more environmentally damaging energy 
sources, raising carbon emissions. For example, in Nigeria, 
the price of electricity produced from conventional fossil 
fuel sources, including gasoline and diesel, is relatively 
lower than renewable energy alternatives. People find it chal-
lenging to invest in renewable energy as they often encounter 
greater upfront costs due to this pricing gap.

Regarding energy acceptance, the findings showed that 
developing countries’ populations do not consider renew-
able energy sources or energy-efficient technology accept-
able or appropriate for their needs and may choose more 
carbon-intensive energy options. There may be an increase 
in carbon emissions because of the choice of less environ-
mentally favourable options. For instance, rural communities 
in Bangladesh find renewable energy sources unfamiliar or 
less acceptable due to cultural norms, a lack of knowledge 
or a preference for conventional techniques, despite govern-
ment efforts to promote renewable energy options, including 
solar household systems. This preference for energy sources 
with a high carbon footprint hinders the switch to cleaner 
energy systems and increases carbon emissions.

Table 9 summarises the panel quantum estimation of the 
coefficient of indication. Overall, this study discovered that 
lower quantiles of model 1 of the GDP and GDP2 series 
produced a negative and positive sign, respectively. Only 
the GDP and GDP2 series supported the EKC hypothesis 
at the high quantiles for models 2 and 4. The energy avail-
ability series displayed a negative sign at the low and middle 
quantiles, but the sign was insignificant at the high quantiles. 
Finally, the results revealed that all predicted lower quantiles 
of the accessibility, affordability, and acceptability of energy 
series acquired a statistically significant positive sign.

Figures 1, 2, 3, and 4 demonstrate the quantile effects of 
each variable for each model. The effect of GDP on CO2 
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emissions decreased with increasing quantile. Another 
finding was that the GDP2 coefficients consistently 
decreased as they moved from lower to higher quantiles. 

The graphs also portrayed an inverted U-shaped relation-
ship between income and carbon emissions, with emis-
sions rapidly increasing up to the middle and declining 

Table 9   Summary of the 
quantile regression

“+” and “−” denote a statistically significant positive and negative relationships, respectively. “/” denotes 
an insignificant relationship

Variables 10th 20th 30th 40th 50th 60th 70th 80th 90th

Model 1
  LGDP + + + + / + / + /
  LGDP2 − − − − / / / / /
  LESAVA − − − − − / / / /
Model 2
  LGDP / / + / / / + + +
  LGDP2 / / / / / / − − −
  LESACC​ + + + / / / / / /
Model 3
  LGDP + + / / / + + + +
  LGDP2 − − / / / / / / /
  LESACCE + + + + / / / / /
Model 4
  LGDP + + / / / + + + +
  LGDP2 − − / / / − − − −
  LESAFF + / / + + / / / /
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Fig. 1   Variation in panel quantile regressions coefficients for model 
1. Note: The red curve reveals the impact of each factor on CO2 
emissions at different quantiles. The straight blue line indicates the 

results of the regression. The black dotted line represents the 95% 
confidence curve of the OLS estimation. The shaded area represents a 
95% confidence interval for the quantile regression
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2. Note: The red curve reveals the impact of each factor on CO2 
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results of the regression. The black dotted line represents the 95% 
confidence curve of the OLS estimation. The shaded area represents a 
95% confidence interval for the quantile regression
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Fig. 3   Variation in panel quantile regressions coefficients for model 
3. Note: The red curve reveals the impact of each factor on CO2 
emissions at different quantiles. The straight blue line indicates the 

results of the regression. The black dotted line represents the 95% 
confidence curve of the OLS estimation. The shaded area represents a 
95% confidence interval for the quantile regression
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to the right tail in the upper quantile. The sloped coef-
ficients of energy availability were also decreasing across 
the quantile. In contrast, the coefficient of energy acces-
sibility, affordability, and acceptability tended to rise from 
lower to higher quantile levels. The overall findings sug-
gested that energy security considerations in the transition 
to low emissions have not yet been effectively realised and 
require additional efforts in developing countries, which 
contrasted with You et al. (2015) and Salman et al. (2019). 
Additionally, these findings contradict the findings of You 
et al. (2015) and Salman et al. (2019), which support the 
idea that investing in energy security measures, such as 
energy efficiency, renewables, and electric transportation, 
can reduce reliance on imported oil and gas while also 
promoting environmental protection to reduce emission 
countries.

The robustness check is also performed by applying an 
alternative environmental degradation indicator, including 
nitrous oxide (N2O), methane (CH4), and fluorinated gases 
(F-GAS). Tables 10, 11, and 12 are almost identical to the 
results obtained in Table 8. This study also offers a sum-
mary of the panel quantile models with nitrous oxide (N2O), 
methane (CH4), and fluorinated gases (F-GAS) as measures 
of environmental deterioration to conserve space and make 
it easier for readers (see Table 13).

Conclusion

The panel quantile regression has been employed in this 
study to examine the 4As impact of energy security on CO2 
emissions. This study utilised a global sample of 112 devel-
oping countries from 1990 to 2019. Particularly, the validity 
of the EKC hypothesis was investigated for the first time 
using the 4As of energy security in developing countries. 
Based on the empirical results, the impact of explanatory 
variables on carbon emissions was heterogeneous, with pro-
nounced differences across various quantiles. The following 
conclusions were drawn from this study. Firstly, the results 
confirmed the EKC correlation between income and carbon 
emission only at high quantiles for energy availability and 
affordability, except for energy availability and acceptability. 
Secondly, the effect of energy security on carbon emission 
was heterogeneous across the models. The energy availabil-
ity significantly negatively affected carbon emission in low 
and high quantiles. The effect of energy accessibility and 
acceptability on carbon emissions was positive, implying 
that it did not mitigate CO2 emissions. Thus, it hinted that 
developing countries could not adapt and access sustainable 
modern energy services and products, leading to dependence 
on foreign fossil fuels and increased emissions.
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4. Note: The red curve reveals the impact of each factor on CO2 
emissions at different quantiles. The straight blue line indicates the 

results of the regression. The black dotted line represents the 95% 
confidence curve of the OLS estimation. The shaded area represents a 
95% confidence interval for the quantile regression
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This study offers policy implications for developing coun-
tries that aim to address energy security to decrease carbon 
emissions, taking into consideration of empirical findings. 
Although most developing countries have abundant energy 
resources, several barriers were encountered, such as high 
initial costs, limited awareness, and a lack of appropriate 
technologies. To address these barriers, governments must 
establish feed-in tariffs, quotas, loans, and project financing 
to improve access to affordable energy. For instance, in low-
income countries, the main obstacle often lies in the expensive 
upfront expenses of renewable energy solutions. To solve this, 
governments can offer low-interest loans, and project financing 
alternatives can promote the development and deployment of 
renewable energy projects, making them more accessible and 
affordable for communities. Lack of specialised infrastructure 
and technologies may hinder developing nations with upper-
middle incomes. Governments may deal with this problem 
by promoting collaborations with technology providers and 
encouraging the exchange of information and skills about 
renewable energy systems. By providing financial incentives 
like tax breaks or subsidies, governments may promote clean 
energy technology and energy security. Additionally, for lower-
middle-income countries to effectively cut carbon emissions, 
governments must address both the availability and affordabil-
ity of energy. One approach is to increase energy availability 
by enhancing access to affordable energy sources and grow-
ing energy distribution networks. Measures such as adopting 
subsidy programs to make energy services affordable for eve-
ryone can encourage the use of renewable energy sources. In 
addition to energy security, the government must encourage 
sustainable urban planning by fostering compact urban growth, 
efficient public transit systems, and green infrastructure. This 
approach reduces carbon emissions and enhances quality of 
life by lessening energy demand and enhancing environmental 
sustainability.
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