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Abstract

This paper investigates the impact of oil, coal, renewable energy consumption and CO2 
emissions in the ASEAN-5 countries for the period from 1971 to 2020 utilizing the 
panel ARDL and MMQR models. The panel autoregressive distributed lag (ARDL) 
model estimates average short- and long-run effects, whereas the method of moments 
quantile regression (MMQR), a panel quantile technique, estimates how these effects 
vary across the distribution of emissions. The MMQR results shed light on the impacts 
of variables on CO2 emissions estimated at different emission levels. The results show 
that oil, coal consumption, and GDP are significant factors influencing CO2 emis-
sions. Conversely, renewable energy sources contribute significantly to reductions in 
CO2 emissions. Also, the results reveal that trade activities have a significant impact 
on emissions in countries exhibiting high emission levels. In particular, the effects of 
GDP and renewable energy become stronger at higher quantiles, whereas those of oil 
and coal remain relatively stable. Furthermore, the panel causality tests reveal bidirec-
tional causality between CO2 emissions and oil consumption and economic growth. 
The results also support unidirectional causality from coal consumption to emissions, 
and causality from emissions to renewable energy. The results indicate the need for 
comprehensive efforts across various policy areas to reduce emissions and address cli-
mate change. Reducing coal and oil dependence should be a priority for all ASEAN-5 
countries, while faster renewable deployment matters most for high emitters.

Ciler Sigeze (Türkiye), Esra Balli (Türkiye), M. Sedat Uğur (Türkiye),  
A. Nazif Çatik (Türkiye), Gulnoza Matyakubova (Uzbekistan),  
Bekhzod Kuziboev (Uzbekistan), Jamshid Pardaev (Uzbekistan),  
O’g’iljon Artiqova (Uzbekistan)

The effect of oil, coal  The effect of oil, coal  

and renewable energy and renewable energy 

consumption, economic consumption, economic 

growth and trade growth and trade 

on carbon emissions  on carbon emissions  

in ASEAN-5: Insights  in ASEAN-5: Insights  

from panel ARDL and method  from panel ARDL and method  

of moments quantile of moments quantile 

regression (MMQR) analysisregression (MMQR) analysis

Received on: 17th of February, 2026
Accepted on: 23rd of July, 2026
Published on: 30th of September, 2026

INTRODUCTION 

Climate change is one of the major issues confronting our planet to-
day. Scientific consensus is that anthropogenic greenhouse gas (GHG) 
emissions, primarily CO₂ emissions, are a significant driver of global 
temperature increase and climate change. Since the energy industry 
accounts for a considerable amount of CO

2
 emissions, it is imperative 

to seek ways to cut down emissions from this industry to mitigate the 
effects of climate change. 
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Coal is also a widely utilized fossil fuel, and its associated CO
2
 emissions grew by 15% from 2020 to 2021 

(EPA, 2023). Coal use is known to intensify environmental destruction (Bloch et al., 2012; Govindaraju 
& Tang, 2013; Tiwari et al., 2013; Shahbaz et al., 2017a; Ansari et al., 2022). Oil consumption, which is 
the second-largest source of fossil fuel reserves in the world (Our World in Data, 2023), is also a major 
contributor to CO

2
 emissions (Alkhathlan & Javid, 2013; Ansari et al., 2022). 

In Southeast Asia, 90% of the growth in energy demand comes from fossil fuels, with demand for coal, 
oil, and natural gas increasing dramatically since 2000 (IEA, 2022). In 2020, the ASEAN region’s energy 
mix was 83% fossil fuels, such as oil, coal, and natural gas, and 14.2% renewable energy (ACE, 2022). 
Indonesia and Singapore are ASEAN’s largest oil consumers, and Indonesia is also the region’s largest 
coal consumer (BP, 2022). Fossil fuels are projected to meet three-quarters of the region’s increased en-
ergy demand by 2030, resulting in an approximately 35% increase in CO

2
 emissions (IEA, 2022). 

ASEAN countries’ energy policies differ in terms of meeting increasing demands for energy, developing 
new energy sources, and achieving low CO

2
 emission targets. Among the ASEAN-5 countries, Indonesia 

is the largest energy consumer and thus CO
2
 emitter, followed by Thailand, Malaysia, Singapore, and 

the Philippines (Delina, 2021; BP, 2022). The drivers of increased CO
2
 emissions also vary from the 

manufacturing expansion underlying economic development in Thailand and Malaysia to growth in 
the service sector in the Philippines (IEA, 2022). 

Regarding energy exports and production, Indonesia contributed the majority (89%) of ASEAN’s total 
coal exports and, together with Malaysia, was also an important exporter of natural gas, while Thailand 
and Singapore were importers of natural gas. These indicators suggest that the current global energy 
crisis has had little impact on ASEAN economies (ACE, 2023). While hydropower is a major energy 
contributor, other renewable energy sources, such as solar, wind, and biomass, only constitute a very 
small proportion of energy production (Delina, 2021).

 Against this backdrop, this study focuses on ASEAN-5 (Indonesia, Malaysia, the Philippines, Thailand, 
and Singapore), which consists of fast-growing countries in Southeast Asia, to analyze the effect of vari-
ous forms of fossil fuel consumption on CO

2
 emissions. The energy demand of these countries is pro-

jected to increase in the coming decades, thereby generating even greater greenhouse gas emissions. To 
this end, the study combines the panel autoregressive distributed lag (ARDL) model, which estimates 
the average short- and long-run effects, with the method of moments quantile regression (MMQR) of 
Machado and Santos Silva (2019). MMQR is a panel quantile regression technique that estimates the ef-
fects of the explanatory variables at different quantiles of the conditional distribution of CO₂ emissions, 
that is, separately for low-, medium- and high-emission country-year observations, while controlling for 
unobserved country fixed effects. 

1. LITERATURE REVIEW

There has been growing attention to the energy 
consumption – economic growth nexus since the 
pioneering work of Kraft and Kraft (1978). This as-
sertion of a unidirectional causal relation running 
from economic growth to energy consumption, 
rather than the reverse, has since been challenged: 
Akarca and Long (1980) and Yu and Hwang (1984) 
find no causal relationship between energy and 
economic growth. Indeed, the debate over this 
relationship remains unresolved, with studies fre-

quently reaching contradictory conclusions. The 
selected studies on ASEAN countries in Table 1 
also conform to the mixed results from the wider 
literature. Most of these studies tend to utilize ei-
ther oil or coal consumption as a proxy for energy 
consumption and have resulted in four competing 
hypotheses, namely those of growth, conservation, 
feedback, and neutrality. 

The growth hypothesis is based on the premise 
that consumption of energy is essential for real-
izing economic growth (Dunkerley, 1982; Payne, 
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2010) and that economic growth is a result of en-
ergy consumption growth. Such studies have fo-
cused on a single causal direction from EC to EG, 
including Appiah (2018) for Ghana, Pinzón (2018) 
for Ecuador, and Pandey and Rastogi (2019) for 
India. Conversely, the conservation hypothesis 
posits that energy consumption-reducing policies 
will not result in a decline in economic growth, 
and thus the causal relationship can be from eco-
nomic growth toward energy consumption (Al-
Mulali et al., 2013). Examples include Zhang and 
Cheng (2009) for China, Yildirim et al. (2014) for 
three ASEAN countries, Akadiri et al. (2019) for 
Iraq, Gorus and Aydin (2019) for MENA countries, 
and Tong et al. (2020) for the E7 countries.

The feedback hypothesis postulates that GDP 
growth and energy consumption share a long-term 
relationship (Apergis & Payne, 2010), and it is con-
sidered bidirectional in nature. This has been em-
pirically found to be true by Shahbaz et al. (2012) 
for Pakistan, Tiwari (2014) for the USA, Bui (2020) 
for Vietnam, and Rahman (2021) for BRICS and 
ASEAN nations. Lastly, the neutrality hypothesis 
posits a minimal effect of energy use on economic 
development, as energy consumption constitutes 
only a small fraction of a nation’s gross domestic 
product (GDP) (Squalli, 2007). That is, there is no 
Granger causality in either direction between EC 
and GDP. This is in line with several other stud-
ies, such as Śmiech and Papież (2014) covering the 
EU countries, Fazal et al. (2021) for Pakistan, and 
Otim et al. (2022) for Uganda. 

These four hypotheses can be used in the same 
manner for investigating the relationship between 
renewable energy consumption and economic 
growth. In recent years, growing interest in this 
relationship has stimulated many studies. Most 
conclude that an increase in renewable energy con-
sumption is linked to economic growth (Ito, 2017; 
Iqbal et al., 2023), although they differ in attribut-
ing the direction of causality. Khobai and Leroux 
(2017), for instance, suggest that there is unidirec-
tional causality from renewable energy consump-
tion to economic growth in the short run, which 
supports the growth hypothesis, but that the di-
rection reverses in the long run, which supports 
the conservation hypothesis. Saidi and Mbarek 
(2016), Mukhtarov (2022), and Steve et al. (2022) 
also conclude that there is a unidirectional caus-

al relationship from renewable energy consump-
tion to economic growth. However, other stud-
ies provide contradictory findings. Some suggest 
a feedback impact (Shahbaz et al., 2012; Sebri & 
Ben-Salha, 2014; Chang et al., 2015; Ghazouani et 
al., 2020; Saidi & Omri, 2020; Acheampong et al., 
2021) whereas others find no causal relationship 
(Yildirim et al., 2012; Ummalla & Samal, 2019; 
Mounir & El-Houjjaji, 2022). Finally, some studies 
support the neutrality hypothesis by concluding 
that there is no significant relationship between re-
newable energy use and economic growth, where-
as economic growth does not increase renewable 
energy consumption (Marques & Fuinhas, 2012; 
Mbarek et al., 2015). Together, these findings im-
ply that the renewable energy-growth relationship 
is very context-dependent: its causality direction 
and significance depend on the level of renewable 
energy development and the time horizon, and 
not a-b directionality in causality. 

The use of fossil fuels, such as oil and coal, has been 
generally found to increase CO

2
 emissions (Bloch 

et al., 2012; Ansari et al., 2020; Joshua & Bekun, 
2020; Balli et al., 2021), and higher consumption 
of renewable energy has a mitigating impact on 
CO

2
 emissions (Shafiei & Salim, 2014; Zoundi, 

2017; Allard et al., 2018; Bilan et al., 2019; Jebli et 
al., 2020; Ponce & Khan, 2021; Muhammad et al., 
2022; Rahman et al., 2022; Amin & Song, 2023). 
Conversely, other literature finds that renewable 
energy consumption does not have any meaning-
ful effect on reducing CO

2
 emissions (Menyah 

& Wolde-Rufael, 2010; Yazdi & Shakouri, 2018; 
Acheampong et al., 2021); that is to say, no causal 
relationship exists between renewable energy use 
and CO

2
 emissions. Overall, while the bulk of the 

evidence indicates that renewable energy substi-
tutes for fossil fuel use and lowers emissions, this 
effect is not universal, which points to the share 
and maturity of a country’s renewable energy sec-
tor as a likely moderating factor.

The association between economic activity and 
environmental degradation is also still unclear, 
and there is no consensus regarding the effect of 
increasing economic activity on environmental 
degradation. The impact of economic growth on 
CO

2
 emissions led to Grossman and Krueger’s 

(1991) well-known proposal of the Environmental 
Kuznets Curve (EKC), which predicts an inverted 



293

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

U-shaped association between economic growth 
and CO

2
 emissions. That is, CO

2
 emissions in-

crease with economic growth until a threshold, 
before starting to decrease. However, there is still 
no consensus regarding the curve’s precise shape. 
While some studies have validated the inverted-U-

shaped curve (Ahmed & Long, 2013; Pata, 2018; 
Bekun et al., 2021; Gyamfi et al., 2021), others 
have reported an N-shaped curve (Poudel et al., 
2009; Allard et al., 2018; Tirgil et al., 2021; Awan 
& Azam, 2022). That is, having fallen previous-
ly, environmental degradation starts to increase 

Table 1. Selected literature on ASEAN countries

Authors Methodology Period Variables Findings

Lean and Smyth 

(2010)

Panel VECM, Granger 

causality
1980–2006

GDP, GDP2, CO
2
, 

ELE

The association between ELE and CO
2
 is statistically 

significant in the long run, with unidirectional causality 
running from CO

2
 to ELE in the short run.

Chandran and Tang 

(2013)

Multivariate 
cointegration tests, 
Granger causality

1971–2008
GDP, CO

2
, 

TRENE, FDI

The variables are cointegrated only in Indonesia, 
Malaysia, and Thailand; there is no support for the EKC 

hypothesis.

Saboori and Sulaiman 
(2013)

ARDL, Granger 

causality.
1971–2009 GDP, CO

2
, ENE

The variables are cointegrated. Bidirectional causality 
between ENE and CO

2
 in all countries is found.

Heidari et al. (2015)
Panel Smooth 

Transition Regression 1980–2008 GDP, CO
2
, ENE

Environmental pollution rises with economic growth 
in the first regime, while the opposite is true for the 
second regime. ENE increases CO

2
 in both regimes.

Zhu et al. (2016)
Panel Quantile 

Regression
1981–2011

GDP, CO
2
, ENE, 

FDI, POP, TRA, 

FIN, IND

Variables affect CO
2
 emissions across quantiles; ENE 

increases CO
2
 most at higher quantiles; higher GDP 

reduces CO
2
 in high-emission countries.

Liu et al. (2017)*

Pedroni and Kao 

cointegration tests, 
Granger causality

1970–2013 CO
2
, AGR, RENE

Increasing renewable energy decreases CO
2
 emissions, 

while non-renewable energy increases CO
2
 emissions.

Vo et al. (2019)**

Johansen, ARDL 

cointegration tests, 
FMOLS, DOLS, 

Granger causality

1971–2014
GDP, GDP2, CO

2
, 

ENE, RENE, POP

Variables show cointegrating relationships between 
selected countries, except Thailand and the Philippines, 

while Granger causality results differ among ASEAN 
countries.

Chontanawat 
(2020)***

Johansen 

cointegration test, 
Granger causality

1971–2015 GDP, ENE, CO
2

Cointegration is found. There is a bidirectional causality 
between ENE and CO

2
.

Guzel and Okumus 

(2020)

Durbin-Hausman 
cointegration test, 

CCEMG, AMG

1981–2014
GDP, GDP2, ENE, 

CO
2
, FDI

Increased FDI leads to increased CO
2
 emissions in the 

ASEAN-5 countries. EKC is also valid, while ENE damages 
the environment.

Ling et al. (2020)

Pedroni 

cointegration test, 
Granger causality

1995–2014
GDP, CO

2
, ENE, 

TRA, FDI

There is short-run bidirectional causality between 
energy consumption, economic growth, and CO

2
 

emissions.

Munir et al. (2020)
Westerlund 

cointegration test 1980–2016 GDP, CO
2
, ENE

There is strong evidence of cointegration between the 
pairs of GDP-EC and EC-CO

2
 in all ASEAN-5 countries

Ahmad et al. (2022)

Westerlund 

cointegration test, 
PMG-ARDL 

2000–2019
GDP, CO

2
, FIN, 

URB, ENE
All variables positively and significantly cause 
environmental degradation in the long run.

Feriansyah et al. 

(2022)

Pedroni 

cointegration, Panel 
ARDL

1994–2018 GDP, CO
2

GDP has a significant long-term effect on CO
2
 emissions.

Hanif et al. (2022) CS-ARDL 1995–2020
RENE, ENE, GDP, 

CO
2
, GLO

In ASEAN countries, the utilization of non-renewable 
energy sources exacerbates environmental degradation, 
whereas the adoption of renewable energy sources 
enhances environmental quality.

Pata et al. (2023)
ARDL, Dumitrescu-

Hurlin causality test
1995–2018

GDP, TRA, RENE, 

CO
2

Income and trade openness reduce pollution. 
Renewable energy reduces CO

2
 emissions only in 

the short term and has no significant impact on the 
environment in the long run.

Note: * This study includes all ASEAN-5 countries except Singapore. ** The study covers the ASEAN-5 countries except Singa-
pore while including Myanmar. *** This study includes ASEAN-5 countries and Brunei, Myanmar, and Vietnam. The abbrevia-
tions below refer to the variables used in the studies summarized in this table; they do not all correspond to the variables 
used in the present study. ELE: electricity consumption, ENE: energy consumption, GDP: economic growth, GDP2: square of 
economic growth, CO2: carbon emissions, TRA: trade openness, RENE: renewable energy consumption, GLO: globalization, 
TRENE: transport energy consumption, POP: population, FIN: financial development, IND: industrial structure, GCF: gross 
capital formation.
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again after the country reaches a certain income 
level. In short, the growth-emissions relationship 
is non-linear in most settings, but its exact shape, 
and hence the income level at which emissions be-
gin to fall, varies with the sample and time period 
studied.

Another frequently used variable in recent studies 
of environmental quality is trade, particularly re-
garding whether trade is good for the environment 
(Copeland & Taylor, 1994). Shapiro (2016) argues 
that the benefits of international trade outweigh 
its environmental costs. Shahbaz et al. (2013) 
and Sebri and Ben-Salha (2014) also suggest that 
trade openness may help increase environmen-
tal quality by promoting renewable consumption. 
However, other studies suggest that trade damag-
es environmental quality by increasing CO

2
 emis-

sions (Shahbaz et al., 2017b; Ansari et al., 2020; 
Dou et al., 2021; Usman et al., 2023). For example, 
Mahmood et al. (2019) found that increasing trade 
openness in Tunisia was associated with higher 
CO

2
 emissions. Finally, several studies have in-

vestigated the causal relationships between trade 
openness, economic growth, and CO

2
 emissions 

(Jamel & Maktouf, 2017; Hdom & Fuinhas, 2020; 
Wasti & Zaidi, 2020; Omri & Saadaoui, 2023). 
However, they find differing directions of causal-
ity depending on the period of study or country 
sample. Taken together, the trade-environment 
literature suggests that trade openness can either 
help or harm environmental quality depending on 
a country’s export composition, technology level, 
and stage of development, rather than having a 
uniformly positive or negative effect.

Several studies have investigated the factors af-
fecting environmental quality in ASEAN coun-
tries, such as economic growth, non-renewable 
and renewable energy consumption, trade, glo-
balization, and financial development. Most con-
clude that many of these variables are cointegrat-
ed in the long run and have causal relationships 
with each other. For example, economic growth 
appears to be a major contributor to CO

2
 emis-

sions in ASEAN-5 countries (Chandran & Tang, 
2013), while their non-renewable energy con-
sumption damages the environment (Heidari 
et al., 2015; Zhu et al., 2016; Hanif et al., 2022). 
Conversely, renewable energy consumption im-
proves environmental quality (Liu et al., 2017; 

Ahmad et al., 2022). Whereas some studies con-
clude that trade openness increases CO

2
 emis-

sions in ASEAN-5 countries (Ling et al., 2020), 
others find that it reduces environmental degra-
dation (Pata et al., 2023). 

These studies have used various methodologies, 
such as second-generation cointegration tests and 
a range of causality tests (see Table 1). None, how-
ever, has used MMQR to analyze the relevant nex-
us for ASEAN countries. A few studies have used 
MMQR to investigate the relationship between 
energy consumption, economic growth, and 
CO

2
 emissions. For instance, Miao et al. (2022) 

used MMQR to investigate the impacts of renew-
able energy sources on environmental quality in 
newly industrialized countries between 1990 and 
2018. They concluded that for all quantiles (0.1-
0.9), renewable energy consumption contributes 
to environmental quality, while economic growth 
increases the ecological footprint. Khalfaoui et 
al. (2023) used MMQR to investigate the envi-
ronment-growth nexus in 17 MENA countries 
for the period 1984-2018. They found an inverted 
U-shaped relationship between income level and 
CO

2
 emissions, but no statistically significant rela-

tionship between income level and ecological foot-
print for MENA countries as a group.

1.1. Research gap, aims  
and hypotheses

The above literature indicates a positive impact 
of economic growth, non-renewable energy con-
sumption and trade openness, but negative ef-
fects of renewable energy consumption on CO

2
 

emissions, however, the magnitude and the sign 
of these effects depend on the countries, the time 
periods and the applied estimation methods (re-
fer to Table 1). Most of these studies rely on coin-
tegration and Granger-causality techniques that 
capture average effects, and none has used MMQR 
to examine how oil consumption, coal consump-
tion, renewable energy consumption, GDP, and 
trade openness jointly affect CO

2
 emissions across 

the full distribution of emission levels in the 
ASEAN-5 countries. This represents an impor-
tant gap, given that the policy response required 
to curb emissions in a low-emission country may 
differ substantially from that required in a high-
emission country.
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Building on this gap, the study pursues three spe-
cific aims: (i) to estimate the average short- and 
long-run effects of oil consumption, coal con-
sumption, renewable energy consumption, eco-
nomic growth (GDP) and trade openness on CO₂ 
emissions in the ASEAN-5 countries over the pe-
riod 1971–2020 using the panel ARDL model; (ii) 
to examine whether, and how, these effects differ 
across low-, medium- and high-emission levels us-
ing MMQR; and (iii) to identify the direction of 
causality between CO₂ emissions and each of its 
determinants using the Dumitrescu–Hurlin panel 
causality test, so that emission-level-specific poli-
cy recommendations can be derived.

Drawing on the theoretical framework reviewed 
in Section 1, the following hypotheses are tested:

H1: Economic growth has a positive effect on 
CO₂ emissions. According to the scale ef-
fect underlying the Environmental Kuznets 
Curve (Grossman & Krueger, 1991), rising 
output increases energy use and pollution 
in economies that have not yet reached the 
income turning point, which is the case for 
most ASEAN-5 countries (Chandran & Tang, 
2013; Heidari et al., 2015).

H2: Oil consumption and coal consumption have 
positive effects on CO₂ emissions. Because 
the combustion of fossil fuels releases carbon, 
and coal in particular has a high carbon con-
tent per unit of energy, greater use of either 
fuel is expected to raise emissions (Bloch et 
al., 2012; Alkhathlan & Javid, 2013; Ansari 
et al., 2022).

H3: Renewable energy consumption has a neg-
ative effect on CO₂ emissions. Renewable 
sources substitute for fossil fuels in electric-
ity generation and thereby reduce the carbon 
intensity of the energy mix (Shafiei & Salim, 
2014; Hanif et al., 2022).

H4: The effect of trade openness on CO₂ emis-
sions depends on the emission level. Trade 
theory identifies two competing channels: 
a scale and pollution-haven channel that 
raises emissions (Copeland & Taylor, 1994; 
Shahbaz et al., 2017b) and a technique chan-
nel, operating through access to cleaner tech-

nologies, that lowers them (Shahbaz et al., 
2013; Shapiro, 2016). The net effect is there-
fore expected to be negative in low-emission 
and positive in high-emission settings.

H5: The effects of the explanatory variables differ 
across the conditional distribution of CO₂ 
emissions. Because the ASEAN-5 countries 
differ in their energy mix, industrial struc-
ture and stage of development (IEA, 2022), 
the marginal effects of growth, fossil fuels, re-
newables and trade are expected to vary be-
tween low- and high-emission country-year 
observations (Zhu et al., 2016).

H6: There is feedback (bidirectional) causality 
between CO₂ emissions and its main deter-
minants, in line with the feedback hypothesis 
of the energy–growth literature (Apergis & 
Payne, 2010).

2. METHODOLOGY 

2.1.  Data 

To test the hypotheses formulated in Section 1.1, 
CO₂ emissions are modelled as a function of eco-
nomic growth, oil consumption, coal consump-
tion, renewable energy consumption and trade 
openness. The linear version of the fixed-effects 
model is defined as: 

2 0 1 2

3 3 4 ,
it it it

it it it it

lCO lGDP loil

lcoal shrenr trade

α α α
α α α ε

= + +

+ + + +
 (1)

where the dependent variable lCO
2it

 represents the 
natural logarithm of CO

2
 emissions, while the in-

dependent variables are the natural logarithm of 
GDP (lGDP

it
), the natural logarithm of total final 

oil consumption (loil
it
), the natural logarithm of 

total final coal consumption (lcoal
it
), the share 

of renewable sources in electricity generation 
(shrenr

it
), and the share of trade in GDP (trade

it
).

CO
2
 emission data, measured in kilotons of CO

2
, 

were sourced from the International Energy 
Agency (IEA). GDP data, measured in billion 
USD at 2015 prices and purchasing power pari-
ties (PPPs), were obtained from the Organization 
for Economic Co-operation and Development 
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(OECD). Total oil consumption and total final coal 
consumption data, both measured in ktoe, were 
sourced from the IEA. To examine the effects of 
renewable energy consumption on environmen-
tal degradation in the ASEAN-5 countries, the 
percentage share of renewable sources in electric-
ity generation, obtained from the IEA, was used as 
the proxy variable. Lastly, the share of trade in GDP 
data, measured as a percentage, was sourced from 
DataStream (Refinitiv Eikon Datastream, 2023).

Before proceeding, the descriptive properties of 
the variables are reported in Table 2. The results 
indicate that they are not normally distributed. In 
particular, the Jarque-Bera statistics of all vari-
ables reject the null hypothesis of normality for all 
variables at the 5% level of significance. Because of 
the non-normality of the data, it can be said that 
MMQR can provide a more suitable analytical 
perspective on the data than the linear estimation 
methods, since MMQR enables one to estimate 
conditional quantiles of a dependent variable, giv-
en a set of independent variables. 

2.2. MMQR 

The choice of the MMQR estimator is motivated 
by the aims of the study and by the properties of 
the data. First, mean-based panel estimators such 
as the panel ARDL or fixed-effects OLS yield on-
ly the average effect of each regressor, which may 
mask substantial differences between low- and 
high-emitting country-year observations; MMQR, 
by contrast, estimates the effects at selected quan-
tiles of the conditional distribution of CO₂ emis-
sions and therefore allows H5 to be tested directly. 
Second, the variables and the model residuals are 

1 To further investigate the normality of the residuals of the panel data equation, the Jarque-Bera normality test was performed using the 
panel fixed-effect equation (1). The Jarque statistic of 81.838 strongly rejects the null hypothesis that the residuals are normally distributed. 
In addition, we present a Q-Q plot of the cross-sectional residuals versus the normal quantile presented in Figure A1. As can be seen, the 
plot departs significantly from the line corresponding to the normal distribution; hence, it can be concluded that the residuals are not 
normally distributed.

not normally distributed (Table 2 and Figure A1), 
and quantile-based estimates are more robust to 
non-normality, heavy tails and outliers than esti-
mates of the conditional mean. Third, unlike con-
ventional panel quantile regression, in which indi-
vidual effects act only as a location shift, MMQR 
allows the unobserved country fixed effects to af-
fect the entire conditional distribution of emis-
sions, which is important for a heterogeneous pan-
el of countries with a long time dimension such 
as ASEAN-5 over 1971–2020 (Machado & Santos 
Silva, 2019). Fourth, MMQR is computationally 
simple and helps to avoid crossing quantile esti-
mates, and it has become a standard tool in recent 
energy–environment studies (Miao et al., 2022; 
Khalfaoui et al., 2023). The panel ARDL estimates 
are retained as a mean-based benchmark against 
which the distributional MMQR results can be 
compared.

Given the non-normal distribution of the da-
ta (Table 2), we estimate Equation (1) using the 
MMQR estimator of Machado and Santos Silva 
(2019), which accommodates panel fixed effects 
and yields consistent parameter estimates across 
the full conditional distribution of CO

2
 emissions.1 

The model is specified as (Machado & Santos Silva, 
2019, p. 148):

( )' ' ,2it i it i it itlCO X Z Uα β δ γ= + + +  (2)

Here [ ]'      ',it it it it it itX lGDP loil lcoal shrenr trade=  
and β is the associated coefficient vector.  iα  is 
the country fixed effect; iδ  is the quantile-specific 
scale fixed effect for country i; Z

it
 contains known 

differentiable transformations of Xᵢₜ satisfying 
{ }' 0 1.i itP Zδ γ+ > =  itU  is an unobserved inno-

Table 2. Descriptive statistics for the study variables

Statistic lCO2
it

lGDP
it

lcoal
it

loil
it

shrenr
it

trade
it

Mean 11.112 5.851 5.718 9.425 0.163 1.356

Median 11.061 5.876 6.475 9.413 0.140 0.861

Std. Dev. 1.015 1.006 2.601 0.968 0.131 1.129

Skewness 0.082 –1.614 –0.480 –0.286 0.754 1.158

Kurtosis 2.213 7.606 2.121 5.903 2.782 2.964

Jarque–Bera 6.725 323.012 17.663 89.354 24.207 55.928

Probability of Jarque–Bera (0.035) (0.001) (0.001) (0.001) (0.001) (0.001)
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vation, independent of ,itX  normalized so that: 
( )( ) 0,  1.it itE U E U= =

Under exogeneity of Xᵢₜ, the parameters 
,  ,  ',i iα β δ γ′  and ( ) 'q τ  are estimated via first 

moment conditions. The resulting conditional 
quantile function is:

( ) ( )( )
( )' ' .

Y it i i

it it

Q X q

X Z q

τ α δ τ

β γ τ

= +

+ +
 (3)

The term ( )( )  i iqα δ τ+  is the quantile-τ fixed ef-
fect for unit i.

Estimation proceeds via Hansen’s (1982) one-step 
GMM in five steps:

• Step 1: Estimate β̂  by regressing demeaned 
( )Ó /it t itY Y T−  on the demeaned covariates 
( )Ó / .it t itX X T−

• Step 2: Recover iα  as  ( )' ,ˆ1
i t it itY X
T

α β= Σ −  

and the residuals ˆ
itR  are retrieved, 

 ' .ˆˆ
it it i itR Y Xα β= − −

• Step 3: Estimate γ by regressing demeaned 
ˆ ,  itR  ( )ˆ /ˆÓit t itR R T−  on the demeaned itZ  

covariates, ( )Ó /it t itZ Z T−  on demeaned 
Zᵢₜ to obtain ˆ.γ

• Step 4: Recover iδ  from the residuals and ˆ.γ

 ( )'1
 .ˆ ˆ

i t it itR Z
T

δ γ= Σ −  (4)

• Step 5: Estimate q(τ) by minimizing the check-
function objective:

( )( )'min  ,ˆ ˆ
it i it

q
i t

R Z qτρ δ γ− +∑∑  (5)

where ( ) ( ) ( ) { }1 0 0A AI A AI Aτρ τ τ= − ≤ + >
is the check-function.

3. RESULTS

The empirical results presented in this section 
make three distinct contributions to the existing 
literature. First, it is the first to apply the Methods 

of Moments Quantile Regression (MMQR) es-
timator of Machado and Santos Silva (2019) to 
the energy-emissions nexus in the ASEAN-5, en-
abling examination of how oil consumption, coal 
consumption, renewable energy, GDP, and trade 
openness jointly shape CO₂ emissions not mere-
ly at the conditional mean but across the entire 
emission distribution from low-emitting to high-
emitting country-year observations. Such a dis-
tributional approach is not available in any of the 
previous ASEAN-based studies, which only use 
mean-based estimators such as panel ARDL or 
fixed-effects OLS, and it produces policy-desirable 
heterogeneity that averaged results are bound to 
mask. Second, instead of using aggregate energy 
consumption, the paper decomposes fossil fuel use 
into oil and coal to measure the separate impact 
of each type of fuel on emissions at each quantile, 
which allows more precise policy recommenda-
tions with regard to fuel-specific phase-out or sub-
stitution. Third, the paper covers a long-running 
and stable time series (1971–2020) to investigate 
short-run, long-run, and distributional effects 
within a single empirical framework, which has 
hitherto not been attempted for this regional area.

3.1.  Panel time series findings

A panel time series model is estimated to deter-
mine the impact of GDP, oil consumption, coal 
consumption, renewable energy consumption, 
and trade on CO

2
 emissions. First, the CD test de-

veloped by Pesaran (2004) is applied to the residu-
als of the estimated panel data model in Equation 
(1) to ensure the presence of cross-sectional de-
pendence. The cross-sectional dependence tests 
conducted on the dataset are presented in Table 
3. The CDLM test shows strong evidence of cross-
sectional dependence, indicating that the obser-
vations are intercorrelated. However, neither the 
LM test nor the LM

adj
 test provides significant evi-

dence of cross-sectional dependence, as the p-val-
ues for these two tests are greater than five percent. 
Hence, we conclude that the model does not ex-
hibit significant cross-sectional dependence. 

Table 3. Cross‑sectional dependence test results

Test Cross‑ sectional dependence
 LM 17.4 (0.065)

CD
LM

5.135 (0.001)

LM
adj

–0.435 (0.663) 
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Note: Test probabilities are presented in parentheses. 

Given this result, we implement the panel time se-
ries models allowing for cross-sectional indepen-
dence by conducting panel IPS (Im et al., 2003) 
and LLC (Levin et al., 2002) unit root tests. The re-
sults are shown in Table 4. Based on the intercept 
and trend specifications, the two tests yield very 
similar results. Regarding CO

2
, both tests imply 

stationarity of the variable at the level. The results 
of lGDP

it
 are ambiguous for both unit root tests, as 

the intercept specification indicates weak station-
arity at the level, while the results show that lG-
DP

it
 is stationary at the 1% significance level when 

the trend and intercept specifications are consid-
ered. Similarly, coal consumption is non-station-
ary, as evidenced by the test statistics, which are 
not significant when the intercept specification is 
considered. The unit root tests of renewable ener-
gy (shrenr

it
) and trade (trade

it
) provide mixed evi-

dence, with significant values for both the inter-
cept and trend and intercept models, suggesting 
that these variables can be treated as non-station-
ary, i.e., they are integrated of order one.

Given this mixed evidence regarding the integra-
tion level of the variables, panel cointegration 
tests allowing for cross-sectional dependence, 
such as Kao (1999) and Pedroni (2004), are no 
longer applicable. Therefore, we estimate a Panel 
ARDL model based on the vector error correc-

tion form of Equation (1) because this specifica-
tion is appropriate irrespective of whether the 
variables are integrated of order zero, I(0), or 
order one, I(1), provided that none of the series 
is I (2). Table 5 presents the long-run and short-
run coefficients of the CO

2
 equation of the Panel 

ARDL model. It is first worth noting that the sign 
of the error correction term is negative and sta-
tistically significant. This indicates the presence 
of a cointegration relationship between CO

2
 and 

its determinants and suggests that the variables 
in the panel adjust towards their long-run equi-
libria following any deviation. In other words, 
any short-run shocks that cause the variables to 
diverge from their long-run relationship will be 
corrected over time. 

The parameter estimates suggest that GDP, oil con-
sumption, coal consumption and trade raise CO₂ 
emissions, whereas renewable energy consump-
tion lowers them, although not all coefficients 
are significant in the short run (see Table 5). The 
short-run results show that all the estimated co-
efficients, except for renewable energy consump-
tion and trade openness, are positive and statisti-
cally significant at different levels. The coefficient 
of renewable energy consumption is negative as 
expected, but statistically insignificant. The long-
run results reveal that all the variables except for 
renewable energy consumption have positive and 

Table 4. LLC and IPS panel unit root tests 

Variable

Levin, Lin, and Chu

Intercept Trend and Intercept
Level First Difference Level First Difference

lCO2
it

–3.3096*** – –2.89163*** –

lGDP
it
 –1.83765* –14.5233*** –2.99398*** –

lcoal
it

–0.93018 –23.3677*** –3.84965*** –

loil
it

–3.22628*** – –3.21759*** –

shrenr
it

–2.10354** –15.6590*** –0.56327 –12.3142***

trade
it

–3.56632*** – –1.05944 –16.3989***

Variable

Im, Pesaran, and Shin

Intercept Trend and Intercept
Level First Difference Level First Difference

lCO2
it

–1.52170* –12.3054*** –2.58954*** –

lGDP
it
 –1.31584* –11.8251*** –3.37331*** –

lcoal
it

–1.64558* –18.7980*** –6.58419*** –

loil
it

–1.50153* –11.2128*** –3.06573*** –

shrenr
it

–1.91835** –14.4698*** –1.30081* –11.5704***

trade
it

–3.52661*** – –0.31783 –15.4193***

Note: The models were specified with individual effects. ***, **, and * indicate rejection of the null hypothesis at 1%, 5%,  
and 10% levels, respectively.
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significant impacts on emissions. 

More specifically, a one-percent increase in renew-
able energy consumption ( )itshrenr  decreases en-
vironmental pollution by 0.33%. This finding is in 
line with Usman et al. (2020) for the US, Chien 
et al. (2021) for Pakistan, and Mehmood (2022) 
for selected South Asian countries. Conversely, 
one-percent increases in coal (lcoal

it
) and oil (loil-

it
) consumption increase environmental pollu-

tion by 0.03% and 0.60%, respectively. This find-
ing is in line with Alola and Donve (2021) for 
Turkey, Kanat et al. (2022) for Russia, and Wang 
et al. (2023) for 24 countries using nuclear power. 
Finally, a one-percent increase in trade openness 
(trade

it
) increases CO2 emissions by 0.21%, which 

is consistent with Udeagha and Ngepah (2022) for 
South Africa and Ibrahim and Ajide (2021) for G-7 
countries. 

Table 5. Long-run and short-run parameters

Variables

Long-run

Coefficient Std. Error P-Value

lGDP
it
 0.505 (0.050) 0.001

lcoal
it

0.036 (0.013) 0.007

loil
it

0.604 (0.068) 0.001

shrenr
it

–0.338 (0.118) 0.004

trade
it

0.210 (0.066) 0.001

Variables Short-run

lGDP
it
 0.314 (0.138) 0.023

lcoal
it

0.016 (0.005) 0.003

loil
it

0.288 (0.099) 0.004

shrenr
it

–0.111 (0.160) 0.486

trade
it

0.057 (0.055) 0.301

ecm
it

–0.220 (0.127) 0.084

Constant 0.503 (0.280) 0.074

Note: Standard errors of the coefficients are in parentheses. 

3.2.  MMQR findings

Given the non-normality of the variables used in 
this research, care must be taken in interpreting 
the CO

2
 equation’s parameters. Here, MMQR has 

significant advantages over methodologies based 
on OLS estimation, such as Panel ARDL, because 
it permits parameter estimates based on the con-
ditional quantiles of the dependent variable, con-
sidering different points in the distribution, and 

2 See footnote 1.

yields more robust results by dealing with non-
normal or heavy-tailed distributions.2

Table 6 displays the results of the MMQR anal-
ysis for the CO

2
 emissions equation across five 

quantiles, specifically 0.1, 0.25, 0.5, 0.75, and 
0.9. These quantiles allow for an exploration 
of the impacts of diverse factors on CO

2
 emis-

sions while considering disparities in emission 
levels. Similar to the results for the long- and 
short-run estimates, the parameter estimates 
reveal that GDP, oil and coal consumption, and 
renewable energy consumption are statistically 
significant predictors of CO2 emissions.

lGDP
it
 has a positive impact on CO₂ emissions 

at all quantiles, which is statistically significant 
from the 0.25 quantile upwards. This key find-
ing indicates that economic growth is associated 
with higher pollution. More specifically, the size 
of the coefficient becomes larger as the quantile 
increases, which implies that economic growth 
affects emissions more severely for countries 
with higher levels of CO

2 
emissions. At the 

0.1 quantile, the coefficient (0.137) is positive 
but statistically insignificant, suggesting that 
growth is not a significant driver of emissions in 
the lowest-emitting country-year observations.

Oil consumption (loil
it
), a proxy for fossil fu-

el dependence, displays a strong positive as-
sociation with CO

2
 emissions at all quantiles. 

Notably, the size of the coefficient is fairly con-
stant for different emission levels. Additionally, 
the oil consumption coefficient is significant at 
all quantiles, indicating a consistent effect on 
CO

2
 emissions.

Coal consumption, an additional proxy for fos-
sil fuel consumption, follows the same trend 
and is positively associated with CO

2
 emissions 

across all quantiles, suggesting that coal con-
sumption is a source of emissions at all levels 
of emissions. The coefficient for coal consump-
tion is statistically significant for all quantiles, 
also reinforcing the robust positive relationship 
between coal consumption and higher levels of 
CO

2
 emissions. 
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A particularly intriguing pattern emerges when 
the focus shifts to the impact of renewable en-
ergy consumption. That is, as the quantile val-
ue increases, the negative coefficient becomes 
stronger. This indicates that renewable energy 
sources (shrenr

it
) have a greater impact on re-

ducing CO
2
 emissions as they account for a 

greater proportion of energy consumption, es-
pecially for countries whose initial emission 
levels are higher. This variable remains statis-
tically significant across all quantiles, demon-
strating its consistent contribution to lowering 
CO

2
 emissions.

In contrast, the association between trade open-
ness (trade

it
) and CO

2
 emissions is more com-

plex. As quantile values increase, the size of the 
coefficient changes over quantiles from nega-
tive to positive. This indicates that the impact 
of trade openness on greenhouse gas emissions 
is a function of the initial level of emissions. 
Interestingly, the effect of the variable is found 
to be statistically significant at the 0.1 and 0.25 
quantiles (negative; at the 5% and 10% levels, re-
spectively) and at the 0.9 quantile (positive; at 
the 5% level), implying that its impact on emis-
sions is not uniform across emission levels.

3.3.  Panel causality analysis 

Besides regression, the Dumitrescu and Hurlin 
(2012) panel causality test is also applied to 
test the causality between CO

2
 emissions and 

its variables for the ASEAN-5 nations. The 
Dumitrescu-Hurlin test is considerably superior 
to the standard pairwise Granger causality tests 
by allowing for cross-sectional heterogeneity. 
Therefore, it is assumed that ASEAN-5 coun-
tries might have different causal relationships 
due to different economic structures, energy 
policies, and levels of development, enabling the 
findings to be more robust and realistic in this 
multi-country regional framework of the ener-
gy-environment-economy complex. 

The results of Dumitrescu and Hurlin (2012) 
causality test are reported in Table 7 and sug-
gest a significant bidirectional causality be-
tween CO

2
 emissions, economic activity, and 

energy consumption in ASEAN-5 (namely, 
Malaysia, Indonesia, Singapore, Thailand, and 
the Philippines). The results reveal strong bi-
directional causality between GDP and CO

2
 

emissions, and both causality directions are sig-
nificant at the 1% level. The same pattern is ob-
served for oil consumption and CO

2
 emissions, 

where the Granger causality test shows that oil 
use Granger-causes CO

2
 emissions and that CO

2
 

emissions also Granger-cause oil use, with feed-

Table 6. MMQR results

Variable Location Scale
Quantiles

0.1 0.25 0.5 0.75 0.9

lGDP
it
 

0.325*** 0.087** 0.137 0.238*** 0.316*** 0.390** 0.465***

(0.06) (0.039) (0.109) (0.075) (0.06) (0.063) (0.082)

Z-statistics 5.417 2.231 1.257 3.173 5.267 6.19 5.671

lcoal
it

0.085*** –0.008 0.102*** 0.093*** 0.086*** 0.079*** 0.073***

(0.016) (0.01) (0.028) (0.019) (0.016) (0.017) (0.022)

Z-statistics 5.313 –0.8 3.643 4.895 5.375 4.647 3.318

loil
it

0.497*** –0.037 0.577*** 0.534*** 0.501*** 0.470*** 0.438***

(0.070) (0.046) (0.127) (0.087) (0.07) (0.075) (0.096)

Z-statistics 7.100 –0.804 4.543 6.138 7.157 6.267 4.563

shrenr
it

–0.993*** –0.112 –0.753*** –0.882*** –0.982*** –1.076*** –1.172***

(0.150) (0.099) (0.273) (0.188) (0.152) (0.161) (0.208)

Z-statistics –6.62 –1.131 –2.758 –4.691 –6.461 –6.683 –5.635

trade
it

–0.001 0.059*** –0.128** –0.06* –0.007 0.043 0.094**

(0.027) (0.018) (0.05) (0.035) (0.028) (0.029) (0.038)

Z-statistics –0.037 3.278 –2.56 –1.714 –0.25 1.483 2.474

Constant
4.199*** –0.046 4.297*** 4.245*** 4.204*** 4.166*** 4.126***

(0.414) (0.274) (0.752) (0.518) (0.418) (0.442) (0.572)

Z-statistics 10.143 –0.168 5.714 8.195 10.057 9.425 7.213

Note: *, **, and *** denote statistical significance at 10%, 5%, and 1% levels, respectively. Standard errors of the coefficients 
are in parentheses.
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back between fossil fuel dependency and the 
environment.

Table 7. Dumitrescu‑Hurlin causality test results

Null Hypothesis W-Stat. Zbar-Stat. Prob. 

LGDP →LCO
2

3.165 3.089 0.002

LCO
2
 → LGDP 3.453 3.510 0.001

LOIL → LCO
2

4.932 5.667 0.001

LCO
2
 → LOIL 2.694 2.403 0.016

LCOAL → LCO
2

3.519 3.615 0.001

LCO
2
 → LCOAL 2.166 1.637 0.102

SHRENR → LCO
2

0.376 –0.978 0.328

LCO
2
 → SHRENR 2.407 1.990 0.047

TRADE → LCO
2

1.858 1.184 0.237

LCO
2
 → TRADE 2.157 1.620 0.105

The causality patterns for coal consumption and 
renewable energy sources have important policy 
implications. Coal consumption demonstrates a 
unidirectional causal relationship with CO2 emis-
sions, where coal significantly causes emissions, 
but the reverse causality is statistically insignifi-
cant, indicating that coal consumption drives 
environmental degradation without feedback ef-
fects from emission levels. Conversely, renewable 
energy consumption shows no significant causal 
impact on CO2 emissions, while CO2 emissions 
significantly influence renewable energy adop-
tion, suggesting that environmental pressures 
may drive renewable energy policy responses 
rather than renewable energy directly reducing 
emissions. Trade openness exhibits no significant 
causal relationships with CO2 emissions in either 
direction, indicating that trade liberalization op-
erates independently of environmental outcomes 
in these countries. These findings underscore the 
complexity of energy-environment-economy in-
teractions and highlight the need for targeted poli-
cy interventions that account for the varying caus-
al mechanisms across different energy sources.

4. DISCUSSION

Although renewable energy consumption carries a 
strong and consistently negative coefficient on CO

2
 

emissions in both the Panel ARDL and MMQR 
estimates, the Dumitrescu-Hurlin test does not 
detect a causal effect running from renewable 
energy to CO

2
 emissions; instead, causality runs 

from CO
2
 emissions to renewable energy (Table 7). 

These two results are not contradictory: the quan-

tile regression coefficient captures a statistical as-
sociation between higher renewable energy shares 
and lower emissions across the panel, whereas the 
causality test asks whether past changes in renew-
able energy consumption help predict future emis-
sions. Because renewable energy still accounts for 
only a modest share of the ASEAN-5 electricity 
mix (about 14.2% in 2020; ACE, 2022) and capac-
ity additions are gradual, year-to-year changes 
in the renewable energy share may simply be too 
small, relative to the much larger fossil fuel base, 
to generate a detectable predictive effect on emis-
sions within the sample period. The significant re-
verse causality from CO

2
 emissions to renewable 

energy instead suggests that rising emissions, and 
the environmental and regulatory pressure they 
generate, prompt governments and utilities to ex-
pand renewable energy capacity, consistent with 
a reactive rather than a proactive policy stance in 
the region (Delina, 2021).

The sign of the trade openness coefficient also 
changes across the emission distribution, from 
significantly negative at the 0.1 and 0.25 quan-
tiles to significantly positive at the 0.9 quantile, 
while remaining insignificant around the medi-
an (Table 6). This pattern is consistent with two 
competing mechanisms identified in the trade-
environment literature. At lower emission lev-
els, trade openness may operate mainly through 
a composition or technology-transfer channel, 
whereby greater integration into global markets 
gives access to cleaner technologies and pro-
cesses, in line with Shapiro (2016) and Shahbaz 
et al. (2013). At higher emission levels, by con-
trast, trade appears to operate mainly through a 
scale channel, in which export-oriented growth 
in energy-intensive manufacturing raises emis-
sions, consistent with the pollution-haven-type 
effects reported by Shahbaz et al. (2017b) and 
Mahmood et al. (2019) for other developing-
country samples. The coefficient’s insignifi-
cance at the median quantile suggests that, for 
the typical ASEAN-5 country-year observation, 
these two channels roughly offset one another.

These results both extend and qualify earlier 
MMQR-based findings for the region. Zhu et al. 
(2016) reported that non-renewable energy con-
sumption increases CO

2
 emissions most strong-

ly at higher quantiles in ASEAN-5; our results 
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likewise show the GDP elasticity of emissions 
rising with the quantile (from 0.137 at the 0.1 
quantile to 0.465 at the 0.9 quantile), but the coal 
and oil coefficients instead decline slightly from 
the lowest to the highest quantile (from 0.102 
to 0.073, and from 0.577 to 0.438, respectively), 
suggesting that, in our longer and more recent 
sample, economic growth matters somewhat 
more at the margin than fossil-fuel intensity 
does in the highest-emitting country-years. Our 
finding of a robust, monotonically strengthen-
ing negative renewable energy effect across all 
quantiles also contrasts with Pata et al. (2023), 
who found that renewable energy reduces CO

2
 

emissions only in the short run for a broader 
sample of ASEAN countries and has no signif-
icant long-run effect; our results instead point 
to a stable and significant long-run mitigating 
role for renewable energy in the ASEAN-5. The 
negative association between non-renewable 
energy use and environmental quality, and the 
positive role of renewable energy, are nonethe-
less broadly consistent with Hanif et al. (2022) 
for ASEAN-6 countries.

These distributional results carry distinct pol-

icy implications for low- and high-emission 
ASEAN-5 countries. In the lower quantiles of 
the emission distribution, trade openness is as-
sociated with lower emissions, and the marginal 
mitigating effect of renewable energy, while still 
significant, is smaller in absolute terms; policy 
in these economies may therefore benefit from 
continuing to use trade and investment liber-
alization as a channel for cleaner technology 
transfer, alongside early-stage renewable energy 
incentives. In the higher quantiles, where GDP 
growth has the largest emissions elasticity, trade 
openness is positively associated with emissions 
and renewable energy delivers its largest abso-
lute reduction in emissions; for these economies, 
decoupling growth from emissions is likely to 
require a faster pace of renewable energy de-
ployment together with tighter environmental 
standards on trade-exposed, energy-intensive 
industries. Because coal and oil consumption 
raise emissions significantly across the entire 
distribution, reducing fossil fuel dependence re-
mains a policy priority for all ASEAN-5 coun-
tries, irrespective of their position in the emis-
sion distribution.

CONCLUSION 

This paper examined the effects of oil consumption, coal consumption, renewable energy consumption, 
economic growth and trade openness on CO₂ emissions in the ASEAN-5 countries over 1971–2020 by 
combining the panel ARDL model, MMQR and the Dumitrescu–Hurlin panel causality test.

Three main results emerge. First, the panel ARDL estimates confirm a stable long-run relationship be-
tween emissions and their determinants: in the long run, 1% increases in GDP, oil consumption and 
coal consumption raise CO₂ emissions by about 0.51%, 0.60% and 0.04%, respectively, whereas a higher 
share of renewables in electricity generation significantly lowers them and trade openness raises them. 
Second, the MMQR results show that these effects are heterogeneous across emission levels. The effect 
of GDP rises from 0.24 at the 0.25 quantile to 0.47 at the 0.9 quantile, and the emission-reducing effect 
of renewable energy strengthens from −0.75 at the 0.1 quantile to −1.17 at the 0.9 quantile. Oil and coal 
consumption increase emissions at all quantiles, with effects that decline only slightly at higher quan-
tiles, while trade openness reduces emissions at the lowest quantiles but increases them at the 0.9 quan-
tile. Third, the causality tests reveal bidirectional causality between CO₂ emissions and both GDP and 
oil consumption, unidirectional causality from coal consumption to emissions and from emissions to 
renewable energy, and no causality between trade and emissions. Overall, H1, H2, H3, H4 and H5 are 
supported, whereas H6 is only partly supported.

These results imply that reducing coal and oil dependence should be a common priority for all ASEAN-5 
countries, irrespective of their emission level. In high-emitting economies, where the growth elastic-
ity of emissions and the mitigating effect of renewables are largest and trade openness raises emissions, 
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faster renewable energy deployment and stricter environmental standards for trade-exposed, energy-
intensive industries are likely to be most effective. In lower-emitting economies, trade and investment 
openness can serve as a channel for cleaner technology transfer. Finally, the fact that emissions drive 
renewable energy adoption rather than the reverse suggests that renewable energy policy in the region 
has been reactive; binding renewable energy targets and carbon pricing could make it anticipatory.

The present study is subject to several limitations that point toward productive avenues for future re-
search. Expanding the analysis developed in the paper as more recent data become available is a natural 
direction for future research. The exclusion of natural gas from the analysis, due to data unavailability, 
limits the completeness of the fossil fuel picture, and its incorporation in subsequent work would enrich 
the policy-relevant findings on fuel-specific abatement strategies. The significant heterogeneity in the 
quantile coefficients indicates the presence of structural breaks associated with major economic shocks 
and policy regime changes; future research employing structural-break-robust or regime-switching es-
timators would help assess the stability of the estimated relationships. Finally, extending the empirical 
framework to the broader ASEAN membership or to comparable developing-country panels would 
permit a more systematic assessment of the validity of the distributional findings reported in the paper.

AUTHOR CONTRIBUTIONS

Conceptualization: Ciler Sigeze, Esra Balli, M. Sedat Uğur, Bekhzod Kuziboev.
Data curation: Gulnoza Matyakubova, Jamshid Pardaev, O’g’iljon Artiqova.
Formal analysis: Ciler Sigeze, M. Sedat Uğur, O’g’iljon Artiqova.
Funding acquisition: O’g’iljon Artiqova.
Investigation: Jamshid Pardaev, O’g’iljon Artiqova.
Methodology: Esra Balli, M. Sedat Uğur, A. Nazif Çatik, Gulnoza Matyakubova.
Project administration: Bekhzod Kuziboev.
Resources: M. Sedat Uğur, Gulnoza Matyakubova, Jamshid Pardaev, O’g’iljon Artiqova.
Software: A. Nazif Çatik, Gulnoza Matyakubova, Jamshid Pardaev. 
Supervision: Esra Balli, Gulnoza Matyakubova, Bekhzod Kuziboev.
Visualization: Ciler Sigeze, Bekhzod Kuziboev.
Writing – original draft: Ciler Sigeze, Esra Balli, A. Nazif Çatik, Gulnoza Matyakubova, Bekhzod 
Kuziboev.
Writing – review & editing: Esra Balli, M. Sedat Uğur, A. Nazif Çatik, Gulnoza Matyakubova, Bekhzod 
Kuziboev, Jamshid Pardaev, O’g’iljon Artiqova.

ACKNOWLEDGMENT 

Esra Balli would like to acknowledge the financial support provided by the Council of Higher Education 
(YÖK) through the Academic Development Program (AKAP).

REFERENCES

1. ACE. (2022). The 7th ASEAN 
Energy Outlook (AEO7). ASEAN 
Centre for Energy (ACE), Jakarta. 
Retrieved from https://aseanen-
ergy.org/

2. ACE. (2023). Outlook on ASEAN 
Energy 2023: key insights about 
ASEAN energy landscape and 
trends in 2023. ASEAN Centre for 
Energy (ACE), Jakarta. Retrieved 

from https://aseanenergy.org/
outlook-on-asean-energy-2023/

3. Acheampong, A. O., Dzator, J., 
& Savage, D. A. (2021). Renew-
able energy, CO

2
 emissions and 

economic growth in sub-Saharan 
Africa: does institutional quality 
matter? Journal of Policy Modeling, 
43(5), 1070-1093. Retrieved from 
https://ideas.repec.org/a/eee/jpol-

mo/v43y2021i5p1070-1093.html

4. Ahmad, S., Khan, D., & Magda, 
R. (2022). Assessing the Influ-
ence of Financial Inclusion on 
Environmental Degradation in the 
ASEAN Region through the Panel 
PMG-ARDL Approach. Sustain-
ability, 14(12), 7058. https://doi.
org/10.3390/su14127058



304

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

5. Ahmed, K., & Long, W. (2013). 
An empirical analysis of CO

2
 

emission in Pakistan using EKC 
hypothesis. Journal of Interna-
tional Trade Law and Policy, 12(2), 
188-200. https://doi.org/10.1108/
JITLP-10-2012-0015

6. Akadiri, S. S., Bekun, F. V., Taheri, 
E., & Akadiri, A. C. (2019). Car-
bon emissions, energy consump-
tion and economic growth: a 
causality evidence. International 
Journal of Energy Technology and 
Policy, 15(2-3), 320-336. Retrieved 
from https://ideas.repec.org/a/
ids/ijetpo/v15y2019i2-3p320-336.
html

7. Akarca, A. T., & Long, T. V. (1980). 
On the relationship between 
energy and GNP: a reexamination. 
The Journal of Energy and Develop-
ment, 5(2), 326-331. Retrieved 
from https://www.jstor.org/
stable/24806899

8. Alkhathlan, K., & Javid, M. (2013). 
Energy consumption, carbon 
emissions and economic growth 
in Saudi Arabia: An aggregate 
and disaggregate analysis. Energy 
Policy, 62, 1525-1532. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301421513007118

9. Allard, A., Takman, J., Uddin, 
G. S., & Ahmed, A. (2018). The 
N-shaped environmental Kuznets 
curve: an empirical evaluation 
using a panel quantile regression 
approach. Environmental Science 
and Pollution Research, 25, 5848-
5861. https://doi.org/10.1007/
s11356-017-0907-0

10. Al-Mulali, U., Fereidouni, H. G., 
Lee, J. Y., & Sab, C. N. B. C. (2013). 
Examining the bi-directional 
long run relationship between 
renewable energy consumption 
and GDP growth. Renewable and 
Sustainable Energy Reviews, 22, 
209-222. Retrieved from https://
ideas.repec.org/a/eee/rensus/v22y-
2013icp209-222.html

11. Alola, A. A., & Donve, U. T. (2021). 
Environmental implication of 
coal and oil energy utilization in 
Turkey: is the EKC hypothesis 
related to energy? Management of 
Environmental Quality: An Inter-
national Journal, 32(3), 543-559. 

Retrieved from https://www.scien-
cedirect.com/org/science/article/
abs/pii/S1477783520000416

12. Amin, N., & Song, H. (2023). The 
role of renewable, non-renewable 
energy consumption, trade, eco-
nomic growth, and urbanization 
in achieving carbon neutrality: A 
comparative study for South and 
East Asian countries. Environmen-
tal Science and Pollution Research, 
30(5), 12798-12812. Retrieved 
from https://link.springer.com/ar-
ticle/10.1007/s11356-022-22973-2

13. Ansari, M. A., Akram, V., & 
Haider, S. (2022). A link between 
productivity, globalisation and 
carbon emissions: evidence 
from emissions by coal, oil and 
gas. Environmental Science and 
Pollution Research, 29(22), 33826-
33843. Retrieved from https://
link.springer.com/article/10.1007/
s11356-022-18557-9

14. Ansari, M. A., Haider, S., & Khan, 
N. A. (2020). Does trade openness 
affects global carbon dioxide emis-
sions: evidence from the top CO

2
 

emitters. Management of Environ-
mental Quality: An International 
Journal, 31(1), 32-53. https://doi.
org/10.1108/MEQ-12-2018-0205

15. Apergis, N., & Payne, J. E. (2010). 
Renewable energy consumption 
and growth in Eurasia. Energy 
Economics, 32(6), 1392-1397. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0140988310000976

16. Appiah, M. O. (2018). Investigat-
ing the multivariate Granger 
causality between energy con-
sumption, economic growth and 
CO

2
 emissions in Ghana. Energy 

Policy, 112, 198-208. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301421517306407

17. Awan, A. M., & Azam, M. (2022). 
Evaluating the impact of GDP 
per capita on environmental 
degradation for G-20 economies: 
Does N-shaped environmental 
Kuznets curve exist? Environment, 
Development and Sustainabil-
ity, 1-24. Retrieved from https://
ideas.repec.org/a/spr/endesu/
v24y2022i9d10.1007_s10668-021-
01899-8.html

18. Balli, E., Sigeze, C., Ugur, M. S., & 
Çatık, A. N. (2021). The relation-
ship between FDI, CO

2
 emis-

sions, and energy consumption in 
Asia-Pacific economic cooperation 
countries. Environmental Science 
and Pollution Research, 1-18. Re-
trieved from https://link.springer.
com/article/10.1007/s11356-021-
17494-3

19. Bekun, F. V., Alola, A. A., Gyamfi, 
B. A., & Yaw, S. S. (2021). The 
relevance of EKC hypothesis 
in energy intensity real-output 
trade-off for sustainable environ-
ment in EU-27. Environmental 

Science and Pollution Research, 

28(37), 51137-51148. https://
doi.org/10.1007/s11356-021-
14251-4?urlappend=%3Futm_
source%3Dresearchgate.
net%26utm_medium%3Darticle

20. Bilan, Y., Streimikiene, D., Vasy-
lieva, T., Lyulyov, O., Pimonenko, 
T., & Pavlyk, A. (2019). Linking 
between renewable energy, CO

2
 

emissions, and economic growth: 
Challenges for candidates and 
potential candidates for the EU 
membership. Sustainability, 11(6), 
1528. Retrieved from https://ideas.
repec.org/a/gam/jsusta/v11y-
2019i6p1528-d213556.html

21. Bloch, H., Rafiq, S., & Salim, R. 
(2012). Coal consumption, CO

2
 

emission and economic growth 
in China: Empirical evidence and 
policy responses. Energy Econom-

ics, 34(2), 518-528. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0140988311001447

22. BP. (2022). BP Statistical Review of 

World Energy 2022 (71st ed.). Re-
trieved from http://www.bp.com/
statisticalreview

23. Bui, X. H. (2020). An investiga-
tion of the causal relationship 
between energy consumption 
and economic growth: a case 
study of Vietnam. International 

Journal of Energy Economics and 

Policy, 10(5), 415-421. Retrieved 
from https://ideas.repec.org/a/eco/
journ2/2020-05-48.html

24. Chandran, V. G. R., & Tang, C. F. 
(2013). The impacts of transport 
energy consumption, foreign 



305

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

direct investment and income 
on CO

2
 emissions in ASEAN-5 

economies. Renewable and Sus-

tainable Energy Reviews, 24, 445-
453. Retrieved from https://www.
sciencedirect.com/science/article/
abs/pii/S136403211300213X

25. Chang, T., Gupta, R., Inglesi-Lotz, 
R., Simo-Kengne, B., Smithers, D., 
& Trembling, A. (2015). Renew-
able energy and growth: Evidence 
from heterogeneous panel of G7 
countries using Granger causality. 
Renewable and Sustainable Energy 
Reviews, 52, 1405-1412. Retrieved 
from https://ideas.repec.org/a/eee/
rensus/v52y2015icp1405-1412.
html

26. Chien, F., Ajaz, T., Andlib, Z., 
Chau, K. Y., Ahmad, P., & Sharif, 
A. (2021). The role of technology 
innovation, renewable energy and 
globalization in reducing environ-
mental degradation in Pakistan: a 
step towards sustainable environ-
ment. Renewable Energy, 177, 308-
317. Retrieved from https://www.
sciencedirect.com/science/article/
abs/pii/S0960148121007849

27. Chontanawat, J. (2020). Relation-
ship between energy consump-
tion, CO

2
 emission and economic 

growth in ASEAN: Cointegration 
and causality model. Energy 
Reports, 6, 660-665. Retrieved 
from https://www.sciencedi-
rect.com/science/article/pii/
S2352484719305517

28. Copeland, B. R., & Taylor, M. S. 
(1994). North-South trade and 
the environment. The Quarterly 
Journal of Economics, 109(3), 755-
787. Retrieved from https://ideas.
repec.org/a/oup/qjecon/v109y-
1994i3p755-787..html

29. Delina, L. L. (2021). Southeast 
Asia’s Energy and Climate Profiles. 
Heinrich Böll Stiftung. Retrieved 
from https://th.boell.org/sites/
default/files/2021-12/SEA-Energy-
ClimateProfiles.pdf

30. Dumitrescu, E. I., & Hurlin, C. 
(2012). Testing for Granger non-
causality in heterogeneous panels. 
Economic Modelling, 29(4), 1450-
1460. Retrieved from https://www.
sciencedirect.com/science/article/
abs/pii/S0264999312000491

31. Dou, Y., Zhao, J., Malik, M. N., 

& Dong, K. (2021). Assessing 
the impact of trade openness on 
CO

2
 emissions: evidence from 

China-Japan-ROK FTA countries. 
Journal of Environmental Manage-
ment, 296, 113241. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301479721013037

32. Dunkerley, J. (1982). Estimating 
energy demand: the developing 
countries. Energy Journal, 23, 
79-99. https://doi.org/10.5547/
ISSN0195-6574-EJ-Vol3-No2-5

33. EPA (2023). Sources of Greenhouse 
Gas Emissions. United States 
Enviromental Protection Agency. 
Retrieved from https://www.epa.
gov/ghgemissions/

34. Fazal, R., Rehman, S. A. U., 
Rehman, A. U., Bhatti, M. I., & 
Hussain, A. (2021). Energy-envi-
ronment-economy causal nexus 
in Pakistan: A graph theoretic 
approach. Energy, 214, 118934. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0360544220320417

35. Feriansyah, F., Nugroho, H., Sep-
tiavin, Q. A., & Nisa, C. K. (2022). 
Economic Growth and CO

2
 

Emission in ASEAN: Panel-ARDL 
Approach. Economics and Finance 
in Indonesia, 68(2), 4. Retrieved 
from https://ideas.repec.org/a/lpe/
efijnl/202208.html

36. Ghazouani, T., Boukhatem, J., & 
Sam, C. Y. (2020). Causal interac-
tions between trade openness, 
renewable electricity consump-
tion, and economic growth in 
Asia-Pacific countries: Fresh 
evidence from a bootstrap ARDL 
approach. Renewable and Sustain-
able Energy Reviews, 133, 110094. 
Retrieved from https://ideas.
repec.org/a/eee/rensus/v133y-
2020ics1364032120303853.html

37. Gorus, M. S., & Aydin, M. (2019). 
The relationship between energy 
consumption, economic growth, 
and CO

2
 emission in MENA coun-

tries: Causality analysis in the fre-
quency domain. Energy, 168, 815-
822. Retrieved from https://www.
sciencedirect.com/science/article/
abs/pii/S0360544218323508

38. Govindaraju, V. C., & Tang, C. 
F. (2013). The dynamic links 

between CO
2
 emissions, economic 

growth and coal consumption 
in China and India. Applied 
Energy, 104, 310-318. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0306261912007611

39. Grossman, G. M., & Krueger, A. 
B. (1991). Environmental impacts 
of a North American free trade 
agreement (Working Paper No. 
3914). National Bureau of Eco-
nomic Research. Retrieved from 
https://ideas.repec.org/p/nbr/
nberwo/3914.html

40. Guzel, A. E., & Okumus, I. (2020). 
Revisiting the pollution haven 
hypothesis in ASEAN-5 countries: 
new insights from panel data 
analysis. Environmental Science 
and Pollution Research, 27, 18157-
18167. https://doi.org/10.1007/
s11356-020-08317-y

41. Gyamfi, B. A., Adedoyin, F. F., 
Bein, M. A., & Bekun, F. V. (2021). 
Environmental implications of 
N-shaped environmental Kuznets 
curve for E7 countries. Envi-
ronmental Science and Pollution 
Research, 28, 33072-33082. Re-
trieved from https://link.springer.
com/article/10.1007/s11356-021-
12967-x

42. Hanif, S., Nawaz, A., Hussain, A., 
& Bhatti, M. A. (2022). Linking 
non renewable energy, renewable 
energy, globalization and CO

2
 

emission under EKC hypothesis: 
evidence from ASEAN-6 coun-
tries through advance panel esti-
mation. Pakistan Journal of Hu-
manities and Social Sciences, 10(1), 
391-402. https://doi.org/10.52131/
pjhss.2022.1001.0204

43. Hansen, L. P. (1982). Large sample 
properties of generalized method 
of moments estimators. Economet-
rica, 50(4), 1009-1026. https://doi.
org/10.2307/1912775

44. Hdom, H. A., & Fuinhas, J. A. 
(2020). Energy production and 
trade openness: Assessing eco-
nomic growth, CO

2
 emissions and 

the applicability of the cointegra-
tion analysis. Energy Strategy 
Reviews, 30, 100488. Retrieved 
from https://www.sciencedi-
rect.com/science/article/pii/
S2211467X20300419



306

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

45. Heidari, H., Katircioğlu, S. T., & 
Saeidpour, L. (2015). Economic 
growth, CO

2
 emissions, and 

energy consumption in the five 
ASEAN countries. International 
Journal of Electrical Power & 
Energy Systems, 64, 785-791. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0142061514005250

46. Ibrahim, R. L., & Ajide, K. B. 
(2021). Nonrenewable and renew-
able energy consumption, trade 
openness, and environmental 
quality in G-7 countries: the 
conditional role of technological 
progress. Environmental Science 
and Pollution Research, 28, 45212-
45229. Retrieved from https://
link.springer.com/article/10.1007/
s11356-021-13926-2

47. IEA (2022). Southeast Asia Energy 
Outlook 2022. International Ener-
gy Agency. Retrieved from https://
www.iea.org/reports/southeast-
asia-energy-outlook-2022

48. Im, K. S., Pesaran, M. H., & Shin, 
Y. (2003). Testing for unit roots 
in heterogeneous panels. Journal 
of Econometrics, 115(1), 53-74. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0304407603000927

49. Iqbal, A., Tang, X., & Rasool, S. 
F. (2023). Investigating the nexus 
between CO

2
 emissions, renew-

able energy consumption, FDI, 
exports and economic growth: 
evidence from BRICS countries. 
Environment, Development and 
Sustainability, 25(3), 2234-
2263. Retrieved from https://
ideas.repec.org/a/spr/endesu/
v25y2023i3d10.1007_s10668-022-
02128-6.html

50. Ito, K. (2017). CO
2
 emissions, 

renewable and non-renewable en-
ergy consumption, and economic 
growth: Evidence from panel 
data for developing countries. 
International Economics, 151, 1-6. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S2110701716301573

51. Jamel, L., & Maktouf, S. (2017). 
The nexus between economic 
growth, financial development, 
trade openness, and CO

2
 emis-

sions in European countries. 

Cogent Economics & Finance, 5(1), 
1341456. https://doi.org/10.1080/2
3322039.2017.1341456

52. Jebli, M. B., Farhani, S., & Guesmi, 
K. (2020). Renewable energy, 
CO

2
 emissions and value added: 

Empirical evidence from countries 
with different income levels. 
Structural Change and Economic 
Dynamics, 53, 402-410. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0954349X19303637

53. Joshua, U., & Bekun, F. V. (2020). 
The path to achieving environ-
mental sustainability in South 
Africa: the role of coal consump-
tion, economic expansion, pol-
lutant emission, and total natural 
resources rent. Environmental Sci-
ence and Pollution Research, 27(9), 
9435-9443. Retrieved from https://
link.springer.com/article/10.1007/
s11356-019-07546-0

54. Kanat, O., Yan, Z., Asghar, M. M., 
Ahmed, Z., Mahmood, H., Kirik-
kaleli, D., & Murshed, M. (2022). 
Do natural gas, oil, and coal con-
sumption ameliorate environmen-
tal quality? Empirical evidence 
from Russia. Environmental 
Science and Pollution Research, 
29(3), 4540-4556. https://doi.
org/10.1007/s11356-021-15989-7

55. Kao, C. (1999). Spurious regres-
sion and residual-based tests 
for cointegration in panel data. 
Journal of Econometrics, 90(1), 
1-44. Retrieved from https://www.
sciencedirect.com/science/article/
pii/S0304407698000232

56. Khalfaoui, R., Arminen, H., 
Doğan, B., & Ghosh, S. (2023). 
Environment-growth nexus and 
corruption in the MENA region: 
Novel evidence based on method 
of moments quantile estimations. 
Journal of Environmental Manage-
ment, 342, 118146. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301479723009349

57. Khobai, H., & Le Roux, P. (2017). 
Does renewable energy consump-
tion drive economic growth: Evi-
dence from granger-causality tech-
nique (MPRA Paper No. 82464). 
Retrieved from https://ideas.repec.
org/p/mnd/wpaper/1708.html

58. Kraft, J., & Kraft, A. (1978). On 
the relationship between energy 
and GNP. The Journal of Energy 
and Development, 3(2), 401-403. 
Retrieved from https://www.scirp.
org/reference/referencespapers?ref
erenceid=1913902

59. Lean, H. H., & Smyth, R. (2010). 
CO

2
 emissions, electricity con-

sumption and output in ASEAN. 
Applied Energy, 87(6), 1858-1864. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0306261910000346

60. Levin, A., Lin, C. F., & Chu, C. S. 
J. (2002). Unit root tests in panel 
data: asymptotic and finite-sample 
properties. Journal of Econo-
metrics, 108(1), 1-24. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0304407601000987

61. Ling, T. Y., Ab-Rahim, R., & 
Mohd-Kamal, K. A. (2020). Trade 
openness and environmental 
degradation in Asean-5 countries. 
International Journal of Academic 
Research in Business and Social Sci-
ences, 10(2), 691-707. https://doi.
org/10.6007/IJARBSS/v10-i2/6958

62. Liu, X., Zhang, S., & Bae, J. (2017). 
The impact of renewable en-
ergy and agriculture on carbon 
dioxide emissions: investigating 
the environmental Kuznets curve 
in four selected ASEAN coun-
tries. Journal of Cleaner Produc-
tion, 164, 1239-1247. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0959652617315147

63. Machado, J. A. F., & Santos 
Silva, J. M. C. (2019). Quan-
tiles via moments. Journal of 
Econometrics, 213(1), 145-173. 
https://doi.org/10.1016/j.jeco-
nom.2019.04.009

64. Mahmood, H., Maalel, N., & 
Zarrad, O. (2019). Trade openness 
and CO

2
 emissions: Evidence from 

Tunisia. Sustainability, 11(12), 
3295. Retrieved from https://www.
mdpi.com/2071-1050/11/12/3295

65. Marques, A. C., & Fuinhas, J. A. 
(2012). Is renewable energy effec-
tive in promoting growth? Energy 
Policy, 46, 434-442. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/



307

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

S0301421512002911

66. Mbarek, M. B., Khairallah, R., & 
Feki, R. (2015). Causality relation-
ships between renewable energy, 
nuclear energy and economic 
growth in France. Environment 
Systems and Decisions, 35(1), 
133-142. Retrieved from https://
ideas.repec.org/a/spr/envsyd/
v35y2015i1d10.1007_s10669-015-
9537-6.html

67. Mehmood, U. (2022). Renewable 
energy and foreign direct invest-
ment: does the governance matter 
for CO

2
 emissions? Application 

of CS-ARDL. Environmental 

Science and Pollution Research, 

29(13), 19816-19822. https://doi.
org/10.1007/s11356-021-17222-x

68. Menyah, K., & Wolde-Rufael, Y. 
(2010). CO

2
 emissions, nuclear 

energy, renewable energy and 
economic growth in the US. 
Energy Policy, 38(6), 2911-2915. 
https://doi.org/10.1016/j.en-
pol.2010.01.024

69. Miao, Y., Razzaq, A., Adebayo, T. 
S., & Awosusi, A. A. (2022). Do 
renewable energy consumption 
and financial globalisation con-
tribute to ecological sustainability 
in newly industrialized countries? 
Renewable Energy, 187, 688-697. 
Retrieved from https://ideas.
repec.org/a/eee/renene/v187y-
2022icp688-697.html

70. Mounir, E. K., & El-Houjjaji, H. 
(2022). Economic growth and 
renewable energy consumption 
nexus in G7 countries: Sym-
metric and asymmetric causality 
analysis in frequency domain. 
Journal of Cleaner Production, 342, 
130618. Retrieved from https://doi.
org/10.1016/j.jclepro.2022.130618

71. Muhammad, I., Ozcan, R., Jain, 
V., Sharma, P., & Shabbir, M. 
S. (2022). Does environmental 
sustainability affect the renew-
able energy consumption? Nexus 
among trade openness, CO

2
 emis-

sions, income inequality, renew-
able energy, and economic growth 
in OECD countries. Environmen-

tal Science and Pollution Research, 

29(60), 90147-90157. https://doi.
org/10.1007/s11356-022-22011-1

72. Mukhtarov, S. (2022). The rela-
tionship between renewable en-
ergy consumption and economic 
growth in Azerbaijan. Interna-

tional Journal of Energy Economics 

and Policy, 12(1), 416-419. https://
doi.org/10.32479/ijeep.11948

73. Munir, Q., Lean, H. H., & Smyth, 
R. (2020). CO

2
 emissions, en-

ergy consumption and economic 
growth in the ASEAN-5 countries: 
a cross-sectional dependence 
approach. Energy Economics, 85, 
104571. https://doi.org/10.1016/j.
eneco.2019.104571

74. Omri, E., & Saadaoui, H. (2023). 
An empirical investigation of the 
relationships between nuclear 
energy, economic growth, trade 
openness, fossil fuels, and 
carbon emissions in France: 
fresh evidence using asymmetric 
cointegration. Environmental 
Science and Pollution Research, 
30(5), 13224-13245. https://doi.
org/10.1007/s11356-022-22958-1

75. Otim, J., Mutumba, G., Watundu, 
S., Mubiinzi, G., & Kaddu, M. 
(2022). The effects of gross domes-
tic product and energy consump-
tion on carbon dioxide emission 
in Uganda (1986-2018). Interna-
tional Journal of Energy Economics 
and Policy, 12(1), 427-435. https://
doi.org/10.32479/ijeep.12552

76. Our World in Data. (2023). Years 
of fossil fuel reserves left. Retrieved 
from https://ourworldindata.
org/grapher/years-of-fossil-fuel-
reserves-left

77. Pandey, K. K., & Rastogi, H. 
(2019). Effect of energy con-
sumption & economic growth 
on environmental degradation 
in India: A time series modelling. 
Energy Procedia, 158, 4232-4237. 
Retrieved from https://www.
sciencedirect.com/science/article/
pii/S1876610219308446

78. Pata, U. K. (2018). Renewable 
energy consumption, urbaniza-
tion, financial development, 
income and CO

2
 emissions in 

Turkey: testing EKC hypothesis 
with structural breaks. Journal of 
Cleaner Production, 187, 770-779. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0959652618309132

79. Pata, U. K., Dam, M. M., & Kaya, 
F. (2023). How effective are 
renewable energy, tourism, trade 
openness, and foreign direct 
investment on CO

2
 emissions? An 

EKC analysis for ASEAN coun-
tries. Environmental Science and 
Pollution Research, 30(6), 14821-
14837. Retrieved from https://
link.springer.com/article/10.1007/
s11356-022-23160-z

80. Payne, J. E. (2010). Survey of 
the international evidence on 
the causal relationship between 
energy consumption and growth. 
Journal of Economic Studies, 37(1), 
53-95. Retrieved from https://
ideas.repec.org/a/eme/jespps/
v37y2010i1p53-95.html

81. Pedroni, P. (2004). Panel Coin-
tegration: Asymptotic and Finite 
Sample Properties of Pooled Time 
Series Tests with an Application to 
the PPP Hypothesis. Econometric 
Theory, 20(3), 597-625. Retrieved 
from https://ideas.repec.org/p/wil/
wileco/2004-15.html

82. Pesaran, M. H. (2004). General 
diagnostic tests for cross section 
dependence in panels (CESifo 
Working Paper No. 1229). Re-
trieved from https://link.springer.
com/article/10.1007/s00181-020-
01875-7

83. Pinzón, K. (2018). Dynamics 
between energy consumption 
and economic growth in Ecua-
dor: A granger causality analysis. 
Economic Analysis and Policy, 57, 
88-101. Retrieved from https://
ideas.repec.org/a/eee/ecanpo/
v57y2018icp88-101.html

84. Ponce, P., & Khan, S. A. R. (2021). 
A causal link between renewable 
energy, energy efficiency, prop-
erty rights, and CO

2
 emissions 

in developed countries: a road 
map for environmental sustain-
ability. Environmental Science and 
Pollution Research, 28, 37804-
37817. Retrieved from https://
link.springer.com/article/10.1007/
s11356-021-12465-0

85. Poudel, B. N., Paudel, K. P., & 
Bhattarai, K. (2009). Searching for 
an environmental Kuznets curve 
in carbon dioxide pollutant in Lat-
in American countries. Journal of 
Agricultural and Applied Econom-



308

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

ics, 41(1), 13-27. Retrieved from 
https://ideas.repec.org/a/cup/jag-
aec/v41y2009i01p13-27_00.html

86. Rahman, M. M. (2021). The 
dynamic nexus of energy con-
sumption, international trade 
and economic growth in BRICS 
and ASEAN countries: A panel 
causality test. Energy, 229, 120679. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S0360544221009282

87. Rahman, M. M., Alam, K., & 
Velayutham, E. (2022). Reduc-
tion of CO

2
 emissions: The role of 

renewable energy, technological 
innovation and export quality. En-
ergy Reports, 8, 2793-2805. https://
doi.org/10.1016/j.egyr.2022.01.200

88. Refinitiv Eikon Datastream. 
(2023). Refinitiv. Retrieved from 
https://www.refinitiv.com/en/
products/datastream-macroeco-
nomic-analysis.

89. Saboori, B., & Sulaiman, J. (2013). 
CO

2
 emissions, energy consump-

tion and economic growth in 
Association of Southeast Asian 
Nations (ASEAN) countries: A 
cointegration approach. Energy, 55, 
813-822. Retrieved from https://
ideas.repec.org/a/eee/energy/
v55y2013icp813-822.html

90. Saidi, K., & Mbarek, M. B. (2016). 
Nuclear energy, renewable energy, 
CO

2
 emissions, and economic 

growth for nine developed 
countries: Evidence from panel 
Granger causality tests. Progress 
in Nuclear Energy, 88, 364-374. 
https://doi.org/10.1016/j.pnu-
cene.2016.01.018

91. Saidi, K., & Omri, A. (2020). The 
impact of renewable energy on 
carbon emissions and economic 
growth in 15 major renewable 
energy-consuming countries. En-
vironmental Research, 186, 109567. 
Retrieved from https://www.
sciencedirect.com/science/article/
abs/pii/S0013935120304606

92. Sebri, M., & Ben-Salha, O. (2014). 
On the causal dynamics between 
economic growth, renewable 
energy consumption, CO

2
 emis-

sions and trade openness: Fresh 
evidence from BRICS countries. 
Renewable and Sustainable Energy 
Reviews, 39, 14-23. Retrieved 

from https://www.sciencedirect.
com/science/article/abs/pii/
S1364032114004857

93. Shafiei, S., & Salim, R. A. (2014). 
Non-renewable and renewable 
energy consumption and CO

2
 

emissions in OECD countries: 
a comparative analysis. Energy 
policy, 66, 547-556. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301421513010872

94. Shahbaz, M., Hye, Q. M. A., 
Tiwari, A. K., & Leitão, N. C. 
(2013). Economic growth, energy 
consumption, financial develop-
ment, international trade and 
CO

2
 emissions in Indonesia. 

Renewable and Sustainable Energy 
Reviews, 25, 109-121. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S1364032113002608

95. Shahbaz, M., Khan, S., Ali, A., & 
Bhattacharya, M. (2017a). The 
impact of globalization on CO

2
 

emissions in China. The Singapore 
Economic Review, 62(04), 929-
957. Retrieved from https://ideas.
repec.org/a/wsi/serxxx/v62y-
2017i04ns0217590817400331.html

96. Shahbaz, M., Nasreen, S., Ahmed, 
K., & Hammoudeh, S. (2017b). 
Trade openness–carbon emis-
sions nexus: the importance of 
turning points of trade open-
ness for country panels. Energy 
Economics, 61, 221-232. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0140988316303292

97. Shahbaz, M., Zeshan, M., & Afza, 
T. (2012). Is energy consumption 
effective to spur economic growth 
in Pakistan? New evidence from 
bounds test to level relation-
ships and Granger causality 
tests. Economic Modelling, 29(6), 
2310-2319. Retrieved from https://
ideas.repec.org/a/eee/ecmode/
v29y2012i6p2310-2319.html

98. Shapiro, J. S. (2016). Trade costs, 
CO

2
, and the environment. Ameri-

can Economic Journal: Economic 
Policy, 8(4), 220-254. Retrieved 
from https://www.aeaweb.org/
articles?id=10.1257/pol.20150168

99. Śmiech, S., & Papież, M. (2014). 
Energy consumption and econom-

ic growth in the light of meeting 
the targets of energy policy in the 
EU: The bootstrap panel Granger 
causality approach. Energy 
Policy, 71, 118-129. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0301421514002134

100. Squalli, J. (2007). Electricity con-
sumption and economic growth: 
Bounds and causality analyses of 
OPEC members. Energy Econom-
ics, 29(6), 1192-1205. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0140988306001174

101. Steve, Y. S., Murad, A. B., Gyamfi, 
B. A., Bekun, F. V., & Uzuner, 
G. (2022). Renewable energy 
consumption a panacea for sus-
tainable economic growth: panel 
causality analysis for African blocs. 
International Journal of Green 
Energy, 19(8), 847-856. https://
doi.org/10.1080/15435075.2021.1
966793

102. Tirgil, A., Acar, Y. & Ozgur, O. 
(2021). Revisiting the environ-
mental Kuznets curve: evidence 
from Turkey. Environment, Devel-
opment and Sustainability, 23(10), 
14585-14604. Retrieved from 
https://ideas.repec.org/a/spr/ende-
su/v23y2021i10d10.1007_s10668-
021-01259-6.html

103. Tiwari, A. K. (2014). The asym-
metric Granger-causality analysis 
between energy consumption 
and income in the United States. 
Renewable and Sustainable Energy 
Reviews, 36, 362-369. Retrieved 
from https://ideas.repec.org/r/eee/
rensus/v36y2014icp362-369.html

104. Tiwari, A. K., Shahbaz, M., & 
Hye, Q. M. A. (2013). The envi-
ronmental Kuznets curve and 
the role of coal consumption in 
India: cointegration and causal-
ity analysis in an open economy. 
Renewable and Sustainable Energy 
Reviews, 18, 519-527. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S1364032112005734

105. Tong, T., Ortiz, J., Xu, C., & Li, F. 
(2020). Economic growth, energy 
consumption, and carbon dioxide 
emissions in the E7 countries: a 
bootstrap ARDL bound test. En-



309

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

ergy, Sustainability and Society, 10, 
1-17. Retrieved from https://d-nb.
info/1212790790/34

106. Udeagha, M. C., & Ngepah, N. 
(2022). Does trade openness miti-
gate the environmental degrada-
tion in South Africa? Environmen-

tal Science and Pollution Research, 

29(13), 19352-19377. https://doi.
org/10.1007/s11356-021-17193-z

107. Ummalla, M., & Samal, A. (2019). 
The impact of natural gas and 
renewable energy consumption 
on CO 2 emissions and economic 
growth in two major emerging 
market economies. Environmental 

Science and Pollution Research, 

26, 20893-20907. Retrieved from 
https://link.springer.com/arti-
cle/10.1007/s11356-019-05388-4

108. Usman, M., Kousar, R., Makhdum, 
M. S. A., Yaseen, M. R., & Nadeem, 
A. M. (2023). Do financial 
development, economic growth, 
energy consumption, and trade 
openness contribute to increase 
carbon emission in Pakistan? An 
insight based on ARDL bound 
testing approach. Environment, 

Development and Sustainability, 25, 
444-473. Retrieved from https://
ideas.repec.org/a/spr/endesu/
v25y2023i1d10.1007_s10668-021-
02062-z.html

109. Usman, O., Alola, A. A., & Sar-
kodie, S. A. (2020). Assessment 
of the role of renewable energy 
consumption and trade policy 
on environmental degradation 
using innovation accounting: 
Evidence from the US. Renewable 

Energy, 150, 266-277. Retrieved 
from https://www.sciencedi-
rect.com/science/article/pii/
S0960148119320300

110. Vo, A. T., Vo, D. H., & Le, Q. T. 
T. (2019). CO

2
 emissions, energy 

consumption, and economic 
growth: New evidence in the 
ASEAN countries. Journal of Risk 

and Financial Management, 12(3), 
145. https://doi.org/10.3390/
jrfm12030145

111. Wang, Q., Guo, J., Li, R., & Jiang, 
X. T. (2023). Exploring the role of 
nuclear energy in the energy tran-
sition: A comparative perspective 
of the effects of coal, oil, natural 

gas, renewable energy, and nuclear 
power on economic growth and 
carbon emissions. Environmental 

Research, 221, 115290. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0013935123000828

112. Wasti, S. K. A., & Zaidi, S. W. 
(2020). An empirical investigation 
between CO

2
 emission, energy 

consumption, trade liberalization 
and economic growth: A case 
of Kuwait. Journal of Building 

Engineering, 28, 101104. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S2352710219311891

113. Yazdi, S. K., & Shakouri, B. (2018). 
The renewable energy, CO

2
 emis-

sions, and economic growth: VAR 
model. Energy Sources, Part B: 

Economics, Planning, and Policy, 

13(1), 53-59. https://doi.org/10.108
0/15567249.2017.1403499

114. Yildirim, E., Aslan, A., & Ozturk, 
I. (2014). Energy consumption 
and GDP in ASEAN countries: 
Bootstrap-corrected panel and 
time series causality tests. The 

Singapore Economic Review, 59(2), 
1450010. Retrieved from https://
ideas.repec.org/a/wsi/serxxx/
v59y2014i02ns0217590814500106.
html

115. Yildirim, E., Saraç, Ş., & Aslan, 
A. (2012). Energy consumption 
and economic growth in the 
USA: Evidence from renewable 
energy. Renewable and Sustainable 

Energy Reviews, 16(9), 6770-6774. 
Retrieved from https://ideas.
repec.org/a/eee/rensus/v16y-
2012i9p6770-6774.html

116. Yu, E.S.H., & Hwang, B.K. (1984). 
The relationship between energy 
and GNP: Further results, En-

ergy Economics, 6(3), 186-190.  
https://doi.org/10.1016/0140-
9883(84)90015-X

117. Zhang, X. P., & Cheng, X. M. 
(2009). Energy consumption, 
carbon emissions, and economic 
growth in China. Ecological 

Economics, 68(10), 2706-2712. 
Retrieved from https://www.scien-
cedirect.com/science/article/abs/
pii/S092180090900216X

118. Zhu, H., Duan, L., Guo, Y., & 
Yu, K. (2016). The effects of FDI, 
economic growth and energy 
consumption on carbon emissions 
in ASEAN-5: evidence from panel 
quantile regression. Economic 

Modelling, 58, 237-248. Retrieved 
from https://www.sciencedirect.
com/science/article/abs/pii/
S0264999316301262

119. Zoundi, Z. (2017). CO
2
 emis-

sions, renewable energy and the 
Environmental Kuznets Curve, 
a panel cointegration approach. 
Renewable and Sustainable Energy 
Reviews, 72, 1067-1075. Retrieved 
from https://ideas.repec.org/a/eee/
rensus/v72y2017icp1067-1075.
html 



310

Environmental Economics, Volume 17, Issue 3, 2026

http://dx.doi.org/10.21511/ee.17(3).2026.17

APPENDIX A

Figure A1. Q‑Q plot of cross‑sectional residuals


	“The effect of oil, coal and renewable energy consumption, economic growth and trade on carbon emissions in ASEAN-5: Insights from panel ARDL and method of moments quantile regression (MMQR) analysis”
	_Hlk134820459
	_Hlk137997376
	MTBlankEqn
	_Hlk138612213
	_Hlk144402223

